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CHAPTER -1

GENERAL INTRODUCTION

1. 1. Natural Rubber-An Overview

N atu ra l ru b b e r  (N R ) p resen t in  nu m ero u s p lan t species com m only  k n o w n  as  la ticiferous 

p lan ts  h as  b ee n  an  essen tial p ro d u c t fo r m ank ind  s ince  several centuries. R u b b e r is th e  m ost 

fasc ina ting  m ateria l, k n o w n  to  m an k in d  bo th  o n  acco u n t o f  its ran g e  o f  app lica tions in everyday  life 

in c lu d in g  d efe n ce  an d  civ ilian  purposes. A t th e  tu rn  o f  th e  IQ**’ cen tu iy , a  series o f  techno log ica l 

dev e lo p m e n ts  in  ru b b e r  p ro cessin g  revolu tion ized  th e  u se s  an d  applications o f  rubber, w h ich  vastly  

ex p an d ed  th e  ra n g e  o f  p ro d u c ts  m a d e  from  it. T oday , Ind ia  is th e  fourth  h ighest p ro d u ce r o f  N atural 

R u b b e r in  th e  W o rld  h av in g  a  to ta l o f  5 .7 lakh h a  u n d e r ru b b e r cu ltivation  (R u b b e r S tatistical Bulletin, 

2 0 0 4 ) \\d th  a  to ta l annua l p roduction  o f  6.5 lakh tons. T h e  ru b b er m olecu le  consists o f  lo n g  chains o f  

m o n o m er, iso p ren e  (CsHg). D esp ite  th e  availability  o f  petro leum -based  synthetics, N R  is highly  

va lued  b ec au se  no  sy n th e tic  substitu te has com parab le  elasticity, resilience an d  resis tance  to  high 

tem p era tu re  (D av ies , 1997).

1.2. Para Rubber Tree - He\>ea hrasiliensis

N atu ra l ru b b e r  (cw -l, 4 -po ly isoprene) is syn thesized  an d  accum ulated  in o v e r  2 0 0 0  species o f  

plants, rep resen tin g  a b o u t 300  g en e ra  from  approx im ate ly  seven  fam ilies (B ackhaus, 1985). R ubber 

con ten t m a y  v a ry  w id e ly  in  d iffe ren t species, w h ich  lim its th e ir  consideration  as  sou rces o f  N R  

(R aghavend ra , 1991). F inally , a  lim ited  nu m b er o f  rub b er- p roducing  p lan ts can  b e  exp lo ited  an d  on ly  

a  fe w  spec ies  a re  n o w  cu ltiva ted  an d  have econom ic  im portance. F o r  reasons o f  h igh  y ie ld  and  low  

im purities, H evea brasiliemis (W illd . E x  A  Juss) M ull. A rg . (P a ra  m b b e r tree) n o w  acco u n ts  fo r over 

9 9 %  o f  N R  produced an d  consum ed. O n e o f  th e  m ain  reasons fo r th is is th a t a  h ig h  y ield  o f



te c h n o lo g c a lly  accep tab le  m b b e r  can  b e  ob ta ined  ov er m a n y  y ea rs  b y  sim ple excision  o f  th e  trunk 

b ark  o f  m a tu re  ru b b e r tree s  m a d e  a t frequen t intervals.

Hevea hrasiliensis M uell. A rg  belongs to  the  fain ily  E uphorb iaceae an d  is a  native o f  

A m a z o n  riv er b as in  o f  S o u th  A m erica. It w as  in troduced  to  trop ical A sia  in 1876 th ro u g h  K e w  garden  

in  th e  U K  th ro u g h  th e  seeds b ro u g h t from  B razil b y  S ir  H en ry  W ick a m  (D ijkm an , 1951). T h e  tree is 

n o w  g ro w n  in  th e  trop ica l reg ions o f  Asia, A frica  an d  A m erica. H ow ever, th e  m a jo r  share  o f  total 

p roduction  co m es  fro m  trop ical Asia. T h e  rubber tree  is stu rdy  an d  tall. It is m o n o ec io u s an d  it g ro w s 

b es t at te m p era tu re s  o f2 0 -2 8 ° C  w ith  an annual rainfall o f  n o t less than  2 0 0  cm . L atex, th e  sou rce  o f  

natural ru b b e r  is o b ta in ed  fro m  th e  bark  o f  th e  ru b b e r tre e  b y  tapping. It is a  p rocess  o f  contro lled  

w o u n d in g  d u rin g  w h ic h  th in  shav ings o f  barics are rem oved . R u b b e r represen ts 3 0 -5 0 %  b y  w eig h t o f  

th e  la tex  ex u d ed  b y  m a tu re  trees  in  regu lar tapp ing  (K ekw ick , 1989). L atex  u p o n  coagu la tion  and 

fu rth e r p ro cess in g  y ie ld s  natural rubber.

1.3. Latex and Laticifers
In  Hevea, ru b b e r  is largely  fo rm ed  and  sto red  in  th e  baric, in  rings o f  latex  v esse ls  o r  laticifers. 

D ick in so n  p u b lish ed  th e  first e lectron  m icrographs o f  H. bimiliensis latex vesse ls  an d  described  their 

initiation, d ev e lo p m en t, s ta ic tu re  an d  contents (A n d rew s an d  D ickenson , 1961; D ickenson , 1965; 

1969). T h e  la tex  v esse ls  are o rgan ized  in concentric  layers a round  th e  cam b iu m  an d  a re  connected  by 

an as to m o ses  (D ick en so n , 1969), w h ich  a llow  w ithd raw al o f  la tex  at each  ta p p in g  an d  can  b e  

exp lo ited  fo r  several years. O bservations w ith  th e  e lec tron  m ic roscope o n  laticifers in  species from  

several p lan t fam ilies  h a v e  sh o w n  th a t th e  latex is a  h igh ly  specia lized  cy top lasm  con tain ing  typical 

subce llu lar s tm ctu res  such  as  nuclei and  m itochondria  a s  w ell as po ly isop rene o r  resin  particles 

(D ickenson , 1963; 1965; 1969; Saricany e /a / . ,  1965; S assen, 1965). In  ad d itio n ,/ / .  brasiliemis latex 

con tains tw o  o th e r  sub  ce llu la r particles w h ich  are n o t fo u n d  generally  in  p lan t cells, b u t w h ich  m ay  be 

p resen t in  th e  la tic ife rs o f  o th e r plants. O n e  o f  these  o rganelles, th e  L uto id  particles (H o m a n s  an d  V an  

G ils, 1948; R u in en , 1950) p lays an  im portan t part in th e  stability  an d  flow  o f  latex. T h e  second  non­

ru b b er c o m p o n en t m u c h  less n u m ero u s th an  the  lutoid is th e  F rey- W yssling  partic le  (F rey  W yssling , 

1929). F re sh  natural m b b e r  latex  derived  from  H. hmsiliemi.s con tains about 0 .9 5 %  pro te ins o f  w hich  

2 7 .2 %  is in ru b b e r fraction , 4 7 .5 %  in th e  serum  fraction  an d  25 .3 %  in th e  b o tto m  fraction  (Tata, 

1980).

R u b b e r  partic les a re  th e  m o re  typical la tex  co m p o n en ts  and  are th e  essen tial co m p o n en ts  in 

ru b b er b io syn thesis  in vitro (L ynen , 1969). E ach  ru b b e r particle contains h u n d red s to  thousands o f



m b b e r  m o lecu les  w ith in  its enc lo sing  inteqDhase. R u b b e r particles are g lobu lar particles in  w h ich  th e  

h y d ro p h o b ic  ru b b e r  p o ly m e rs  a re  su rrounded  b y  a  m o n o la y e r  m e m b ran e  con tain ing  v ario u s k inds o f  

lipids, p ro te in s an d  o th e r co m p o n en ts  needed  fo r ru b b e r b iosyn thesis (H asm a an d  S ubram aniam , 

1986; H a sm a , 1991; 1992; B en ed ic t e ta l,  1990; C o m ish  an d  B ackaus, 1990; C orn ish , 2001 ; S iler et 

a l,  1997; C o m ish  et cd., 1999; W o o d  an d  C om ish , 2000). E x ten siv e  investigations h av e  b ee n  carried 

o u t o n  th e  ty p e s  o f  R P s  ob ta ined  fro m  centrifuged  fresh  natural ru b b er latex  (G o m ez  an d  M c ir, 1979) 

as  w ell a s  o n  th e  m o lecu la r w eig h t (M W ) an d  m o le cu la r w eig h t d istribution  (M W D ) o f  th e  m b b er 

m o lecu les  th e y  con ta in  (C hen , 1979; S ubram aniam , 1980).

M a n y  investiga to rs h av e  speculated  o n  th e  ro le  o f  ru b b e r in plants. In  th e  case  o f  the  

la tic ife rous ru b b e r p roducers, it h as  b een  suggested  th a t th e  m b b e r  m a y  pro tec t th e  p lan t aga inst attack  

b y  an im als. B u t th e  ava ilab le  ev id en ce  show s th a t ru b b e r is n o t a  reserve fo o d  a n d  th is  conclusion  is 

sup p o rted  b y  th e  fac t th a t enzym es cata lysing  th e  deg radation  o f  ru b b er have n e v e r  b ee n  found  in 

p lan ts  (B o n n e r  an d  G alston , 1947). T h ere  is no  ev id en ce  th a t po ly isoprenes h a v e  a n y  biological 

flinc tions w h a tso e v e r an d  th e se  p o lym ers  a re  b es t reg a rd ed  as  inert en d  p roducts o f  m etabo lism .

1.4. Rubber Biosynthesis

N atu ra l ru b b e r  b iosyn thesis is a  side - b ran ch  o f  th e  ub iqu itous isoprenoid  p a th w a y  ( C h a p e l  

et al.̂  1995). Iso p ren o id s rep resen t a  la rge fam ily  o f  natural co m p o u n d s w ith  a  w id e  varie ty  o f  

structu re  an d  fu n c tio n  fo u n d  m ain ly  in h igher plants, b u t also  in  prokaryotes, fungi, lo w er p lan ts and 

an im als  (BGenig, 1989). T h e se  isoprenoid  co m p o u n d s a re  p roduced  v ia  a  b io syn thetic  p a th w ay  that 

leads fro m  ac e ty l-C o A  v ia  m evalona te  to  a  central in te rm ed ia te  isopentenyl p y ro p h o sp h a te  (BPP) 

(M cG arv e y  an d  C ro teau , 1995). IPP  is th e  bu ild ing  b lo c k  fro m  w h ich  th ese  co m p o u n d s  a re  derived. 

\nH evea, b es id es  th e  syn thesis o f  th e  usual array  o f  isopreno id  co m p o u n d s norm ally  p rese n t in  h igher 

plants, m b b e r  is a lso  synthesized. In  m o st eukaryotes, IP P  fo r sterol b iosynthesis is syn thesized  from  

th ree  m o lecu les  o f  acety l -  C o A  v ia  th e  m evalon ic  acid  p a th w ay  w h ereas  th e  p lastid ic  isopreno ids are 

syn th esized  v ia  th e  a lternate  1-deoxy xy lu lo se  5 -phosphate /2 -C -m ethy l-D -ery th rito l 4 -phosphate  

(D O X P /M E P ) p a th w a y  (L ichtenthaler, 1999; L ich ten tha ler et cd„ 1997a; 2000). T h is  separate 

m ev a lo n a te - in d e p en d e n t p a th w ay  w a s  d iscovered  in  b ac teria  an d  p lan t (L ich ten tha le i, 1997b; 

R o h m e r et a l,  1993). R u b b e r  b iosynthesis tak es p la ce  o n  th e  su rface  o f  m b b e r partic les suspended  in 

th e  la tex  o f / / .  hrasiUensis^'vQiXQ 1).



R u b b e r b io syn thesis  requires fo u r d istinct b iochem ica l processes;

<♦ T h e  fo rm a tio n  o f  isopentenyl d ip h o sp h a te  (EDP), th e  m o n o m e r w h ich  p o lym erises  to  produce 

cis- rubber;

<♦ T h e  in itiation  o f  rub b er b iosyn thesis  w h ich  refers to  the  p roduction  o f  d im ethylallyl 

d ip h o sp h a te  (D M A P P ) fo llow ed  b y  th e  p roduction  o f  o ther in itiator m o lecu les such as 

gerany l d ip h o sp h a te  (G D P ), fam esy l d ip h o sp h a te  (F D P ), gerany lgerany l d iphosphate  

(G G D P );

<♦ T h e  p ro p ag a tio n  o f  ru b b er b iosynthesis , ach ieved  b y  th e  successive add ition  o f  ID P  to  

in itia to r m o lecu les  to  p ro d u ce  cis- m bber,

<♦ T h e  te rm in a tio n  o f  ru b b e r b iosynthesis , w h ich  refers  to  th e  re lease  o f  ru b b e r fro m  th e  enzym e 

ru b b e r tran sfe ra se  (Y o su f  et a l, 2000).

IP P  is fo rm e d  b y  th e  condensa tion  o f  th ree  m olecu les o f  acetyl- C o A  fo llo w ed  b y  reduction, 

phosp h o ry la tio n  an d  decarboxy la tion  (K ush , 1994; S te m ie r  a/., 1994; V en k a tach alam  etcd., 1992), 

A ce ty l-C o A  h a s  b ee n  sh o w n  to  b e  th e  p recu rso r o f  isopreno ids an d  Hevea  ru b b e r  (A rcher and 

A udley , 1967; A rc h e r et al., 1961; W e e k s  an d  K ekw ick , 1965). In  Hevea, th is ace ta te  m olecu le  is 

p ro d u ced  m a in ly  b y  th e  ca tabo lism  o f  sugar (Jacob , 1970; T upy , 1973). A ce ty l-C o A  is generated  

fro m  p y ru v a te  v ia  its decarboxy la tion  an d  dehydrogenation , ca ta lysed  b y  p y ru v a te  dehydrogenase  

co m p lex  loca lised  in  th e  m itochondria  an d  th e  tran sp o rt o f  th e  ace ty l-C o A  v ia  citrate  to  th e  cytoplasm . 

M a n y  o f  th e  en z y m e s invo lved  in  th e  p a th w ay  h av e  b ee n  identified  in m an y  m b b e r-p ro d u c in g  plants 

inc lud ing  Hevea. C o ndensa tion  o f  tw o  m o lecu les  o f  ace ty l-C oA  resu lts in  th e  fo rm ation  o f  

acetoacety l C o A  (L ynen , 1969). N ex t stage is th e  p roduction  o f  3 -hyd roxy-3-m ethy l g lu taryl C o A  

(H M G -C o A ) b y  m e an s  o f  a  H M G -C o A  syn thase  co m b in in g  a  m olecu le o f  acetoacety l C o A  and  a  

m o le cu le  o f  a c e ty l-C o A  T h e  reduction  o f  H M G -C o A  to  m evalona te  is ca ta lyzed  b y  H M G -C o A  

red u c tase  (W ititsu w an n ak u l et al.., 1986), a  k ey  regu la to ry  en z y m e o f  th is p a th w a y  th a t has been  

ex tensive ly  s tu d ied  (B ach , 1986; R odw ell et al., 2000). H M G -C o A  reductase , a  h igh ly  conserved  

en z y m e o ccu rrin g  co rn m o n ly  in eukaryo tes ca ta lyses th e  ra te  lim iting  step  o f  EPP b iosyn thesis in 

an im als an d  p o ssib ly  also  in th e  cytosolid  te rp en e  b io syn thesis  in plants. T h e  characteriza tion  o f  PIM G  

- C o A  red u c tase  fro m  d ifferen t p lant species revealed  developm enta l and  o rgan - specific  expression 

o f  H M G -C o A  red u c tase  iso fo n n s  (R odw ell e ta i ,  2000). T h is en z y m e has b ee n  repo rted  to  occu r in 

tlie  se m m  frac tion  o f  p reserved  Hevea  latex (L ynen , 1967). H ep p e r an d  A ud ley  (1 9 6 9 ) also  reported 

its o ccu rren ce  in th e  b o tto m  fraction  o f  centrifiiged la tex  ob ta ined  from  Hevea  seedlings. S ipat (1982),
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has stud ied  th e  d istribu tion  o f  H M G -C o A  red u c tase  am o n g st th e  fractions ob ta ined  b y  centrifliging 

fresh  latex. W ititsu w an n ak u l el al. (1986) h av e  d escribed  th e  p reparation  o f  H M G -C o A  reductase 

from  th e  b o tto m  fraction  o f  latex. T h e  p roperties o f  H M G -C o A  reductase  like d istribu tion  o f  en2y m e  

ac tiv ity  in  th e  v ario u s fractions o f  latex, its co fac to r requ irem ents, th io l requirem ents, p H  op tim a etc. 

w ere  stud ied  b y  S ipa t (1985).

M e v a lo n a te  is then  activated  as p h o sp h o m ev a lo n a te  b y  a  c ^ o s o l ic  m ev a lo n a te  k inase 

(Skilleter et a l,  1966). T h e  n ex t stage consists  o f  fresh  activation  o f  p h o sp h o m ev a lo n a te  into 

p y ro p h o sp h o m ev a lo n a te  (P P M V A ) by  a  p h o sp h o m ev a lo n a te  k inase  (W illiam so n  an d  K ekw ick , 

1965). R u b b e r  m onom er, EPP is p roduced  fro m  P P M V A  b y  m eans o f  a  d ecarb o x y la se  and  is 

acco m p an ied  b y  deh y d ra tio n  o f  th e  m o lecu le  (C h esterto n  an d  K ekw ick , 1968).

T h e  fo rm a tio n  o f  natural ru b b e r from  IP P  requires th e  isom erisa tion  o f  IP P  to  D M A P P  and 

th en  a  series o f  p reny l transfers occurs. T h e  en z y m e  isopentenyl d iphosphate  iso m erase  cata lyses the  

in te rconversion  o f  EPP to  its h igh ly  electrophillic  isom er, d im ethylally l d iphospha te  (D M A P P ) (O h  et 

al, 2000). T h e se  tw o  isom ers se rve as  substra tes fo r  th e  syn thesis o f  isoprenoid  com pounds. In 

Hevea  latex, ID P  iso m erase  appears to  b e  d istribu ted  b e tw een  th e  sem m  an d  th e  su rface  o f  rubber 

particles (B arn ard , 1965; A rch er an d  A udley , 1987). It has also been  fo u n d  associa ted  w ith  the  

w ash e d  ru b b e r particles (L ynen , 1969). T an g p a k d ee  et al. (1997), reported  th e  p re se n ce  o f  ID P  

isom erase  an d  p reny lfransferase  activ ity  in  th e  b o tto m  an d  c-sem m  o f  Hevea  latex. ID P  isom erase 

activ ity  h as  b ee n  d em onstra ted  in th e  cy toso l fraction  o f  g ro u n d  g u ay u le  stem s an d  leaves (M ad h av an  

an d  B ened ict, 1984).

Sequential condensa tion  o f  IP P  w ith  D M A P P  results in  th e  fo rm ation  o f  a  10-carbon 

in te rm ed ia te  called  gerany l d ip h o sp h a te  (G D P ). G D P  is th en  condensed  w ith  an o th er IP P  m olecule 

y ie ld ing  fam esy l d ip h o sp h a te  (F D P ), a  15-carbon interm ediate . F am esy l d ip h o sp h a te  syn thase 

m ed ia tes  th e  p ro d u ctio n  o f  F D P  fro m  D M A P P  o r  G D P  (P ou lter an d  R illing, 1981). F D P  synthetase 

activ ity  h as  b ee n  d em o n stra ted  in th e  se m m  from  Hevea  la tex  (A rch e r an d  A udley , 1987) an d  in th e  

so lub le fraction  fro m  g ro u n d  g u ay u le  stem s (B enedict, 1983) an d  leaves (M ad h a v an  an d  Benedict, 

1984). F D P  sy n th ase  is a  d im eric  e n z y m e  w ith  a  m o n o m eric  m o lecu lar m ass o f  3 8  k D a  (L igh t and 

D ennis, 1989). F u rth e r condensa tion  o f  G D P  w ith  in itiato r m olecu les resu lt in th e  fo rm a tio n  o f  a  C 20 

m olecule, th e  gerany lgerany l d iphospha te  (G G D P ) u s in g  geranylgeranyl d ip h o sp h a te  syn thase. T hus 

th e  p rim ary  isopren ic  un it is bu ilt u p  to  stage C 20. T h e  cha in  is leng thened  b y  th e  te rm in al addition  o f  

IPP  u n its  b y  m ean s o f  a  fransferase. A n  outline o f  th e  isoprenoid  b iosynthesis p a th w a y  w a s  g iven  in



F ig u re  1. T h e  successive  h ea d  -  to  -  tail condensa tion  reactions o f  th e  five ca rbon  in term ediates 

cata lysed  b y  th e  e n z y m e  (s), referred  to  as th e  ru b b e r transferase (o r  po lym erase) has  b ee n  assu m ed  to  

y ie ld  rubber. A  p ro te in  ca lled  ru b b er e longation  fac to r (R E F), w h ich  is tigh tly  b o u n d  to  th e  rubber 

particles su sp en d ed  in  th e  la tex  is invo lved  in th e  final ru b b er e longation  step  (D en n is  a n d  L ight, 1989; 

D en n is  et al., 1989). R E F  p la y s  a n  im p o rtan t ro le  in  ru b b e r elongation  b y  d o ck in g  an d  positioning 

p reny ltransferases on  th e  ru b b e r m olecu les. T h e  iso lation  o f  th e  H. brasiliensis partic le  b o u n d  rubber 

transferase  has  n o t b ee n  ach ieved  yet.

M e ch a n ism s con tro lling  m o lecu lar w e ig h t o f  rub b er m u s t exist b ecau se  m o lecu la r w eig h t o f  

ru bber in  d ifferen t ru b b e r syn thesiz ing  p lan t species varies  considerab ly  (A rch e r an d  A udley , 1973). 

M a n y  d iffe ren t p lan t species p ro d u ce  natural rubber, b u t on ly  a  few  p ro d u ce  th e  h ig h  m olecu lar 

w eig h t req u ired  fo r  h igh  p erfo rm an ce  com m ercia l p roducts. T h e  m o lecu lar w e ig h t d istribu tion  o f  

Hevea ru b b e r sh o w s considerab le  varia tion  fi'om  c lone  to  c lone  (Subram aniam , 1980) an d  m vitro, th e  

cha in  leng th  o f  th e  p ro d u c t syn thesised  b y  a  particu lar transfe rase  can  depend  o n  th e  ty p e  o f  detergent 

(includ ing  p hospho lip id ) p resen t (B ab a  an d  A llen , 1980; K een an  an d  A llen, 1978), th e  stm ctu re  o f  

in itia to r m o lecu le  an d  ev en  th e  M g +  concen tra tion  (Fuji et cd., 1980). In vitro biochem ical 

investiga tions carried  o u t b y  C o m ish  (2001) h av e  sh o w n  th a t a  com bination  o f  fac to rs m u s t contribu te 

to  th e  m o lecu la r w e ig h t o f  ru b b e r p roduced  in vivo. T h u s  th e  m o lecu lar w e ig h t p ro b ab ly  w ill b e  

affected  b y  en d o g e n o u s  substra te  concentrations, th e  intrinsic properties o f  ru b b e r  transferases 

invo lved  an d  b y  o th e r  as y e t u n k n o w n  en d ogenous factors.

1.5. Significance of Molecular Interventions for Hevea Crop Improvement
M a jo r  im p ro v e m en ts  h a v e  b ee n  m a d e  o v e r  th e  recen t y ears in th e  p roductiv ity  o f  ru b b er from  

Hevea th ro u g h  h yb rid iza tion  an d  selection. H o w ev er, subsequen t y ield g a in  ach ieved  th rough  

hyb rid ization  du rin g  th e  recen t b reed in g  phases h as  b ee n  ra ther s lo w  w h ich  has b ee n  attribu ted  m ain ly  

to  th e  n a rro w  g en e tic  d iversity  availab le to  th e  breeders. T h e  gen e tic  b ase  fo r  th e  m illions o f  m b b er 

p lan tations in  th e  ea s t is v e ry  narrow , lim ited to  a  fe w  seed lings orig inally  co llected  fro m  a  m in iscu le 

o f  th e  gen e tic  ra n g e  in B raz il (W ycherly , 1968; Schultes, 1977). T his lack  o f  g en e tic  diversity  also 

leaves th e  a o p  h igh ly  suscep tib le  to  pathogen ic a ttack  an d  failure. M oreover, H. brasiliensis has strict 

c lim atic requ irem en ts, lim iting  its cultivation  to  specific trop ical reg ions (C om ish , 2001). T he 

perennial n a tu re  o f  th e  crop, seasonal nature o f  flow ering , lo w  fru it set, long  b reed in g  an d  selection 

cycle  o f  ab o u t 3 0  years, th e  heterozygous nature o f  th e  species an d  lack  o f  early  p red ic tion  param eters 

a re  also  serious constra in ts  in Hewa breeding  p rog ram m es. A ll th is  has necessita ted  th e  search  for



vario u s b io techno log ica l as w ell as m olecu lai' b io lo g y  techn iques to  en liance y ield  to  th e  m ax im u m  

level by  th e  d ev e lo p m en t o f  h igh y ie ld ing  and  d isease  t o l e r a n t c u l t i v a r s .  M olecu lar approaches 

ho ld  g rea t po ten tia l fo r p lant b reed ing  as  it p rom ises  to  exped ite  th e  tim e  taken  to  develop  crop 

vai'ieties w ith  desirab le  characteristics.

E ifo rts  h av e  been  m a d e  w o rld w id e  to  u se  m o lecu lar b io logy  m e th o d s to  transfo rm  crop 

p lan ts b y  in troduction  o f  ag ronom ically  desirab le  traits. T h e  dev e lo p m en t o f  novel b io technological 

too ls  o f  dii'ect g e n e  tran sfe r has  added  n ew  d im en sio n  to  p lan t im p ro v em en t p rogram m es. T liis n ew  

ap p ro ach  o ffe rs  th e  potential to  m ak e  rela tively  qu ick  and  specific changes in elite cu ltivars o f  Hevea 

w ith o u t d isrup ting  the ir o therw ise  desirab le g en e tic  constitution. T h e  ab ility  to  ob ta in  specific 

exp ression  o f  fo re ign  o r  native gen es in  He]’ea  opens up  th e  possib ility  o f  im prov ing  this crop 

co m m erc ia lly  b y  g en e tic  m anipulation . T h e  potential lim iting  fac to r to  m b b er y ield  in Hevea  is to  b e  

identified. T h is  a llow s o n e  to  perceive so m e prec ise  enzym es o r  proteins for w h ich  a  m odification  o f  

tlie expression  o f  th e ir  co rrespond ing  g e n e  m ay  induce an  increase  in latex  yield. T h u s  th e  p rospec t o f  

d ev e lo p in g  tran sg en ic  rub b er trees w ith  en lianced  la tex  y ield th ro u g h  o v er expression  o f  such 

en zy m es o r  p ro teins is q u ite  prom ising.

R ecen tly , th e re  has b een  a  g ro w in g  com m ercia l in terest in u sing  p lan ts as  vehicles for 

syn thesiz ing  th e  en z y m e s u sed  in  th e  food  industry, industrial oils, po lym ers an d  antibodies. E xciting  

possib ilities h a v e  b ee n  p red ic ted  in u sing  th e  laticiferous system  o f / / ,  brasiliemis fo r p ro d u cin g  novel 

p lan t p ro d u cts  b y  in troduction  o f  specific g en es into th is system  (K ush , 1994). T h e  p resence  o f  all 

essential cy to p lasm ic  co m p o n en ts  in latex as  w ell as th e  ease  w ith  w hich  th e  transfo rm ed  latex  can  be 

ex tracted  th ro u g h  ta p p in g  is considered  as aspec ts  o f  g rea t econom ic  advantage. A  requ isite  fo r the  

p roduction  o f  tran sg en ic  p lan ts is th e  availability  o f  su itab le p rom oters. A t present, th e  C a M V  35S 

constitu tive  p ro m o te r  is often  used  fo r  transfonnation . A s it m ay  no t b e  beneficial fo r Hevea  p lants to  

h av e  fo re ign  p ro te in s  exp ressed  indiscrim inately , it w o u ld  b e  desirab le to  iso late p ro m o te rs  involved 

in latex vessel specific  expression  to  direct th e  expression  o f  foreign pro teins in desired  location  w ithin 

th e  p lan t v ^ th o u t adversely  affecting  th e  w ho le  p lan t (A rokiara j, 2000).

A n o th er a ttractive possib ility  w ill b e  to  u se  transgen ic  tech n o lo g y  to  m an ipu la te  th e  rubber 

b io syn thesis  pa thw ay , so  as to  bring  abou t changes in th e  m o lecu lar properties o f  th e  natural rubber 

particle such  as m o le cu la r w eigh t and  th e  associa ted  pro tein  content. R u b b e r m o lecu les a re  produced 

an d  agg regated  o r  p ac k ag e d  as rubber particles in la ticifer cells o f  the  n jb b e r tree. G e n e  expression 

patterns in th e  latex  ai'e therefo re  o f  interest fo r  th e  study  o f  ru b b er b iosynthesis. A  detailed



investigation  o n  m b b e r  b io syn thesis  p rocess at th e  m o lecu lar level is im portan t a s  la tex  production  

invo lves co m p lex  m echan ism . E v en  thougli a  n u m b e r o f  p ro teins involved  in a ib b e r  b iosynthesis 

h av e  b een  characterized , th e  prec ise  m echan ism  fo r the  b iosynthesis o f  rub b er m olecu les has  no t yet 

b een  established. A m o n g  th e  ru b b er b iosynthesis genes, R E F  is p lay ing  m a jo r an d  significant ro le  in 

the  m b b e r  m o lecu le  fo m ia tio n .

1.6. Objectives

In  v ie w  o f  th e  above, th e  presen t w o rk  w a s  carried  o u t w ith  th e  fo llow ing  objectives:

1) M o lecu la r c lo n in g  an d  characterization  o f  th e  g en o m ic  sequence co d in g  fo r  th e  rubber 

e longation  fac to r  p ro te in  fi-om Hevea brasiliemis
2 ) C lo n in g  an d  ch aracteriza tion  o f  th e  c D N A  en co d in g  R E F  protein fi-om H. hrasiliensis an d  its 

expression  in  E. coli an d  in  transgen ic  to b a cc o  {Nicoticnia tabaaim)

3) D ifferen tia l exp ressio n  studies o f  ru b b er e longation  fac to r g en e  in H. hrasiliensis
4) C lo n in g  an d  fijnc tional characterization  o f  th e  p ro m o te r sequence  o f  R E F  g e n e  fi'om H. 

hrasiliensis.



CHAPTER -  2

MOLECULAR CLONING AND CHARACTERIZATION OF 
THE GENOMIC SEQUENCE CODING FOR THE RUBBER 

ELONGATION FACTOR PROTEIN FROM . 
HEVEA BRASILIENSIS

2.1. INTRODUCTION

In  Hevea brasiliemiŝ  ru b b e r b io sy n th esis  ta k e s  p lace  o n  th e  su rface  o f  ru b b e r particles 

su sp e n d ed  in  th e  la tex . T h e  su rface  o f  ru b b e r p artic le s  co n ta in s  th e  e n z y m e s  a n d  o th e r  factors 

n ec essa ry  fo r  ru b b e r  b io sy n th es is  (C orn ish , et al.̂  1998; C o rn ish  et ai, 20 0 0 ). R u b b e r  constitu tes 

a b o u t 9 0 %  o f  th e  d ry  w e ig h t o r  ab o u t 3 0 %  o f  th e  to ta l w e ig h t o f  th e  la tex  ex u d e d  o n  ta p p in g  th e  

an a s to m o sin g  la tic ife rs  (G rilli et al, 1980). S ince  la tex  is a  specia lized  c y to p la sm ic  flu id  p ro d u cin g  

th e  h ig h ly  v a lu a b le  ru b b e r  m olecu les, m u c h  e ffo rt has  b ee n  m a d e  to  iso la te  an d  ch a rac terize  the  

la tex  p ro te in s  in v o lv e d  in  ru b b e r b iosyn thesis . In  o rd e r  to  iden tify  th e  k e y  e n z y m e s  invo lved  in 

ru b b e r b io sy n th es is , th e  p ro te in s  an d  g en e s  asso c ia te d  w ith  ru b b e r partic les h av e  b e e n  investiga ted  

in  m a n y  ru b b e r-  p ro d u c in g  p lan ts  inc lud ing  Hevea (D e n n is  an d  L igh t, 1989; L ig h t an d  D ennis, 

1989; A tta n y a k a  et al., 1991; G o y v aerts  et al., 1991; O h  et al, 1999; C o m ish  et al., 1993) and 

g u a y u le  (C o m ish  a n d  B a ck h a u s , 1990; B e n ed ic t et al, 1990; M a d h a v a n  a n d  B e n ed ic t, 1984; 

B a c k h a u s  et al, 1991; B a c k a u s  and  B ess, 1986; S ile r an d  C o m ish , 1993; C o m ish  et al., 1998). 

R u b b e r  is sy n th e s ise d  b y  th e  sequen tial c o n d e n sa tio n  o f  ID P  to  th e  in itia ting  a lly lic  d iphosphates 

such  as  G D P , F D P  an d  G G D P . P o lym erisa tion  o f  IP P  b y  th e  p reny ltransferase , a ssis ted  b y  R E F , a 

p ro te in  b o u n d  to  la rg e  ru b b e r  partic le  m em b ran e , g iv e s  rise  to  lo n g  cha ins o f  cis- po ly iso p ren e , w ith  

an  av e ra g e  m o le c u la r  w e ig h t ran g in g  fro m  0 .7  to  4 0  x  10^ (W estall, 1968). T h e  p o ly iso p re n e  chains



are  g ro u p e d  to g e th e r  an d  fo rm  ag g reg a te s  called  th e  ru b b e r particles, su rro u n d e d  b y  a  lipopro te in  

m em b ran e .

D e n n is  an d  L ig h t (1 9 8 9 ) iden tified  a  lo w  m o le cu la r  w e ig h t p ro te in  b o u n d  to  rubber 

p artic le s  o f  H. brasiliem is an d  nam ed  th is  p ro te in  as ru b b e r elongation  fac to r  (R E F ). R E F  b o u n d  to  

ru b b e r m o le c u le s  c a n  b e  pu rified  fi-om all o th e r  p ro te in s  in w h o le  la tex  b y  tre a tm e n t o f  rub b er 

p artic le s  w ith  lo w  co n c en tra tio n s  o f  detergen t. R E F  h as  a  m o lecu la r m a ss  o f  14 ,600  D a  an d  is 

asso c ia te d  sp ec ifica lly  w ith  th e  ru b b er partic les (D en n is  et a i ,  1989). It m ak es u p  b e tw e e n  10 -  60%  

o f  th e  to ta l p ro te in s  in  w h o le  la tex  b u t is ab sen t in  C -se ru m . T h e  am o u n t o f  R E F  in  w h o le  la tex  is 

p ro p o rtio n a l to  th e  ru b b e r  co n ten t (D enn is an d  L igh t, 1989). Q uan tita tive  an a ly sis  o f  R E F  an d  

m b b e r  in  w h o le  la tex  rev ea ls  a  ra tio  o f  o n e  m o le cu le  o f  R E F  to  o n e  m o le c u le  o f  c/5-1,4- 

p o ly iso p re n e  (D e n n is  an d  L igh t, 1989).

T h e  p r im a ry  s tru c tu re  o f  R E F  p ro te in  h as  b ee n  e lu c id a ted  b y  D e n n is  an d  L ig h t (1989). 

R E F  is p re se n t in s to ich io m e tric  am o u n ts  re la tiv e  to  th e  n u m b e r o f  g ro w in g  ru b b e r m olecu les. 

D e n n is  et al. (1 9 8 9 )  rep o rted  th a t p resence o f  th is  p ro te in  o n  ru b b e r particles is req u ired  fo r  rubber 

cha in  e lo n g a tio n . R E F  in te rac ts  w ith  Hevea  p ren y ltran sfe ra se  to  a lter th e  s te re o ch e m is tiy  o f  IP P  

ad d itio n  fi-om th e  n o rm a l treats add ition  to  cis an d  ov errid es  th e  te rm in a tio n  a f te r  tw o  trcms 

ad d itio n s  to  a ffec t th e  fo rm a tio n  o f  cis- p o ly iso p ren e  (L ig h t et a l ,  1989). E n zy m atic , ch em ica l o r  

ph y sica l re m o v a l o f  R E F  fi-om th e  ru b b er partic les  ren d e rs  th e m  in cap ab le  to  ac ce p t fiarther IP P  

ad d itio n s  d u rin g  in c u b a tio n  w ith  a  p reny ltrasferase  (D en n is  an d  L igh t, 1989).

G e n o m ic  se q u en c es  co d in g  fo r  p ro te in s a re  charac terized  b y  th e  p re se n ce  o f  in trons 

in te rru p tin g  th e  c o d in g  reg io n  th a t a re  rem o v e d  fi'om  th e  n asce n t m R N A  in  a  m u ltis tep  p rocess 

co llec tiv e ly  ca lled  sp lic ing . In c lu d in g  in trons in  th e  tran sc rib ed  p o rtion  o f  a  g e n e  h a s  b e e n  fo u n d  to  

in c re ase  h e te ro lo g o u s  g e n e  exp ressio n  in  b o th  an im al (B o ren ste in  e t a l ,  1987) an d  p la n t system s ( 

C a llis  et al., 1987; M a a s  et a i ,  1991; M asca ren h as  et al., 1990; M c E lro y  et a l ,  1990; V asil et a l,  

1989). W h ile  m a n y  h o m o lo g o u s  as  w ell a s  h e te ro lo g o u s  c D N A  seq u en ces h a v e  b e e n  successfiilly  

ex p ressed  a s  tra n sg e n e s  in  p lan ts, th e re  a re  so m e  ca se s  w h e re  th e  p re se n ce  o f  in tro n s  has been  

sh o w n  to  im p ro v e  th e  level o f  tran sg en e  ex p ress io n  (L u e h rsen  et a l ,  1994; S in ibald i an d  M ettler, 

1992). K o z ie l et a l  (1 9 9 6 ) h av e  re c o m m en d e d  th e  in c lu sio n  o f  so m e  in tro n s in  a  tra n sg e n e  as  a  

m e an s  to  o p tim ize  its ex p ress io n  in  plants. It has a lso  b ee n  p ro p o sed  th a t inc lu sion  o f  in tro n s in  th e  

tra n sg e n e  c o n s tru c t m a y  red u c e  th e  chances o f  co  sup p ress io n  an d  s ilenc ing  (B au lco m b e , 1996). 

In tro n s a re  n o t o n ly  im p o rta n t fo r  n o n n a l g e n e  expression , th e y  also  affec t th e  p a tte rn  o f  gene



exp ressio n  in  p lan ts. F o r  exam ple , w h e n  a  5 ’ U T R  in tron  w a s  rem o v ed  fro m  a  su c ro se  syn thase  

(sus4) co n stru c t, its e x p re ss io n  w as  h igh ly  red u c ed  in  p o ta to  tu b e rs  b u t m u c h  less in  th e  ro o ts  (F u  et 

a i ,  1995). It is f ijr th e r p ro p o sed  th a t th e  reg u la to iy  e ffec t o f  th e  in tron  is a ffec ted  b y  th e  p ro m o te r 

and  th e  3 ’ U T R  e lem en ts . T h e  stim u la tion  o f  ex p ress io n  b y  in trons is p osition  d ep en d en t, a lthough  

th e  m a g n itu d e  o f  th is  e ffec t d ep en d ed  o n  th e  c o d in g  seq u en ce  tested . S ince it w a s  d em o n stra te d  th a t 

th e  p re se n ce  o f  in tro n s  co u ld  h a v e  a  p ro fo u n d  e ffec t o n  th e  level o f  ex p ress io n  o f  g e n e s  in  m a ize  

cells, in tro n s  a re  c o m m o n ly  u sed  to  inc rease  ex p ressio n  o f  fo re ign  g e n e s  in  tran sg e n ic  m o n o c o t 

p lants.

In  H. brasiliemis, H M G -C o A  reduc tase , an  im p o rtan t en z y m e  in v o lv e d  in  isopreno id  

p a th w a y  is e n c o d e d  b y  a  sm all g e n e  fam ily  c o m p rised  o f  th re e  m em b ers , hmg 1, hm g 2  a n d  hmg 3. 

C h y e  et al. (19 9 1 , 1992) rep o rted  th e  iso la tion  an d  charac teriza tion  o f  g e n o m ic  seq u en ces  o f  the  

tliree  H M G -C o A  re d u c ta se s  fro m  H. hrasiliemis. S challer et al. (1 9 9 5 ) u sed  a  g en o m ic  frag m en t 

en c o d in g  o n e  o f  th e  th re e  3 -h y d ro x y -3 -m eth y lg lu ta ry l co e n z y m e  A  red u c ta se s  (H M G R s), hmg\ 

fro m  H. brasiliem is  to  tran sfo rm  to b a cc o  y\?i Agrobacteriiim - m ed ia ted  tran sfo rm atio n  to  s tudy  th e  

in flu en ce  o f  th e  h m g l  g e n e  p ro d u c t o n  p la n t iso p ren o id  b io syn thesis  (S c h a lle r  et a l ,  1995). So far 

th e re  is h a rd ly  a n y  re p o r t o n  th e  iso lation  an d  charac terisa tion  o f  th e  g e n o m ic  se q u en c e  en co d in g  

R E F  f r o m / / ,  brasiliensis.

D e sp ite  th e  im p o rta n c e  o f  ru b b er a s  a n  industria l ra w  m ateria l, th e  m o le c u la r  m ech an ism s 

o f  ru b b e r  ch a in  e lo n g a tio n  an d  cha in  len g th  d e te rm in a tio n  in  p lan ts  h a v e  n o t b ee n  s tud ied  in  detail. 

In  o rd e r  to  u n d e rs ta n d  w h a t de term in es th e  s ize  o f  ru b b e r  in  ru b b e r p ro d u c in g  p la n ts  th a t  syn thesize 

a  d e fin ed  m o le c u la r  m a ss  o f  rubber, it is o f  critica l im p o rta n ce  to  in v estig a te  an d  cha rac te rise  th e  

g en e s  in v o lv e d  in  ru b b e r  b io sy n th esis  in d iffe ren t ru b b e r p ro d u cin g  p la n t species.

T h e  p re se n t w o rk  w a s  carried  o u t w ith  th e  ob jec tive  o f  iso la tion  an d  ch arac teriza tio n  o f  th e  

g e n o m ic  se q u e n c e  o f  R E F  fro m  H. brasiliemis. T h e  lo n g -te rm  g o a l is to  u se  th is  R E F  g en o m ic  

se q u en c e  to  tra n s fo rm  in to  H evea  a s  p art o f  th e  e ffo rt to  s tudy  th e  e ffec t o f  in tro n  se q u en c e  on  its 

ex p ressio n  in  tra n sg e n ic  H evea  p lants. T h e  p rese n t s tudy  con tribu tes to w a rd s  an  u n d ers tan d in g  o f  

th e  m o le cu la r  m e c h a n ism s  in v o lv ed  in  reg u la tin g  th e  g e n e  ex p ress io n  o f  a  k e y  e n z y m e  in  ru b b er 

b iosyn thesis . T h e  av a ilab ility  o f  th e  c loned  g e n e  fro m  H evea  w o u ld  b e  u se fu l fo r  fijture 

investiga tion  o f  th e  reg u la tio n  o f  ru b b er b iosynthesis .



2.2. MATERIALS AND METHODS

2.2.1. Plant Material

L ea v es  fo r  g e n o m ic  D N A  iso la tio n  w a s  co llec ted  fro m  H. brasiliensis c lo n e  R R II1 0 5  

g ro w in g  a t R R II  nursery . Y o u n g , e x p a n d ed  an d  ligh t g ree n  hea lthy  leav es w e re  co llec ted  an d  u sed  

fo r  D N A  iso lation ,

2.2.2. PCR Amplification of REF Gene

2.2.2.I. Genomic DNA isolation
G e n o m ic  D N A  w a s  iso la ted  f ro m  th e  le a f  tissu es o f  H. brasiliensis a s  describ ed  b y  D o y le  

an d  D o y le  (1 9 9 0 )  w ith  m od ifications. T h e  fo llo w in g  s te p s  w e re  invo lved  in  g e n o m ic  D N A  

iso lation .

>  T h e  le av e s  w e re  c lean ed  w ith  s te rile  d istilled  w ate r. O n e-g ra m  le a f  tis su e  w a s  w e ig h e d  in to  

a  p re -co o le d  m o rta r  an d  fro zen  in  liqu id  n itrogen . T h e  tis su e  w a s  p u lv e rized  to  a  fine 

p o w d e r  u s in g  pestle.

>  T e n  m l C T A B  ex trac tio n  b u ffe r  an d  1%  P V P P  (w /v), 1%  (v /v) 2 -  m e rcap to e th an o l w ere  

a d d e d  to  th e  g ro u n d  tissues. In cu b a ted  in  a  w a te r  b a th  a t 65° C  fo r  3 0  m in  w ith  occasional 

m ix ing .

>  T h e  h o m o g e n a te  w a s  sp u n  a t SOOOxg fo r  2 0  m in  a t  ro o m  te m p e ra tu re  to  rec o v e r the  

su p em atan t.

>  T h e  su p e m a ta n t w a s  ex tra c te d  w ith  equa l v o lu m e  o f  pheno l: ch lo ro fo rm : Iso am y l alcohol 

(24 : 24: 1), sp u n  at ro o m  te m p e ra tu re  (SOOOxg) fo r  2 0  m in  an d  co llec ted  th e  u p p e r  aq u eo u s 

phase.

>  T h e  a q u e o u s  p h ase  w a s  tre a te d  w ith  5 |i l  o f  D N a se  free  R N a se  A  (S ig m a, U S A ) and 

in c u b a te d  a t 37° C  fo r  1 h  in a  w a te r  bath.

>  T h is  w a s  fo llo w ed  b y  p ro te in ase  K  (S igm a, U S A ) trea tm e n t a t 50° C  fo r  3 0  m in  in  a  w a te r  

bath .

>  C h lo ro fo rm  ex trac tio n  w a s  ca rried  o u t an d  sp u n  at SOOOxg fo r  2 0  m in  a t ro o m  tem peratu re .

>  T h e  a q u e o u s  p h ase  ob ta in ed  a f te r  cen trifugation  w a s  m ix ed  w ith  0 .6  v o lu m e  o f  isopropy l 

a lco h o l fo r  p rec ip ita tion  o f  D N A  an d  in cu b ated  o n  ice fo r  2 0  m in.

>  P re c ip ita te d  D N A  w a s  pe lle ted  b y  2 0  m in  cen trifiiga tion  at 1 OOOOxg a t 4  ° C.



'>■ F in a lly  D N A  p e lle t w a s  w a sh e d  w ith  7 0 %  alcohol, d ried  an d  resu sp en d ed  in T E  buffer.

T h e  co n c en tra tio n  o f  th e  iso la ted  D N A  w a s  d e te n n in e d  spec tropho tom etrica lly .

>  T h e  q u a lity  an d  co n c en tra tio n  o f  th e  iso la ted  D N A  w a s  a lso  an a ly zed  b y  a g a ro se  g e l (0 .8 %  

w /v )  e lec trophoresis .

CTAB Extraction buffer 2X RNAase A - 10 m g /  m l s to c k
2 %  C T A B  Proteinase K -  2 0  m g /m l s to c k
1 .4  M  N a C l  TE buffer p H -  8 .0
2 0  m M  E D T A , ( p H -  8 .0 )  10 m M  T r is .C l  -  p H -  8 .0
0 . I M  T r is -C l  ( p H -  8 .0 )  1 m M  E D T A  - p H -  8 .0

2.2.2.2. Quantification of DNA

T h e  is o l a te d  D N A  w a s  d i lu te d  w i th  d is t i l le d  w a te r  a n d  th e  c o n c e n t r a t io n  w a s  

d e te r m in e d .  F o r  a  c u v e t te  w i th  a  1- c m  p a th  le n g th ,  th e  c o n c e n t r a t io n  o f  D N A  w a s  

c a lc u la te d  b y  th e  f o l lo w in g  fo rm u la ;

T o ta l  D N A  ( m g )  =  A 260 x  [ 0 .0 4 0  m g / ( l  A 260 x  1 m l) ]  x  d i lu t io n  f a c to r  x  v o lu m e  (m l) .

T h e  r a t io  b e tw e e n  th e  r e a d in g s  a t  2 6 0  n m  a n d  2 8 0  n m  ( O D 260/  O D 280)  w a s  a lso  

d e te r m in e d .

2.2.2.3. Agarose gel electrophoresis
F o r  a  100 m l ge l o f  0 .8 % , 0 .8  g  o f  a g a ro se  w a s  w e ig h e d  in to  a  con ica l flask  con ta in ing  

d ilu ted  ru n n in g  b u ffe r  (0 .5  X  T B E -  p H - 8.0). T h e  con ten ts o f  th e  flask  w e re  m ix ed  b y  sw orling and  

b o ile d  in  a  m ic ro w a v e  o v e n  un til all th e  a g a ro se  w a s  m elted . T h e  m elted  a g a ro se  w a s  co o led  to  

5 0 °C  an d  e th id iu m  b ro in id e  so lu tio n  (1 m g /m l- s to ck ) w a s  ad d ed  to  g iv e  a  final co n cen tra tio n  o f  5 

l^g /  ml. T h e  g e l m ix tu re  w a s  th e n  p o u red  in to  a  c lean  g e l castin g  tra y  an d  left to  solidify. W h e n  th e  

ge l w a s  so lid ified , th e  co m b  w a s  re m o v e d  ca re fu lly  an d  p laced  th e  ge l in to  th e  e lec tro p h o resis  tan k  

filled  w ith  ru n n in g  b u ffe r  (0 .5  X  T B E , p H - 8 .0) ju s t  to  c o v e r  th e  w ells. D N A  sa m p le  m ix e d  w ith  

5 X  g el lo a d in g  b u ffe r  w a s  lo a d ed  in to  th e  w ells  o f  th e  gel an d  e lec tropho resis  w a s  ca rried  ou t. A fter 

e lec tro p h o resis , th e  ge l w a s  rem o v e d  from  th e  ap p a ra tu s  an d  th e  sep ara ted  D N A  w a s  v ie w e d  u n d er 

a  U V  tran s illu m in a to r  an d  pho to g rap h ed .

5 X  T B E  B u f fe r ,  p H . 8 .0 - 0 .4 5  M  T r is  B o r a t e
0.1 M  E D T A

5 X  g e l  lo a d in g  b u f fe r - B r o m o p h e n o l  B lu e  - 0 .2 5  %>,
X y le n e  C y a n o l  F F  - 0 .2  % ,
G ly c e ro l  -  3 0 %  in  d is t i l le d  w a te r



2.2.2.4. PCR amplificntion

P C R  a m p l i f ic a t io n  o f  R E F  g e n e  f ro m  H. h ra siliem is  w a s  p e r f o r m e d  w i th  g e n e  

s p e c i f ic  p r im e r s  s y n th e s i s e d  b a s e d  o n  p r e v io u s ly  p u b l is h e d  c D N A  o f  R E F  ( A t ta n y a k a  et 

a l ,  1 9 9 1 ) . T h e  p r im e r s  u s e d  f o r  a m p l i f ic a t io n  w e re :

F o r w a r d  p r im e r ,  R E F  1 - 5 ’ C G A  T T A  T G G  C T G  A A G  A C G  A A G  A C  A  A C C  - 3 ’ 

R e v e r s e  p r im e r ,  R E F  2  - 5 ’G G C  C A A  T A A  T T C  A A T  T G G  C C C  T T T  A T T  C  - 3 ’.

P C R  c o c k ta i l  w a s  p r e p a r e d  in  2 0  |il r e a c t io n  v o lu m e ,  w h ic h  w a s  c o m p o s e d  o f  

lO X  b u f f e r ,  1 .5  m M  M g C b ,  100  |oM  d N T P s , 0 .5  U  o f  T a q  D N A  p o ly m e r a s e ,  10 n g  

te m p la te  D N A  a n d  2 5 0  n M  o f  p r im e r l  a n d  p r im e r  2 . T h e  r e a c t io n  m ix tu r e  w a s  o v e r la id  

w i th  m in e r a l  o il. T h e  a m p l i f ic a t io n  w a s  c a r r ie d  o u t  in  a  th e rm a l  c y c le r  ( P e r k in  E lm e r ,  

U S A ) . T h e  P C R  p r o d u c ts  w e r e  s e p a r a te d  o n  1 .5 %  ( w /v )  a g a r o s e  gel.

T h e  P C R  a m p l i f ic a t io n  c o n d i t io n s  w e re :

I n i t ia l  d e n a tu r a t io n  a t  9 4 °  C  f o r  4  m in - 1 C y c le

D e n a tu r a t io n  a t  9 4 °  C  f o r  I m i n  ->1

A n n e a l in g  a t  5 5 ° C  f o r  1 .3 0  m in ^ - 3 0  C y c le s

E x te n s io n  a t  7 2 °  C  f o r  2  m in

F in a l  e x te n s io n  a t  7 2 °  C  f o r  10 m in - 1 C y c le

2.2.2.S. Purification of PCR products from low melting temperature agarose gel
y  T h e  a m p lif ied  p ro d u c ts  w e re  separa ted  o n  1%  (w /v ) lo w  m e ltin g  te m p e ra tu re  ag a ro se  gel.

>  T h e  s lice  o f  a g a ro se  con ta in ing  th e  D N A  b an d  o f  in te res t w a s  ex c ised  f ro m  th e  gel and 

tran sfe rred  to  a  fresh  ste rile  e p p e n d o rf  tube.

>  T o  th e  tu b e  co n ta in in g  ag a ro se  gel slice, 5 v o ls  o f  2 0  m M  Tris. C l (p H -8 .0 )  an d  1 m M  

E D T A  (p H - 8 .0) w a s  ad d ed  and  th e  tu b e  w a s  in c u b a te d  a t 65°C  fo r  5 m in  to  m elt th e  

agarose .

>  E q u a l v o lu m e  o f  T ris -b u ffe red  p h e n o l w a s  a d d e d  to  th e  m e lte d  a g a ro se  so lu tio n  a n d  m ix ed  

tho ro u g lily . T h e  co n ten ts  o f  th e  tu b e  w e re  sp u n  a t ro o m  tem pera tu re .

T h e  a q u e o u s  p h ase  w a s  co llec ted  in to  a  fresh  ste rile  tu b e  a fte r cen trifugation  and  re­

ex tra c te d  o n c e  w ith  equal v o lu m e  o f  ch lo ro fo n n .



>  D N A  w a s  p rec ip ita ted  b y  th e  ad d itio n  o f  0 .2  vol o f  10 M  am m o n iu m  a c e ta te  an d  2  vol o f  

e thano l a t 4°C . A fte r  m ix in g  tho rough ly , th e  m ix tu re  w a s  sto red  at -2 0 °C .

>  D N A  w a s  p e lle ted  b y  cen trifugation  an d  w a sh e d  th e  pelle t w ith  7 0 %  (v /v ) ethanol. D ried  

th e  D N A  p e lle t u n d e r  v a c u u m  an d  resu sp en d ed  in  2 0  |j,l sterile  w ater.

>  T h e  co n c en tra tio n  an d  pu rity  o f  th e  D N A  w a s  ch eck ed  b y  ag a ro se  g e l elec trophoresis.

2.2.3. Cloning of PCR Amplified REF Gene into Plasmid Vector

2.2.3.1. Digestion of plasmid DNA
T h e  p la s m id  D N A , p B lu e s c r ip t  ( S t r a ta g e n e ,  G m B H , G e r m a n y )  w a s  d ig e s te d  w ith  

E co K V  e n z y m e  ( A m e r s h a m ,  U K ).

T h e  f o l lo w in g  c o m p o n e n ts  w e r e  ta k e n  in to  a n  E p p e n d o r f  tu b e

P la s m id  D N A  in  T E  - l O ^ g
l O X  R e s t r ic t io n  e n z y m e  b u f f e r  -  10 |i l
R e s t r ic t io n  e n z y m e ,  E coK V  -  10 U
W a te r  to  m a k e  u p  -  1 0 0 |il

T h e  c o m p o n e n t s  w e r e  m ix e d  th o r o u g h ly  a n d  in c u b a te d  a t 3 7 ° C  f o r  3 h.

2.2.5.2. Purification of restriction digests
A fte r  co m p le tio n  o f  d igestion , th e  d ig e s te d  sa m p le  w a s  ex trac ted  w ith  equa l v o lu m e o f  

p h en o l an d  cen trifiaged  a t  SOOOxg fo r  15 m in  a t ro o m  tem pera tu re . T h e  u p p e r  a q u e o u s  p h ase  w as  

co llec ted  an d  e x tra c te d  w ith  equa l v o lu m e o f  ch lo ro fo rm . D N A  w a s  p rec ip ita ted  b y  ad d in g  2 

v o lu m e s  o f  e th an o l to  th e  a q u e o u s  ph ase  an d  sp u n  a t SOOOxg fo r  2 0  m in  a t 4  °C. T h e  D N A  pellet 

w a s  w a sh e d  w ith  7 0 %  (v /v ) ethanol. T h en  th e  D N A  p e lle t w a s  d isso lved  in  ste rile  d istilled  w ate r 

a fte r d iy ing . T h e  c o n c e n tra tio n  o f  D N A  w a s  th e n  ch e ck e d  o n  0 .8 %  (w /v ) a g a ro se  ge l an d  w as 

d ep h o sp h o ry la ted .

2.2.3.3. Dephospliorylation of linearized vector DNA
D e p h o s p h o r y la t io n  o f  l in e a r iz e d  v e c to r  D N A  w a s  c a r r ie d  o u t  u s in g  s h r im p

a lk a l in e  p h o s p h a ta s e  e n z y m e  ( S A P )  (A m e r s h a m , U K ). R e a c t io n  m ix tu r e  w a s  p r e p a re d  in

a  s te r i le  tu b e  a s  f o l lo w s :

L in e a r iz e d  v e c to r  D N A  (1 0 0  n g /|^ l)  -  5 |ai

10 X  S A P  b u f f e r  -  1 ^1
S h r im p  a lk a l in e  p h o s p h a ta s e  e n z y m e  - 1 U

S te r i le  w a te r  to  -1 0  |al
T h e  c o m p o n e n t s  w e r e  m ix e d  a n d  in c u b a te d  a t  3 7 °C , f o r  3 0  m in  in  a  w a te r  b a th .



At the end o f the incubation period, the reaction was terniinated by heating the 

reaction mixture at 75°C for 10 min in the presence o f 5 mM EDTA (pH-8.0) and then 

purified by phenol: chloroform extraction followed by alcohol precipitation o f DNA.

2.2.3.4. Ligation of REF gene into plasmid

Ligation mixture was prepared as follows:

Components Reaction volume

lOX ligase buffer - 1 |al
pBS vector (50 ng) - 1 |al
PCR product (50 ng) - 1 |j,l
T4 DNA ligase (Amersham) - 1 p.1
Water to a final volume o f - 10|il

The above said reaction components were taken in microflige tube, mixed 

properly and the reaction mixture was incubated at 16°C overnight in a water bath.

2.2.3.S. Preparation of competent cells
Fresh competent bacterial cells were prepared with calcium chloride according to the 

modified method o f Cohen e t  a l . (1972). DH5a strain of E s c h e r i c h i a  c o l i  was used as the host. 

Using a sterile platinum wire loop, E .  c o l i  cells taken directly from a frozen stock was streaked onto 

the surface o f LB agar plate incubated at 37°C overnight.

Luria Bertani Medium (LB)
Bacto- tryptone - lOg/L
Yeast extract -5 g /L
NaCl - lOgyO.
Bacto- agar -1 5 g /L
pH - 7.0

Competent cells were prepared as follows:

A single colony was aseptically transferred from the freshly grown plate into 10 ml of LB 

broth and incubated overnight at 37°C with agitation (200 rpm).

Inoculated 500 fxl o f the overnight culture into 20 ml of fresh LB broth and incubated at 

37°C with vigorous shaking until the ODeooreached 0.3 - 0.5 (about 2 - 2.5 hours).

The cells were then transferred to sterile ice-cold polypropylene tubes and stored the tubes 

on ice for 1 0  min.

The cells were harvested by centrifiigation for 5 min at 2000xg at 4°C.



After decanting the media completely, the pellet was resuspended in 10 ml o f ice-cold 0.1 

M CaCl2  solution (freshly diluted from IM CaCl2  stock solution) and stored the cells on ice 

for 20 min.

The cells were harvested by centri&ging at 2000xg for 10 min at 4°C and the CaCl2  

solution was decanted completely from the cell pellet.

The pellet was again resuspended in 2 ml o f ice-cold 0.1 M CaCl2 .

The cell suspension was dispensed (200 |il) into sterile eppendorf tubes and immediately 

used fortransfonnation.

2.2.3.6. T ran sfo rm ation

The competent cells were thawed and placed on ice immediately.

The ligation mix (3 |il) was added to 200 |j1 of competent cells and mixed gently.

Incubated the reaction mixture on ice for 15 - 20 minutes.

The transfon-ned cells were heat shocked at 42°C for 90 seconds and returned to ice for 1 

minute.

LB broth (800 |il) was added to the heat shocked cells and incubated with agitation at 37°C 

for one hour.

Transfonned cells were plated on the LB agar plates with ampicillin (50 |ig/ml) and for 

blue - white screening of the transformants, IPTG (for the induction of the lac operon) and 

X- Gal were also added to the LB plate.

Incubated at 37°C overnight for the appearance of colonies.

X-gal - 20 mg/ml (Stock solution), 35 |^l/Plate 
IPTG - 200 mg/ml (Stock solution), 20 |0.1/Plate

2.2.3.7. Confirmation of REF gene cloning
2.2.3.7.L Plasmid preparation

White colonies that developed on LB agar plate were selected for confirmation 

studies. Plasmid DNA was isolated from the recombinant white colonies by alkaline lysis 

method (Birnboim and Dolly, 1979).

♦♦♦ Individual bacterial colonies were picked using sterile toothpicks and inoculated into 3 ml 

LB medium containing ampicillin (50 |ig/ml) in 15 ml tubes. Incubated at 37°C with 

vigorous agitation overnight.



The cells were pelleted by centrifugation at 12,000xg for 5 min at 4°C and the medium was 

decanted off completely from the pellet.

Resuspended the bacterial pellet in 200 1̂1 of solution I by vigorous vortexing and the tubes 

were stored on ice.

Solution n  (300 |_il) was added to the tubes and invert mixed five times rapidly and stored 

the tubes at room temperature.

Solution ni (300 |̂ 1) was then added to the tubes and the contents were vortexed gently to 

disperse the solution through the viscous bacterial lysate. The tubes were then retumed to 

ice for 3-5 min.

Centrifuged at 12000xg for 5 min at 4°C to collect the clear supernatant into a fresh tube.

An equal volume o f phenol: chloroform was added to the collected supernatant and 

centrifuged at SOOOxg for 10 min at room temperature to collect the upper aqueous phase. 

Plasmid DNA was then precipitated by the addition o f 2 vol o f ethanol and spun at SOOOxg 

for 10 min at room temperature.

DNA pellet was washed with 70% alcohol (v/v), dried the pellet and dissolved in sterile 

distilled water.

The isolated plasmid DNA was then checked on 0.8% (w/v) agarose gel. Super coiled, 

uncut pBS vector was also loaded into the gel as control to differentiate from the 

recombinant plasmid with cloned gene.

Solution I Solution II Solution III

50 mM glucose 0.2 NaOH 5 M potassium acetate - 60 ml
25 mM Tris.Cl (pH- 8.0) (Freshly diluted Glacial acetic acid -11.5 ml
lO m M EDTA (pH-8.0) from 10 N stock) Distilled water - 28.5 ml
Autoclaved at 10 Ib/sq. 1% SDS

Stored at 4°C

2.Z.3.7.2. Restriction analysis o f recombinant plasmid DNA

Selected white colonies were grown in 3 ml cultures and the isolated plasmids 

were subjected to double digestion with £coRI and H i n d l l l  to release the cloned insert 

DNA if present. Digestion was performed as described below.



Plasmid DNA - 3 jJg
Ec’oRJ enzyme - 3 U
H i n d i l l  enzyme - 3 U

Restriction enzyme buffer (1 OX) -1  [jl

Sterile distilled water upto - 10|j1

Plasmid DNA without insert linearized with£coRI enzyme was used as a negative control. 

Digested DNA samples were separated on 0.8 % (w/v) agarose gel.

2.2.3.7.3. Amplification o f cloned gene by PCR
The recombinant plasmids (with insert) isolated from white colonies were further screened 

by PCR Plasmid DNA without insert was used as a negative control. The amplification was carried 

out using REF gene specific primers. The conditions for PCR amplification were similar as 

described above (section 2,2.2.4). But the number of cycle was reduced to 25. After amplification, 

the PCR products were analyzed by 1.5 % (w/v) agarose gel electrophoresis.

2.2.4. Nucleotide Sequencing and Analysis

The plasmid DNA isolated through alkaline lysis procedure was purified by PEG 

precipitation for sequencing purpose. To 32 1̂ o f plasmid DNA, 8 1̂ o f 4 M NaCl was added 

followed by 40 |il o f 13% PEGgooo. The sample was incubated for 20 min on ice for precipitation of 

plasmid DNA and pelleted the DNA by centrifligation at lOOOOxg for 20 min at 4°C after through 

mixing. Finally DNA pellet was rinsed with 70% (v/v) ethanol and the dried pellet was dissolved in 

20 |nl sterile distilled water.

The nucleotide sequence of the cloned DNA fragment was determined using the automated 

sequencing facility at Indian Institute of Science, Bangalore. The genomic DNA sequence of REF 

was edited to discard the vector sequences at either ends and compared with published sequences in 

the NCBl database using BLASTN programmes (Altschul e t  a l .^  1990). Sequence alignment and 

comparison was made using the ClustalW program (Thompson e t  a l ,  1994). Signal peptides and 

protein localization sites were predicted using signalP and pSORT programs.

2.2.5. Southern Blot Analysis

2.2.5.1. Restriction digestion of genomic DNA

For Southern blot analysis, 10 [xg of genomic DNA isolated from leaves o fi/. b r a s i l i e m i s  

(clone RRH 105) was digested with various restriction enzymes H i n d U l , £coRI, E c o R V  a n d X b a l



(Amersham, UK). The following components were taken into an eppendorf tube and incubated at 

37°Cfor4h.

DNA in TE - 10
lOX Restriction enzyme buffer - 10 1̂
Each restriction enzymes, - 10 U
Water to make up to - 100 l̂l

2.2.S.2. Preparation of gel for blotting

Completely digested DNA samples were size fractionated on 1% (w/v) agarose 

gel. Gel casting and electrophoresis was described in previous sections (2.2.2.3). After 

electrophoresis, the gel was placed in a glass tray and washed with distilled water with 

gentle agitation. The gel was then subjected sequentially to depurination, denaturation 

and neutralization treatments. For depurination, gel was soaked for 10-15 min at room 

temperature in 0.25 M HCl. The gel was washed with distilled water and then soaked in 

denaturation solution (1.5 M NaCl / 0.5 M NaOH) for 45 min. The denatured gel was 

treated with neutralization solution (1.5 M NaCl / 0.5 M Tris Cl, pH- 7.0) for 45 min 

before blotting. Neutralized gel was washed with distilled water and then blotted.

Reagents Composition

2% (w/v) BSA (Sigma Fraction V)

lOOx Denhardt's Solution 2% (w/v) Ficol (400,000 Mw)
2% (w/v) Polyvinylpyrrolidone (40,000 Mw)

20 X SSC 3 M NaCl
0.3 M Sodium citrate (pH- 7.0)

Pre-hybridization Solution 6X SSC
5X Denhardt’s solution 
0.5 % w/v SDS
100 |j,g/ ml salmon sperm DNA

2.2.S.3. Blot assembly

For assembling the blot, a glass tray was filled with transfer solution. A plastic platform 

was placed in the tray. A wick o f whatman 3MM filter paper was kept on the platform, so that each 

end was dipped in the transfer solution. The gel was placed with the sample well face down on the 

wick. Nylon membrane (Hybond N+, Amersham, UK) was cut to the exact size of the gel and 

wetted with transfer solution (lOX SSC). Nylon membrane was placed on top of the gel. Two pre­



wetted sheets of 3MM filter paper were placed on the top of the membrane. A pile of paper towels 

was kept on top of the filter paper. Weight was placed on the glass plate kept above the pile of 

papers. The blot assembly was left undisturbed overnight. Then the pile of paper towels and 3MM 

Whatman filter papers were gently removed. The membrane was carefully lifted along with the gel. 

The position o f wells was marked on the membrane using a soft lead pencil. The gel was gently 

peeled off and discarded. Membrane was then placed on a 3MM whatman filter paper and UV 

cross-linked. The nylon membrane was placed in a hybridization bottle and soaked in pre­

hybridization solution. The membrane was incubated for 3 h at 65°C with gentle rotation.

2.2.5A. Synthesis of labeled probe

PCR amplified 1.3 kb REF gene fi-agment radiolabeled with [a-^¥ dCTP] (Megaprime 

DNA labeling systems, Amersham, UK) was used as probe for hybridization. The DNA to be 

labeled was diluted to a concentration of 10 n g / i n  TE buffer.

The reaction mixture was prepared as follows ;

Template DNA : 25 ng

Primers 5 p,l

Water to a volume of : 50 |̂ 1

All the components were gently mixed and denatured by heating to 95- 100°C for 

5 min in a boiling water bath. Then chilled on ice.

To this denatured mixture, the following components were added.

4 îl each (dATP, dGTP and dTTP) 

5|al

5 III 

2.5^1

Unlabeled dNTPs (250|aM)

Reaction buffer (lOX)

[a-^^PCTP], 3000 Ci/m mol 

Klenow fragment

Incubated the reaction mixture at 37°C for 10 min. After incubation, the reaction 

was stopped by the addition o f  5 |il of 0.2 M EDTA. Before, hybridization, the labeled 

probe DNA was purified by spun column.

2.2.S.5. Purification oflabeled DNA by spun column
❖ The bottom o f a 1 ml disposable syringe was plugged with a small amount of 

sterile glass wool. The syringe was filled with sephadex G- 50 equilibrated in 

IX TEN buffer (pH- 8.0)



IX TEN buffer-pH-8.0 10 mM Tris.Cl pH-8.0
1 mM EDTA p H -8.0
100 mM NaCl

❖ Inserted the syringe into a 15 ml disposable plastic tube and centrifuged at 1600xg for 4 

min at room temperature in a swinging bucket rotor.

*>  TEN buffer (0.1 ml) was applied to the column and centrifuged as before. Centrifugation 

was repeated twice as described above.

*>  Radiolabeled probe DNA to be purified was applied to the center of the column and 

placed it in a fresh disposable 15 ml tube containing a decapped microcentrifligetube. 

Centrifiiged and collected the effluent, which contained the DNA into the decapped 

microcentrifuge tube.

*>  The radioactivity was measured by a mini- monitor.

2.2.5.6. Hybridization and autoradiography

The purified probe was denatured by heating to 100 °C for 5 min, cooled and was added 

directly to the pre-hybridization solution and hybridization was performed at 65°C for 20 h under 

the same conditions as pre-hybridization. After hybridization, the filter was first washed in 2X SSC 

containing 0.1% SDS at 65°C for 15 min, twice at room temperature, followed by washes o f 0.2X 

SSC or 0.2X SSC containing 0.1% SDS at 65°C for 15 min twice. After discarding the wash 

buffer, the filter was placed on a sheet of saran wrap and exposed to X-ray film (Kodak X-Omat) 

with intensifying screen to obtain autoradiographic image for about 16-24 h at -80 °C.

2.3. RESULTS

2.3.1. Genomic DNA Isolation and PCR Amplification of REF Gene

The genomic sequence coding for REF protein o f H . b t m i l i e m i s  was amplified by PCR using 

REF specific primers. Genomic DNA was isolated from the leaves of H . b r a s i l i e n s i s . The 

concentration of the isolated DNA was determined spectrophotometrically and 45 \x g  of DNA / g leaf 

tissue was obtained. The isolated genomic DNA was also analysed by agarose gel electrophoresis and 

it migrated tlirough the gel as a single band (Figure 1). The genomic DNA was diluted and used for 

PCR amplification. PCR was perfonned with REF specific oligonucleotide primers synthesised based 

on previously published cDNA sequence of REF from H . b r a s i l i e n s i s  (Attanyaka e t  d . ,  1991).



Various PCR parameters like template DNA concentration, annealing temperature, concentration of 

MgCb, Taq DNA polymerase concentration and number of cycles were optimized for the specific 

amplification o f REF gene. After PCR amplification, the PCR products were analyzed on 1.5% (w/v) 

agarose gel. Different annealing temperatures (45°C to 55°C) as well as MgCla concentrations (1 mM 

to 4.5mM) were also tried. Raising the concentration of MgCh from 1.5 mM to 4.5 mM in the 

reaction mixture significantly decreased the yield of PCR amplification and a concentration of 1.5 

mM proved optimal. Enhancing the concentration of Taq DNA polymerase from 0.5 units to 2 units 

increased the number o f bands and 0.5 units was found to be the optimum concentration for PCR 

amplification. Two ainplicons approximately of 0.7 Kb and 1.3 Kb were visualized when 50°C and 

55°C were tried for primer annealing in the PCR with 40 cycles (Figure 2 A). Further when the 

number of cycles was reduced to 30, in the PCR at 55°C, the 700 bp band disappeared and only the 

1.3 Kb band was amplified as shown in Figure 2B. No discrete bands were observed at 45°C primer 

annealing temperature, probably because of nonspecific oligonucleotide primer hybridization due to 

high nucleotide homology between and within the REF gene. DNA concentrations of 10 ng to 25 ng 

were tried for PCR and 10 ng was found to be the optimum concentration for best PCR amplification. 

When 25 ng DNA was used for PCR a streaking or smear like pattern was noticed along with PCR 

products. After standardization of PCR parameters, a single PCR product of 1.3 Kb size was obtained 

(Figure 2B). The amplified 1.3 Kb REF genomic fragment was gel purified and used for ftirther 

studies.

2.3.2. Cloning of REF Gene
PCR ainplified 1.3 Kb DNA fiiagment was cloned into £coRV site o f pBluescript vector. The 

vector (pBS) DNA was linearized with E c o K V  enzyme and then purified by phenol: chloroform 

extraction. Digested vector DNA was subjected to dephosphorylation with SAP enzyme to avoid self­

ligation of plasmid DNA during ligation. Purified PCR amplified REF gene fragment was ligated to 

linearized and dephosphorylated plasmid DNA and then transformed into competent DH5a cells. 

The transfonned cells were plated on LB agar plates containing ampicillin. The plates also contained 

X- gal and IPTG for blue white screening through a  complementation. About 150 white colonies or 

putative recombinants and a few blue colonies (non-recombinant) were developed on plates.

Plasmid DNA was isolated from the cultures of recombinant white colonies and analyzed by 

agarose gel electrophoresis. Undigested vector DNA without insert was loaded onto the gel as 

negative control. A number of plasmids from the selected white colonies showed the presence of
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Figure 1. Genomic DNA isolated from the leaf tissues of H. brmtmnsis . Lane M- DNA molecular weight 
markers, lane 1&2 - Genomic DNA Isolated from leaf.

Figure 2A. PCR amplification of genomic sequence of REF from DNA of H. brasU im is  with REF specific 
primers. PCR products were analyzed by agarose gel electrophoresis. Lanes : M- molecular weight 
markers. Lane 1 -PCR done at annealing temperature 50*C for 40 cycles.

Figure 2B - PCR amplification of genomic sequence of REF from DNA of H. brasUiensis with REF specific 

primers. PCR done at 55 *C  and for 30 cycles. Lanes: M- molecular weight markers, Lane 1- PCR 
amplified 1..3 Kb REF gene fragment
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Figure 3. Cloning of REF gene into plasmid vector. Lanes; M- DNA molecular weight markers, 1- 
Supercoiled plasmid DNA without cloned insert DNA, 2- Plasmid DNA with cloned REF gene Insert.

Figure 4. Restriction analysis of plasmid DNA. Lanes M- DNA molecular weight marker, 1- Plasmid DNA 
without any insert digested with EcoRI ensyme, 2- Plasmid DNA with cloned REF gene digested with Eco 

Rl and H ind\\\ enzymes to release the 1.3 Kb cloned REF gene Insert.

Figure 5. PCR confirmation of cloning of REF gene into plasmid vector with REF specific primers to 

amplify the cloned REF gene. Lanes: M- DNA molecular weight marker, 1 - Plasmid DNA without any 
insert as template showing no amplification, 2 & 3- Plasmid DNA with cloned REF gene as template 
showing amplification of 1.3 Kb REF gene.



insert. Presence o f insert in the vector resulted in an increase in molecular weight of the veaor and 

they migrated slowly through the gel (Figure 3). In contrast, the control which was devoid of REF 

gene insert was unchanged in its molecular weight and migrated rapidly through the gel as shown in 

Figure 3 (Lane 2). The selected plasmids were subjected to fiirther saeening.

The selected plasmids which contained the cloned REF gene were fiirther analysed by 

double digestion with H i n c M i and £boRI enzymes to release the cloned 1.3 Kb REF gene fragment 

from the vector. Control vector without insert was digested with E c o B l  enzyme to linearize it. The 

single and double digests were analyzed on 0.8% (w/v) agarose gel. Double digestion resulted in the 

cleavage of the vector on either side o f the insert releasing the 1.3 Kb REF gene insert from the pBS 

vector harbouring it (Figure 4). This confirmed the success o f cloning o f REF gene.

Furtho- confirmation o f the presence o f cloned REF gene was carried out by PCR (Figure 5). 

The recombinant plasmids were amplified with REF gene specific primers. Vector DNA without 

insert was included as negative control. The amplified products were electrophoresed on 1.5% (w/v) 

agarose gel. Results o f electrophoresis showed that only recombinant plasmids with cloned REF gene 

insert amplified the 1.3 Kb REF gene fragment and no amplification was detected in the n^ative 

control (Figure 5). The cloned 1.3 Kb PCR amplified REF gene was then sequenced.

233. Sequence Characterisation of REF Gene
The nucleotide sequence of the cloned 1.3 Kb REF gene was elucidated. The nucleotide 

sequence and the deduced amino acid sequence were presented in Figure 6. The sequence length of 

REF gene was revealed to be 1367 bp with an ORF of 414 bp (without stop codon) encoding for a 

single polypeptide o f 138 amino acid residues. The molecular mass o f the predicted protein is 14,700 

Da and the deduced protein is acidic with an isoelectric point o f 5.04 (pi -  5.04). A computer analysis 

for protein localization sites suggested that REF is localized in the cytoplasm. The SignalP program 

predicted absence o f a signal pq)tide. The nucleotide sequence of REF was aligned with previously 

published cDNA sequence o f REF. Alignment showed that the open reading f i ^ e  o f 414 bp is 

interrupted by 2 introns. A perfea homology was noticed in the coding r^ on  between the cDNA and 

genomic sequence o f REF. REF gene comprised o f 2 introns and 3 exons. In the amplified REF gene, 

the introns o f 298 bases and 455 bp long occur after nucleotide positions at 36-333 and 550-1004 

respectively. The last or the second intron is the laigest. All introns of REF gene contain splice sites

consistent with the consensus sequence 5’ GT------ AG 3’ (Hanley and Schuler, 1988). Ihe three

exons o f sizes 30 bp, 216 bp and 171 bp are located at positions 6-35, 334-549 and 1005-1175



respectively. The first exon is 10 amino acids in length, the second code for 72 amino acids and is the 

largest. The third exon codes for 56 ajnino acids. The translation start site or ATG is located at 6 nt 

position. The sequence surrounding the ATG initiation codon (Lutcke et al., 1987) partially fits with 

the plant consensus sequence. A translation termination codon (TGA) is identified at 1173 bp 

position. The coding region is flanked by 5 bp and 192 bp o f untranslated sequences at the 5’ and 

3’region respectively. The sequence of REF gene cloned in this study is available fi'om the 

DDBJ/GeneBank/ EMBL database under Accession no; AY299405 .

Comparison of the nucleotide sequence of REF and the prediaed amino acid sequence 

against other known sequences in the GenBank, EMBL, Swiss Prot database were conducted using 

tlie appropriate BLAST programmes. These searches revealed that REF nucleotide sequence has 

some degree of homology to the cDNA sequence o f H ew a  REF- like stress related proteinl, cDNA 

of isoform o f REF fi'om H. hrasiliensis and SRPP gene sequences besides homology to REF cDNA. 

The deduced amino acid sequence o f REF was aligned with other related sequences fi'om database 

(Figure 7). The predicted amino acid sequence o f REF shares some degree o f homology with those of 

the isoform of REF ^om  H  hrasiliensis (51% identity. Accession no. AY430052) and Hevea  REF 

like stress related protein-1 (51% identity. Accession no. AY221988). REF protein also show 

similarity to Hevea  small rubber particle protein (42% identity, Accession no. AF051317) and to 

H e \H ia  REF like stress related protein-2 (39 % identity. Accession no. AY221989). Multiple 

sequence alignment of the deduced amino acid sequence o f REF with otiier related sequences was 

shown in Figure 7.

23.4. DNA Blot Analysis
To detemune the copy number of REF gene. Southern blot hybridization analysis was 

performed. Radiolabeled 1.3 Kb PCR amplified fi^gment o f REF was used as hybridization probe. H. 

brasiliensis genovnic DNA was isolated fi'om leaf and digested with the restriction enzymes, HincSSl 

£coRI, E cd9N  and XhaV Digested DNA was separated on 1% (w/v) agarose gel and transferred to 

nylon membrane. Specific hybridizing signals confirmed the identity o f the REF gene witii H. 

hrasiliensis genome. The hybridization pattern showed 2-3 major hybridizing bands with digested 

DNA samples. Two bands each were obtained in the case of Hincfni E coR l X bal digested DNA 

under high stringency conditions (Figure 8). Under the same conditions, in the case o f EcoRW 

digested DNA, the REF gene probe hybridized to three bands as given in the Figure 8, Lane 3. The



CGATTatggc tgaagacgaa gacaaccaac aaggg^ACG TGCTCTCTCA AAATTTATAT 6 0 
M A  E D E  D N Q Q  G 

ATCTCAATCG CTCAATTTTC TTATTATATG GGTTTGAATA TATTATTTGA ACGGTTTCTA 120

GAGGTGTTTG GTTGCTTAGA AAAGTAATCA AAGACTCGTG CAGAAATTAC AATGGAAGAT 18 0

ATAAAAATCT ATGATGCTAT ACATGAGAAT AAAGACTTGT TTCATGCAGT TGTTCTTAGA 24 0

TGCAAACCAA GTTCCTCGTT ATCTTCTATT TTATGGGGTT GTTTTGTGAG ATAATTAAAT 3 00

ATTTGCTTAT TTTTTGAATA TCCAAATTAA d ^ c a g g g g g  aggggttaaa atatttgggt 360
Q G E  G L K  Y L G  

tttgtgcaag acgcggcaac ttatgctgtg actaccttct caaacgtcta tctttttgcc 420 
F V Q D  A A T  Y A V  T T F S  N V Y  L F A
aaagacaaat ctggtccact gcagcctggt gtcgatatca ttgagggtcc ggtgaagaac 480 
K D K S  G P L  Q P G  V D I I  E G P  V K N
gtggctgtac ctctctataa taggttcagt tatattccca atggagctct caagtttgta 540 
V A V P  L Y N  R F S  Y I P N  G A L  K F V
gacagcacg^jGAGTCTTTT TCTTCTATGT TCAACTTTTG TGTTTAAATG TGAGGGGAGG 600 
D S T
TTGAGATTCA AGGACCTAAG TGAGTAATTG ATTGGTTTCT GTTGTTACTA ATTCTGTGGG 660

TTGGAAAATA TTTGGGCTAG TTTGGATTTA AACAAAAATA GAAATAATTT TTTCAATACT 72 0

TAATAATGTT TTTCAAGCTA TGCTAATAAA GAAAAATGTT GCTTCATTTT CCCATTTGAG 780

TTTAGTTGCA ATTATACACC GATTTAAAGA GATTATGGAT ACTCCTAGTG CATTAAAAAA 84 0

TCAAATTCCA AACAATCTTA ATGTTGTCAT GATTAATATT ATACGGTTGA TGATAGGGGC 900

CTTAATAGCA AATTATGTGA TGATTTAATT AAACCTCTTG TCTTTCTTTG AATAAGCAGC 960

AGGGATGTTG AATGAAAATT GAAAGTTCTT TCACATGGTT GT^gttgtt gcatctgtca 1020
V V A S V T

ctattataga tcgctctctt cccccaattg tcaaggacgc atctatccaa gttgtttcag 1080 
I I D  R S L  P P I V  K D A  S I Q  V V S A

caattcgagc tgccccagaa gctgctcgtt ctctggcttc ttctttgcct gggcagacca 1140 
I R A  A P E  A A R S  L A S  S L P  G Q T K

agatacttgc taaggtgttt tatggagaga attgaGCCCC AATTTGCACC AATTGCTTCC 1200 
I L A  K V F  Y G E N  *

AACTAAGCAA GTTAATGATA TGCTCAAGAA TATATATCTA TTGTGAGCTT TTTTTATGTT 1260

CTCATCCTGA GTGTTGAGAC TATGTTTTCG TTTGAATATT ACACTGTGTT TTATTATGTG 132 0

TTTTGAATAT TCATAATGAG AATAAAGGGC CAATTGAATT ATTGGCC 1367

Figure 6. Nucleotide and deduced amino acid sequence of 1.3 l(b genomic DNA fragment encoding HbREF, 
5’and 3’ UTR regions were marked in green colour, Introns In black colour, Exons In blue colour and spllc< 
donor (GT) and splice accepter (AG) were highlighted. The translated amino acid sequence was shown ir 
single letter code below the exon sequences. The termination codon was marked with an astrisk.



SRPP
HbRLP2
ISOREF
HbRLPl
HbREF

MAEEVE-------------------------------------------- EERLKYLDF 15
MAEGKENENFQQEAN----------------------------------EQEEKLKYLEF 26
MAEGEEEVNIQEEANKGEENPQEEANIQEETNKGEENIQEEANIEEEANKEEESLKYLDF 6 0 
MAEGEEEVNIQEEANKGEENPQEEANIREETNKGEANIQEEANIQEEANKEEESLKYLDF 6 0 
MAEDED------------ NQQGQG------------ --------------EGLKYLGF 2 0

SRPP
HbRLP2
ISOREF
HbRLPl
HbREF

VRAAGVYAVDS FSTLYLYAKDISGPLKPGVDTIENWKTWTPVY----YIPLEAVKFVD 71
VQATTDNAVTALSNIYLYAKDNSGPLKPGVETIEGVAKTWI PAS----KIPTEAIKFAD 8 2
VQAATVYARASFSKLYLFAKDKSGPFKPGVNTVESRFKSWRPVYNKFQPVPNKVLKFAD 12 0 
VQAATLYARASFSKLYLFAKDKSGPFKPGVNTVESRFKNWRPVYNKFQPVPNKVLKFAD 12 0 
VQDAATYAVTTFSNVYLFAKDKSGPLQPGVDIIEGPVKNVAVPLYNRFSYIPNGALKFVD 80

SRPP
HbRLP2
ISOREF
HbRLPl
HbREF

KTVDVSVTSLDGWPPVIKQVSAQTYSVAQDAPRIVLDVASSVFNTGVQEGAKALYANLE 131
RAVDAS FTTLQNI VPS VLKQLPTQAC------------------DTSVKES AE------117
RRVDAYVTVLDRIVPPIVKRASIQAYS VAPGAALAVASY-LPLHTKRLSKVLYGDG- 175
RRVDAYVTVLDRIVPPIVKRASIQAYS---VAPGAASAVASY-LPLHTKRLSKVLYGDG- 175 
STWASVTIIDRSLPPIVKDASIQWSAIRAAPEAARSLASS-LPGQTKILAKVFYGEN- 13 8

SRPP
HbRLP2
ISOREF
HbRLPl
HbREF

PKAEOYAVITWRALNKLPLVPQVANVWPTAVYFSEKYNDWRGTTEQGYRVSSYLPLLP 191

SRPP
HbRLP2
ISOREF
HbRLPl
HbREF

TEKITKVFGDEAS 2 04

Figure 7. Multiple alignment of predicted aminoacid sequence of HbREF gene with Hb SRPP (Accession no AF051317), 
Hb isoform of REF (Accession no. AY430052), Hb stress related REF like protein 1 (Accession no. AY221988), Hb stress 
related REF like protein 2 (AY221989)
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Figure 8. DNA gel blot hybridization of genomic DNA. Equal amounts of genomic ONA(10/tg) digested 
with Hind  III (lane 1), Eco  Rl (lane 2), Eco RV (lane 3) and Xba I (lane 4) were probed with radiolabeled 
REF gene. DNA molecular mass markers are indicated on the left.



resu lts o f  D N A  b lo t ana lysis  supports  th e  ex istence o f  a t least tw o  R E F  g en es in th e  g e n o m e  o f  H. 

bras/liensis.

2.4. DISCUSSION

2.4.1. PCR Amplification and Cloning of REF Gene
R u b b e r  e lo n g atio n  fac to r is associated  w ith  th e  la rge rubber particles in th e  latex  o f  H. 

brasiliensis in  a  ra tio  o f  o n e  R E F  to  o n e  ru bber m olecule. T h is m o st ab u n d an t pro tein  o f  th e  rub b er 

partic le  p lays a  s ign ifican t ro le  in ru b b er po lym eriza tion  (D enn is et a l,  1989). A s  a  first approach  to  

investiga te  th e  ro le  o f  R E F  in ru b b er b iosynthesis, th e  m o lecu lar characterization  o f  th e  g en o m ic  

seq u en ces c o d in g  fo r  R E F  pro tein  o f  H. brasiliensis w as  undertaken . T h e  clon ing  strategy fo r 

iso lating  R E F  g e n e  fi-om H. brasiliensis relied o n  P C R  technique. U sin g  P C R  techn ique , th e  specific 

g e n e  can  b e  am p lified  m o re  efficiently  an d  less expensively . G en o m ic  D N A  isolated  fi'om  leaves o f  

H. brasiliensis w a s  u se d  as  te m p la te  for P C R  am plification . R E F  g e n e  specific p rim ers w ere  designed  

co rresp o n d in g  to  th e  c D N A  sequence  o f  R E F  pub lished  in  th e  database. T h e  m ain  d isadvan tage  o f  th e  

P C R  is th e  sensitiv ity  o f  D N A  am plification  to  P C R  conditions. T h e  P C R  param ete rs  are  v ery  critical 

to  am plify  D N A  fi"agm ents b y  P C R  S im ilar obse rva tions w e re  also  reported  b y  M ura leedharan  and  

W a k e lan d  (1 9 9 3 ) an d  P ark  an d  K ohel (1994). T herefore, various P C R  param ete rs  like D N A  

concen tra tion , M g C b  concentra tion , T aq  D N A  po ly m erase  concentration , annealing  tem p era tu re  and  

n u m b e r  o f  cyc les w e re  standard ized  fo r th e  specific am plifica tion  o f  R E F  gene. A fter ex tensive 

standard ization  o f  th e  o p tim u m  P C R  conditions, a  1.3 K b  fi-agm ent o f  R E F  g e n e  w a s  am plified  fi'om  

tlie  g en o m ic  D N A  o f  H. brasiliensis. T h e  am plified  1.3 K b  g en e  fi-agm ent w a s  elu ted  fi'om  th e  gel 

an d  c loned  in to  th e  p B lu esc rip t p lasm id  vector.

2.4.2. Sequence Characterization of REF Gene
T h e  n u c leo tid e  seq u en ce  o f  R E F  g en e  w a s  determ ined . T h e  c loned  R E F  g e n e  w a s  1367 b p  in 

leng th  an d  an  o p e n  rea d in g  fram e  o f  4 1 4  bp  en co d es fo r  a  p rotein  o f  138 am in o  ac ids w ith o u t any  

m ism atches. T h e  co d in g  reg io n  o f  th e  cloned  R E F  g e n e  corresponds to  th e  R E F  c D N A  isolated 

p rev io u sly  (A ttan y a k a  et a l ,  1991 an d  G oyvaerts  et a l,  1991). T h e  ded u ced  am in o  acid  sequence  o f  

R E F  is iden tical to  th e  p rim ary  protein sequence o f  R E F  determ ined  b y  D en n is  e( al. (1989) and 

c o n fin n s  th a t iso la ted  R E F  g e n e  d o es indeed  en co d e  R E F  protein. A lig n m en t o f  c loned  R E F  gene  

w ith  th e  R E F  c D N A  se q u en c e  reveals th e  p resence  o f  tw o  in trons in th e  co d in g  sequence  o f  R E F  

gene. Inti-ons can  b e  located  w ith in  th e  translated  sequence  o r  th ey  m ay  b e  p resen t in  th e  5 ’ and  3 ’



UTRs. T he num ber o f  introns varies w idely w ithin different genes o f  the sam e species and vwthin the 

sam e gene in different species (M inocha, 2000). Typically, the num ber o f  introns m ay be less than 10, 

how ever, som e plant genes have been know n to  contain as m any as 31 introns (Roesler 1994). 

T he size o f  the  introns is also quite variable, ranging from  about 70 bases to  as m uch as 7 Kb. A  

typical intron is 100-200 bases long (Filipow icz etai, 1995, Sim pson and Filipowicz, 1996). In the 

R E F  gene the tw o  introns are 298 nt and 455 nt long. M ost plant introns have conserved A G /G T 

sequences at the 5 ’ and 3 ’ splice sites: the /G T  at the 5 ’ end and the A G / at the 3 ’ end are conserved in 

nearly 100 %  o f  all dicot introns, but the other bases are m ore variable (Filipow icz et al, 1995). Both 

tlie introns in th e  R E F  gene contain A G /G T  consensus at both splice sites (3 ’ and 5 ’). W hile m ost 

dicot introns are highly A T- rich (60-70 %  AT), m onocot introns are less so (as low  as 30-35%  AT). 

T he tw o R E F  introns contain 69%  A +T, well vwthin the  range o f  com positions found in dicot introns.

There is no discem able signal peptide at the am ino term inus in the deduced R E F protein 

suggesting o f  its cytoplasm ic localization in Hevea. Sequence analysis and com parison o f  the deduced 

aiTiino acid sequence o f  R E F  w ith other sequences in the  database reveals hom ology to  other proteins 

reported from  H. hrasiliemis. T he highest level o f  hom ology is w ith the isoform  o f  R E F  (51%> 

identity) and w ith  the R E F  like stress related protein-1 from  H. brasiliensis (51% ). In addition, it also 

share significant hom ology to  the  small rubber particle protein (SRPP) from  H. brasiliensis (42% ) and 

39%  sequence identity to  Hevea R E F  like sfress related protein-2.

2.4.3. Southern Blot Analysis

A  D N A  gel blot o f  H. brasiliensis genom ic D N A  digests w as probed w th  a  radiolabeled 

R E F gene fragm ent. A t high stringency conditions, the  probe hybridized to  2-3 fragm ents. T he results 

o f  D N A  blot analysis indicate that R EF is represented by a  small gene fam ily consisting o f  at least 2 

m em bers in the  Hevea genom e.

In H. brasiliensis, about a  quarter o f  the  total latex protein are in th e  rubber cream  that 

com prises m ainly the  m bber particles. A lso the  am ount o f  proteins associated w ith  the  rubber particles 

varies trem endously betw een species and the  num ber o f  different proteins is rem arkably different. The 

m ost com plicated rubber particles currently know n are those o f  H. brasiliensis, w hich produces high 

m olecular w eight rubber. T hese contain about 80 different proteins, but the  rubber particles from  o th a  

plant species contain far few er pioteins (Com ish, 2001). A m ong m any latex associated proteins in H. 
brasiliensis, tw o  m ain proteins associated w ith the  rubber particles are R E F (14.6 kD a) p e n n is  and 

Light, 1989) w ith large m bber particles and SR PP (24 kD a) w ith small rubber particles. It has been



established that the SR PP has high am ino acid sequence hom ology to  the R E F  and plays a  positive 

role in EDP incorporation into high m olecular weight polym ers (O h etal, 1999). L ight and coworicers 

identified a  soluble prenyltransferase jfom  the latex o f  H. brasiliensis tha t possessed famesyl 

pyrophosphate synthase (FPS) activity (Light et al, 1989). T hey  proposed that FPS underw ent a 

stereochem ical switch from  a  trans- to  a  as- prenyltransferase converting it to  rubber transferase, after 

com plexing w ith rubber elongation factor located on  the surface o f  rubber particles. They suggested 

that the FPS-R E F com plex w as responsible for the cw-1,4 -polyprenol condensations observed in 

isolated rubber particles.

T he m olecular w eight o f  the  rubber biopolym er produced by  different species varies widely, 

and m ost do not produce th e  high m olecular w eights required for com m ercial applications (Com ish et 
al., 2000). T hus an  im portant question in rubber biosynthesis is w hat controls th e  size o r the 

m olecular w eight o f  rubber in plants. It has been suggested that high m olecular w eights w ere 

associated w ith sm aller rubber particles (Y eang et al., 1995). Singh et al. (2003) suggested that am ong 

the three rubber-producing plants. Ficus carica. Ficus benghalemis and Hevea brasiliensis, Hevea 

brasiliensis producing the  high m olecular w eight rubber has the  smallest rubber particles. However, 

m ore extensive analysis is required fo r a  better understanding o f  the  correlation betw een rubber 

particle size and the  m olecular w eight in plants.

It is fKDSsible that rubber transferase itself o r m bber transferase in  com plex w ith  additional 

factors controls the  m olecular w eight o f  rubber (K im  et al, 2004). It is believed that the  plants 

producing different sizes o f  rubber should contain specific factors that control th e  m bber biosynthesis 

and determ ine the m olecular w eight o f  the rubber. In  this context, another interesting report is that 

guayule m bber particles do not possess R E F  o r proteins that are im m unologically sim ilar to  it (Pan et 
al., 1996). This m ay one o f  the reasons that Hex’ea, w hich contains the  abundant R E F  protein in the 

latex, produces high m olecular weight superior quality rubber than the  other rubber producing plants. 

D espite substantial am ounts o f  the  reports investigating the proteins associated w ith the m bber 

particles and involved in m bber biosynthesis, the  report investigating th e  genes encoding m bber 

biosynthesis- related proteins is relatively scanty.

In this study, the  cloning and characterization o f  the R E F gene from  Hevea w as reported. To 

date, this is the first report on the isolation and characterization o f  genom ic D N A  o f  REF. The 

availability o f  cloned gene w ould be  use& l for future investigation on  the regulation o f  m bber 

biosynthesis.



CLONING AND CHARACTERIZATION OF THE cDNA 
ENCODING REF PROTEIN FROM HEVEA BRASIUENSIS 
AND ITS EXPRESSION IN £  COL/AND IN TRANSGENIC 

TOBACCO (NICOTIANA TABACVM)

3.1. INTRODUCTION

G e n e tic  tra n s fo rm a tio n  o f  c ro p s  is ra p id ly  b e c o m in g  th e  te c h n iq u e  o f  c h o ic e  fo r 

th e  p ro d u c tio n  o f  n ew  p la n t v a rie tie s . P la n t g e n e tic  tra n s fo rm a tio n  h as  b e c o m e  an  

im p o r ta n t  to o l fo r  fu n c tio n a l g e n o m ic s  an d  as an  a d ju n c t to  c o n v e n tio n a l b re e d in g  

p ro g ra m m e s . T h e  n a tu ra l a b ili ty  o f  th e  p h y to p a th o g e n ic  Agrobacterium fo r  g e n e  tra n s fe r  

to  p la n ts  h a s  b e e n  e x p lo ite d  re c e n tly  fo r  th e  g e n e tic  e n g in e e r in g  o f  sev e ra l w o o d y  tre e  

sp e c ie s , in c lu d in g  ru b b e r  (A ro k ia ra j et a l,  2 0 0 2 ). A  su c c e ss fu l m o le c u la r  b re e d in g  

a p p ro a c h  th ro u g h  Agrobacterium - m e d ia te d  g e n e tic  tra n s fo rm a tio n  w o u ld  re p re se n t a 

s ig n if ic a n t s te p  in  o v e rc o m in g  th e  e x is tin g  c o n s tra in ts  in  ru b b e r  im p ro v e m e n t 

p ro g ra m m e s . I t  is p e rc e iv e d  to  h a v e  sev e ra l a d v a n ta g e s  o v e r  o th e r  fo rm s  o f  

tra n s fo rm a tio n  in c lu d in g  th e  a b ility  to  tra n s fe r  la rg e  se g m e n ts  o f  D N A  w ith  m in im al 

re a r ra n g e m e n t an d  w ith  fe w e r  c o p ie s  o f  in se r te d  g e n e s  a t h ig h e r  e f f ic ie n c ie s  w ith  lo w e r 

cost.

I t  is fe a s ib le  to  e x p re ss  in  p la n ts , h e te ro lo g o u s  g e n e s  th a t  e n c o d e  h ig h  v a lu e  

p ro d u c ts . T ra n s g e n ic  p la n ts  o ffe r  th e  p o te n tia l to  b e  o n e  o f  th e  m o s t e c o n o m ic a l sy s tem s  

fo r  la rg e -  sc a le  p ro d u c tio n  o f  p ro te in s  fo r  v a r io u s  u ses. E x a m p le s  a b o u n d  fo r  ex p re ss io n  

o f  fo re ig n  g e n e s  in  tra n s g e n ic  p la n ts  (B e n fe y  an d  C h u a , 1989). A tte m p ts  w e re  m a d e  to  

e x p re s s  u se fu l p ro te in s  b y  tra n s fo rm in g  to b a c c o  p lan ts . T h e re  a re  a  n u m b e r  o f  re p o rts  on 

th e  e x p re s s io n  o f  fo re ig n  p ro te in s  in  tra n s g e n ic  to b a c c o  p lan ts . F o r  ex a m p le , b o v in e



a p r o t in in ,  h u m a n  e r y th r o p o ie t in  a n d  a c t iv e  h u m a n  e p id e rm a l  g r o w th  f a c to r  (h E G F )  w e re  

e x p r e s s e d  in  to b a c c o  ( Z h o n g  et a l., 1 9 9 9 ; M a ts u m o to  el al„ 1 9 9 5 ; H ig o  et al., 1 9 9 3 ). 

W ir th  et. al. ( 2 0 0 4 )  a l s o  r e p o r te d  th e  e x p r e s s io n  o f  h u m a n  e p id e r m a l  g r o w th  f a c to r  in  

to b a c c o  p la n ts  b y  in te g r a t iv e  a n d  n o n - in te g r a t iv e  s y s te m s . S im ila r ly  e x p r e s s io n  o f  th e  

h u m a n  m ilk  p r o te in  in  t o b a c c o  p la n t  c e ll  c u l tu r e  w a s  a ls o  c a r r ie d  o u t  ( G i ra rd  e t a l ,  2 0 0 4 ) .

T r a n s g e n ic  t o b a c c o  a n d  A ra b id o p sis  h a v e  a l re a d y  b e e n  p r o d u c e d  b y  th e  in s e r t io n  

o f  h e t e r o lo g o u s  g e n e s ,  w h ic h  a r e  k n o w n  to  b e  in v o lv e d  in  is o p r e n o id  r u b b e r  b io s y n th e t ic  

p a th w a y  s u c h  a s  H M G - C o A  r e d u c ta s e ,  F D P  s y n th a s e  a n d  R E F . A  c o n s t i tu t iv e ly  

e x p r e s s in g  h a m s te r  H M G - C o A  r e d u c ta s e  g e n e  w a s  in t r o d u c e d  in to  to b a c c o  to  o b ta in  

u n r e g u la te d  H M G - C o A  r e d u c ta s e  a c t iv i ty  t o  e v a lu a te  th e  im p a c t  o f  th e  e n z y m e  a c t iv i ty  

o n  th e  b io s y n th e s is  a n d  a c c u m u la t io n  o f  p a r t i c u la r  i s o p r e n o id s  (C h a p p e l  e t al., 1 9 9 5 ). A  

g e n o m ic  f r a g m e n t  e n c o d in g  o n e  H M G - C o A  r e d u c ta s e ,  th e  la t ic if e r  s p e c i f ic  h m g 1 f ro m  

th e  H. brasilien sis  w a s  in t r o d u c e d  in to  N ico tian a  v ia  A grobacterium  t r a n s f o r m a t io n  to  

s tu d y  th e  in f lu e n c e  o f  t h e  h m g l  g e n e  p r o d u c t  o n  p la n t  i s o p r e n o id  b io s y n th e s is  ( S c h a l le r  

e t al., 1 9 9 5 ). R e  e t al. ( 1 9 9 5 )  c o n s t r u c te d  a  c h im a e r ic  H M G - C o A  r e d u c ta s e  g e n e  

c o n s is t in g  o f  th e  f u l l -  le n g th  A ra b id o p sis  c D N A  f u s e d  to  th e  C a M V  3 5 S  p r o m o te r  a n d  

in t r o d u c e d  th is  c o n s t r u c t  in to  A ra b id o p sis  b y  A grobacteriu m -  m e d ia te d  tr a n s fo r m a t io n .  

H a r k e r  e t al. ( 2 0 0 3 )  r e p o r te d  g e n e r a t io n  o f  t r a n s g e n ic  to b a c c o  s e e d s  s u b s ta n t ia l ly  

e n h a n c e d  in  p h y to s te r o l  c o n te n t  b y  th e  e x p r e s s io n  o f  a  m o d if ie d  f o rm  ( N -  te rm in a l  

t r u n c a te d )  o f  o n e  o f  th e  k e y  s te ro l  b io s y n th e t i c  e n z y m e s ,  H M G - C o A  r e d u c ta s e  f ro m  H. 

brasiliensis. D a d o n n e t  e t al. ( 1 9 9 7 )  g e n e r a te d  t r a n s g e n ic  to b a c c o  p la n ts  e x p r e s s in g  th e  

g e n e  c o d in g  f o r  F D P  s y n th a s e  o f  S ach arom yces cerevisiae. A t ta n a y a k a  e t al. ( 1 9 9 8 )  

r e p o r te d  t h e  g e n e t ic  t r a n s f o r m a t io n  o f  to b a c c o  w ith  th e  g e n e  c o d in g  f o r  R E F  p r o te in  f ro m

H. b ra siliem is .

G e n e t ic  t r a n s f o r m a t io n  o f  p la n ts  o r  in t r o d u c t io n  o f  f o re ig n  g e n e s  t o  p la n ts  re lie s  

o n  th e  a v a i la b i l i ty  o f  c D N A , w h ic h  is  th e  s o u r c e  o f  c o d in g  re g io n . S o m e  o f  th e  c D N A s  

e n c o d in g  th e  d i f f e r e n t  r u b b e r  b io s y n th e s is  r e la te d  e n z y m e s  w e r e  c lo n e d  a n d  c h a r a c te r iz e d  

f r o m  H evea  a s  w e l l  a s  f ro m  o th e r  r u b b e r  p r o d u c in g  p la n ts  l ik e  g u a y u le .  In  H. 

brasiliensis, H M G - C o A  r e d u c ta s e  is e n c o d e d  b y  a  sm a ll  g e n e  f a m i ly  c o m p r is e d  o f  3 

m e m b e r s ,  h m g  / ,  h m g 2 a n d  h m g 3. C h y e  e t al. (1 9 9 1  a n d  1 9 9 2 )  is o la te d  a n d  

c h a r a c te r i s e d  c D N A  c lo n e s  o f  H M G - C o A  r e d u c ta s e  f ro m  H. brasiliensis. A d iw ila g a  a n d



K u s h  ( 1 9 9 6 )  i s o la te d  a  fu ll-  le n g th  c D N A , w h ic h  e n c o d e  a  4 7  k D a  p ro te in ,  F D P  s y n th a s e  

f ro m  / / .  h ra siliem is . O h  et al. ( 1 9 9 9 )  r e p o r te d  is o la t io n  a n d  c h a r a c te r i s a t io n  o f  c D N A  

c lo n e s  th a t  c o d e s  f o r  a  p r o te in  t ig h t ly  b o u n d  o n  sm a ll  r u b b e r  p a r t ic le s  in  th e  la te x  o f  H. 

hrasilien sis  k n o w n  a s  s m a ll  r u b b e r  p a r t ic le  p r o te in  ( S R P P ) .  T h e  c D N A  c lo n e s  e n c o d in g  

is o p e n te n y l  p y r o p h o s p h a te  ( I P P )  is o m e ra s e  w a s  c lo n e d  a n d  c h a r a c te r is e d  f ro m  th e  la te x  

o f  H. brasilien sis  (O h  e t a l., 2 0 0 0 ) .  N in e  u n iq u e  c D N A s  f ro m  a  H. hrasiliensis  la te x  

l ib r a ry  e n c o d in g  th e  r u b b e r  b io s y n th e s is  s t im u la to r  p ro te in  ( R B S P )  p r e v io u s ly  id e n t if ie d  

a s  th e  e u k a r y o t ic  t r a n s l a t i o n  in i t ia t io n  f a c to r  5 A  w e r e  i s o la te d  ( Y u s o f  e t a l., 2 0 0 0 ) .  A  

c D N A  c lo n e  e n c o d in g  H M G - C o A  s y n th a s e  w a s  is o la te d  f ro m  a  c D N A  l ib r a r y  p r e p a re d  

f ro m  th e  C -  s e ru m  o f  l a te x  f ro m  H. hrasiliensis  u s in g  A ra b id o p sis  thalian a  H M G -C o A  

s y n th a s e  c D N A  a s  p r o b e  ( S u w a n m a n e e  et a l., 2 0 0 2 ) .  T a k a y a  et al. ( 2 0 0 3 )  c lo n e d , o v e r  

e x p r e s s e d  a n d  c h a r a c te r i s e d  th e  c D N A  c lo n e  e n c o d in g  G G P P  s y n th a s e  f ro m  c D N A  

l ib r a r ie s  o f  l e a f  a n d  la te x  o f / / ,  hrasiliensis. A  f u l l -  le n g th  c D N A  f ro m  g u a y u le  e n c o d in g  

th e  p r o te in  h o m o lo g o u s  to  th e  s m a ll r u b b e r  p a r t i c le  p r o te in  f ro m  H. h rasilien sis  h a s  b e e n  

i s o la te d  a n d  c h a r a c te r i s e d  (K im  et a l., 2 0 0 4 ) .  T h e  d e d u c e d  a m in o  a c id  s e q u e n c e  is  

h o m o lo g o u s  to  th o s e  o f  t h e  S R P P  a n d  th e  R E F . A s a w a tre r a ta n a k u l  e t al. ( 2 0 0 3 )  is o la te d  

th e  c D N A  e n c o d in g  th e  c is-  p r e n y l t r a n s f e r a s e  f ro m  H. hrasiliensis.

R E F  is  a n  e n z y m e  in v o lv e d  in  th e  f in a l  p o ly m e r iz a t io n  s te p  o f  th e  ru b b e r  

b io s y n th e s is  in  H. hrasiliensis. T h is  m o s t  a b u n d a n t  r u b b e r  p a r t i c le  a s s o c ia te d  p ro te in  p la y  

a  m a jo r  f u n c t io n a l  r o le  in  r u b b e r  p o ly m e r iz a t io n  ( D e n n is  a n d  L ig h t ,  1 9 8 9 ; D e n n is  et al., 

1 9 8 9 ) . T h e  c D N A  e n c o d in g  th e  R E F  p r o te in  h a s  a ls o  b e e n  c lo n e d  ( A t ta n y a k a  et al., 

1 9 9 1 ; G o y v a e r t s  e t a l ,  1 9 9 1 ). In  th is  s tu d y  th e  c D N A  c o d in g  f o r  th e  R E F  p r o te in  w a s  

c lo n e d  a n d  c h a r a c t e r i s e d  f ro m  H. hrasiliensis, R K I I  105 c lo n e  ( a  h ig h  y ie ld in g  p o p u la r  

I n d ia n  c lo n e ) .  T o  e x p r e s s  R E F  a s  a  f u s io n  p r o te in  in  E. co li c e lls ,  t h e  is o la te d  c D N A  w a s  

c lo n e d  in to  a n  e x p r e s s io n  v e c to r .  U s in g  th is  c D N A , a  c h im a e r ic  g e n e  c o n s t r u c t  w a s  

s y n th e s is e d  in  w h ic h  th e  R E F  c o d in g  s e q u e n c e  w a s  p la c e d  d o w n s t r e a m  o f  a n  a c t iv e  

p r o m o te r  in  th e  p B I B  b in a r y  v e c to r .  S ta b le  t r a n s f o r m a t io n  o f  N ico tian a  w a s  c a r r ie d  o u t  

w ith  th is  g e n e  c o n s t r u c t  w ith  th e  a im  o f  p r o d u c in g  to b a c c o  p la n ts  e x p r e s s in g  th e  R E F  

p r o te in  f ro m  H. hrasiliensis. S in c e  to b a c c o  d o e s  n o t  a c c u m u la te  R E F  p r o te in  o r  ru b b e r , 

e x p r e s s io n  o f  t h e  in t r o d u c e d  R E F  c a n  b e  s tu d ie d  in  t r a n s g e n ic  to b a c c o  p la n ts .  A tte m p ts  

w e r e  a ls o  m a d e  to  d e te r m in e  w h e th e r  a  H evea  R E F  g e n e  w h ic h  is  in v o lv e d  in  ru b b e r



b io s y n th e s is  m a y  b e  e x p r e s s e d  in  a  p la n t  u n a b le  to  s y n th e s iz e  m b b e r  ( la t ic i f e r s  a r e  a b s e n t 

in  to b a c c o ) .  T o b a c c o  w a s  u t i l iz e d  a s  a  m o d e l s y s te m  f o r  th e  p r e s e n t  w o r k  a s  it is  e a s ie r  to  

t r a n s f o r m  a n d  q u ic k e r  t o  r e g e n e r a te  th a n  H evea  a l lo w in g  to  e v a lu a te  th e  f u n c t io n in g  o f  

th e  g e n e  c o n s t r u c t  p r e p a r e d  in  th e  la b . T h e  u l t im a te  a im  is  to  p r o d u c e  g e n e t ic a l ly  

e n g in e e r e d  H evea  p la n t s  th r o u g h  t r a n s g e n ic  a p p r o a c h  to  e n h a n c e  th e  la te x  y ie ld  in  H evea  

c lo n e s  v ia  o v e r  e x p r e s s io n  o f  th e  g e n e s  in v o lv e d  in  r u b b e r  b io s y n th e s is .  A  g o o d  s tra te g y  

f o r  in c r e a s in g  th e  a c t iv i ty  o f  a n  e n z y m e  is  t o  e x p r e s s  i ts  s t r u c tu ra l  g e n e  u n d e r  th e  c o n tro l  

o f  t h e  s t r o n g  p r o m o te r  in  t r a n s g e n ic  p la n ts .  S u b s e q u e n t ly  th e  g e n e t ic  m a n ip u la t io n  o f  

H evea  c l o n e s  w i th  R E F  g e n e  w ill  b e  c a r r ie d  o u t  to  p r o d u c e  t r a n s g e n ic  r u b b e r  p la n ts  o v e r  

e x p r e s s in g  it.

T h e  is o l a t i o n  a n d  c h a r a c te r is a t io n  o f  th e  c D N A  e n c o d in g  r u b b e r  e lo n g a t io n  f a c to r  

p r o te in  f ro m  H. b ra silien sis  a n d  its  c lo n in g  in to  a n  e x p r e s s io n  v e c to r  to  o v e r  e x p r e s s  in  E. 

co li  c e l ls  is  r e p o r te d  in  th i s  s tu d y . T h e  s u c c e s s fu l  A grobacterm m  -  m e d ia te d  s ta b le  

t r a n s f o r m a t io n  o f  t o b a c c o  u s in g  b in a ry  v e c to r  c o n s t r u c t  h a r b o u r in g  H. brasilien sis  R E F  

c D N A  a n d  s c r e e n in g  o f  i ts  e x p r e s s io n  w a s  a ls o  a t te m p te d .

3.2. MATERIALS AND METHODS
3.2.1. Cloning of REF cDNA by RT-PCR

3.2.1.1. Plant material

F o r  R N A  is o la t io n ,  m a tu r e  t r e e s  o f  H. brasilien sis  ( c lo n e ,  R R I l  1 0 5 )  w e r e  ta p p e d  

a n d  la te x  w a s  c o l le c te d .

3.2.1.2. RNA extraction
T o ta l  R N A  w a s  is o la te d  f ro m  th e  la te x  a c c o r d in g  to  th e  m e th o d  o f  

V e n k a ta c h a l a m  6"? a / .  (1 9 9 9 ) .

R u b b e r  t r e e s  w e r e  ta p p e d  an d  th e  f r e s h  la te x  w a s  c o l le c te d  in to  c h i l le d  c o n ta in e rs .  

W h i le  c o l le c t in g ,  th e  la te x  w a s  c o n t in u o u s ly  m ix e d  w ith  a n  e q u a l  v o lu m e  o f  R N A  

e x t r a c t io n  b u f f e r  a n d  im m e d ia te ly  f r o z e n  in  l iq u id  n i t ro g e n .

RNA extraction buffer
0 .2  M  N a C l ,  0 . I M  T r is  H C l, p H -  7 .0 , 

O .O I M E D T A ,  1 .5 %  S D S ,
0 .0 2 1 %  P V P P  a n d  2 %  P -m e rc a p to e th a n o l



<♦ A f te r  th a w in g ,  a n  e q u a l  v o lu m e  o f  b u f f e r  s a tu ra te d  p h e n o l w a s  a d d e d  to  th e  

c o l le c te d  la te x  a n d  m ix e d  th o r o u g h ly .  T h e  m ix tu r e  w a s  c e n tr i f u g e d  a t  SOOOxg fo r  

3 0  m in  a t  r o o m  te m p e r a tu r e  to  s e p a r a te  th e  p h a s e s .

<♦ T h e  u p p e r  a q u e o u s  p h a s e  c o l le c te d  a f te r  c e n t r i f t ig a t io n  w a s  e x t r a c te d  w ith  a n  

e q u a l  v o lu m e  o f  c h lo ro f o r m  a n d  s p u n  a t  SOOOxg f o r  2 0  m in  a t  ro o m  te m p e r a tu r e  

to  c o l le c t  th e  u p p e r  p h a se .

<* T o ta l  R N A  w a s  p r e c ip i ta te d  f ro m  th e  a q u e o u s  p h a s e  b y  th e  a d d i t io n  o f  1/3 

v o lu m e  o f  8 M  L iC l.

<* T h e  m ix tu r e  w a s  in c u b a te d  a t  -2 0 ° C  a n d  th e  R N A  w a s  p e l le te d  b y  c e n tr i f u g a t io n  

a t  lOOOOxg f o r  2 0  m in  a t  4 °  C .

<♦ R N A  p e l le t  w a s  w a s h e d  w ith  2  M  L iC l a n d  d is s o lv e d  in  D E P C  t r e a te d  w a te r .

<♦ F u r th e r  p u r i f i c a t io n  o f  R N A  w a s  c a r r ie d  o u t  b y  t r e a t in g  w i th  3 M  S o d iu m  a c e ta te  

( p H  - 5 .2 )  a n d  2 .5  v o lu m e  o f  1 0 0 %  e th a n o l.

<* F in a l ly  R N A  p e l le t  w a s  w a s h e d  w i th  7 0 %  e th a n o l,  d r ie d  a n d  d is s o lv e d  in  s te r i le  

D E P C  t r e a te d  w a te r  a n d  f ro z e n  im m e d ia te ly  a t  - 8 0 °  C .

3.2.1.3. Quantiflcation of RNA
T h e  is o l a te d  R N A  w a s  d i lu te d  w ith  d is t i l le d  w a te r  a n d  th e  c o n c e n t r a t io n  w a s  

d e te r m in e d .  F o r  a  c u v e t t e  w ith  a  1- c m  p a th le n g th ,  th e  c o n c e n t r a t io n  o f  R N A  w a s  

c a lc u la t e d  b y  th e  f o l lo w in g  f o rm u la

T o ta l  R N A  ( m g )  =  A 260 x  [ 0 .0 4 0  m g /(  1A 260 x  1 m l) ]  x  d i lu t io n  f a c to r  x  v o lu m e  (m l).

1 A 260 O .D . U n it  f o r  R N A  =  4 0  |ig /m l

T h e  r a t io  b e tw e e n  th e  r e a d in g s  a t 2 6 0  n m  a n d  2 8 0  n m  ( O D 260/  O D 280) vvas a lso  

d e te r m in e d .

3.2.1.4. cDNA synthesis by RT-PCR
T o ta l  R N A  is o la te d  f ro m  la te x  w a s  u s e d  a s  t e m p la te  f o r  th e  r e v e r s e  t r a n s c r ip t io n  

r e a c t io n .  R N A  w a s  h e a t  d e n a tu r e d  a t  7 0 ° C  f o r  5 m in  in  a  w a te r  b a th . T h e  f i r s t  s tra n d  

s y n th e s i s  r e a c t io n  w a s  s e t  u p  in  a  m ic r o f i ig e  tu b e  o n  ic e . T h e  r e a c t io n  m ix tu r e  w a s  

p r e p a r e d  a s  fo l lo w s :



Components Volume /reaction
R e a c t io n  b u f fe r 4 ^ 1

S o d iu m  p y r o p h o s p h a te  s o lu t io n 1 ^ 1

R N a s e  I n h ib i to r l ^ i l

d N T P  m ix 2 ^ 1

o lig o  d T  p r im e r 1 lal

T e m p la te  R N A 3 ^ 1

R e v e r s e  T ra n s c r ip ta s e 1 ^ 1

R N a s e  f re e  w a te r 2  Hi

T o ta l  v o lu m e 15^1
I n c u b a te d  a t  4 2 °C  fo r  6 0  m in

3.2.1.5. PCR amplification of REF cDNA
T h e  f i r s t  s t r a n d  c D N A  s y n th e s is  r e a c t io n  m ix tu r e  w a s  u s e d  f o r  t h e  a m p l i f ic a t io n  

o f  R E F  c D N A . P C R  w a s  p e r f o rm e d  w i th  R E F  g e n e  s p e c i f ic  p r im e rs  s y n th e s iz e d  b a s e d  o n  

p u b l i s h e d  c D N A  s e q u e n c e s  f ro m  d a ta b a s e .  T h e  R E F  s p e c if ic  p r im e rs  u s e d  w e re :

F o r w a r d  p r im e r ,  R E F  1 - 5 T C T  T C G  A T T  A T G  G C T  G A A  G A C  G A A  G A C -  3 ’ 
R e v e r s e  p r im e r ,  R E F  2  - 5 ’ T A T  T G G  C C A  A T A  A T T  C A A  T T G  G C C  C T T  - 3 ’

PCR Cocktail
Component Volume/ reaction
S te r i le  w a te r 3 4 .5  III

lO X  P C R  b u f f e r 5 Hi

2 5  m M  M g C la 3 Hi

d N T P s  (2  m M ) 5 ^ 1

P r im e r  1 (2 5 0  n m ) i H l

P r im e r  2  ( 2 5 0 n m ) 1H1
T a q  D N A  p o ly m e r a s e 0 .5  III

T o ta l  v o lu m e 5 0 ^ 1

S e t  u p  th e  f o l lo w in g  a u to m a te d  
a m p l i f ic a t io n  c y c le s  in  th e  th e rm a l  
c y c le r  ( P e r k in  E lm e r ) .

1 C y c le  

3 5  C y c le s

1 C y c le

4 m in 9 4 ° C

1 m in 9 4 ° C

1 m in 5 5 ° C

2 m in 7 2 ° C

7 m in 7 2 ° C

3.2.1.6. Cloning of REF cDNA

P u r i f ie d  P C R  a m p l i f ie d  R E F  c D N A  f r a g m e n t  w a s  c lo n e d  in to  Sm a\  s i te  o f  p U C 1 9  

v e c to r .  T h e  v e c to r  w a s  d ig e s te d  w ith  S m al e n z y m e  ( b lu n t)  a n d  d e p h o s p h o r y la te d  w ith  

S A P  ( A m e r s h a m ,  U K )  e n z y m e . P u r i f ie d  P C R  p r o d u c t  w a s  l ig a te d  in to  th e  l in e a r iz e d  a n d  

d e p h o s p h o r y la te d  v e c to r  a n d  th e n  t r a n s f o r m e d  in to  c o m p e te n t  D H 5 a  E sch erich ia  coli 

c e lls .  T r a n s f o r m e d  c o lo n ie s  w e r e  s e le c te d  b y  b lu e - w h i te  s c re e n in g  u s in g  X -g a l  a n d  IP T G . 

F u r th e r  s c r e e n in g  o f  th e  t r a n s f o r m a n ts  a n d  c o n f i r m a t io n  o f  th e  p r e s e n c e  o f  in s e r t  in  th e



v e c to r  w a s  c a r r ie d  o u t  b y  p la s m id  m in ip r e p a r a t io n ,  in s e r t  r e le a s e  b y  d o u b le  d ig e s t io n  

w ith  B am H l  a n d  E coR l  e n z y m e s  a n d  b y  P C R  a n a ly s is .  A ll th e  p r o c e d u r e s  in v o lv e d  in  

c lo n in g  o f  R E F  c D N A  w e r e  p e r f o rm e d  a s  d e s c r ib e d  in  p r e v io u s  s e c t io n s  ( C h a p te r  2 , 

section 2.2.3),

3.2.1.7. Nucleotide sequencing

T h e  s e q u e n c e  o f  th e  c lo n e d  R E F  c D N A  w a s  d e te r m in e d  u s in g  th e  a u to m a te d  

s e q u e n c in g  f a c i l i ty  a t  I n d ia n  I n s t i tu t e  o f  S c ie n c e ,  B a n g a lo re .  B o th  s t r a n d s  o f  th e  in s e r ts  

w e r e  s e q u e n c e d  u s in g  th e  M l  3 f o rw a r d  a n d  r e v e r s e  p r im e rs .  T h e  c D N A  s e q u e n c e  o f  R E F  

w a s  e d i te d  to  d is c a r d  th e  v e c to r  s e q u e n c e s  a t  e i th e r  e n d s  a n d  c o m p a r e d  w i th  p u b l is h e d  

s e q u e n c e s  in  th e  N C B I  d a ta b a s e  u s in g  B L A S T N  p r o g ra m m e s  (A l ts c h u l  e t a l., 1 9 9 0 ). T h e  

s e q u e n c e s  w e r e  u s e d  to  s e a r c h  th e  G e n B a n k  a n d  th e  E M B L  d a ta  l ib r a ry  u s in g  th e  B L A S T  

n e tw o r k  s e rv ic e .  M u l t ip le  s e q u e n c e  a l ig n m e n t  o f  th e  d e d u c e d  a m in o  a c id  s e q u e n c e  o f  

R E F  w i th  o th e r  r e la te d  s e q u e n c e s  w a s  p e r f o r m e d  w ith  C lu s ta lW  ( T h o m s o n  et a i ,  199 4 ). 

S ig n a l p e p t id e s  a n d  p r o te in  lo c a l i z a t io n  s i te s  w e r e  p r e d ic te d  u s in g  s ig n a lP  a n d  p S O R T  

p ro g ra m s .

3.2.2. Heterologous Expression of Recombinant H. Brasiliensis REF Protein in E. Coli
3.2.2.I. Construction of expression vector

T h e  c o d in g  r e g io n  o f  th e  R E F  c D N A  w a s  c lo n e d  in to  th e  B am H l a n d  jE co R I s ite s  

o f  th e  e x p r e s s io n  v e c to r  p G E X - 2 T  ( A m e r s h a m  B io s c ie n c e s ,  U K ). T o  f a c i l i ta te  d ir e c t io n a l  

c lo n in g , B am H l a n d  £ f o R I  r e s t r ic t io n  e n z y m e  r e c o g n i t io n  s i te s  w e r e  in t r o d u c e d  to  th e  5 ’ 

a n d  3 ’ e n d  o f  t h e  c o d in g  r e g io n  o f  R E F  c D N A . R E F  c D N A  w a s  a m p l i f ie d  b y  P C R  an d  

w h i le  d e s ig n in g  p r im e r s  to  a m p lify  R E F  g e n e ,  B am lU  s i te  w a s  in t r o d u c e d  in  f r a m e  o f  

R E F  g e n e  a t  5 ’ e n d  o f  th e  f o rw a r d  p r im e r  a n d  E co K l  s i te  w a s  m a d e  a t  3 ’ e n d  o f  th e  

r e v e r s e  p r im e r .  T h e  f o l lo w in g  tw o  p r im e rs  w e r e  u s e d :

F o r w a r d  p r im e r -  5 ’ C G C  G G A  T C C  G C T  G A A  G A C  G A A  G A C  A A C  C A A  3 ’ 

R e v e r s e  p r im e r -  5 ’ C C G  G A A  T T C  C C A  T A A  A A C  A C C  T T A  G C A  A G T  A

T h e  c o n d i t io n s  f o r  th e  r e a c t io n  w e r e  th e  s a m e  a s  th o s e  d e s c r ib e d  a b o v e  f o r  R T -  

P C R  u s e d  f o r  th e  a m p l i f ic a t io n  o f  R E F  c D N A  ( s e c t io n ,  3 .2 .1 .5 ) .  T h e  r e s u l t in g  P C R  

p r o d u c t  a n d  th e  v e c to r  D N A  w a s  d ig e s te d  w ith  B am H l a n d  £ c o R I  e n z y m e s  a n d  th e  

p u r if ie d  E coB J-B am H l r e s t r ic t io n  f r a g m e n t  o f  R E F  c D N A  w a s  l ig a te d  to  th e



c o r r e s p o n d in g  s i te s  o f  th e  d ig e s te d  e x p r e s s io n  v e c to r  p G E X - 2 T  to  g e n e r a te  a 

r e c o m b in a n t  R E F  e x p r e s s io n  p la s m id  d e s ig n a te d  p G E X - R E F . T h e  r e c o m b in a n t  p la s m id  

w a s  t r a n s f o r m e d  in to  c o m p e te n t  D H 5 a  c e lls  a n d  th e  t r a n s f o r m e d  c e l ls  w e r e  s e le c te d  o n  

L B  a g a r  a m p ic i l l in  ( 1 0 0  | i g  / |j ,l)  p la te s  a c c o r d in g  to  s ta n d a r d  p ro to c o ls  ( S a m b r o o k  et a l ,  

1 9 8 9 ). T h e  p r e s e n c e  o f  th e  c lo n e d  R E F  c D N A  in  th e  p la s m id  v e c to r  w a s  c o n f i rm e d  

th r o u g h  P C R  a m p l i f ic a t io n  o f  R E F  c D N A  f ro m  th e  p la s m id  i s o la te d  f ro m  th e  

t r a n s f o r m e d  c o lo n ie s  u s in g  R E F  c D N A  s p e c if ic  p r im e rs .  T h e  r e s u l t a n t  r e c o m b in a n t  

p la s m id  w i th  c lo n e d  R E F  c D N A  w a s  s e q u e n c e d  w i th  p G E X  s e q u e n c in g  p r im e r s  t o  v e r ify  

t h e  o r ie n ta t io n  o f  th e  r e a d in g  f ra m e .

3.2.2.2. Expression of REF protein in E. coli

—> T h e  t r a n s f o r m e d  E .co li  c e l ls  h a r b o u r in g  th e  e x p r e s s io n  p la s m id  p G E X - R E F  w e r e  

g r o w n  a t  3 7 ° C  w ith  a g i ta t io n  ( 2 0 0  rp m )  u n t i l  th e  a b s o r b a n c e  o f  th e  c u l tu r e s  a t 

ODfioo r e a c h e d  0 .4 .

A t th is  s ta g e ,  I P T G  ( 1 0 0  m M ) w a s  a d d e d  to  a  f in a l c o n c e n t r a t io n  o f  0 .3  m M  to  

in d u c e  th e  e x p r e s s io n  o f  th e  r e c o m b in a n t  R E F  p ro te in .

—> T h e  in d u c e d  c e l ls  w e r e  f u r th e r  in c u b a te d  f o r  a  p e r io d  o f  4  h  a t  3 0 ° C  w i th  v ig o r o u s  

a g i ta t io n  ( 2 5 0  rp m ) .

—> T h e  b a c te r ia l  c e l ls  w e r e  r e c o v e r e d  b y  c e n tr i f u g a t io n  a t  1 0 ,0 0 0 x g  f o r  10 m in  a t  

4 ° C .

T h e  c e ll  p e l l e t  w a s  r e s u s p e n d e d  in  5 0  m M  T ris .  H C I ( p H -  7 .5 ) ,  150  m M  N a C l,  0 .5  

m M  E D T A  a n d  2  m M  P M S F , th e  c e lls  w e r e  d is r u p te d  b y  s o n ic a t io n  ( s ix  c y c le s  o f  

3 0  b u r s t s )  o n  ic e  to  o b ta in  w h o le  c e ll f ra c tio n .

—> T h e  h o m o g e n a te  w a s  c e n tr i f u g e d  a t  1 0 ,0 0 0 x g  fo r  10 m in  a n d  th e  s u p e r n a ta n t  w a s  

c o l le c te d .  T h e  s u p e r n a ta n t  a s  w e ll a s  th e  p e l le t  f r a c t io n  w a s  a n a ly z e d  b y  12 .5  %  

S D S - P A G E  a c c o r d in g  to  th e  m e th o d  o f  L a e m m li  ( 1 9 7 0 ) .

F r a c t io n a te d  p r o te in s  w e r e  v is u a l iz e d  b y  s ta in in g  w ith  c o o m a s s ie  B r i l l ia n t  B lu e  

R 2 5 0 . C r u d e  e x t r a c ts  o f  u n in d u c e d  b a c te r ia l  c u l tu r e s  w ith  e m p ty  p la s m id  w e r e  

a ls o  e x a m in e d  b y  S D S -P A G E .



3.2.2.3. Purification of fusion protein
T h e  e x p r e s s e d  f u s io n  p r o te in  w a s  a f f in i ty  p u r if ie d  u s in g  g lu ta th io n e  s e p h a ro s e  4 B  

re s in  ( M ic r o s p in  G S T  P u r i f ic a t io n  M o d u le ,  A m e r s h a m  B io s c ie n c e s )  a c c o r d in g  to  

m a n u f a c tu r e r ’s  in s t r u c t io n s .  T h e  p u r i f ie d  r e c o m b in a n t  f u s io n  p r o te in  w a s  a n a ly z e d  b y  

S D S  - P A G E ( 1 2 % ) .

3.Z .2.4. Immunoblot analysis of the recombinant REF protein
T h e  p u r i f i e d  f u s io n  p r o te in  w a s  s e p a r a te d  o n  12 %  S D S - P A G E  a n d  t r a n s f e r r e d  

f ro m  th e  g e l  o n to  n i t r o c e l lu lo s e  m e m b r a n e  (A m e r s h a m , U K )  b y  e le c t r o - t r a n s f e r  s y s te m  

( B io r a d )  a t  4 0  V  f o r  3 h r  u s in g  t r a n s f e r  b u f f e r  c o m p o s e d  o f  2 5  m M  T r is -H c l  (p H -  8 .3 ) , 

192  m M  g ly c in e  a n d  2 0 %  (v /v )  m e th a n o l .  T h e  b lo t  w a s  in c u b a te d  in  b lo c k in g  s o lu t io n , 1

X  T T B S  ( 0 .1 %  (v /v )  T w e e n  2 0  in  T r i s  b u f fe re d  s a l in e )  f o r  2  h  a t  3 7 ° C  a n d  w a s h e d  in  I X  

T T B S  f o r  10  m in . P o ly c lo n a l  a n t ib o d ie s  w e r e  r a is e d  in  r a b b i t  a g a in s t  R E F  p ro te in  

is o la te d  f ro m  th e  la te x  o f  H. hrasiliensis  ( B a n g a lo r e  G e n e i,  B a n g a lo r e )  a n d  u s e d  a s  

p r im a ry  a n t ib o d y .  T h e  b lo t  w a s  th e n  in c u b a te d  in  p r im a ry  a n t ib o d y  s o lu t io n  d i lu te d  to  (1: 

1 0 0 0 )  t im e s  in  b lo c k in g  b u f f e r  f o r  1 h  a t 3 7  ° C  a n d  w a s h e d  in  T T B S  ( th r ic e  f o r  a  p e r io d  

o f  15 m in  e a c h  a t  3 7 ° C . T h e n  th e  s e c o n d a ry  a n t ib o d y  w a s  d i lu te d  ( a n t i -  r a b b i t  Ig G -  A L P  

c o n ju g a te ,  1: 5 0 0 0 )  in  I X  T T B S  a n d  in c u b a te d  f o r  1 h  a t  ro o m  t e m p e r a tu r e  w ith  c o n s ta n t  

a g i ta t io n .  T h e  m e m b r a n e  w a s  r e m o v e d  a n d  w a s h e d  w ith  I X  T T B S  f o r  10 to  15 m in . T h e  

p r e s e n c e  o f  R E F  f u s io n  p r o te in /  a n t ib o d y  c o m p le x  w a s  d e t e c te d  u s in g  a lk a l in e  

p h o s p h a ta s e  s y s te m  w i th  N B T - B C I P  a s  s u b s t r a te .  T h e  im m u n o b lo t  a n a ly s i s  o f  th e  f u s io n  

p r o te in  w i th  a n t i - G S T  a n t ib o d y  w a s  a ls o  p e r f o r m e d  u s in g  G S T  w e s te r n  b lo t t in g  d e te c t io n  

k it  ( A m e r s h a m  p h a r m a c ia  b io te c h )  a n d  th e  a n t ib o d y  b in d in g  w a s  d e te c te d  b y  an  

e n h a n c e d  c h e m i lu m in i s c e n c e  s y s te m  (E C L , A m e r s h a m  B io s c ie n c e s )  f o l lo w in g  

m a n u f a c tu r e r ’ s in s t r u c t io n s .

3.2.3. Genetic Transformation of Tobacco

3.2.3.1. Plant material
C u l tu r e s  o f  N ico tia iia  tabacuni m a in ta in e d  in  th e  la b  w e r e  u s e d .  P la n ts  w e re  

g r o w n  in  a  c u l tu r e  r o o m  u n d e r  a  16 h l ig h t /  8 h  d a r k  p h o to p e r io d  ( m a x im u m  p h o to n  f lu x  

3 0  |im o l  m ’̂ s ' ') .  A ll th e  />/ vitro  p la n t  m a te r ia ls  w e r e  in c u b a te d  a t  2 5 + 2 ° C  u n d e r  a  16 /8  h 

( l ig h t /d a r k )  p h o to p e r io d .



3 .2 .3 .2 .  Media composition

A ll th e  m e d ia  u s e d  in  th e  p r e s e n t  e x p e r im e n t  c o n ta in e d  M u r a s h ig e  a n d  S k o o g ’s 

b a s a l  m e d ia  ( M u r a s h ig e  a n d  S k o o g , 1 9 6 2 )  ( T a b le  1), v i ta m in s ,  s u c r o s e  3 %  (w /v )  a n d  

p h y ta g e l  0 .2 %  ( w /v )  ( S ig m a )  w ith  d i f f e r e n t  h o r m o n e  a n d  a n t ib io t ic  c o n c e n t r a t io n s .  T h e  

p H  o f  th e  m e d iu m  w a s  a d ju s te d  to  5 .6  to  5 .8  w ith  N a O H  a n d  a u to c la v e d  f o r  15 m in  a t  

1 2 r C .  V a r io u s  m e d ia  u s e d  in  th e  p r e s e n t  e x p e r im e n t  w e r e  g iv e n  b e lo w .

M S  -  1; C o - c u l t iv a t io n  m e d iu m : lm g /1  B A P

M S  - 2 ;  R e g e n e r a t io n  a n d  s e le c t io n  m e d iu m : lm g /1  B A P . A u to c la v e d  to  1 2 1 ° C  f o r  15 

m in , c o o le d  to  5 0 ° C  a n d  a d d e d  k a n a m y c in  (1 0 0  m g/1) a n d  c e p h o ta x im e  ( 4 0 0  m g/1) a n d  

p o u r e d  in to  s te r i le  p e t r i p la te s  a n d  b o tt le s

M S  -  3 : R o o t in g  m e d iu m :  lm g /1  B A P , 0 .1  m g /  1 N A A . A u to c la v e d  to  1 2 1 ° C  f o r  15 m in , 

c o o le d  to  5 0 ° C  a n d  a d d e d  k a n a m y c in  (1 0 0  m g /1 ) a n d  c e f o ta x im e  ( 4 0 0  m g /1 ) a n d  p o u r e d  

in to  s te r i le  b o t t le s .

A grobacteru m i  c u l tu r e  m e d iu m  (L B  m e d iu m ) :  10 g  /I b a c to t r y p to n e ,  5 g/1 y e a s t  e x t ra c t ,  5 

g/1 N a C l  a n d  a u to c la v e d .

Table I. Composition of MS medium

Nutrients Concentrations Nutrients Concentrations
Macro ( m g /1) Vitamins
N H 4N O 3 1 6 5 0 M y o - in o s i to l 10 0

K N O 3 1 9 0 0 N ic o t in ic  a c id 0 .5

K H 2P O 4 170 P y r id o x in e  H C l 0 .5

M g S 0 4 .7 H 2 0 3 7 0 T h ia m in e  H C l 0 .1

C a C l2.2 H 2 0 4 4 0 G ly c in e 2 .0

Micro Iron
K I 0 .8 3 F e S 0 4 .7 H 2 0 2 7 .8 5

H3BO3 6 .2 0 N a 2E D T A .2 H 2 0 3 7 .2 5

M n S 0 4 .4  H 2O 2 2 .3 0 S u c r o s e 2 0 .0 ( g /L )

Z n S 0 4 .7 H 2 0 8 .6 0 P h y ta g e l 2 .0  ( g /1)

N a jM o O .  2 H 2O 0 .2 5

C U S O 4.5 H 2O 0 .0 2 5 p H  5 .6 -5 .S

C 0 C I2.6H 2O 0 .0 2 5

3.2.3.3. Construction of binary vector

T h e  f u l l - l e n g th  H b R E F  c D N A  w a s  p r e v io u s ly  is o la te d  f ro m  H. bra silien sis  a n d  

c lo n e d  in to  th e  p U C 1 9  p la s m id  v e c to r .  T h is  c D N A  w a s  c le a v e d  f ro m  th e  p la s m id  a n d  

in s e r t e d  in to  t h e  b in a r y  v e c to r  p B IB  b e tw e e n  X lm l  a n d  K p n \  s i te s  o f  th e  p o ly l in k e r  w h ic h



l ie  b e tw e e n  s u p e r  p r o m o te r  a n d  p o ly a d e n y la t io n  o f  n o p a l in e  s y n th a s e .  T h e  r e s u l t in g  

p la s m id  w a s  d e s ig n a t e d  a s  p B I B R E F . T h e  r e s u l t in g  c h im a e r ic  g e n e  in c lu d e s  th e  e n t i r e  

c o d in g  r e g io n  o f  H b  R E F  c D N A  a s  w e ll  a s  th e  5 ’ a n d  3 ’ U T R . T ra n s la t io n  in i t ia t io n  is 

d i r e c te d  b y  th e  A T G  in i t ia t io n  c o d o n  u s e d  in  th e  n a t iv e  H. brasiliertsis  R E F  c D N A . A  

s c h e m a t ic  r e p r e s e n ta t io n  o f  th e  g e n e  c o n s t r u c t  w a s  g iv e n  in  F ig u re  13. T h e  c h im a e r ic  

p la s m id  w a s  th e n  t r a n s f o r m e d  in to  E. co li s tr a in  D H 5 a  b y  s ta n d a r d  m e th o d s  ( S a m b ro o k  

el a i ,  1 9 8 9 ) . T r a n s f o r m e d  c o lo n ie s  w e r e  s e le c te d  a n d  th e  p r e s e n c e  o f  th e  c h im a e r ic  

p la s m id  w a s  c o n f i r m e d  th r o u g h  P C R  a n d  in s e r t  r e le a s e  b y  r e s t r ic t io n  d ig e s t io n  o f  p la s m id  

D N A  i s o l a te d  f ro m  th e  t r a n s f o r m e d  c o lo n ie s .  T h e  c h im a e r ic  p la s m id  w a s  s e q u e n c e d  to  

v e r if y  t h e  o r ie n t a t io n  o f  th e  r e a d in g  f ra m e . T h e  c h im a e r ic  p la s m id  w a s  th e n  m o b il iz e d  

in to  th e  A groh acteriu m  tu m efaciem  s tr a in ,  L B A  4 4 0 4  b y  f r e e z e  th a w  m e th o d  ( H o ls te r s  el 

al., 1 9 7 8 ).

3.2.3.4. Transformation of Agrobacterium tumefaciens by freeze- thaw method
<♦ A g robacteriu m  w a s  g r o w n  in  5 m l L u r ia  b r o th  s u p p le m e n te d  w i th  r i f a m p ic in  (1 0  

m g /1 ) a t  2 8 ° C  o v e r n ig h t  in  a  r o ta r y  s h a k e r .

<♦ T w o  m l o f  th i s  o v e r n ig h t  c u l tu r e  w a s  in o c u la te d  to  5 0  m l L B  b r o th  a n d  in c u b a te d  

a t  2 8 ° C  o v e r n ig h t  in  r o ta r y  s h a k e r .  T h e  c e lls  w e r e  g r o w n  til l  ODgoo r e a c h e d  0 .8  to

1 .

*> T h e  c e l ls  w e r e  p e l le te d  d o w n  b y  c e n tr i f u g a t io n  a t  2 0 0 0 x g  f o r  5 m in  a t  4 ° C .

*> T h e  b a c te r ia l  c e ll  p e l le t  w a s  s u s p e n d e d  in  1 m l o f  2 0  m M  C a C h .

*> T h e  c e ll  s u s p e n s io n  (1 0 0  ^1) w a s  m ix e d  w ith  0 .1  | i g  o f  p la s m id  D N A  a n d  f ro z e n  

in  l iq u id  n i t r o g e n .

<♦ C e l ls  w e r e  th a w e d  a n d  th e n  h e a t  s h o c k e d  a t  3 7 ° C  f o r  5 m in .

*1* O n e  m l L B  m e d iu m  w a s  a d d e d  to  th e  h e a t  s h o c k e d  c e l ls  a n d  in c u b a te d  a t  2 8 ° C  

f o r  2  d a y s  f o r  th e  a p p e a r a n c e  o f  c o lo n ie s

3.2.3.5. Bacterial culture

A gi'obacterhnn  s t r a in  L B A  4 4 0 4  c o n ta in in g  th e  b in a r y  p la s m id  p B I B R E F  w a s  

u s e d  a s  v e c to r  d e l iv e r y  s y s te m . T h e  b a c te r ia  w e r e  c u l tu r e d  f o r  2 4  h a t  2 8 ° C  o n  so lid  L u r ia  

b r o th  ( S a m b r o o k  e t a l., 1 9 8 9 )  c o n ta in in g  lO O m g/ 1 k a n a m y c in  a n d  10 m g / 1 r i f a m p ic in .  A  

s in g le  c o lo n y  f r o m  th e  L B  a g a r  p la te  w a s  in o c u la te d  in to  l iq u id  L B  m e d iu m  a n d  c u l tu r e d



o v e r n ig h t  a t  2 8 ° C  in  r o ta r y  in c u b a to r  till O D  eoo r e a c h e d  1.3. T h is  c u l tu r e  w a s  u s e d  fo r  

t r a n s f o r m a t io n .

3.2.3.6. Transformation of tobacco

<♦ L e a f  d is c s  w e r e  p u n c h e d  o u t  f ro m  hi vitro  g r o w n  to b a c c o  p la n ts  f ro m  5 -6  w e e k  

o ld  le a v e s  w i th  a  1 cm  d ia m e te r  c o rk  b o re r .

<♦ T h e  l e a f  d i s c s  w e r e  p r e - c u l tu re d  o n  M S -1  m e d iu m  in  p e t r id i s h e s  f o r  4 8  h. T h e  

p e t r i d i s h e s  w e r e  w ra p p e d  w ith  p a r a f i lm  a n d  c u l tu r e s  w e r e  m a in ta in e d  a t  2 5 ° C  

w ith  16 h  p h o to p e r io d .

<♦ A f t e r  p r e c u l tu r e ,  a ll th e  l e a f  d is c s  w e r e  t r a n s f e r r e d  to  A grobacteriu m  c u l tu r e  a n d  

le f t  im m e r s e d  in  th e  c u l tu r e  f o r  10 m in .

<♦ T h e  in o c u la te d  l e a f  d is c s  w e r e  r e c o v e r e d  f ro m  th e  m e d iu m  w ith  f o rc e p s  a n d  

e x c e s s  l iq u id  w a s  e l im in a te d  f ro m  th e  l e a f  d is c s  b y  b lo t t in g  o n  s te r i le  w h a tm a n  

f i l t e r  p a p e r .

<♦ D r ie d  l e a f  d i s c s  w e r e  p la c e d  o n  c o - c u l t iv a t io n  m e d iu m  ( M S - 1 )  p r e p a re d  in  

p e t r i d i s h e s  a n d  s to r e d  fo r  2  d a y s  in  th e  d a r k  a t  2 5 °C .

<♦ A f t e r  c o - c u l t iv a t io n ,  l e a f  d is c s  w e r e  w a s h e d  w ith  s te r i le  d is t i l le d  w a te r  th r ic e  to  

r e m o v e  e x c e s s  b a c te r ia l  c o n ta m in a t io n .

*> W e t  l e a f  d i s c s  w e r e  b lo t te d  d ry  a n d  t r a n s f e r r e d  to  r e g e n e r a t io n  a n d  s e le c tio n  

m e d iu m  M S - 2  c o n ta in in g  k a n a m y c in  ( 1 0 0  m g/1) a n d  c e f o ta x im e  (4 0 0  m g/1) a s  th e  

s e le c t io n  a g e n t .

<♦ P e t r id i s h e s  w e r e  s e a le d  w ith  p a r a f d m  a n d  t r a n s f e r r e d  to  16 h  d a y  le n g th  a t  2 5 ° C  

a n d  c o n t in u e d  in c u b a t io n  u n til  s h o o ts  r e g e n e r a te .

3.2.3.7. Recovery of transformed shoots

T h e  d e v e lo p in g  s h o o ts  w e r e  r e m o v e d  a n d  p la c e d  o n  th e  s a m e  r e g e n e r a t io n  a n d  

s e le c t io n  m e d iu m  f o r  f u r th e r  e n la r g e m e n t  o f  s h o o ts .  T h e  s h o o ts  w e r e  th e n  t r a n s f e r r e d  to  

r o o t  in d u c in g  m e d iu m , M S -3  f o r  d e v e lo p m e n t  o f  ro o ts .  R o o te d  t r a n s g e n ic  p la n ts  w e r e  

t r a n s f e r r e d  to  p la s t ic  c u p s  c o n ta in in g  so il  a n d  s a n d  (1 ;1 )  a n d  m a in ta in e d  in  th e  g re e n  

h o u s e .



3.2.3.8. Molecular analysis of transgenic tobacco plants

3.2.3.8.1. G en o m ic  P C R  an alysis o f  tra n sfo rm a n ts

K a n a m y c in  re s is ta n t  p u ta tiv e  tr a n s g e n ic  to b a c c o  p la n ts  w e re  sc re e n e d  fo r  th e  p re se n c e  

o f  R E F  an d  n p tll  g e n e s  in te g ra te d  in  th e  to b a c c o  g e n o m e  b y  P C R  u s in g  R E F  a n d  n p tll  sp ec ific  

p r im e rs . G e n o m ic  D N A  w a s  iso la te d  fro m  th e  le a v e s  o f  p u ta tiv e  tra n sg e n ic  a n d  n o n tra n sg e n ic  

to b a c c o  p la n ts  b y  th e  m e th o d  o f  E d w a rd  et al. (1 9 9 1 )  an d  u se d  a s  te m p la te  fo r  P C R  

a m p lif ic a tio n  o f  tra n sg e n e s . R E F  sp e c if ic  p r im e rs  u se d  w e re  sa m e  as  th e  o n e  g iv e n  a b o v e  

(section 3.2.1.5). T h e  n p tll  sp e c if ic  p r im e rs  u s e d  fo r  P C R  w ere :

F o r w a r d  p r im e r ,  5 ’- G A G  G C T  A T T  C G G  C T A  T G A  C T -  3 ’

R e v e r s e  p r im e r ,  n p tll-  2 , 5 ’-  A A T  C T C  G T G  A T G  G C A  G G T  T G -  3 ’

T h e  P C R  m ix tu re  c o n ta in e d  0 .5  U  T a q  D N A  p o ly m e ra se , lO X  b u ffe r  (p H -9 .0 ) , 1.5 

m M  M g C t ,  2 0 0  ^ m  o f  d N T P s , l | i l  o f  e a c h  p r im e rs  a n d  10 n g  o f  te m p la te  D N A . S a m p le s  w e re  

c o v e re d  b y  a  d ro p  o f  m in e ra l oil to  p re v e n t e v a p o ra tio n . P C R  w a s  a lso  p e r fo rm e d  w ith  th e  

p la sm id  D N A  p B I B R E F  as  p o s itiv e  c o n tro l a n d  D N A  iso la te d  f ro m  n o n  t ra n s g e n ic  p la n t 

s e rv e d  a s  n e g a tiv e  c o n tro l. P C R  sa m p le s  w e re  su b je c te d  to  a n  in itia l d e n a tu ra tio n  a t  9 4 °C  fo r  4  

m in . T h is  w a s  fo llo w e d  b y  4 0  cy c le s  o f  d e n a tu ra tio n , a n n e a lin g  a n d  ex te n s io n , w h ic h  c o n s is te d  

o f  Im in  a t 9 4 °C , 1 m in  a t  5 5 °C  an d  2  m in  a t 7 2 °C . F in a lly , a n  a d d itio n a l e x te n s io n  o f  7  m in  a t 

7 2 ° C  w a s  p e r fo m ie d  in  a  P e rk in  E lm e r  T h e rm a l C y c le r . T h e  a m p lif ie d  p ro d u c ts  w e re  se p a ra te d  

b y  1 .5 %  (w /v )  a g a ro s e  g e l e lec tro p h o re s is .

3.2.3.8.2. E x p ressio n  s tu d ie s  o f  R E F  g e n e  in  tran sgen ic  tobacco  by R T -P C R  an alysis  

R T - P C R  w a s  c a r r ie d  o u t  to  s tu d y  th e  e x p r e s s io n  o f  th e  t r a n s g e n e  in  v a r io u s

t r a n s g e n ic  l in e s  o f  to b a c c o .  T o ta l  R N A  w a s  is o la te d  f ro m  th e  le a v e s  o f  t r a n s g e n ic  p la n ts  

a n d  c o n t r o l  p la n ts  b y  a  o n e - s te p  m e th o d  u s in g  T r iz o l  r e a g e n t  ( I n v i t r o g e n  L ife  

T e c h n o lo g ie s )  a c c o r d in g  to  m a n u f a c tu r e r ’s in s t ru c t io n s .  R N A  c o n c e n t r a t io n s  w e re  

d e te r m in e d  b y  m e a s u r in g  th e  a b s o rb a n c e  a t  2 6 0  n m . T h e  is o la te d  to ta l  R N A  w a s  r e v e r s e  

t r a n s c r ib e d  u s in g  r a n d o m  p r im e r .  T h e  r e s u l t a n t  c D N A  m ix tu re  w a s  u s e d  a s  th e  te m p la te  

f o r  th e  P C R  a m p l i f ic a t io n  o f  R E F  a n d  n p tl l  c D N A  u s in g  R E F  a n d  n p tl l  s p e c i f ic  p r im e rs . 

S e q u e n c e s  o f  p r im e r s  u s e d  f o r  R T -  P C R  w e r e  g iv e n  a b o v e  in  th e  g e n o m ic  P C R  s e c tio n  

(3.2.3.8.1). T h e  s ta n d a r d  p r o to c o l  u s e d  f o r  R T -  P C R  a n d  th e  a m p l i f ic a t io n  c o n d i t io n s  

w e r e  d e s c r ib e d  in  th e  p r e v io u s  s e c tio n  (3.2.1.4).



3.3. RESULTS

3.3.1. Cloning and Characterization of REF cDNA

3.3.1.1. Isolation and cloning of REF cDNA

In  o r d e r  to  i s o la te  a n d  c lo n e  th e  c D N A  e n c o d in g  th e  R E F  p r o te in  f ro m  th e  la te x  

o f  H. h rasilien sis, a n  R T - P C R  b a s e d  a p p r o a c h  w a s  u s e d .  R E F  s p e c if ic  p r im e r s  w e r e  

d e s ig n e d  b a s e d  o n  th e  p u b l is h e d  c D N A  s e q u e n c e  o f  R E F  ( A t ta n y a k a  e t al., 1 9 9 1 ). T o ta l 

R N A  w a s  is o la te d  f ro m  th e  la te x  o f  H. h ra siliem is  a n d  it w a s  q u a n t i f ie d  

s p e c t r o p h o to m e tr ic a l ly .  T h e  is o la te d  R N A  h a d  a n  O D 260/280 o f  2 .0  a n d  it  w a s  o f  g o o d  

p u r i ty  ( F ig u r e  1). T h e  is o la te d  la te x  R N A  w a s  u s e d  a s  te m p la te  f o r  th e  f i r s t  s t r a n d  c D N A  

s y n th e s is .  T h e  s in g le  s t r a n d e d  c D N A  te m p la te  w a s  s u b s e q u e n t ly  u s e d  f o r  th e  s e le c t iv e  

a m p l i f ic a t io n  o f  R E F  c D N A  w ith  R E F  s p e c if ic  p r im e rs .  A  c D N A  p r o d u c t  o f  

a p p r o x im a te ly  6 0 0  b p  w a s  a m p l i f ie d  b y  P G R  w h e n  e x a m in e d  b y  a g a r o s e  g e l 

e l e c t r o p h o r e s i s  ( F ig u r e  2 ) . T h e  a m p lif ie d  R E F  c D N A  w a s  p u r i f ie d  f ro m  th e  a g a r o s e  gel.

T h e  p u r i f i e d  c D N A  w a s  c lo n e d  in to  th e  Sm al s i te  o f  th e  p U C 1 9  p la s m id  v e c to r  

a n d  t r a n s f o r m e d  in to  c o m p e te n t  D H 5 a  c e lls . T h e  t r a n s f o r m e d  c e l ls  w e r e  p la te d  o n  L B  

a g a r  a m p ic i l l in  p la te  c o n ta in in g  X -g a !  a n d  I P T G  f o r  b lu e - w h i te  s c r e e n in g  o f  

t r a n s f o r m a n ts .  P la s m id s  is o la te d  f ro m  th e  r e c o m b in a n t  w h i te  c o lo n ie s  w e r e  c h e c k e d  o n  

a g a r o s e  g e l u s in g  s u p e rc o i le d  p U C 1 9  p la s m id  w i th o u t  in s e r t  a s  c o n tro l .  A s  s h o w n  in  

F ig u r e  3 , r e c o m b in a n t  p la s m id s  h a r b o u r in g  th e  c lo n e d  R E F  c D N A  m ig r a te d  s lo w ly  

th r o u g h  th e  g e l  th a n  th e  c o n t ro l  p la s m id  w i th o u t  in s e r t .  F o r  f u r th e r  c o n f ir m a tio n ,  th e  

r e c o m b in a n t  p la s m id  w a s  s u b je c te d  to  d o u b le  d ig e s t io n  w i th  r e s t r ic t io n  e n z y m e s  (Bam H l 

a n d  i i c o R I )  to  r e le a s e  th e  c lo n e d  R E F  c D N A  f ro m  th e  p la s m id .  T h e  d ig e s te d  p la s m id s  

w e r e  f r a c t i o n a te d  o n  a g a r o s e  g e l to  v is u a l iz e  th e  in s e r t .  A s  s h o w n  in  F ig u r e  4 , th e  

r e c o m b in a n t  p la s m id s  w i th  c lo n e d  R E F  c D N A  r e le a s e d  th e  in s e r t  o n  d o u b le  d ig e s t io n  

w h ic h  w a s  d e t e c te d  a s  a  s e p a r a te  6 0 0  b p  b a n d . T h e  p r e s e n c e  o f  R E F  c D N A  in s e r t  in  th e  

s e le c te d  p la s m id s  w a s  a l s o  c o n f i r m e d  b y  P G R . T h e  p la s m id s  is o la te d  f ro m  w h i te  c o lo n ie s  

w e r e  a m p l i f ie d  b y  P G R  w ith  R E F  s p e c if ic  p r im e r s  a n d  p U G 1 9  p la s m id  w i th o u t  in se r t  

w a s  u s e d  a s  c o n tro l .  O n ly  th e  r e c o m b in a n t  p la s m id s  w i th  c lo n e d  R E F  c D N A  a m p lif ie d  

th e  6 0 0  b p  R E F  c D N A  w h i le  n o  a m p l i f ic a t io n  w a s  d e te c te d  in  c o n t ro l  p la s m id  ( F ig u r e  5).
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Figure 1. Toial RNA isolated from the latex ofH. brasiiiensis.

Figure 2. Amplification of REF cDNA by PCR using REF specific primers. Total latex RNA was reverse 
transcribed with oligo- dT primers and REF cDNA was amplified by PCR. Lanes: M- DNA molecular 
weight markers, 1- REF cDNA of 0 .6 Kb.

Figure 3. Cloning of REF cDNA Into pUC19 plasmid vector. Ijanes: M- DNA molecular weight markers, 1- 
Supercolled pUC19 DNA without cloned REF cDNA insert, 2- pUC19 plasmid DNA with cloned REF cDNA 
insert.

Figure 4. Confirmation of cloning by restriction analysis of plasmid DNA. Digested products were 

analysed on D.8% agarose gel. l-anes : M- DNA molecular weight marker, 1- Plasmid DNA without any 
insert digested with EcoRI enzyme, 2- Plasmid DNA with cloned REF cDNA digested with £coRI and 
HindiW enzymes to release the 0.6 Kb cloned REF cDNA insert.



3.3.1.2. Sequence characterization of REF cDNA

T h e  c lo n e d  R E F  c D N A  w a s  s e q u e n c e d .  T h e  n u c le o t id e  s e q u e n c e  a n d  th e  e n c o d e d  

a m in o  a c id  s e q u e n c e  o f  R E F  c D N A  w e r e  s h o w n  in  F ig u r e  6 . S e q u e n c e  a n a ly s i s  r e v e a le d  

th a t  th e  a m p l i f ie d  R E F  c D N A  w a s  6 2 2  b p  lo n g . A n  o p e n  r e a d in g  f r a m e  o f  4 1 4  b p  ( e x c e p t  

s to p  c o d o n )  e n c o d e s  f o r  a  s in g le  p o ly p e p t id e  o f  138  a m in o  a c id s  w i th  a  p r e d ic te d  

m o le c u la r  m a s s  o f  1 4 ,7 0 0  D a. T h e  c a lc u la te d  p i -  5 .0 4  o f  R E F  p o in te d  to  a n  a c id ic  

p r o te in .  T h e  a m p l i f ie d  R E F  c D N A  c o n ta in e d  a  5 ’ U T R  o f  9  n t, a  c o d in g  s e q u e n c e  o f  4 1 4  

n t  a n d  a  3 ’ U T R  o f  1 9 6  n t. A n  A T G  in i t ia t io n  c o d o n  is lo c a te d  a t  10  b p  in  th e  a m p lif ie d  

c D N A  T h e  s e q u e n c e  s u r r o u n d in g  th e  A T G  o f  R E F  c D N A  w a s  e x a m in e d  a n d  th i s  r e g io n  

( G A T T A T G G C )  m a tc h e s  t h e  p la n t  c o n s e n s u s  s e q u e n c e  A A C A A T G G C  in  s ix  o u t  o f  n in e  

p o s i t io n s  ( L u t c k e  e t a i ,  1 9 8 7 ). A  T G A  t r a n s la t io n  te rm in a t io n  c o d o n  is id e n t i f ie d  a t 4 2 4  

p o s i t io n  T w o  s e q u e n c e s  h o m o lo g o u s  to  a  te r m in a to r  t r a n s c r ip t io n  f a c to r  c o n s e n s u s  

( T G T G T T T T )  a r e  f o u n d  b e tw e e n  p o s i t io n s  5 5 6  a n d  563  a n d  a t  p o s i t io n s  5 6 8 / 575  

( T G T G T T T T )  a r o u n d  129  n u c le o t id e s  d o w n s tr e a m  o f  th e  t r a n s la t io n a l  s to p  c o d o n  in  th e  

R E F  c D N A . A n a ly s i s  o f  th e  d e d u c e d  a m in o  a c id  s e q u e n c e  w i th  S ig n a lP  p ro g ra m  

( N e e l s e n  e t a i ,  1 9 9 7 )  p r e d ic te d  a b s e n c e  o f  a  s ig n a l  p e p t id e  a n d  c y to p la s m ic  lo c a l iz a t io n  

o f  R E F  w a s  p r e d ic te d  b y  p S O R T . T h e  R E F  c D N A  is o la te d  in  th i s  s tu d y  w a s  a l ig n e d  w ith  

p r e v io u s ly  c h a r a c t e r i z e d  c D N A  o f  R E F  f ro m  d a ta b a s e .  A l ig n m e n t  r e v e a le d  a  p e r f e c t  

m a tc h  b e tw e e n  th e  v a r io u s  R E F  c D N A  s e q u e n c e s  T h e  a m in o  a c id  s e q u e n c e  o f  R E F  a s  

d e d u c e d  f ro m  th e  c D N A  s e q u e n c e  w a s  id e n t ic a l  to  th e  p r im a ry  p r o te in  s e q u e n c e  o f  R E F  

d e te r m in e d  b y  D e n n is  e t al. (1 9 8 9 ) . In  R E F , th e  in i t ia to r  m e th io n in e  p r e c e d e s  th e  N - 

te r m in a l  a la n in e ,  w h ic h  is  u l t im a te ly  m o d if ie d .  T h e  s e q u e n c e  o f  R E F  c lo n e d  in  th is  s tu d y  

w a s  d e p o s i te d  in  th e  D D B J /G e n B a n k /E M B L  d a ta b a s e  (A c c e s s io n  n o . A Y 1 2 0 6 8 5 ) .

T h e  d e d u c e d  a m in o  a c id  s e q u e n c e  o f  R E F  w a s  c o m p a re d  w ith  s e q u e n c e s  f ro m  th e  

d a ta b a se . C o n s id e r a b le  a m in o  ac id  s e q u e n c e  s im ila r i ty  w a s  o b s e rv e d  b e tw e e n  R E F  a n d  so m e  

o th e r  s e q u e n c e s  f ro m  H. hrasUiemis. O th e r  R E F  re la te d  s e q u e n c e s  f ro m  H. hrasiliem is  

d e p o s ite d  in  th e  G e n B a n k  d a ta b a se  in c lu d e  R E F -  l ik e  s tre s s  re la te d  p r o te in l  ( R L P l )  (A c c .n o  

A Y 2 2 1 9 8 8 ) ,  S tre s s -  re la te d  R E F  lik e  p ro te in  2  (A Y 2 2 1 9 8 9 ) ,  iso fo rm  o f H b R E F  (A Y 4 3 0 0 5 2 )  

a n d  S R P P  p ro te in  (A F 5 1 3 1 7 ) .  T h e  p re d ic te d  a m in o  a c id  s e q u e n c e  o f  R E F  sh o w e d  5 1 %  

id e n ti ty  to  th a t  o f  th e  is o fo rm  o f  R E F  (A c c e s s io n  N o . A Y 4 3 0 0 5 2 )  a n d  to  R E F -  lik e  s tress  

re la te d  p r o te in - 1 ( 5 1 %  id e n tity . A c c e ss io n  N o . A Y 2 2 1 9 8 8 ) . It a lso  s h o w e d  s o m e  d e g re e  o f



Figure 9. PCR confirmation of cloning of REF cDNA into pUC19 vector. PCR vns conducted with REF 
gene specific primers to amplify the cloned REF cDNA with recombinant plasmids isolated from white 
bacterial colonies. Lanes : M- DNA molecular weight marker, 1-3 - Recombinant plasmid DNA with 
cloned REF cDNA as template showing amplification of REF cDNA, 4 - Plasmid DNA without insert as 
template showing no amplification.

1 TCTTCGATTa tggctgaaga cgaagacaac caacaagggc agggggaggg gttaaaatat
M A E D E D N Q Q G Q G E G L K Y

61 ttgggttttg tgcaagacgc ggcaacttat gctgtgacta ccttctcaaa cgtctatctt
L G F V Q D A A T Y A V T T F S N V Y L

121 tttgccaaag acaaatctgg tccactgcag cctggtgtcg atatcattga gggtccggtg
F A K D K S G P L Q P G V D I I E G P V

181 aagaacgtgg ctgtacctct ctataatagg ttcagttata ttcccaatgg agctctcaag
K N V A V P L Y N R F S Y I P N G A L K

241 tttgtagaca gcacggttgt tgcatctgtc actattatag atcgctctct tcccccaatt
F V D S T V V A S V T I I D R S L P P I

301 gtcaaggacg catctatcca agttgtttca gcaattcgag ctgccccaga agctgctcgt
V K D A S I Q V V s A I R A A P E A A R

361 tctctggctt cttctttgcc tgggcagacc aagatacttg ctaaggtgtt ttatggagag
S L A S S L P G Q T K I L A K V F Y G E

421 aattgaGCCC 
N *
ATATATATCT

CAATTTGCAC CAATTGCTTC CAACTAAGCA AGTTAATGAT ATGCTCAAGA

481 ATTGTGAGCT TTTTTTATGT TCTCATCCTG AGTGTTGAGA CTATGTTTTC

541

601

GTTTGAATAT

CCAATTGAAT

TACACTGTGT

TATTGGCCAA

TTTATTATGT

TA

GTTTTGAATA TTCATAATGA GAATAAAGGG

Figure 6. Nucleotide and the encoded amino acid sequence of REF cDNA from H. brasiliensis. 5’ 
and 3’ UTR regions were indicted in blue colour. The termination codon was marked with an 
astrisk.



SRPP
AtREF
HbREFIso
RLP-1
HbREF
RLP-2

MaeE---------------- VEEE--------------------------- RLKYLDF 15
MAEDEIV------------- VEEEQSQPQEITPVPPSSSSSPSLWEDDDEMKLKHLEF 46
MAEGEEEVNIQEEANKGEENPQEEANIQEETNKGEENIQEEANIEEEANKEEESLKYLDF 60 
MAEGEEEVNIQEEANKGEENPQEEANIREETNKGEANIQEEANIQEEANKEEESLKYLDF 60
MAEDED------------ NQQGQG---------------------------EGLKYLGF 20
MAEGKEN---------- ENFQQEAN-----------------------EQEEKLKYLEF 26

SRPP
AtREF
HbREFIso
RLP-1
HbREF
RLP-2

SRPP
AtREF
HbREFIso
RLP-1
HbREF
RLP-2

VRAAGVYAVDSFSTLYLYAKDISGPLKPGVDTIENWKTWTPVYY--- IPLEAVKFVD 71
IQVAAVYFAACFSTLYELAKDNAGPLKLGVENIEDCVRTVLAPLYEKFHDVPFKLLLFVD 106 
VQAATVYARASFSKLYLFAKDKSGPFKPGVNTVESRFKSWRPVYNKFQPVPNKVLKFAD 120 
VQAATLYARASFSKLYLFAKDKSGPFKPGVNTVESRFKNWRPVYNKFQPVPNKVLKFAD 12 0 
VQDAATYAVTTFSNVYLFAKDKSGPLQPGVDIIEGPVKNVAVPLYNRFSYIPNGALKFVD 80
VQATTDNAVTALSNIYLYAKDNSGPLKPGVETIEGVAKTWI PAS-KIPTEAIKFAD 82

. . .  . * . +  * * * . * * . . + * . . *  . *  *  . *  . * *

KTVDVSVTSLDGWPPVIKQVSAQTYSVAQDAPRIVLDVASSVFNTGVQEGAKALYANLE 131
RKVDDVFFDVETYVPSLVKQASSQALTVATEVQR------TGWDT- TKS lARSVRDKYE 159
RRVDAYVTVLDRIVPPIVKRASIQAYS--VAPG---------------- AALAVASYLP 161
RRVDAYVTVLDRIVPPIVKRASIQAYS---VAPG----------------AASAVASYLP 161
STWASVTIIDRSLPPIVKDASIQWSAIRAAPE----------------AARSLASSLP 124
RAVDASFTTLQNIVPSVLKQLPTQACD-------------------------TSVKESAE 117

SRPP
AtREF
HbREFIso
RLP-1
HbREF
RLP-2

PKAEQYAVITWRALNKLPLVPQVANVWPTAVYFSEKYNDWRGTTEQGYRVSSYLPLLP 191 
PAAEYYAATLWRLLNQLPLFPEVAHLVIPTAFYWSEKYNDAVRYVGDRDYFGAEYLPMIP 219
LHTKRLSKVLYGDG---------------------------------------------  175
LHTKRLSKVLYGDG---------------------------------------------  175
GQTKILAKVFYGEN-------- ------------------------------------  138

SRPP
AtREF
HbREFIso
RLP-1
HbREF
RLP-2

TEKITKVFGDEAS-- 2 04
lEKISDILEQDQCRAD 235

Figure 7. Multiple alignment of predicted aminoacid sequence of HbREF gene with Hb SRPP (Accession no AF051317), 
Arabidopsis thaliana REF protein (NM130345), Hb isoform of REF (Accession no. AY430052), Hb stress related REF like 
protein 1 (Accession no. AY221988), Hb stress related REF like protein 2 (AY221989).



s im ila r ity  to  S R P P  ( 4 2 %  id e n tity . A c c e s s io n  N o . A F 0 5 1 3 1 7 )  a n d  to  H evea  R E F  lik e  s tre s s  

re la te d  p ro te in -2  (3 9  %  id e n ti ty  A c c e s s io n  no . A Y 2 2 1 9 8 9 ). H. hrasiliem is  R E F  sh o w e d  2 8 %  

s e q u e n c e  id e n tity  w ith  A rahidopsis th a lia m  R E F -  re la te d  p ro te in  (N M 1 3 0 3 4 5 ) . A  

c o m p a r is o n  o f  th e  d e d u c e d  a m in o  a c id  s e q u e n c e  o f  R E F  w ith  o th e r  re la te d  s e q u e n c e s  w a s  

sh o w n  in  T a b le  2  A  m u lt ip le  s e q u e n c e  a l ig n m e n t o f  th e  d e d u c e d  a m in o  a c id  s e q u e n c e  o f  

R E F  w ith  o th e r  re la te d  s e q u e n c e s  w a s  p re s e n te d  in th e  F ig u re  7.

T a b le  2 . C o m p a r is o n  o f  d e d u c e d  a m in o  a c id  s e q u e n c e  o f  R E F  w ith  o th e r  s e q u e n c e s  f ro m  
d a ta b a s e

P la n t
S p e c ie s

G e n e G e n B a n k  

A c c  N o

S e q u e n c e  
id e n t i ty  %

R e fe r e n c e s

H. brosiliensis 
H. brasi/iensis 
H. brasiliensis 
H. brasiliensis 
A. thaliana

Isoform of REF
REF like stress related Protein 1 
SRPP Protein
REF like stress related Protein 2 
A. thaliana REF like protein

AY430052
AY221988
AF051317
AY221989
NM130345

51%
51%
42%
39%
28%

Ko et al.. 2003 
Oh etal.^ 1999 
Ko et a!.. 2003

3.3.2. Heterologous Expression of REF Fusion Protein in E, Coli
3.3.2.I. Expression and purification of REF fusion protein

T o  p r o d u c e  r e c o m b in a n t  R E F  a s  a  f u s io n  p r o te in  in  E. co li  c e l ls ,  a n  e x p r e s s io n  

p la s m id  w a s  c o n s t r u c te d  b y  c lo n in g  th e  R E F  c D N A  in to  p G E X  p la s m id . T h is  s y s te m  

p e r m i ts  th e  s im p le  p u r i f i c a t io n  o f  f o re ig n  p ro te in  w h ic h  is  p r o d u c e d  a s  a  f u s io n  p r o te in  o f  

g lu ta th io n e - S -  t r a n s f e r a s e  f ro m  c r u d e  b a c te r ia l  ly s a te s .  T h e  c o d in g  r e g io n  o f  R E F  c D N A  

w a s  a m p l i f ie d  w ith  P C R  p r im e r s  f o r  th e  in t r o d u c t io n  o f  BamlW  a n d  £ c o R l  r e s t r ic t io n  

e n z y m e  s i te s  in to  th e i r  5 ’ a n d  3 ’ e n d s  ( F ig u r e  8 ). T h is  f a c i l i ta te d  i ts  d i r e c t io n a l  c lo n in g  

in to  th e  c o r r e s p o n d in g  s i te s  o f  th e  e x p r e s s io n  p la s m id  to  p ro d u c e  th e  c lo n e ,  p G E X -R E F . 

T h e  a m p l i f ie d  c D N A  f r a g m e n t  w a s  s u b je c te d  to  d o u b le  d ig e s t io n  w ith  Bam W l a n d  £ c o R l  

r e s t r ic t io n  e n z y m e s  a n d  th e  d ig e s te d  c D N A  f ra g m e n t  w a s  l ig a te d  to  th e  r e s p e c t iv e  s i te s  o f  

th e  p G E X  p la s m id  v e c to r  a n d  th is  r e c o m b in a n t  p la s m id  w a s  d e s ig n a te d  a s  p G E X - R E F  

( F ig u r e  9 ). T h e  r e c o m b in a n t  p la s m id  w a s  in t r o d u c e d  in to  E. co li  c e l ls  a n d  th e  

t r a n s f o r m e d  c o lo n ie s  w e r e  s e le c te d  o n  L B  a m p ic i l l in  a g a r  p la te s .  T h e  p r e s e n c e  o f  th e  

r e c o m b in a n t  p la s m id  in  th e  b a c te r ia l  c o lo n ie s  w a s  c o n f i r m e d  b y  P C R  a m p l i f ic a t io n  o f  th e  

p la s m id s  is o la te d  f ro m  th e  r e c o m b in a n t  c o lo n ie s  ( F ig u r e  10). T h e  r e c o m b in a n t  p la s m id  

w ith  c lo n e d  R E F  c D N A  a m p li f ie d  th e  in s e r t  w ith  g e n e  s p e c i f ic  p r im e rs ,  w h i le  n o  

a m p l i f ic a t io n  w a s  d e t e c te d  w ith  e m p ty  p la s m id  p G E X  ( F ig u r e  10). A s  th e  R E F  w a s  to  b e



Figure 9 

M 1 2
Figure 10 

M  1 2 3 4  5

Figure 8. Amplification of REF cDNA by PCR with REF specific primers for cloning into pGEX. Lanes: M- 
DNA molecular weight markers, 1- REF cDHA.
Figure 9. Cloning of REF cONA into pGEX expression vector. Lanes: M- DNA molecular weight markers, 1- 
Supercoiled pGEX plasmid DNA without REF cDNA Insert, 2- Plasmid DNA with REF cDNA Insert.
Figure 10. PCR confirmation of cloning of REF cDNA into pGEX vector with REF specific primers. Lanes: M- 
DNA molecular weight marker, 1 to 4 - Recombinant plasmid DNA with cloned REF cDNA as template 
showing amplification of REF cDNA, 5- pGEX plasmid DNA without any insert as template showing no 
amplification.

Figure 11
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Figure 11. SDS/ PAGE coomasste- stained protein patterns. Lanes: Protein Marker: 1- Control bacterial
cells with pGEX vector without IPTG induction. 2- Uninduced £. co# cells with pGEX-REr 3-E. coti cells with 
pGEX-REF after IPTG induction showing REF fusion protein expression. Arrow indicates REF fusion protein.

Figure 12A. SDS/ PAGE analysis of proteins. Lanes: M- protein molecular weight markers. Lane 1- Induced 
bacterial cells with pGEX-REP expressing REF protein, 2- Purified REF recombinant protein.

Figure 12B. Immunoblot analysis of recombinant REF protein. Lanes: 1 with anti- GST antibodies, 2- with 
anti REF antibodies.



e x p r e s s e d  f ro m  th e  c o d in g  r e g io n  o f  c lo n e d  c D N A , th e  e s ta b l is h m e n t  o f  a  c o r r e c t  r e a d in g  

f ra m e  is  im p o r ta n t  b e f o r e  a t te m p t in g  e x p r e s s io n  o f  r e c o m b in a n t  p ro te in .  F o r  th is ,  th e  b i­

d i r e c t io n a l  n u c l e o t id e  s e q u e n c in g  o f  th e  R E F  c D N A  in s e r t  in  th e  e x p r e s s io n  p la s m id  w a s  

p e r f o rm e d  w i th  p r im e r s  th a t  f la n k  th e  m u l t ip le  c lo n in g  s i te s  o f  th e  v e c to r .  A f te r  s e q u e n c e  

c o n f i r m a t io n ,  th e  c o n f i r m e d  c lo n e  w a s  u s e d  f o r  f u r th e r  p ro te in  e x p r e s s io n  s tu d ie s .

T h e  E. co li c e lls  h a rb o u r in g  th e  p G E X -R E F  w e re  in d u c e d  w ith  IP T G  fo r  p ro te in  

e x p re s s io n  a n d  th e  c e ils  w e re  so n ic a ted . T h e  so lu b le  f ra c tio n  o f  b a c te ria l ly sa te s  f ro m  b o th  

u n in d u c e d  a n d  in d u c e d  b a c te ria l c e lls  c o n ta in in g  p G E X -R E F  w e r e  a n a ly se d  o n  S D S -P A G E . 

T h e  f ra c tio n a te d  p ro te in s  w e r e  v isu a liz e d  b y  s ta in in g  w ith  c o o m a ss ie  b r il l ia n t b lu e  R -  2 5 0 . T h e  

R E F  fu s io n  p ro te in  w a s  d e te c te d  in  th e  p ro te in  f ra c tio n  o f  th e  in d u c e d  a n d  u n in d u c e d  b ac te ria l 

c e lls  w ith  th e  r e c o m b in a n t e x p re s s io n  p la sm id  p G E X -R E F . B u t th is  p ro te in  w a s  o b se rv e d  a s  a  

m a jo r  b a n d  o n ly  in  th e  p ro te in  f ra c tio n  o f  in d u c e d  b a c te ria l ce lls . It w a s  d e te c te d  a s  a  m a jo r  

p ro te in  w ith  a  m o le c u la r  m a ss  o f  a p p ro x im a te ly  4 0  k D a  w h ic h  w a s  c lo se  to  th e  e x p e c te d  size  o f  

fu s io n  p ro te in , G S T -  f ijs io n  (2 6  k D a )  p lu s  R E F  p ro te in  (1 4  k D a )  (F ig u re  11). T h is  p ro te in  b a n d  

d id  n o t a p p e a r  in  th e  p ro te in  f ra c tio n  o f  th e  b a c te ria  c o n ta in in g  th e  e m p ty  p la sm id  p G E X . T h e  

re c o m b in a n t p ro te in  w a s  a lso  d e te c te d  in  th e  p e lle t f ra c tio n  o f  b a c te ria l ly sa te s  (R e s u lts  no t 

g iv e n ). T h e  c r u d e  b a c te r ia l ly sa te  w a s  su b je c te d  to  G S T  aff in ity  c o lu m n  fo r  p u r ific a tio n  o f  th e  

G S T - ta g g e d  fu s io n  p ro te in . T h e  G S T -  R E F  fu s io n  p ro te in  w a s  p u r ifie d  to  h o m o g e n e ity  a n d  it 

w a s  d e te c te d  a s  a  b a n d  o f  4 0  k D a  o n  S D S ^ P A G E  gel (F ig u re  12 A ).

3.3.2.2. Immunoblot analysis of REF-GST fusion protein
I m m u n o b lo t  a n a ly s i s  w a s  c a r r ie d  o u t  to  c h e c k  w h e th e r  th e  a n t ib o d y  r a is e d  a g a in s t  

n a t iv e  H. b ra s jlie m is  R E F  c o u ld  r e c o g n iz e  th e  r e c o m b in a n t  R E F  p ro te in . T h e  p u r if ie d  

r e c o m b in a n t  R E F  p r o te in  s e p a r a te d  o n  S D S - P A G E  w a s  t r a n s f e r r e d  to  P V D F  m e m b ra n e .  

T h e  b lo t  w a s  r e a c te d  w ith  th e  p o ly c lo n a l  a n t ib o d ie s  r a is e d  a g a in s t  R E F  p ro te in . T h e  

a n t ib o d y  r e c o g n iz e d  th e  r e c o m b in a n t  R E F  p r o te in  s h o w in g  th a t  th e  e x p r e s s e d  f u s io n  

p r o te in  w a s  R E F  ( F ig u r e  12 B , L a n e  2 ). I m m u n o b lo t  a n a ly s i s  w a s  a ls o  p e r f o rm e d  w ith  

a n t i - G S T  a n t ib o d ie s  to  r e c o g n iz e  th e  R E F -G S T  f u s io n  p r o te in .  G S T -  a n t ib o d ie s  

h y b r id iz e d  to  4 0  k D a  R E F -G S T  f u s io n  p r o te in  ( F ig u r e  12 B , L a n e  1). T h e  r e s u h s  o f  

im m u n o b lo t  a n a ly s i s  c o n f i r m e d  th a t  th e  4 0  k D a  p r o te in  o v e r  e x p r e s s e d  in  th e  E. co li  c e lls  

w a s  in d e e d  th e  G S T -  R E F  fu s io n  p ro te in  a n d  th e  is o la te d  c D N A  in d e e d  e n c o d e d  th e  R E F  

p r o te in  o f  H. hrasiU em is.



3.3.3. Genetic Transformation of Tobacco

3.3.3.1. Co-cultivation and development of transgenic plants

N ic o tk v ia  ta b a c a w i  l e a f  d is c s  w e r e  t r a n s f o r m e d  w ith  A grobacterium  c o n ta in in g  

p B I B R E F  p la s m id  T h e  p la s m id  c o n ta in e d  th e  H. b ra s ilie m is  R E F  g e n e  u n d e r  th e  c o n tro l  

o f  a  s u p e r  p r o m o te r  ( F ig u r e  13). I t is  a s s u m e d  th a t  th e  p ro te in  e n c o d e d  b y  th e  H. 

b ra s ilie m is  R E F  t r a n s g e n e  in  to b a c c o  is  id e n t ic a l  to  th e  n a t iv e  / / .  h rasilien sis  R E F  

p r o te in .  T o b a c c o  l e a f  d i s c s  w e r e  c o ^ c u lt iv a te d  w ith  A grobacterium  h a r b o u r in g  th e  

c h im a e r ic  p la s m id  f o r  2  d a y s  in  th e  d a rk . A f te r  c o - c u l t iv a t io n ,  th e  l e a f  d i s c s  w e r e  w a s h e d  

to  r e m o v e  A grobacteriu m  c o n ta m in a t io n  a n d  t r a n s f e r r e d  to  s e le c t io n  m e d iu m  f o r  

r e g e n e r a t io n  o f  s h o o ts .  T h e  n u m b e r  o f  l e a f  d is c s  u s e d  f o r  e a c h  t r a n s f o r m a t io n  a t te m p t  

r a n g e d  f r o m  1 5 0  to  2 0 0 . K a n a m y c in  w a s  u s e d  a s  th e  s e le c t io n  a g e n t.  D if fe re n t  

c o n c e n t r a t io n s  o f  k a n a m y c in  r a n g in g  f ro m  2 5  - 150  m g/1 w e r e  a p p l ie d  t o  th e  m e d iu m  to  

s e le c t  th e  k a n a m y c in  r e s i s ta n t  to b a c c o  p la n ts .  A  c o n c e n t r a t io n  o f  1 0 0  m g/1 k a n a m y c in  

s e e m e d  to  b e  o p t im a l  f o r  th e  s e le c t io n  o f  p u ta t iv e ly  t r a n s f o r m e d  s h o o ts  c o n ta in in g  R E F  

g e n e  a n d  u s in g  u ptU  a s  th e  m a rk e r  g e n e .  A f te r  2  m o n th s ,  a  n u m b e r  o f  t r a n s f o r m e d  

to b a c c o  s h o o t  l in e s  w e r e  e s ta b l is h e d .  T h e  t r a n s f o r m e d  s h o o ts  w e r e  la te r  t r a n s f e r r e d  to  

r o o t  in d u c in g  m e d iu m  f o r  r o o t  d e v e lo p m e n t .  T h e  t r a n s g e n ic  to b a c c o  p la n ts  e x p r e s s in g  / / .  

b ra s ilie m is  R E F  g e n e  s h o w e d  n o  o b v io u s  m o r p h o lo g ic a l  d i f f e r e n c e s  f ro m  th e  w ild  ty p e  

to b a c c o  p la n ts  ( F ig u r e  14).

3.3.3.2. Molecular confirmation of transgenic tobacco plants by PCR analysis
P r e l im in a r y  s c r e e n in g  o f  th e  k a n a m y c in  r e s i s ta n t  p u ta t iv e  t r a n s g e n ic  to b a c c o  

p la n ts  t r a n s f o r m e d  w ith  th e  H. b ra siliem is  R E F  g e n e  w a s  c o n d u c te d  b y  g e n o m ic  P C R . 

F o u r  t r a n s g e n ic  to b a c c o  l in e s  w e r e  s e le c te d  f o r  P C R  a n a ly s is  b a s e d  o n  th e i r  r a p id  g ro w th  

ra te . T h e s e  s e le c te d  p la n ts  w e r e  a n a ly z e d  f o r  th e  p r e s e n c e  o f  R E F  t r a n s g e n e  in  th e  

g e n o m ic  D N A  u s in g  R E F  s p e c i f ic  fo rw a r d  a n d  r e v e r s e  p r im e rs .  G e n o m ic  D N A  w a s  

e x t r a c te d  f ro m  th e  le a v e s  o f  p u ta t iv e  t r a n s g e n ic  p la n ts  r e c o v e r e d  f ro m  th e  k a n a m y c in  

c o n ta in in g  r e g e n e r a t io n  m e d iu m  a n d  u s e d  f o r  P C R . D N A  is o la te d  f ro m  n o n - t r a n s g e n ic  

p la n t  w a s  u s e d  a s  n e g a t iv e  c o n tro l .  P la s m id  D N A , p B I B R E F  w a s  u s e d  a s  a  p o s i t iv e  

c o n tro l .  A  P C R  p r o d u c t  o f  e x p e c te d  s iz e , 6 0 0  b p  R E F  g e n e  f r a g m e n t  w a s  a m p l i f ie d  f ro m  

th e  g e n o m ic  D N A  s a m p le s  o f  a ll th e  f o u r  t r a n s g e n ic  to b a c c o  p la n t  l in e s  a n d  in  th e  

p o s i t iv e  c o n t ro l .  T h is  s u g g e s ts  th a t  th e  / / .  b ra s ilie m is  R E F  g e n e  w a s  s ta b ly  in te g ra te d



LB

Figure 13. Schematic representation of the Hb REF chimaeric gene construct used in the tnmsformation 

Experiments. REF cDNA cloned between the Kpn( and X M  sites of the binaty vector pBIB.

Figure- 14 A. Regenerated kanamycin- resistant transgenic tobacco plants harbouring pBIBREF 
gene construct.
Figure -1 4  B. Rooted transgenic tobacco plants transferred to soil.



in to  th e  h o s t  g e n o m e  o f  a ll f o u r  t r a n s g e n ic  l in e s  ( F ig u r e  15). A s  e x p e c te d ,  th e  g e n o m ic  

D N A  o f  n e g a t iv e  c o n t r o l  d id  n o t  a m p lif y  th e  c o r r e s p o n d in g  b a n d . N o n - s p e c i f i c  

a m p l i f ic a t io n  w a s  n o t  d e te c te d  w h ic h  in d ic a te s  th e  h ig h  s p e c i f ic i ty  o f  th e  p r im e r s  a n d  

P C R  c o n d i t io n s

T o  f u r th e r  c o n f ir m  th e  s u c c e s s  o f  t r a n s f o r m a t io n  a n d  t r a n s g e n e  in te g r a t io n ,  P C R  

w a s  a l s o  c o n d u c te d  w ith  p r im e r s  s p e c if ic  to  t ip tl l  g e n e . G e n o m ic  D N A  o f  a ll th e  

t r a n s g e n ic  p la n t s  a n d  th e  p o s i t iv e  c o n tro l  D N A  a m p li f ie d  a  D N A  f r a g m e n t  o f  8 0 0  b p . B u t 

th e  c o r r e s p o n d in g  D N A  b a n d  w a s  n o t  d e te c te d  in  th e  n o n t r a n s g e n ic  n e g a t iv e  c o n tro l .  T h e  

r e s u l t s  o f  g e n o m ic  P C R  c o n d u c te d  w ith  n p tl l  p r im e rs  w e r e  s h o w n  in  F ig u re  16.

3.3.3.3. RT-PCR analysis to study the transcript level in transgenic plants
R T - P C R  w a s  c o n d u c te d  to  s tu d y  th e  R E F  t r a n s g e n e  e x p r e s s io n  a t th e  

t r a n s c r ip t io n a l  le v e l  in  th e  P C R  c o n f ir m e d  t r a n s g e n ic  p la n ts .  T o ta l  R N A  w a s  is o la te d  

f ro m  th e  le a v e s  o f  P C R  p o s i t iv e  t r a n s g e n ic  to b a c c o  p la n ts .  T h e  q u a l i ty  a n d  c o n c e n t r a t io n  

o f  th e  is o la te d  R N A  w a s  d e te r m in e d  s p e c t r o p h o to m e tr ic a l ly .  T o ta l  R N A  w a s  r e v e rs e  

t r a n s c r ib e d  a n d  R E F  c D N A  w a s  a m p lif ie d  f ro m  th e  to ta l  c D N A  w ith  R E F  s p e c if ic  

p r im e rs .  R T - P C R  w a s  a l s o  c o n d u c te d  w ith  R N A  is o la te d  f ro m  th e  le a v e s  o f  n o n ­

t r a n s g e n ic  p la n t s  a s  n e g a t iv e  c o n tro l .  R E F  t r a n s c r ip t  o f  6 0 0  b p  w a s  r e a d i ly  a m p l i f ie d  

f ro m  th e  to ta l  R N A  o f  t r a n s g e n ic  p la n ts .  A s  s e e n  in  F ig u re  17, a  d i s t in c t  b a n d  o f  6 0 0  b p  

w a s  c l e a r ly  v i s ib le  in  th e  R T - P C R  p r o d u c ts  f ro m  t r a n s g e n ic  p la n ts .  B u t  th e  in te n s i ty  o f  

th e  R T - P C R  p r o d u c t  v a r ie d  in  d i f f e r e n t  t r a n s g e n ic  to b a c c o  lin e s . A m o n g  th e  fo u r  

t r a n s g e n ic  t o b a c c o  l in e s , w h ic h  te s te d  p o s i t iv e  f o r  R E F  g e n e  in te g r a t io n ,  R E F  tr a n s c r ip t  

w a s  d e t e c te d  in  a l l t h e  f o u r  t r a n s g e n ic  l in e s .  N o  R T - P C R  p r o d u c t  w a s  d e te c te d  in  th e  

n e g a t iv e  c o n t ro l .

In  a  f u r th e r  e x p e r im e n t ,  th e  / ; / ? / / / t r a n s c r ip t  w a s  a n a ly s e d  in  th e  v a r io u s  t r a n s g e n ic  

p la n ts  th r o u g h  R T - P C R  p e r f o rm e d  w ith  n p tl l  s p e c i f ic  p r im e rs .  R e s u l ts  o f  R T - P C R  

r e v e a le d  th a t  a ll t h e  f o u r  to b a c c o  l in e s  te s te d  p o s i t iv e  f o r  th e  n p tl l  m R N A  ( F ig u r e  18). A  

s p e c i f ic  c D N A  p r o d u c t  o f  8 0 0  b p  w a s  d e te c te d  in  th e  t r a n s g e n ic  lin e s . T h e  n p tll  

t r a n s c r ip t  w a s  n o t  o b s e r v e d  in  th e  R T -  P C R  c o n d u c te d  w ith  R N A  f ro m  n o n - t r a n s g e n ic  

p la n ts .
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Molecular confirmation by genomic PCR screening of putative transgenic tobacco plants. Lanes: M - DNA 
molecular size marker, P- positive control, N- negative control, non-transgenic plants, 1-4 - Independent 
transgenic tobacco plants.
Figure 15. A 600 bp REF gene fragment was amplified from four representative transgenic tobacco lines 
(Arrow indicates the REF gene fragment).
Figure 16. A 800 bp npiti gene fragment was amplified from four representative transgenic tobacco lines 
(Arrow indicates nptf/gene fragment).

Figure 17 
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Figure 18 
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RT-PCR analysis of REF and npW  transcripts in transgenic tobacco plants. Total RNA from non- 
transgenic and transgenic tobacco plants were reverse- transcribed with oligo- dT and the cDNA product 
was amplified by PCR using gene specific primers. Lanes fill- DNA molecular size markers, N- negative 
control (non transgenic tobacco plants), 1-4, Four independent transgenic tobacco plants.
Figure 17. Amplified REF cDNA of 800bp fragment.
Figure 18. Amplified nptiVcDNA of 800 bp fragment.



3.4. DISCUSSION

3.4.1, Cloning and Sequence Characterisation of REF cDNA

T h e  c D N A  e n c o d in g  th e  r u b b e r  e lo n g a t io n  f a c to r  p r o te in  w a s  c lo n e d  a n d  

c h a r a c te r iz e d  f r o m  H. brasiliensis. R T - P C R  te c h n iq u e  w a s  u s e d  to  c lo n e  th e  c D N A  o f  

R E F . T o ta l  R N A  is o la te d  f ro m  th e  la te x  o f  H evea  w a s  u s e d  a s  te m p la te  f o r  R T - P C R  

u s in g  o l ig o n u c le o t id e  p r im e r s  s p e c i f ic  fo r  R E F . G e n e  s p e c if ic  p r im e r s  w e r e  s y n th e s is e d  

b a s e d  o n  th e  c D N A  s e q u e n c e s  r e p o r te d  p r e v io u s ly  (A t ta n y a k a  e t al.^ 1 9 9 1 ) . A  c D N A  

p r o d u c t  o f  6 2 2  b p  w a s  a m p l i f ie d  f ro m  th e  R N A  o f  la te x . T h e  a m p l i f ie d  c D N A  o f  R E F  

w a s  g e l  e lu te d  a n d  c lo n e d  in to  th e  p la s m id  v e c to r .  N u c le o t id e  s e q u e n c in g  o f  th e  c lo n e d  

c D N A  o f  R E F  r e v e a le d  th a t  i t  is 6 2 2  b p  in  le n g th .  C o m p a r is o n  o f  th e  t r a n s l a te d  s e q u e n c e  

w i th  t h e  p u b l i s h e d  R E F  a m in o  a c id  s e q u e n c e  c o n f i r m e d  th a t  th e  c D N A  o f  R E F  d o e s  

in d e e d  e n c o d e  R E F . T h e  c lo n e d  R E F  c D N A  e n c o d e s  th e  e n t i r e  c o d in g  r e g io n  o f  m a tu r e  

R E F . In  th e  p r e s e n t  s tu d y , R E F  c D N A  w a s  a m p l i f ie d  f ro m  th e  H evea  c lo n e  R R I I  105, 

w h ic h  is  a  h ig h  y ie ld in g ,  a n d  p o p u la r  In d ia n  c lo n e .  T h e  c D N A  o f  R E F  w a s  c o m p a r e d  

w i th  o th e r  p r e v io u s ly  c h a r a c te r i s e d  R E F  c D N A s  ( A t ta n y a k a  e t a l ,  1 9 9 1 ; G o y v a e r t s  et 

a i ,  1 9 9 1 ) , w h ic h  w e r e  i s o la te d  f ro m  o th e r  c lo n e s  (R R I M  6 0 0 ) .  N o  d i f f e r e n c e  w a s  

n o t ic e d  b e tw e e n  v a r io u s  c D N A  s e q u e n c e s  e v e n  th o u g h  th e y  w e r e  is o la te d  f ro m  o th e r  

c lo n e s .

R e s u l t s  o f  c o m p u te r  a n a ly s is  u s in g  s ig n a l?  p r o g ra m  f o r  p r e d ic t io n  o f  s ig n a l 

p e p t id e  s u g g e s t  t h e  a b s e n c e  o f  a  s ig n a l s e q u e n c e  in  th e  d e d u c e d  p r o te in .  A ls o ,  a n a ly s i s  o f  

R E F  f o r  p ro te in  lo c a l i z a t io n  s i te s  u s in g  p S O R T  p r e d ic te d  c y to p la s m ic  lo c a l iz a t io n .  T h e s e  

r e s u l t s  a r e  in  a g r e e m e n t  w i th  p r e v io u s  r e p o r t .  A c c o rd in g  to  G o y v a e r t s  e t al. ( 1 9 9 1 ) ,  R E F  

is  n o t  m a d e  a s  a  p r e p r o te in  a n d  n o  m a jo r  g ly c o s y la t io n  o c c u r s  in  vitro. I n  th e  la t ic ife r s ,  

t r a n s l a t i o n  o f  th e  R E F  m R N A  p r o b a b ly  o c c u r s  o n  f re e  p o ly s o m e s  a n d  a  s ig n a l s e q u e n c e  

w a s  a b s e n t .  In  R E F  th e  p o s t -  tr a n s la t io n a l  m o d if ic a t io n  is  a  tw o - s te p  p ro c e s s :  th e  re m o v a l 

o f  th e  N -  te rm in a l  m e th io n in e  a n d  th e  a c e ty la t io n  o f  th e  n e w ly  e x p o s e d  a la n in e . 

G o y v a e r t s  e t al. ( 1 9 9 1 ) ,  s u g g e s te d  a  c y to p la s m ic  a s s e m b ly  o f  th e  r u b b e r  p a r t i c le  w h e r e b y  

th e  s t a r t e r  m o le c u le s ,  s h o r t  le n g th  p o ly is o p re n e  p y r o p h o s p h a te s  a s s e m b le  w i th  th e  

r e q u is i te  r u b b e r  p a r t i c le  s u r fa c e  c o m p o n e n ts ,  l ip id s , p h o s p h o l ip id s  a n d  p r o te in s ,  m a in ly  

R E F . C o m p a r is o n  o f  t h e  d e d u c e d  a m in o  a c id  s e q u e n c e  o f  R E F  w i th  o th e r  r e la te d  

s e q u e n c e  f ro m  d a t a b a s e  s h o w e d  th a t  R E F  p r o te in  h a s  h o m o lo g y  w i th  p r o te in  s e q u e n c e s



f r o m  H. hrasilieusis. R E F  h a s  s e q u e n c e  id e n t i ty  o f  5 1 %  w ith  is o f o r m  o f  R E F  a n d  R E F  

l ik e  s t r e s s -  r e la te d  p r o te in  1 f ro m  H. b ra s ilie m is  (TCo e t a l ,  2 0 0 3 /  W ith  S R P P  p r o te in  o f  

H evea  t h e  id e n t i ty  is  4 2 %  ( O h  et al.^ 1 9 9 9 ). R E F  p r o te in  a ls o  s h a re s  s o m e  d e g r e e  o f  

s im i la r i ty  ( 3 9  %  id e n t i ty )  w i th  R E F  l ik e  s t r e s s  r e la te d  p r o te in  2  f ro m  H evea  ( K o  e t al., 

2 0 0 3 ) .  T h e  p r e d ic te d  R E F  a m in o  a c id  s e q u e n c e  is  o n ly  d is ta n t ly  r e la te d  to  th e  

A ra b id o p s is  thalian a  R E F  r e la te d  p r o te in  (28%> s e q u e n c e  id e n ti ty ) .

3.4.2. Heterologous Expression of Recombinant REF Protein in E. coli
T o  f u r th e r  c h a r a c te r is e  R E F  c D N A , a  G S T - H b R E F  f u s io n  g e n e  w a s  c o n s t r u c te d  

to  e x p r e s s  R E F  p r o te in  in  b a c te r ia l  c e lls .  T h e  p G E X  v e c to r  f e a tu re s  a  tac  p r o m o te r  fo r  

c h e m ic a l ly  in d u c ib le ,  h ig h  le v e l  e x p r e s s io n  a n d  th e  lac  19 g e n e  a l lo w s  th e  u s e  o f  a n y  E. 

co li  h o s t .  F o r  th is ,  R E F  c D N A  w a s  c lo n e d  in to  p G E X  e x p r e s s io n  p la s m id  a n d  th e  g e n e  

c o n s t r u c t  w a s  s e q u e n c e d  to  v e r if y  th e  a c c u r a c y  o f  th e  r e a d in g  f ra m e . B a c te r ia l  c e lls  

h a r b o u r in g  th e  G S T - R E F  f u s io n  w e r e  in d u c e d  w i th  I P T G  to  e x p re s s  th e  f o r e ig n  p ro te in  

a s  f u s io n  p ro te in .  A f te r  e x te n s iv e  a n a ly s i s  o f  th e  in d u c t io n  c o n d i t io n s  in c lu d in g  

in c u b a t io n  t im e ,  te m p e r a tu r e  a n d  I P T G  c o n c e n t r a t io n ,  th e  G S T - R E F  f u s io n  p ro te in  c o u ld  

b e  e x p r e s s e d  a n d  p u r i f ie d .  T h e  b a c te r ia l  c e l l s  e x p r e s s e d  th e  f u s io n  p r o te in  w h e n  in d u c e d  

w i th  0 .3  m M  I P T G  a t  3 0 ° C  w ith  v ig o r o u s  a g i ta t io n  f o r  4  h. A  r e d u c t io n  in  th e  I P T G  

c o n c e n t r a t io n  a s  w e l l  a s  g r o w th  te m p e r a tu r e  e n h a n c e d  th e  s o lu b i l i ty  o f  p r o te in .  P ro te in  

f r a c t i o n  o f  th e  s o lu b le  a n d  p e l le t  f r a c t io n  o f  b a c te r ia l  ly s a te s  w e r e  a n a ly s e d  b y  P A G E . A  

s ig n i f ic a n t  le v e l  o f  r e c o m b in a n t  p r o te in  w a s  f o u n d  in  t h e  s o lu b le  p a r t  o f  t h e  b a c te r ia l  

ly s a te ,  th e  p r o te in  w a s  a l s o  d e te c te d  in  th e  p e l le t  f ra c t io n .  U n d e r  s ta n d a r d  S D S /P A G E  

c o n d i t io n s ,  th e  G S T -  R E F  f i js io n  p r o te in  a p p e a r e d  a s  a  p r o m in e n t  b a n d  o f  a p p r o x im a te ly  

4 0  k D a . T h e  R E F  f u s io n  p r o te in  w a s  p u r i f ie d  to  h o m o g e n e i ty  b y  u s in g  a  G S T -c o lu m n . 

T o  t e s t  w h e th e r  t h e  a n t ib o d y  r a is e d  a g a in s t  th e  n a t iv e  R E F  p ro te in  f ro m  H. b ra siliem is  

c o u ld  r e c o g n iz e  th e  r e c o m b in a n t  R E F  p ro te in ,  im m u n o b lo t  a n a ly s is  w a s  c a r r ie d  o u t. T h e  

a n t i s e r a  o f  n a t iv e  R E F  p r o te in  h y b r id iz e d  to  th e  r e c o m b in a n t  R E F  p r o te in .  T h e  R E F  

r e c o m b in a n t  p r o te in  a l s o  r e c o g n iz e d  th e  a n t i -  G S T  a n t ib o d y  c o n f i r m in g  th e  id e n t i ty  o f  

th e  G S T - f l is io n  p r o te in .  T h e s e  r e s u l t s  th u s  c o n f i r m  th a t  th e  c lo n e d  c D N A  c o d e s  f o r  R E F  

p r o te in ,  w h ic h  is  id e n t ic a l  to  th e  n a t iv e  H. b ra s ilie m is  R E F  p ro te in .

O b ta in in g  s u f f i c ie n t  a m o u n ts  o f  p u r i f ie d  R E F  f ro m  H evea  la te x  is  d i f f i c u l t  a n d  

t im e  c o n s u m in g ;  th e  r e c o m b in a n t  R E F  p r e s e n ts  a n  e c o n o m ic  a l te r n a t iv e  to  th e



p u r i f i c a t io n  o f  R E F  f ro m  la te x  o f  H. h rasiliem is. T h e  h e te r o lo g o u s  e x p re s s io n  s y s te m  

w ill  f a c i l i t a te  f l i r th e r  s tu d y  o f  R E F  w i th  r e g a rd  to  r u b b e r  b io s y n th e s is  b y  p r o v id in g  

r e c o m b in a n t  p r o te in  f o r  hi vitro  r u b b e r  a s sa y . T h e  r e c o m b in a n t  p r o te in  c a n  a ls o  b e  

u t i l i z e d  f o r  th e  p r o d u c t io n  o f  a n t ib o d ie s ,  w h ic h  c a n  b e  u s e d  a s  a  la te x  d ia g n o s t ic  to o l  fo r  

e a r ly  d e t e c t io n  o f  la te x  y ie ld  in  v a r io u s  c lo n e s .

3.4.3. Genetic Transformation of Tobacco

T r a n s g e n ic  to b a c c o  p la n ts  e x p r e s s in g  R E F  g e n e  w e r e  g e n e r a te d  v ia  

Agi-obacterium-m.&6\?itQd g e n e t ic  t r a n s f o r m a t io n .  A  b in a r y  v e c to r  w a s  c o n s t ru c te d  su c h  

th a t  t h e  e x p r e s s io n  o f  t h e  H bR JE F  c D N A  w a s  d r iv e n  b y  a n  a c t iv e  p r o m o te r  a n d  th e  

r e s u l t in g  c h im a e r ic  g e n e  c o n s t r u c t  w a s  t r a n s f o r m e d  in to  to b a c c o  b y  A grobacterhm i 

m e d ia te d  t r a n s f o r m a t io n .  T h e  p u ta t iv e  t r a n s g e n ic  to b a c c o  p la n ts  w e r e  s e le c te d  b y  

k a n a m y c in .  T h e  r e s u l t a n t  k a n a m y c in  r e s i s ta n t  s h o o ts  w e r e  r o o te d  o n  r o o t  in d u c in g  

m e d iu m . O n ly  th o s e  s h o o ts  th a t  w e r e  t r a n s g e n ic  r o o te d  a n d  in  g e n e r a l  th e  e s c a p e s  d id  n o t  

r o o t.  A c c o rd in g  t o  D r a p e r  et al. ( 1 9 8 8 ) ,  r o o ts  a r e  g e n e r a l ly  m u c h  m o r e  s e n s i t iv e  to  

a n t ib io t i c s  a n d  th u s  th e  a b i l i ty  to  r o o t  o n  s e le c t io n  m e d iu m  c o n ta in in g  h ig h  le v e l o f  

s e le c t io n  a g e n t  is  s t r o n g  in d ic a t io n  o f  t r a n s f o r m a t io n .

P r e l im in a r y  s c r e e n in g  o f  th e  p u ta t iv e  t r a n s g e n ic  p la n ts  w a s  c o n d u c te d  b y  g e n o m ic  

P C R . I n i t ia l ly  g e n o m ic  D N A  f r o m  f o u r  r e p r e s e n ta t iv e  p u ta t iv e  t r a n s g e n ic  to b a c c o  lin e s  

w a s  u s e d  in  P C R  r e a c t io n s  w ith  p r im e r s  s p e c i f ic  to  th e  c o d in g  r e g io n  o f  R E F  g e n e  f ro m  

H. b ra siliem is . A ll t h e  f o u r  t r a n s g e n ic  l in e s  te s te d ,  a m p l i f ie d  a  s p e c i f ic  D N A  p r o d u c t  o f  

6 0 0  b p . T h is  in d ic a te d  th a t  th e  H. b ra siliem is  R E F  g e n e  w a s  s u c c e s s fu l ly  in te g r a te d  in to  

th e  g e n o m e  o f  th e  to b a c c o  p la n ts  s c re e n e d . T h e s e  p la n ts  w e r e  f u r th e r  s u b je c te d  to  P C R  

s c r e e n in g  w i th  n pt II  g e n e  s p e c i f ic  p r im e rs .  In  a ll th e  t r a n s g e n ic  to b a c c o  p la n ts  th e  npt II 

D N A  f r a g m e n t  w a s  a m p l i f ie d  f l i r th e r  c o n f i r m in g  f o r e ig n  g e n e  in te g r a t io n  in to  th e  h o s t  

g e n o m e .

A s  a  m e a n s  o f  s tu d y in g  th e  e x p r e s s io n  o f  R E F  g e n e  in  l in e s  o f  P C R  p o s i t iv e  

t r a n s g e n ic  to b a c c o  p la n ts ,  th e  P C R  p o s i t iv e  t r a n s f o r m a n ts  w e r e  s u b je c te d  to  a  s e c o n d a ry  

s c r e e n in g  b y  R T - P C R  u s in g  R E F  s p e c if ic  a n d  n p tll  s p e c i f ic  p r im e rs .  R e s u l ts  o f  R T - P C R  

c o n d u c te d  w ith  to ta l  R N A  p o p u la t io n  f ro m  P C R  p o s i t iv e  t r a n s g e n ic  to b a c c o  p la n ts  

c le a r ly  s h o w  a c c u m u la t io n  o f  R E F  m R N A  a s  w e ll  a s  « / ; / / / t r a n s c r ip ts .  B u t  th e  in te n s i ty  o f  

th e  a m p l i f ie d  R T -  P C R  p r o d u c t  v a r ie s  in  d i f f e r e n t  p la n ts .  S in c e  th e  in s e r t io n  o f  th e



t r a n s f e r r e d  D N A  in to  th e  c h r o m o s o m a l  D N A  w a s  r a n d o m , d i f f e r e n t  le v e ls  o f  th e  fo re ig n  

g e n e  e x p r e s s io n  in  th e  in d e p e n d e n t  t r a n s f o r m a n ts  w e r e  o b s e rv e d . I t is a s s u m e d  th a t  th e  

p r o te in  e n c o d e d  b y  th e  t r a n s g e n e  w a s  id e n t ic a l  to  th e  n a t iv e  R E F  p r o te in .  A tta n a y a k a  el 

al. ( 1 9 9 8 )  a lso  r e p o r te d  e x p r e s s io n  o f  H. h ra s iliem is  R E F  g e n e  in  t r a n s g e n ic  to b a c c o  

p la n ts  f o l lo w in g  g e n e t i c  t r a n s f o r m a t io n  o f  to b a c c o  w ith  R E F  g e n e  f ro m  H. hrasiliensis. 

N o r th e r n  a n a ly s i s  o f  to ta l  R N A  e x t r a c te d  f ro m  le a v e s  o f  t r a n s g e n ic  to b a c c o  p la n ts  

t r a n s f o r m e d  w i th  R E F  g e n e  in  a  s e n s e  o r ie n ta t io n  r e v e a le d  R E F  t r a n s c r ip t ,  th o u g h  a t 

d i f f e r e n t  le v e ls  o f  e x p r e s s io n .  B u t  th e  t r a n s g e n ic  to b a c c o  p la n ts  t r a n s f o r m e d  w ith  R E F  

g e n e  in  a n t i s e n s e  o r ie n t a t io n  d id  n o t  re v e a l  a n y  R E F  m R N A . R e c e n t ly  a n o th e r  p ro te in  

f ro m  H. h ra siliem is , t h e  a n t i f lm g a l  h e v e in  p r o te in  w a s  a ls o  s u c c e s s f u l ly  e x p r e s s e d  in  

I n d ia n  m u s ta r d  a s  a  p o te n t ia l  c o n t ro l  a g a in s t  A l te rn a r ia  b l ig h t  ( K a n r a r  e t a l ,  2 0 0 2 ) .  A  

c D N A  e n c o d in g  h e v e in  u n d e r  th e  c o n tro l  o f  C a  M V  3 5 S  p r o m o te r  w a s  t r a n s f e r r e d  in to  

I n d ia n  m u s ta r d .  N o r th e r n  a n d  w e s te r n  a n a ly s e s  p r o v e d  s u c c e s s fu l  e x p r e s s io n  o f  th e  

t r a n s g e n e  in  th e  t r a n s g e n ic  m u s ta r d  p la n ts .

A  g e n e t ic  t r a n s f o r m a t io n  e x p e r im e n t  r e p o r te d  b y  C h a p p e l e t al. ( 1 9 9 5 )  p ro v id e d  

e v id e n c e  th a t  in t r o d u c t io n  o f  a  f o re ig n  g e n e  e n c o d in g  th e  m a m m a lia n  H M G -C o A  

r e d u c ta s e  in to  to b a c c o  le d  to  3 -  to  5 -  f o ld  in c re a s e  in  s te ro l  c o n te n t  o f  th e  t r a n s g e n ic  

p la n ts  c o m p a r e d  w i th  u n t r a n s f o r m e d  p la n ts .  P re v io u s  s tu d ie s  e m p lo y in g  c o n s t i tu t iv e  

e x p r e s s io n  o f  a  f u l l - le n g th  H. h rasiliensis  H M G - C o A  r e d u c ta s e  in  to b a c c o  r e p o r te d  

e n h a n c e d  le v e ls  o f  s te ro ls  in  l e a f  t i s s u e s  ( S c h a l l e r  et a l., 1 9 9 5 ). H a r k e r  e t al. (2 0 0 3 ) , 

r e p o r te d  th e  g e n e r a t io n  o f  t r a n s g e n ic  to b a c c o  s e e d s  s u b s ta n t ia l ly  e n h a n c e d  in  p h y to s te r o l  

c o n te n t  b y  e x p r e s s io n  o f  a n  N -  te rm in a l  t r u n c a te d  H. hrasiliensis  H M G - C o A  re d u c ta s e .  

H o w e v e r ,  th e  c o n s t i tu t iv e  e x p r e s s io n  o f  th is  g e n e  r e s u l te d  in  o n ly  m o d e r a te  in c re a s e  in 

s e e d  s te ro l  le v e ls  in  t r a n s g e n ic  to b a c c o .  R e  e l al. ( 1 9 9 5 )  r e p o r te d  h ig h  le v e ls  o f  H M G - 

C o A  r e d u c ta s e  m R N A  in  t r a n s g e n i c thaliana  f o l lo w in g  o v e r  e x p r e s s io n  o f  f u l l -  le n g th  

A. thaliana  H M G - C o A  r e d u c ta s e ,  b u t  o n ly  m o d e r a te  in c re a s e  in  e n z y m e  a c t iv i ty  w a s  

d e te c te d .

R e s u l ts  o f  th e  p r e s e n t  w o r k  s h o w e d  th a t  th e  h e te r o lo g o u s  R E F  p r o te in  e x p re s s e d  

in  E. co li  w a s  f u n c t io n a l  in  te r m s  o f  o u r  im m u n o b lo t  a n a ly s is .  G e n e t ic  tr a n s f o r m a t io n  

e x p e r im e n ts  c le a r ly  d e m o n s t r a te  th e  u t i l i ty  o f  to b a c c o  a s  a  h e t e r o lo g o u s  e x p re s s io n  

s y s te m  to  e v a lu a te  th e  f u n c t io n in g  o f  g e n e  c o n s tru c ts .  A lth o u g h ,  e f f ic i e n t  p la n t



r e g e n e r a t io n  a n d  g e n e t i c  t r a n s f o r m a t io n  s y s te m s  a r e  a v a i la b le  f o r  H evea  a s  d e s c r ib e d  

p r e v io u s ly  ( A r o k ia r a j ,  2 0 0 0 ) ,  it is  m o r e  t im e  c o n s u m in g  a n d  la b o u r  in te n s iv e .  T h e r e f o r e ,  

th e  to b a c c o  t r a n s f o r m a t io n  s y s te m  w a s  u s e d  f o r  h e te r o lo g o u s  R E F  g e n e  e x p re s s io n  

s tu d ie s .



DIFFERENTIAL EXPRESSION STUDIES OF RUBBER 
ELONGATION FACTOR GENE IN HEVEA BRASILIENSIS

4.1. INTRODUCTION

In  H. b ra s ilie m is ,  la te x  is  p r o d u c e d  in  s p e c ia l iz e d  d u c ts  c a l le d  la t ic if e r s .  A  u n iq u e  

f e a tu r e  o f  th e  la t ic i f e r s  is  th e  a b s e n c e  o f  c y to p la s m ic  c o n n e c t io n s  o r  p la s m o d e s m a ta  

b e tw e e n  th e s e  c e l ls  a n d  th e i r  n e ig h b o u r in g  c e l ls  ( H e b a n t ,  1 9 8 1 ) . T h e r e f o r e ,  th e  e x u d e d  

la te x  s h o u ld  r e p r e s e n t  o n ly  t h e  c y to p la s m ic  c o n te n ts  o f  th e  la t ic i f e r s  u n c o n ta m in a te d  b y  

th o s e  o f  o th e r  c e lls .  S in c e ,  la te x  c a n  b e  r e a d i ly  o b ta in e d  in  la rg e  q u a n t i t ie s ,  i t  p r o v id e s  a n  

o p p o r tu n i ty  t o  in v e s t ig a te  th e  b io c h e m ic a l  p r o p e r t ie s  o f  a  s in g le ,  s p e c ia l iz e d  c e ll  ty p e . 

L a t ic i f e r s  e x h ib i t  in te n s e  m e ta b o l ic  a c tiv i ty .  L a t ic i f e r o u s  c e l ls  a c t iv e ly  t r a n s l a te  th e  

t r a n s c r ib e d  g e n e s  in to  p ro te in s .  T h e  e x p r e s s io n  le v e ls  o f  v a r io u s  g e n e s  in  la t ic i f e r s  o f  

H evea  bra silien sis  h a v e  b e e n  s h o w n  to  b e  m a rk e d ly  d i f f e r e n t  f r o m  th o s e  in  le a v e s  (K u s h  

e l a l ,  1 9 9 0 ) . A b o u t  2 0 0  d is t in c t  p o ly p e p t id e s  a r e  p r e s e n t  in  la te x  ( P o s c h  e t a l ,  1997 ). 

G e n e s  e x p r e s s e d  in  th e  la te x  o f  H evea  c a n  b e  d iv id e d  in to  th r e e  g r o u p s  b a s e d  o n  th e  

p r o te in s  th e y  e n c o d e :  1) d e f e n s e  r e la te d  p r o te in s  s u c h  a s  h e v e in  ( B r o e k a e r t  e t al„  1 9 9 0 ), 

c h i t in a s e ,  H E V E R  e tc . ( S iv a s u b r a m a n ia m  e t a l ,  1 9 9 5 ), 2 )  r u b b e r  b io s y n th e s is -  r e la te d  

p r o te in s  s u c h  a s  R E F  ( G o y v a e r t s  et a l ,  1 9 9 1 ) , H M G - C o A  r e d u c ta s e  ( C h y e  e t al., 1 9 9 2 ), 

H M G - C o A  s y n th a s e  ( S u w a n m a n e e  e t a l ,  2 0 0 2 ) ,  F D P  s y n th a s e  e tc .  ( A d iw i la g a  a n d  K u sh , 

1 9 9 6 )  a n d  3 )  la te x  a l le r g e n s  s u c h  a s  H e v  b3  ( Y e a n g  et al., 1 9 9 3 ) , H e v  b 4  ( A k a s a w a  et a i ,  

1 9 9 6 ), H e v  b 5  ( S la te r  e t a l ,  1 9 9 6 ), H e v  h i  ( S o w k a  e t a l ,  1 9 9 8 ) e tc .

T u p y  ( 1 9 8 8 )  r e p o r te d  th e  p r e s e n c e  o f  r ib o s o m e s  a n d  p o ly s o m e s  in  la t ic if e r s .  T h e  

e x p r e s s io n  p a t t e r n  o f  v a r io u s  ru b b e r  b io s y n th e s is  a s  w e ll  a s  d e f e n s e  r e la te d  g e n e s  in  H. 

brasilien sis  w e r e  s tu d ie d  b y  s o m e  o f  th e  e a r l ie r  w o rk e r s .  B r o e k a e r t  e t al. ( 1 9 9 0 )  s tu d ie d



th e  a c c u m u la t io n  o f  h e v e in  m R N A  in  th e  la t ic i f e r s  o f  a i b b e r  t r e e  b y  w o u n d in g  a s  w e ll  a s  

b y  th e  a p p l i c a t io n  o f  a b s c is i c  a c id  a n d  e th y le n e .  T h e  e x p r e s s io n  o f  H M G - C o A  r e d u c ta s e  

g e n e s ,  h m g l, hm g2 a n d  hm g3  g e n e s  in  d i f f e r e n t  t i s s u e s  o f  H. h rasilien sis  w a s  s tu d ie d  b y  

m -sih i  h y b r id iz a t io n  a n d  b y  n o r th e r n  a n a ly s i s  ( C h y e  et a i ,  19 9 1; 1 9 9 2 ).

S iv a s u b r a m a n ia m  e t al. ( 1 9 9 5 )  c h a r a c te r is e d  th e  e x p r e s s io n  o f  H E V E R  g e n e  in  th e  

la t ic i f e r s  o iH e v e a  t i s s u e s  a n d  a ls o  its  in d u c ib le  n a tu r e  b y  s t r e s s  t r e a tm e n t  w i th  s a l ic y c l ic  

a c id  a n d  e th e p h o n .  T h e  m R N A  e x p r e s s io n  p a t te r n  o f  th e  f a r n e s y l  d ip h o s p h a te  (F D P )  

s y n th a s e  g e n e  w a s  d e t e r m in e d  b y  n o r th e r n  b lo t  a n a ly s is  a n d  th e  t i s s u e  s p e c i f ic  p a t te r n  o f  

th e  e n c o d e d  p r o te in  w a s  s tu d ie d  u s in g  im m u n o h is to c h e m is t r y  ( A d iw i la g a  a n d  K u s h , 

1 9 9 6 ) . O h  e t al. ( 1 9 9 9 )  u s e d  n o r th e r n  a n a ly s i s  to  d e te c t  th e  a c c u m u la t io n  o f  t r a n s c r ip ts  o f  

s m a ll r u b b e r  p a r t i c l e  p r o te in  ( S R P P )  g e n e  in  th e  t i s s u e s  o f  H evea. E x p r e s s io n  o f  cis- 

p r e n y l t r a n s f e r a s e  w a s  e x a m in e d  in  v a r io u s  t i s s u e s  o f  H evea  b y  n o r th e r n  b lo t  a n a ly s is  

( A s a w a t r e r a ta n a k u l  e t a l., 2 0 0 3 ) .  H a n  et al. ( 2 0 0 0 )  s tu d ie d  th e  g e n e s  e x p r e s s e d  in  th e  

la t ic i f e r s  o f  H. brasiliensis. O h  e t al. ( 2 0 0 0 )  s tu d ie d  th e  e f f e c t  o f  w o u n d in g  o n  th e  

t r a n s c r ip t  le v e ls  o f  IP P  i s o m e r a s e  g e n e  b y  n o r th e r n  b lo t t in g .  T h e  e x p r e s s io n  o f  H. 

brasilien sis  H M G - C o A  s y n th a s e  g e n e  in  v a r io u s  t i s s u e s  o f  H evea  s e e d l in g s  a n d  m a tu re  

r u b b e r  t r e e  w a s  d e t e r m in e d  u s in g  g e l  b lo t  a n a ly s i s  o f  to ta l  R N A  is o la te d  f ro m  v a r io u s  

t i s s u e s  ( S u w a n m a n e e  e t a l., 2 0 0 2 ) . C h o w  e t al. ( 2 0 0 3 ) ,  c h a r a c te r is e d  a  f a m i ly  o f  e lF - 5 A  

c D N A s  f r o m  H. bra silien sis  a n d  s tu d ie d  th e  e x p r e s s io n  in  t i s s u e s  l ik e  la te x  a n d  l e a f  u s in g  

n o r th e r n  a n a ly s i s .  T h e  e x p r e s s io n  le v e ls  o f  m R N A s  o f  H evea  g e r a n y lg e r a n y l  

p y r o p h o s p h a te  s y n th a s e  ( G G P P )  in  v a r io u s  t i s s u e s  l ik e  m a tu r e  le a f , y o u n g  le a f , la te x  a n d  

p e t io le  w a s  s tu d i e d  b y  R T - P C R  ( T a k a y a  et a l.,  2 0 0 3 ) .  K o  et a l ,  ( 2 0 0 3 )  e s ta b l is h e d  th e  

t r a n s c r ip to m e  p r o f i l e  to  g a in  in s ig h ts  in to  th e  m o le c u la r  e v e n ts  o c c u r r in g  in  th e  la te x  o f  

H. brasiliensis.

B io s y n th e s i s  o f  n a tu ra l  ru b b e r , l ik e  o th e r  s e c o n d a ry  m e ta b o l i te s ,  is  a f f e c te d  b y  

v a r io u s  p la n t  h o r m o n e s .  O n e  o f  th e  e x te n s iv e ly  s tu d ie d  p la n t  h o r m o n e s  in  r e la t io n  to  

r u b b e r  b io s y n th e s i s  a n d  la te x  p r o d u c t io n  is  e th y le n e ,  w h ic h  is  a p p l ie d  a s  e th e p h o n . 

E th e p h o n  t r e a tm e n t  in c r e a s e s  th e  p r o d u c t io n  o f  la te x  b e tw e e n  1 .5  -  2 -  f o ld  (P u ja d e  

R e n a u d  e t a l., 1 9 9 4 ) . E v e n  th o u g h  th e  e x a c t  m e c h a n is m  o f  a c t io n  o f  e th y le n e  o n  th e  

r u b b e r  t r e e  is  p o o r ly  u n d e r s to o d ,  it is p r e s u m e d  th a t  e th y le n e  a f f e c ts  th e  g e n e s  in v o lv e d  

in  r u b b e r  b io s y n th e s i s  d i r e c t ly  o r  in d ir e c t ly  b y  m o d if y in g  g e n e r a l  n i t r o g e n  m e ta b o l is m  in



th e  la te x . S o  a n  a t te m p t  w a s  m a d e  to  s tu d y  th e  e f f e c t  o f  e x o g e n o u s  e th e p h o n  t r e a tm e n t  o n  

R E F  g e n e  e x p r e s s io n  in  th e  la te x  o f  s t im u la te d  tre e s .

T h e  e c o n o m ic  im p o r ta n c e  o f  n a tu ra l  r u b b e r  h a s  p r o m p te d  a c t iv e  in v e s t ig a t io n s  o n  

th e  b io c h e m ic a l  a n d  c e ll  b io lo g ic a l  a s p e c ts  o f  r u b b e r  b io s y n th e s is  in  H. brasiliensis. I t  is 

in te r e s t in g  to  k n o w  a b o u t  th e  r e g u la t io n  a n d  e x p r e s s io n  o f  th e  g e n e s  in v o lv e d  in  th e  

b io s y n th e s is  o f  n a tu ra l  ru b b e r .  In  th e  r e c e n t  p a s t ,  a  n u m b e r  o f  in v e s t ig a t io n s  h a v e  b e e n  

u n d e r ta k e n  to  s tu d y  th e  d i f f e r e n t ia l  e x p r e s s io n  o f  v a r io u s  r u b b e r  b io s y n th e s i s  r e la te d  

g e n e s  in  H. brasiliensis. H o w e v e r ,  to  d a te  th e r e  is  n o  d e ta i le d  r e p o r t  o n  R E F  e x p r e s s io n  

p r o f i l e s  in  H evea. R E F , b e in g  a n  a b u n d a n t  p r o te in  in  t h e  la te x  a n d  s in c e  it a l s o  p la y s  a n  

im p o r ta n t  r o le  in  th e  f in a l  p o ly m e r iz a t io n  s te p  o f  r u b b e r  b io s y n th e s is ,  a  d e ta i le d  s tu d y  o f  

its  e x p r e s s io n  p a t te r n  in  H evea  b y  R N A  b lo t  a n a ly s i s  w a s  u n d e r ta k e n .  T h e  o b je c t iv e s  o f  

th e  w o r k  a r e  to  a n a ly s e  t h e  R E F  t r a n s c r ip t  le v e l  b y  N o r th e r n  b lo t  a n a ly s i s  1) in  v a r io u s  

t i s s u e s  o f  r u b b e r  t r e e s  a n d  s e e d l in g s  2 )  in  ta p p e d  a n d  u n ta p p e d  H evea  t r e e s  3 )  in  h ig h  

y ie ld in g  a n d  lo w  y ie ld in g  c lo n e s  o f  H. brasilien sis  a n d  4 )  in  r e s p o n s e  to  e x o g e n o u s  

e th y le n e  t r e a tm e n t .

4.2. MATERIALS AND METHODS
4.2.1. Plant Material

P la n t  m a te r ia l s  l ik e  b a rk , l e a f  a n d  la te x  w e r e  c o l le c te d  f ro m  1 8 -y e a r  o ld  t r e e s  o f  

H evea  b ra silien s is  ( R R I I  1 0 5 ) a n d  u s e d  f o r  R N A  is o la t io n  to  s tu d y  t i s s u e  s p e c if ic  

e x p r e s s io n  o f  R E F  g e n e .  L e a f , p e t io le ,  s te m  a n d  r o o t  t i s s u e s  w e r e  a l s o  c o l le c te d  f ro m  

s e e d l in g s  o f  H. brasilien sis  f o r  R N A  is o la t io n .

R e g u la r ly  ta p p e d  t r e e s  w e r e  s e le c te d  in  a  p lo t  o f  1 8 -y e a r -o ld  t r e e s  s u b je c te d  to  

h a l f  s p i r a l  t a p p in g  e v e r y  2  d a y s  w i th o u t  s t im u la t io n .  L a te x  w a s  c o l le c te d  f ro m  b o th  th e  

h ig h  y i e ld in g  c lo n e s  ( R R I I  105 , P B  2 3 5  a n d  P B  2 6 0 )  a n d  lo w  y ie ld in g  c lo n e s  (K R S  2 5 , 

K R S  1 2 8 , a n d  K R S  1 6 3 ) a n d  R N A  w a s  is o la te d  f o r  N o r th e r n  a n a ly s is .

T o  s tu d y  th e  e f f e c t  o f  e th y le n e  t r e a tm e n t  o n  R E F  g e n e  e x p r e s s io n ,  m a tu r e  ru b b e r  

t r e e s  ( R R I I  1 0 5 )  w e r e  s e le c te d  a n d  e th e p h o n  (2 -  c h lo r o e th a n e p h o s p h o n ic  a c id )  t r e a tm e n t  

w a s  p e r f o r m e d  o n  t r e e s  b y  s p r e a d in g  2 .5 %  (v /v )  a n d  5 %  (v /v )  e th e p h o n  in  p a lm  o il o v e r  

th e  t a p p in g  c u t  a f te r  s c ra p in g . F o r  e a c h  t r e a tm e n t ,  th r e e  t r e e s  w e r e  u s e d  a lo n g  w ith  

c o n t r o l  t r e e s .  T a p p in g  p a n e l  o f  c o n tro l  t r e e s  w a s  a ls o  s c ra p e d  a n d  t r e a te d  w ith  p a lm  o il



w ith o u t  e th e p h o n .  L a te x  w a s  c o l le c te d  f ro m  e a c h  t r e e  a t 0 , 2 4 , 4 8  a n d  7 2  h  a f te r  e th e p h o n  

a p p l ic a t io n .  T h e  c o n t r o l  a s  w e ll  a s  th e  s t im u la te d  t r e e s  w a s  ta p p e d  a t  th e  s a m e  t im e  to  

c o l le c t  th e  la te x  f o r  R N A  is o la tio n .

L a te x  w a s  a l s o  o b ta in e d  f ro m  u n ta p p e d  a s  w e ll  a s  r e g u la r ly  ta p p e d  t r e e s  (R R I I  

1 0 5 ) to  s tu d y  R E F  t r a n s c r ip t  a c c u m u la t io n .

4.2.2. RNA E xtraction

T o ta l  R N A  w a s  e x t r a c te d  f ro m  v a r io u s  t i s s u e s  o f  H. h m silie m is  f o l lo w in g  th e  

m e th o d  o f  V e n k a ta c h a l a m  el al. ( 1 9 9 9 ) .  T h e  c o l le c te d  t i s s u e  s a m p le s  w e r e  c le a n e d  w ith  

D E P C -  t r e a te d  w a te r  a n d  f ro z e n  im m e d ia te ly  in  l iq u id  n i t ro g e n . T h e  f ro z e n  t i s s u e s  w e r e  

f in e ly  p o w d e r e d  in  a  m o r ta r  a n d  m ix e d  w ith  R N A  e x t r a c t io n  b u f f e r  a n d  e q u a l  v o lu m e  o f  

b u f f e r  s a tu r a te d  p h e n o l .  T h e  la te x  w a s  m ix e d  w i th  e x t r a c t io n  b u f f e r  a n d  b u f f e r  s a tu ra te d  

p h e n o l .  T h e  d e ta i l s  o f  R N A  is o la t io n  w e r e  g iv e n  in  p r e v io u s  s e c t io n s  ( C h a p te r  3 , se c tio n  

3.2.1.2). T h e  c o n c e n t r a t io n  a s  w e ll  a s  th e  p u r i ty  o f  th e  i s o la te d  R N A  w a s  d e te r m in e d  b y  

s p e c t r o p h o to m e tr ic  m e th o d  b e f o r e  R N A  g e l b lo t t in g .  E q u a l  a m o u n t  o f  R N A  w a s  lo a d e d  

in to  e a c h  w e lls .

4.2.3, RNA Gel Blot Analysis

4.2.3.I. E lectrophoresis of RNA

R eagents Com position
M O P S  b u f f e r  2 0 X 0 .4  M  M O P S

0.1  M  s o d iu m  a c e ta te

2 0  m M  E D T A
G e l lo a d in g  b u f f e r 0 .1 %  (v /v )  X y le n e  c y a n o l 

0 .1 %  (w /v )  B r o m o p h e n o l  b lu e  
I X  M O P S  
5 0 %  (v /v )  g ly c e r o l

S S P E  2 0 X 3 .6  M  s o d iu m  c h lo r id e  
2 0 0  m M  s o d iu m  p h o s p h a te  
2 0  m  M  E D T A  p H -  6 .8

D e n h a r d t ’s  lO O X 2 %  B S A  ( w /v ) ,  f r a c t io n  V  

2 %  (w /v )  F ic o ll  

2 % (w /v )
P o ly v in y lp y r r o l id o n e

P r e h y b r id i z a t io n
s o lu t io n

5 0 %  (v /v )  F o r m a m id e  
6 X  S S P E  
5 X  d e n h a r d t ’s 
0 .5 %  (w /v )  S D S



<♦ F o r  a  1 %  ( w /v )  g e l  ( 2 0 0  m l) , 2  g  o f  a g a r o s e  w a s  w e ig h e d  in to  a  5 0 0  m l c o n ic a l 

f la s k  c o n ta in in g  156  m l o f  D E P C -  t r e a te d  w a te r  a n d  b o i le d  t i l l  th e  a g a r o s e  w a s  

c o m p le t e ly  m e lte d .

*> T h e  a g a r o s e  s o lu t io n  w a s  c o o le d  to  7 0 ° C  a n d  10 m l o f  2 0  X  M O P S  b u f f e r  a n d  3 4  

m l f o r m a ld e h y d e  ( 3 7  % )  (v /v )  w a s  a d d e d  to  it.

*> A f te r  m ix in g ,  th e  s o lu t io n  w a s  p o u r e d  in to  a  g e l c a s t in g  t r a y  a n d  a l lo w e d  to  

s o l id i f y  a t  r o o m  te m p e r a tu r e .

<* T h e  is o l a te d  R N A  s a m p le s  w e r e  p r e p a r e d  b y  m ix in g  th e  f o l lo w in g  c o m p o n e n ts  in

a  1 .5  m l m ic r o f l ig e  tu b e .

M O P S  b u f f e r  2 0  X  - 1 ^1

F o rm a m id e  -  10 p.1

F o rm a ld e h y d e  ( 3 7 % )  - 3 .5  |_il

G e l lo a d in g  b u f f e r  -  2  |i l

R N A  - 5 (ig

<♦ H e a t  d e n a tu r e d  R N A  a t  6 0 ° C  f o r  5 m in  in  a  w a te r  b a th .

<♦ T h e  d e n a tu r e d  R N A  s a m p le s  w e r e  s p u n  b r ie f ly  a n d  th e n  lo a d e d  c a r e f u l ly  in to  th e  

s o l id i f i e d  g e l .

<♦ E le c t r o p h o r e s i s  w a s  c a r r ie d  o u t  f o r  5 -7  h  a t  6 0  V  in  I X  M O P S  r u n n in g  b u f fe r .

4 .2 .4 .  R E F  c D N A  S y n th e s i s  b y  R T -  P C R

T o ta l  R N A  is o la te d  f ro m  la te x  w a s  u s e d  a s  t e m p la te  f o r  th e  r e v e r s e  t r a n s c r ip t io n  

r e a c t io n  to  a m p l i f y  R E F  c D N A , w h ic h  w a s  u s e d  fo r ,  r a d io la b e le d  p r o b e  p r e p a ra t io n .  T h e  

f i r s t  s t r a n d  c D N A  s y n th e s is  r e a c t io n  w a s  p e r f o r m e d  in  2 0  |j,l v o lu m e  u s in g  o l ig o  d T  

p r im e r  in  p r e s e n c e  o f  M u - M L V  r e v e r s e  t r a n s c r ip ta s e  a t  4 2 °  C  f o r  6 0  m in . A f te r  th e  

r e v e r s e  t r a n s c r ip t io n  s te p , th e  f ir s t  s t r a n d  c D N A  s e rv e d  a s  t e m p la te  in  th e  P C R  

a m p l i f ic a t io n  o f  R E F  c D N A  u s in g  g e n e  s p e c i f ic  p r im e r s  ( s e c t io n ,  3 .2 .1 .5 ) .  P C R  

a m p l i f ic a t io n  w a s  p e r f o r m e d  w i th  2  [o,l o f  th e  f i r s t  s t r a n d  c D N A  m ix tu re  a n d  2  u n i t  o f  T a q  

D N A  p o ly m e r a s e  a lo n g  w i th  o th e r  P C R  r e a g e n ts  in  a  r e a c t io n  v o lu m e  o f  5 0  ]j,l. T h e  P C R  

a m p l i f ic a t io n  p r o f i l e  c o n s is te d  o f  a  f i r s t  c y c le  a t  9 4 °  C  f o r  4  m in  f o l lo w e d  b y  3 0  c y c le s  a t 

9 4 °  C  f o r  I m in  /  5 5 ° C , 1 .3 0  m in  /  7 2 °  C  -  2  m in  a n d  a  la s t  c y c le  a t  7 2 °  C  f o r  7  m in . T h e  

r e a c t io n  m ix tu r e  w a s  o v e r la id  w ith  m in e ra l  o il. T h e  a m p l i f ic a t io n  w a s  c a r r ie d  o u t  in  a  

th e r m a l  c y c le r  ( P e r k in  E lm e r ,  U S A ). T h e  a m p l i f ie d  c D N A  w a s  c h e c k e d  o n  1 .5 %  (w /v )



a g a r o s e  g e l  a n d  th e  c D N A  w a s  p u r i f ie d  f ro m  lo w  m e l t in g  p o in t  a g a r o s e  g e l  ( s e c t io n  

2.2.2.4),

4.2.5. REF Probe Synthesis

T h e  p u r i f i e d  c D N A  w a s  r a d io la b e le d  w i th  a ^ ^ P -  d C T P  a n d  th e n  u s e d  a s  p r o b e  in  th e  

s u b s e q u e n t  h y d r id iz a t io n  s te p . T h e  d e ta i le d  p r o c e d u r e  o f  p r o b e  la b e l in g  a n d  p u r i f i c a t io n  

o f  la b e le d  p r o b e  w a s  g iv e n  in  p r e v io u s  s e c t io n s  ( C h a p te r  2 , section 2.2.5.4),

4.2.6. Washing and Hybridization
<* A f te r  e l e c t r o p h o r e s is ,  th e  g e l w a s  r in s e d  s e v e ra l  t im e s  in  D E P C - t r e a te d  w a te r  to  

r e m o v e  f o rm a ld e h y d e .

<♦ T h e  f r a c t i o n a te d  R N A  w a s  t r a n s f e r r e d  o v e r n ig h t  to  a  n y lo n  m e m b r a n e  ( p re -w e t  

in  I X  M O P S  b u f f e r )  w i th  a  lO X  S S P E  s to c k  s o lu t io n  b y  c a p i l l a r y  b lo t t in g  

a c c o r d in g  to  s ta n d a r d  p r o to c o l s  ( S a m b r o o k  et a i ,  1 9 8 9 ).

<♦ T h e  b lo t  w a s  r in s e d  in  4 X  S S P E  a n d  th e n  U V  c ro s s l in k e d .

❖  P re h y b r id i z a t io n  o f  th e  b lo t  w a s  c a r r ie d  o u t  a t  4 2 ° C  in  p r e h y b r id iz a t io n  b u f fe r  

f o r  3 -4  h  w ith  g e n t le  ro ta t io n .

❖  R a d io la b e le d  R E F  c D N A  p r o b e  w a s  a d d e d  to  f r e s h  p r e h y b r id iz a t io n  b u f f e r  a n d  

h y b r id iz a t io n  w a s  p e r f o r m e d  o v e r n ig h t  a t  4 2 ° C .

<* A f te r  h y b r id iz a t io n ,  th e  b lo t  w a s  r in s e d  tw ic e  w i th  2 X  S S C  f o r  15 m in  a t  6 0 ° C  

f o l lo w e d  b y  w a s h e s  w i th  0 .2  X  S S C  c o n ta in in g  0 .1 %  (w /v )  S D S  f o r  3 0  m in  a t  

ro o m  te m p e r a tu r e  tw ic e .

<♦ T h e  w a s h e d  b lo t  w a s  c o v e r e d  w i th  s a ra n  w ra p  a n d  e x p o s e d  to  X -  r a y  f i lm  w ith  

in te n s i f y in g  s c r e e n s  a t  - 7 0 ° C  f o r  s ig n a l  d e te c t io n .

4.3. RESULTS
4.3.1, Differential Expression of REF Gene in Various Tissues of Hevea

T h e  le v e l  o f  R E F  m R N A  t r a n s c r ip t  in  d i f f e r e n t  t i s s u e s  o f  H. h ra s iliem is  w a s  

s tu d ie d  b y  R N A  g e l b lo t  a n a ly s i s .  T o ta l  R N A  w a s  is o la te d  f ro m  d i f f e r e n t  t i s s u e s  l ik e  

la te x ,  b a r k  a n d  l e a f  o f  m a tu r e  r u b b e r  t r e e s .  T h e  c o n c e n t r a t io n  o f  th e  i s o la te d  R N A  w a s  

d e te r m in e d  a n d  th e  v a lu e  o f  O D 260/280 w a s  2 .0  in d ic a t in g  th a t  th e  is o la te d  R N A  w a s  p u re . 

E q u a l  a m o u n t  o f  to ta l  R N A  is o la te d  f ro m  v a r io u s  t i s s u e s  w e r e  lo a d e d  o n to  a  1%  (w /v )  

d e n a tu r in g  a g a r o s e  g e l  a n d  f r a c t io n a te d  e le c t r o p h o r e t ic a l ly  ( F ig u r e  I ) .  T h e  e x p re s s io n



p a t te r n  o f  R E F  w a s  a n a ly z e d  b y  R N A  b lo t  a n a ly s i s  u s in g  r a d io la b e le d  R E F  c D N A  a s  

p ro b e .  R e s u l ts  d e m o n s t r a te d  th a t  R E F  tr a n s c r ip t  w a s  r e la t iv e ly  a b u n d a n t  in  la te x  f o llo w e d  

b y  b a r k  o f  m a tu r e  r u b b e r  t r e e s  a n d  le a s t  a b u n d a n t  in  l e a f  ( F ig u r e  1). R E F  a c c u m u la t io n  

w a s  a b o u t  10 - 2 0  f o ld  h ig h e r  in  la te x  c o m p a r e d  w i th  l e a f  T h e  e x p r e s s io n  le v e l  o f  R E F  in  

H evea  s e e d l in g  t i s s u e s ,  v iz .,  le a f , p e t io le ,  s te m  a n d  r o o t  w a s  a ls o  a n a ly s e d . T o ta l  R N A  

e x t r a c te d  f ro m  d i f f e r e n t  s e e d l in g  t i s s u e s  w a s  s e p a r a te d  o n  g e l a n d  th e n  b lo t t e d  o n to  a  

n y lo n  m e m b r a n e .  T h e  b lo t  w a s  h y b r id iz e d  w i th  r a d io la b e le d  R E F  c D N A  a s  p ro b e .  R N A  

b lo t  r e s u l t s  in d ic a t e d  th a t  R E F  g e n e  e x p r e s s io n  w a s  t i s s u e  s p e c i f ic  in  s e e d l in g s  a ls o . A s  

s h o w n  in  F ig u r e  1, t h e  t r a n s c r ip t  le v e l w a s  f o u n d  to  b e  p r e d o m in a n t  in  s te m  t i s s u e s  a n d  

p e t io le  w h e r e a s  it w a s  b a r e ly  d e te c ta b le  in  l e a f  a n d  r o o t  t i s s u e s  H evea  s e e d lin g s .

4.3.2. Effect of Tapping on REF Gene Expression

T h e  a c c u m u la t io n  o f  R E F  tr a n s c r ip ts  in  th e  la te x  o f  r e g u la r ly  ta p p e d  a s  w e ll  a s  

u n ta p p e d  r u b b e r  t r e e s  w a s  a l s o  e x a m in e d . T o ta l  R N A  e x t r a c te d  f ro m  th e  la te x  o f  

r e g u la r ly  ta p p e d  a n d  u n ta p p e d  ru b b e r  t r e e s  w e r e  s u b je c te d  to  R N A  b lo t  a n a ly s i s  ( F ig u r e  

1). R a d io la b e le d  R E F  c D N A  w a s  u s e d  a s  p ro b e .  T h e  le v e l o f  R E F  g e n e  e x p r e s s io n  in  

ta p p e d  t r e e s  w a s  f o u n d  to  b e  h ig h  c o m p a r e d  w ith  u n ta p p e d  r u b b e r  t r e e s  ( F ig u r e  1). T h u s  

r e g u la r  t a p p in g  s e e m s  to  h a v e  a n  e f f e c t  o n  R E F  g e n e  e x p re s s io n .

4.3.3. REF Gene Expression in High Yielding and Low Yielding Clones
R E F  g e n e  e x p r e s s io n  p a t te r n  w a s  a ls o  c o m p a r e d  in  d i f f e r e n t  c lo n e s  o f  H. 

brasilierm s. S ix  d i f f e r e n t  c lo n e s  o f  H evea  w e r e  s e le c te d  f o r  th is  s tu d y  ( R R I l  10 5 , P B  

2 3 5 , P B  2 6 0 , K R S  2 5 , K R S  12 8 , K R S  163). T h e s e  c lo n e s  a r e  b e lo n g in g  to  2  g r o u p s ,  h ig h  

y ie ld in g  ( R R I I  1 0 5 , P B  2 3 5 , P B  2 6 0 )  a n d  lo w  y ie ld in g  (K R S  2 5 , K R S  128 , K R S  163). 

R N A  b lo t  a n a ly s i s  w i th  la te x  R N A  is o la te d  f ro m  d if f e r e n t  c lo n e s  r e v e a le d  s ig n i f ic a n t  

d i f f e r e n c e  in  th e  R E F  t r a n s c r ip t  le v e l. T h e  R E F  m R N A  le v e l  w a s  p r e d o m in a n t ly  h ig h e r  

in  h ig h  y ie ld in g  c lo n e s  th a n  in  lo w  y ie ld in g  c lo n e s  ( F ig u r e  2  a n d  3 ) . A m o n g  th e  h ig h  

y ie ld in g  c lo n e s  e x a m in e d ,  R E F  m R N A  a c c u m u la t io n  w a s  m o s t  a b u n d a n t  in  R R I I  1 0 5 , a 

h ig h  y ie ld in g  c lo n e  a n d  a  s l ig h t ly  lo w e r  le v e l o f  R E F  t r a n s c r ip t  w a s  n o t ic e d  in  th e  o th e r  

tw o  c lo n e s ,  P B  2 3 5  a n d  P B  2 6 0  (F ig u re  2 ) . S ig n if ic a n t ly  lo w  le v e l o f  R E F  e x p re s s io n  

w a s  d e t e c te d  in  th e  lo w  y ie ld in g  c lo n e s ,  K R S  2 5 , K R S  128  a n d  K R S  163 ( F ig u r e  3 ) 

c o m p a r e d  w i th  h ig h  y ie ld in g  c lo n e s .  A m o n g  th e  lo w  y ie ld in g  c lo n e s ,  R E F  t r a n s c r ip t  le v e l 

w a s  h ig h e r  in  t h e  c lo n e  K R S  2 5  fo llo w e d  b y  th e  o th e r  c lo n e s ,  K R S  128  a n d  K R S  163.
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Figure 1. Differential expression pattern of REF gene in various tissues as well as latex collected from 
untapped and tapped trees of H. brasifiensis. Northern blots were hybridized with REF cDNA probe. Each 
lane contained 15 /<g of total RNA isolated from different tissues. Equal amount of RNA loaded in each 
lane was confirmed by EtBr staining.
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Figure 2. Northern blot analysis carried out with RNA extracted from latex of three high yielding 
clones. Total RNAs (19 ^g)w ere transferred to a nylon membrane and hybridized with REF cDNA 
probe. The 28 S and 18 S rRNA bands rn EtBr stained gel is shown as loading control. Lanes 1 -  3, 
RNA samples from three individual trees.
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Figure 3. Northern blot analysis carried out witli RNA extracted from latex of three low yielding 

clones. Total RNAs (15 ;cg) were transferred to a nylon membrane and hybridized with REF cDNA 
probe. The 28 S and 18 S rRNA bands in EtBr stained gel is shown as loading control. Lanes 1 -  3, 
RNA samples from three individual trees.

Ohr

Ic 5 ?
in o
ci in

24 hr 48 hr 72 hr

I
0

O
in

■

« tf)

i
0a V)

■
O

■

in

REF

EtBr-Stained

rRNA

Figure 4. Accumulation of REF transcripts upon ethephon treatment (2.5% and 5.0%). Total RNA was 
prepared from latex of control as well as ethephon treated trees at 0, 24, 48 and 72 h after stimulation. Total 

RNAs (15 ^ g ) were separated on 1% gel and hybridized with REF cDNA probe. The 28 S and 18 S rRNA 
bands in EtBr stained gel is shown as loading control.



A b o u t  1 0 - 2 0  f o ld  r i s e  in  in R N A  c o u ld  b e  n o t ic e d  in  th e  h ig h  y ie ld in g  c lo n e s .  In  a ll th e  

th r e e  lo w  y ie ld in g  c lo n e s ,  R E F  e x p r e s s io n  w a s  m u c h  lo w .

4.3.4. Effect of Exogenous Ethephon Application on REF Transcript Level

R N A  b lo t  a n a ly s i s  w a s  p e r f o rm e d  to  s tu d y  th e  e f f e c t  o f  e x o g e n o u s  e th y le n e  

a p p l ic a t io n  o n  R E F  t r a n s c r ip t  le v e l in  t h e  la te x  o f  e th e p h o n - s t im u la te d  r u b b e r  tre e s . 

R u b b e r  t r e e s  w e r e  t r e a te d  w i th  tw o  d i f f e r e n t  c o n c e n t r a t io n s  o f  e th e p h o n  (2 .5  %  a n d  5 %  

( v /v ) ) ,  a n  e t h y le n e - r e le a s in g  a g e n t.  T o ta l  R N A  w a s  i s o la te d  f ro m  th e  e x t r u d e d  la te x  

c o l le c te d  a t  0 , 2 4 ,  4 8  a n d  7 2  h  a f te r  s t im u la t io n  f ro m  e th e p h o n  t r e a te d  t r e e s  a s  w e ll  a s  

c o n t r o l  t r e e s .  R N A  b lo t  a n a ly s i s  w a s  c a r r ie d  o u t  w ith  R E F  c D N A  a s  p ro b e .  N o r th e r n  b lo t  

r e s u l t s  d e m o n s t r a te d  a  c l e a r  a c c u m u la t io n  o f  th e  R E F  t r a n s c r ip ts  in  th e  la te x  o f  e th e p h o n  

t r e a te d  t r e e s  a t  a ll c o n c e n t r a t io n s .  A  n o t ic e a b le  in c r e a s e  w a s  d e te c te d  in  th e  la te x  o f  

s t im u la te d  t r e e s  a t  2 4  a n d  4 8  h  o f  t r e a tm e n t  c o m p a re d  w ith  th e  c o n t ro l  t r e e s  (F ig u re  4 ). 

T h e  s t im u la to r y  e f f e c t  w a s  m a x im a l  a t  4 8  h  o f  t r e a tm e n t  a n d  a  10 - 15 f o ld  in c re a s e  in  

m R N A  le v e l  c o u ld  b e  d e t e c te d  a t 4 8  h  c o m p a r e d  w i th  0  h  t r e a tm e n t .  In  c o n t r o l  t r e e s  a lso , 

th e  e x p r e s s io n  o f  R E F  in c re a s e d  w i th  ta p p in g  (0 , 2 4 , 4 8 , 7 2 h ) . A t  7 2  h  s t im u la t io n ,  a t 

b o th  c o n c e n t r a t io n s  o f  e th e p h o n ,  n o  s ig n i f ic a n t  r is e  in  th e  R E F  e x p r e s s io n  le v e l  w a s  

n o t ic e d  in  t h e  t r e a te d  t r e e s  c o m p a r e d  w i th  4 8  h  t r e a tm e n t .  A ls o  th e  t r e e s  s t im u la te d  w ith  

5 %  (v /v )  e th e p h o n  e x h ib i te d  a  h ig h e r  le v e l  o f  R E F  t r a n s c r ip ts  th a n  th e  t r e e s  t r e a te d  w ith  

2 .5 %  e th e p h o n .  T h e  s t im u la to r y  e f f e c t  w a s  s p e c i f ic  f o r  e th e p h o n ,  s in c e  t h e  b a s a l  le v e l  o f  

R E F  t r a n s c r ip t s  r e m a in e d  lo w  in  c o n t ro l  t r e e s  s u b je c te d  to  b a rk  s c r a p in g  a n d  p a lm  o il 

t r e a tm e n t  a lo n e  ( F ig u r e  4 ) . In  c o n t r o l  t r e e s  a ls o ,  R E F  m R N A  le v e ls  in c re a s e d  

d r a m a t ic a l ly  w i th  th e  n u m b e r  o f  ta p p in g .

4.4. DISCUSSION
T h e  a im  o f  t h e  p r e s e n t  w o r k  w a s  to  s tu d y  th e  e x p r e s s io n  p a t te r n  o f  R E F  g e n e ,  a  

r u b b e r  b io s y n th e s is -  r e la te d  g e n e  in  / / .  brasiliensis. A n a ly s is  o f  e x p r e s s io n  o f  g e n e s  in  a  

g iv e n  t i s s u e  c a n  p r o v id e  in f o rm a t io n  a b o u t  th e  b io c h e m ic a l  a n d  m o le c u la r  e v e n ts  

o c c u r r in g  in  t h e  t i s s u e  a t  th e  t im e  o f  in v e s t ig a t io n .  H e r e  w e  e m p lo y e d  th e  te c h n iq u e  o f  

R N A  b lo t  a n a ly s i s  to  s tu d y  th e  p a t te r n  o f  R E F  g e n e  e x p r e s s io n  in  v a r io u s  t i s s u e s  a n d  a lso  

in  t h e  la te x  o f  d i f f e r e n t  c lo n e s  o f  H. brasiliensis. T h e  e f f e c t  o f  e x o g e n o u s  e th y le n e  

a p p l ic a t io n  o n  R E F  g e n e  e x p r e s s io n  in  th e  la te x  o f  H. brasiliensis  w a s  a l s o  in v e s t ig a te d .



4 .4 .1 ,  D i f f e r e n t i a l  E x p r e s s i o n  o f  R E F  G e n e  in  V a r i o u s  T i s s u e s  o f  H evea

A n a ly s is  o f  R N A  s a m p le s  f ro m  d if f e r e n t  t i s s u e s  o f  H evea  s h o w e d  a  h ig h e r  

m R N A  le v e l in  la te x  a n d  b a r k  o f  m a tu r e  r u b b e r  t r e e s  th a n  in  le a v e s . T h is  s u g g e s ts  th a t  

th e  e x p r e s s io n  o f  R E F  g e n e  is  h ig h e r  in  la t ic i f e r  c e l ls  th a n  in  le a v e s .  T h is  f in d in g  is  

s im i la r  to  th e  r e p o r t  th a t  th e  t r a n s c r ip ts  o f  R E F  a n d  S R P P  a r e  h ig h ly  a c c u m u la te d  in  th e  

la te x  o f  H. h rasilien sis  b u t  n o t  in  th e  le a v e s  ( K o  e t a l ,  2 0 0 3 ) .  C h y e  et al. ( 1 9 9 2 )  r e p o r te d  

t h a t  H M G - C o A  r e d u c ta s e  a  k e y  r u b b e r  b io s y n th e s is  r e la te d  g e n e ,  h m gl, hm g2  a n d  hnig 3 

a r e  a ls o  d i f f e r e n t ia l ly  e x p r e s s e d  in  H. hrasiliensis. T h e  h m g l  w h ic h  p r e d o m in a n t ly  

e x p r e s s e s  in  la t ic i f e r s  a n d  h a r d ly  in  le a v e s  ( C h y e  et a i ,  1 9 9 2 )  is  in v o lv e d  in  r u b b e r  

b io s y n th e s is .  R e c e n t ly ,  a  H evea  g e n e  e n c o d in g  c is-  p r e n y l t r a n s fe ra s e ,  in v o lv e d  in  r u b b e r  

b io s y n th e s is  is id e n t i f ie d  a n d  is  s h o w n  to  b e  h ig h ly  e x p r e s s e d  in  th e  la te x  

( A s a w a tr e r a ta k u l  e t a l., 2 0 0 3 ) .  N o r th e r n  a n d  R T - P C R  a n a ly s i s  o f  th e  cis-  

p r e n y l t r a n s f e r a s e  g e n e s  in  v a r io u s  H evea  t i s s u e s  s h o w e d  p r e d o m in a n t  e x p r e s s io n  o f  th e  

g e n e s  in  th e  la te x  ( A s a w a t r e r a ta n a k u l  et al., 2 0 0 3 ) .  F u r th e r ,  S u w a n m a n e e  e t al. ( 2 0 0 2 ) ,  

r e p o r te d  a  h ig h e r  m R N A  e x p r e s s io n  o f  H M G - C o A  s y n th a s e  g e n e  in  la te x  a n d  p e t io le  o f  

m a tu r e  r u b b e r  t r e e s  th a n  in  le a v e s .  In  m a tu r e  t r e e s  a ls o  th e r e  is  h ig h e r  m R N A  le v e l  o f  

H M G - C o A  s y n th a s e  in  la te x  a n d  p e t io le  th a n  in  le a v e s .  T h is  is  in  c o n t r a s t  to  th e  

e x p r e s s io n  o f  I P P  is o m e r a s e ,  a n o th e r  g e n e  in v o lv e d  in  is o p r e n o id  b io s y n th e s is ,  w h ic h  

w a s  n o t  d e te c te d  a s  a n  a b u n d a n t  t r a n s c r ip t  in  th e  la te x  o f  H. hrasiliensis. ( O h  e t al., 

2 0 0 0 ) .  S im ila r ly  th e  m R N A  e x p r e s s io n  o f  th e  G G P P  s y n th a s e ,  a n o th e r  is o p r e n o id  

b io s y n th e s is  g e n e  w a s  f o u n d  to  b e  h ig h e r  in  f lo w e r  a n d  l e a f  th a n  in  p e t io le  a n d  la te x  o f  

m a tu r e  r u b b e r  t r e e s ,  w h e r e  a  la r g e  q u a n t i ty  o f  n a tu ra l  r u b b e r  is  p r o d u c e d  ( T a k a y a  e t al., 

2 0 0 3 ) .

A m o n g  th e  t i s s u e s  s tu d ie d  f ro m  H evea  s e e d l in g s ,  s te m  a n d  p e t io le  t i s s u e s  

e x h ib i te d  a  h ig h e r  le v e l  o f  R E F  e x p r e s s io n  th a n  in  o th e r  t i s s u e s  l ik e  r o o t  a n d  l e a f  w h e r e  

th e  e x p r e s s io n  le v e l  w a s  b a r e ly  d e te c ta b le .  T h e s e  r e s u l t s  a r e  in  a g r e e m e n t  w i th  a  r e c e n t  

s tu d y , w h ic h  r e p o r te d  t h a t  H M G - C o A  s y n th a s e  g e n e  is  h ig h ly  e x p r e s s e d  in  th e  s te m , a n d  

p e t io le  o f  H evea  s e e d l in g s  th a n  in  le a v e s  ( S u w a n m a n e e  e t a l ,  2 0 0 2 ) .  T h e  h ig h e r  le v e l o f  

R E F  e x p r e s s io n  in  s te m  a n d  p e t io le  t i s s u e  m a y  b e  d u e  to  th e  p r e s e n c e  o f  m o r e  n u m b e r  o f  

la t ic i f e r s  in  p e t io le  a n d  s te m  th a n  in  le a v e s  a n d  r o o ts  o f  s e e d lin g s .



In  H avea hrasiliensis, s in c e  r u b b e r  b io s y n th e s is  ta k e s  p la c e  o n  th e  s u r fa c e  o f  

r u b b e r  p a r t i c le s  s u s p e n d e d  in  la te x ,  th e  g e n e s  u n iq u e ly  o r  p r e f e r e n t i a l ly  e x p r e s s e d  in  th e  

la te x  m ig h t  b e  im p o r ta n t  f o r  ru b b e r  b io s y n th e s is .  E a r l ie r ,  K u s h  e t al. ( 1 9 9 0 )  d e m o n s tr a te d  

th a t  la t ic i f e r  R N A  is  2 0 -  100  fo ld  e n r ic h e d  in  t r a n s c r ip ts  e n c o d in g  e n z y m e s  in v o lv e d  in  

m b b e r  b io s y n th e s is .  H a n  e l al. ( 2 0 0 0 ) ,  g e n e r a te d  2 4 5  e x p r e s s e d  s e q u e n c e  ta g s  ( E S T s )  to  

s tu d y  g e n e  e x p r e s s io n  p r o f i l e  in  th e  la te x  o f  H. h rasiliem is. R u b b e r  b io s y n th e s is  g e n e s  

l ik e  R E F  a n d  S R P P  c o m p r is e d  2 5 %  o f  th e  E S T s  f ro m  th e  r e g u la r  la te x  lib ra ry . 

T r a n s c r ip to m e  a n a ly s i s  o f  la t ic if e r s  (K o  e t al., 2 0 0 3 )  r e v e a le d  th a t  t r a n s c r ip ts  f ro m  tw o  

m o s t  a b u n d a n t  g e n e s  R E F  a n d  S R P P  c o m p r is e d  2 9 %  o f  th e  t r a n s c r ip to m e .  T h u s  th e  

s p e c if ic  a n d  a b u n d a n t  e x p r e s s io n  o f  R E F  in  la te x  s t r o n g ly  s u g g e s ts  a  m a jo r  r o le  o f  R E F  

in  r u b b e r  b io s y n th e s is .

4.4.2. Effect of Tapping on REF Gene Expression
R e s u h s  o f  R N A  b lo t  a n a ly s is  c o n d u c te d  w ith  R N A  is o la te d  f ro m  th e  la te x  o f  

ta p p e d  a n d  u n ta p p e d  t r e e s  r e v e a ls  a  c l e a r  a c c u m u la t io n  o f  R E F  t r a n s c r ip ts  in  th e  la te x  o f  

r e g u la r ly  ta p p e d  t r e e s  th a n  in  u n ta p p e d  tr e e s .  T h e  o v e r  e x p r e s s io n  o f  R E F  in  ta p p e d  tr e e s  

c o u ld  b e  a s c r ib e d  to  th e  e f f e c t  o f  m e ta b o l ic  a c t iv a t io n  a s s o c ia te d  w i th  la te x  r e g e n e r a t io n  

w i th in  t h e  l a t ic i f e r s  d u e  to  r e g u la r  ta p p in g .  A d iw i la g a  a n d  K u s h  (1 9 9 6 ) ,  a l s o  r e p o r te d  a  

s im i la r  in c r e a s e  in  th e  e x p r e s s io n  o f  F D P  s y n th a s e  g e n e  in  th e  la te x  o f  r e g u la r ly  ta p p e d  

t r e e s  in  c o m p a r is o n  w i th  u n ta p p e d  tr e e s .  A n  in te r e s t in g  f e a tu r e  o f  la te x  p r o d u c t io n  in  H. 

brasilien sis  is  t h e  in c r e a s e  in  m e ta b o l is m  in  la t ic i f e r s  in  r e s p o n s e  t o  ta p p in g  o r  w o u n d in g .  

T h e  in situ  la te x  r e g e n e r a t io n  m e c h a n is m  a l lo w s  r e c o n s t i tu t io n  o f  th e  e x p o r te d  la te x  

b e f o r e  th e  n e x t  ta p p in g .  H e n c e ,  ta p p in g  a c ts  a s  a  t r ig g e r  f o r  m e ta b o l ic  s w i tc h  t o  tu r n  on . 

In  th e  s tu d ie s  o n  th e  e x p r e s s io n  p a t te r n  o f  R E F  in  r e s p o n s e  to  ta p p in g ,  i t  is  e v id e n t  th a t  

t a p p in g  h a s  a  d i r e c t  e f f e c t  o n  th e  le v e l o f  e x p r e s s io n  o f  R E F  m R N A . M o r e o v e r ,  ta p p in g  

w h ic h  is a  p r o c e s s  o f  c o n t r o l le d  w o u n d in g  w ill  tu r n  o n  a  n u m b e r  o f  g e n e s  r e s u l t in g  in  th e  

a c c u m u la t io n  o f  th e i r  g e n e  p ro d u c ts .  T h is  a c c o u n ts  f o r  th e  a b u n d a n c e  o f  R E F  m R N A  in  

ta p p e d  t r e e s  th a n  in  t h e  u n ta p p e d  tre e s .

4.4.3. REF Gene Expression in High Yielding and Low Yielding Hevea Clones
A  s ig n i f i c a n t  v a r ia t io n  in  R E F  t r a n s c r ip t  a c c u m u la t io n  c o u ld  b e  d e te c te d  in  6 

d i f f e r e n t  c lo n e s  o f  H. hrasiliensis  u s e d  in  th e  p r e s e n t  s tu d y . R E F  g e n e  e x p r e s s io n  w a s  

fo u n d  to  b e  r e la t iv e ly  h ig h e r  in  h ig h  y ie ld in g  c lo n e s  th a n  in  th e  lo w  y ie ld in g  c lo n e s .



P r e v io u s ly  T u p y  e l al. ( 1 9 6 9 )  r e p o r te d  th a t  to ta l  R N A  a n d  r R N A / tR N A  ra t io  a r e  h ig h e r  

in  h ig h  y ie ld in g  t r e e s  th a n  in  lo w  y ie ld e r s  (T u p y , 1 9 6 9 ). S ig n if ic a n t  c lo n a l  v a r ia b i l i ty  in  

r R N A  a n d  p o ly  A  R N A  c o n te n t  in  la te x  a n d  i ts  r e la t io n  to  v a r ia b i l i ty  in  la te x  s u c r o s e  h a s  

b e e n  s u g g e s te d  (T u p y ,  1 9 8 8 ) . T u p y  ( 1 9 8 8 )  a ls o  r e p o r te d  th a t  th e  c o n te n ts  o f  r R N A  a n d  

p o ly A  R N A  r e p r e s e n t  im p o r ta n t  la te x  c h a r a c te r is t i c  r e la te d  to  c lo n a l p r o p e r t ie s  a n d  to  

p h y s io lo g ic a l  s t a t e  o f  la te x  v e s s e ls  (T u p y ,  1 9 8 8 ). A c c o r d in g  to  D e n n is  a n d  L ig h t  (1 9 8 9 ) , 

t h e  a m o u n t  o f  R E F  in  w h o le  la te x  is p r o p o r t io n a l  to  th e  r u b b e r  c o n te n t .  R E F  r e p r e s e n ts  

b e tw e e n  1 0 -6 0 %  o f  th e  to ta l  p r o te in  in  w h o le  la te x  ( D e n n is  a n d  L ig h t ,  1 9 8 9 ), In  h ig h  

y ie ld in g  c lo n e s ,  r u b b e r  c o n te n t  a s  w e ll  a s  th e  r a te  o f  r u b b e r  b io s y n th e s is  w il l  b e  m o re  

r e la t iv e  to  lo w  y ie ld in g  c lo n e s .  R E F  b e in g  a  r u b b e r  b io s y n th e s is  r e la te d  g e n e  a n d  s in c e  it 

is  c lo s e ly  a s s o c ia te d  w ith  th e  r u b b e r  p a r t ic le s ,  i ts  le v e l  in  th e  la te x  is  p r o p o r t io n a l  to  th e  

r u b b e r  c o n te n t  in  v a r io u s  c lo n e s .  T h is  a c c o u n ts  f o r  th e  in c re a s e d  a c c u m u la t io n  o f  R E F  

g e n e  in  th e  h ig h  y ie ld in g  c lo n e s  o f  H. h rasiliensis  w h e r e  t h e  r u b b e r  c o n te n t  a s  w e ll  a s  th e  

y ie ld  is  h ig h . T h is  is  o n ly  a  p r e l im in a r y  s tu d y  a n d  m o r e  in v e s t ig a t io n s  in  th is  d ir e c t io n  a re  

n e e d e d .

4.4.4. Effect of Exogenous Ethephon Stimulation on REF Gene Expression
T h e  e f f e c t  o f  e th e p h o n  a p p l ic a t io n  o n  R E F  g e n e  e x p r e s s io n  in  th e  la te x  o f  

s t im u la te d  t r e e s  w a s  s tu d ie d .  T h e  r e s u l t s  in d ic a te  th a t  e x o g e n o u s  a p p l ic a t io n  o f  e th y le n e  

le a d  to  in c r e a s e d  s te a d y  s ta te  le v e ls  o f  R E F  m R N A  in  th e  la te x  f ro m  th e  s t im u la te d  tre e s . 

I t  is  n o t  k n o w n  a t  p r e s e n t  w h e th e r  th e  a c c u m u la t io n  o f  R E F  t r a n s c r ip t  is  c o n f in e d  to  th e  

la t ic i f e r s  o f  s t im u la te d  t r e e s  o r  w h e th e r  o th e r  t i s s u e s  a r e  a ls o  in v o lv e d  a s  w e ll .  T h e  

e x p r e s s io n  o f  a n o th e r  g e n e  H M G - C o A  r e d u c ta s e  w h ic h  is  a  k e y  e n z y m e  in  ru b b e r  

b io s y n th e s is  in  H evea  is  a l s o  in d u c e d  b y  e th y le n e  t r e a tm e n t  ( C h y e  e t a i ,  199 2 ). 

F u r th e r m o r e ,  th e  le v e l  o f  t r a n s c r ip t s  o f  s e v e ra l  g e n e s  l ik e  c h i t in a s e ,  h e v e in ,  g lu ta m in e  

s y n th e ta s e  a r e  a ls o  in c re a s e d  b y  e th y le n e  t r e a tm e n t  ( B r o c k a e r t  e t al., 1 9 9 0 ; P u ja d e -  

R e n a u d ,  et a l ,  1 9 9 4 ) . T h e  t r a n s c r ip t  o f  M n S O D  c o u ld  b e  in d u c e d  3 -5  f o ld  in  r e s p o n s e  to  

s u c ro s e ,  e th e p h o n  a n d  M S  s a l ts  ( M ia o  a n d  G a y n o r ,  1 9 9 3 ). T h e s e  r e s u l t s  a r e  in  c o n t r a s t  to  

th e  e x p r e s s io n  o f  o th e r  r u b b e r  b io s y n th e s is  g e n e s  l ik e  F D P  s y n th a s e  ( A d iw i la g a  an d  

K u s h ,  1 9 9 6 ) , s m a ll  r u b b e r  p a r t i c le  p r o te in  ( S R P P )  ( O h  e t a l., 1 9 9 9 )  a n d  I P P  is o m e ra s e  

( O h  e t a l., 2 0 0 0 ) ,  w h ic h  a r e  n o t  in f lu e n c e d  b y  e th e p h o n  t r e a tm e n t .  T h is  is  p a r t ic u la r ly  

in te r e s t in g  in  r u b b e r  t r e e  a s  e th e p h o n  is r o u t in e ly  a p p l ie d  to  th e  b a r k  o f  r u b b e r  t r e e  to



in c r e a s e  la te x  y ie ld .  E th e p h o n  t r e a tm e n t  in c re a s e s  la te x  f lo w  p r e s u m a b ly  b y  p r e v e n t in g  

o r  d e la y in g  th e  r u p tu r e  o f  lu to id  m e m b r a n e s  a n d  th u s  p r e v e n t in g  p r e m a tu r e  c o a g u la t io n  

o f  la te x .  E th y le n e  g e n e r a te d  b y  e th e p h o n  ( 2 - c h lo r o e th a n e p h o s p h o n ic  a c id )  s t im u la te s  

la te x  p r o d u c t io n  b y  in c r e a s in g  th e  d u r a t io n  o f  la te x  f lo w  a f te r  ta p p in g  a n d  b y  a c t iv a t in g  

th e  m e ta b o l is m  in v o lv e d  in  la te x  r e g e n e r a t io n  ( C o u p e  a n d  C h r e s t in ,  1 9 8 9 ) . In situ  la te x  

r e g e n e r a t io n  m e c h a n is m  a l lo w s  r e c o n s t i tu t io n  o f  e x u d e d  la te x  b e f o r e  th e  n e x t  ta p p in g . 

T h e  m e c h a n is m  o f  e th y le n e  a c t io n  in  in c r e a s in g  la te x  p r o d u c t io n  h a s  n o t  b e e n  c o m p le te ly  

e lu c id a te d  y e t .  P h y s io lo g ic a l  a n d  b io c h e m ic a l  s tu d ie s  s h o w  th a t  in  g e n e r a l ,  e th y le n e  a c t  

o n  m e m b r a n e  p e r m e a b i l i ty  le a d in g  to  p r o lo n g e d  la te x  f lo w  a s  w e ll  a s  a n  e f f e c t  o n  g e n e ra l  

r e g e n e r a t iv e  m e ta b o l i s m ,  a c c e le r a t io n  o f  g ly c o ly s is  (T u p y ,  1 9 7 3 ) , in c r e a s in g  th e  

a d e n y la te  p o o l ,  p o ly s o m e  a n d  r R N A  c o n te n t  ( A m a lo u  e t a l., 1 9 9 2 ). P u ja d e -  R e n a u d  et al. 

( 1 9 9 4 )  r e p o r te d  th a t  e th e p h o n  t r e a tm e n t  in c re a s e s  th e  p r o d u c t io n  o f  l a te x  b e tw e e n  1 .5 -  2  

fo ld . T h u s  it is  l ik e ly  th a t  th e  in c re a s e  in  th e  e x p r e s s io n  o f  R E F  re s u l t s  in  a n  in c re a s e  in  

r u b b e r  s y n th e s is ,  a l th o u g h  th e  e f f e c t  o f  e th e p h o n  t r e a tm e n t  o n  r u b b e r  t r e e s  a p p e a r e d  to  b e  

m a in ly  a n  in c r e a s e  in  la te x  v o lu m e .



CLONING AND FUNCTIONAL CHARACTERIZATION OF 
THE PROMOTER REGION OF REF GENE FROM 

HEVEA BRASILIENSIS

5.1. INTRODUCTION

T h e  p ro m o te rs  a re  s e q u e n c e s  th a t  a re  p re se n t u p s tre a m  to  th e  tra n sc r ip tio n a l s ta r t  s ite  o f  

g e n e s  ( D a tla  et a l ,  1997). T h e  p ro m o te rs  o f  a  g e n e  c o n ta in  th e  in fo rm a tio n  re q u ire d  to  d irec t 

w h en , w h e r e  a n d  to  w h a t  e x te n t th is  g e n e  w ill b e  e x p re sse d . A  la rg e  m a jo r ity  o f  th e  p la n t 

n u c le a r  g e n e  p ro m o te rs  c o n ta in  a  h ig h ly  c o n s e rv e d  T A T A  b o x  in  th e ir  p ro m o te rs  (Jo sh i, 1987). 

T h e  a v a ila b ili ty  o f  re g u la to ry  s e q u e n c e s  o r  p ro m o te rs  to  ta rg e t  e x p re ss io n  to  a p p ro p r ia te  cells , 

tis su e s  o r  d e v e lo p m e n ta l  s ta g e s  is an  e ssen tia l c o m p o n e n t f o r  e n g in e e rin g  tra i ts  in  tra n sg e n ic  

p la n ts . T h e  a v a ila b ili ty  o f  p ro m o te rs  p la y e d  a  c ritica l ro le  in  th e  d e v e lo p m e n t o f  g e n e  tra n s fe r  

v e c to r  s y s te m s  a n d  th e  p ro d u c tio n  o f  tra n sg e n ic  p la n ts . In  tra n s g e n ic  p la n ts , p ro m o te rs  a re  u se d  

fo r  th e  e x p re s s io n  o f  m a rk e r  g e n e s  an d  th e  sp e c if ic  g e n e  in tro d u c e d . T h e se  d e v e lo p m e n ts  w e re  

in s tru m e n ta l in  p r o v id in g  th e  to o ls  fo r  s tu d y in g  p la n t  g e n e  e x p re s s io n  a n d  re g u la tio n  in  g e n e ra l 

an d  fo r  a n a ly z in g  p la n t  p ro m o te rs  in  d ep th . Agrobacterium tum efaciem  m e d ia te d  g e n e  tra n s fe r  

to  p la n ts  f o llo w e d  b y  in p lan ta  a c tiv a tio n  o f  a  n u m b e r  o f  g e n e s  a s so c ia te d  w ith  th e  tra n s fe rre d  

D N A  (T -D N A )  p ro v id e d  a n  e a r ly  in s ig h t in to  p la n t g e n e  s tru c tu re  a n d  re g u la tio n  (R e a m  an d  

G o rd o n , 1982). P ro m o te r s  o f  o c to p in e  sy n th a se , m a n n o p in e  sy n th a se  a n d  n o p a lin e  sy n th a se  

g e n e s  o f  Agi-obacterium tumefaciens w e re  s tu d ie d  a n d  w e re  u se d  in  e a r ly  tra n s fo rm a tio n  

e x p e r im e n ts  (A n  et a i ,  1990 ; V e lte n  et al., 1984). G u ille y  et al. (1 9 8 2 )  id e n tif ie d  th e  p ro m o te r  

e le m e n t d ire c tin g  th e  sy n th e s is  o f  3 5 S  R N A  in  C a u lif lo w e r  m o sa ic  v iru s . O d e ll  et al. (1 9 9 0 )  

id e n tif ie d  th e  D N A  s e q u e n c e s  re q u ire d  fo r  th e  a c tiv ity  o f  th e  C a M V  3 5 S  p ro m o te r  an d  it w a s  

fo u n d  th a t  C a M V  3 5 S  p ro m o te r  is e x p re sse d  co n s titu tiv e ly  in  m o s t  d ic o ts  (R o g e rs  et al., 1987).



M o r e  re c e n tly  p ro m o te rs  f ro m  th e  r ic e  a c tin l  g e n e  w e re  iso la te d  b y  M c E lro y  el al. 

(1 9 9 0 ). C h r is te n s e n  et al. (1 9 9 2 )  iso la te d  th e  m a iz e  nhiquitin g e n e  an d  u se d  fo r  m o n o c o t 

tr a n s fo rm a tio n  (C h r is te n s e n  a n d  Q u ail, 1996). N o rr is  et al., 1993, iso la te d  a  s tro n g  co n s titu tiv e  

d ic o t  p ro m o te r  f ro m  th a lia m  u b iq u itin  g e n e . S ev e ra l ce ll a n d  tis s u e  sp e c if ic  p ro m o te rs  w e re  

a lso  iso la te d  an d  c h a ra c te r ise d . T h e  u s e  o f  fu s io n  b e tw e e n  p ro m o te rs  a n d  re p o r te r  g e n e s  has  

a l lo w e d  a  d e ta ile d  m o n ito r in g  o f  th e  a c tiv ity  o f  th e  n u m e ro u s  p la n t p ro m o te rs . S e le c ta b le  an d  

r e p o r te r  g e n e s  h a v e  a lso  b e e n  a  c ritica l c o m p o n e n t fo r  a d v a n c in g  p la n t p ro m o te r  re se a rch  

(S c h ro tt , 1995). T h e  g e n e s  sp e c ify in g  P -g lu c u ro n id a se  (gus) a n d  lu c ife ra se  {luc) h a v e  b ee n  

w id e ly  u s e d  in  p ro m o te r  s tu d ies  (Je ffe rso n  et a l ,  1987; O w  et a l ,  1986). M o re  recen tly , th e  

g e n e -  e n c o d in g  g r e e n  f lu o re sc e n t p ro te in  {gfp) is g e ttin g  m o re  a tte n tio n  a s  a  n o n d e s tru c tiv e  

m e th o d  fo r  s tu d y in g  g e n e  ac tiv ity  (C h iu  et al., 1996).

T h e  fh i i t  sp e c if ic ity  o f  a p p le  p o ly g a la c tu ro n a s e  an d  A C C  o x id a se  p ro m o te r  w a s  

in v e s tig a te d  in  tr a n s g e n ic  to m a to  p la n ts  b y  p ro m o te r -  G U S  fijs io n  (A tk in so n  et al., 1998). T h e  

d ih y d ro f la v a n o l re d u c ta s e  (dfr) g e n e  w a s  fijsed  to  th e  uicM g e n e  a n d  e n d o g e n o u s  e x p re ss io n  

w a s  s tu d ie d  in  t ra n s fo rm e d  g ra p e  fru its  (G o llo p  et al., 2 0 0 2 ). M o o n  et al. (2 0 0 4 )  re p o rte d  

iso la tio n  o f  p e a c h  A C C  o x id a se  g e n e  a n d  id e n tif ie d  th e  re g u la to ry  e le m e n ts  in  th e  p e a c h  A C C  

o x id a s e  g e n e  b y  g e n e ra tin g  tra n sg e n ic  to m a to  p la n ts  w ith  A C C  o x id a se  p ro m o te r-  G U S  

fiasions.

G e n e tic  e n g in e e r in g  o p e n s  a  n e w  ro u te  to  in c re a se  th e  c o n te n t o f  se c o n d a ry  m e ta b o lite s  

in  th e  p ro d u c in g  p la n t  sp e c ie s  o r  ev e n  to  p ro d u c e  th e  d e s ire d  c o m p o u n d s  in  a  h e te ro lo g o u s  

e a s ily  c u l t iv a b le  h o s t  p la n t. T h e  p ro d u c tio n  o f  th e ra p e u tic  o r  d ia g n o s tic  p ro te in s  in  a  h o s t p la n t 

is p o p u la r ly  k n o w n  a s  m o le c u la r  fa rm in g . P la n ts  h a v e  c o n s id e ra b le  p o te n tia l fo r  th e  p ro d u c tio n  

o f  b io p h a rm a c e u tic a l  p ro te in s  a n d  p e p tid e s  b e c a u s e  th e y  a re  e a s ily  tr a n s fo rm e d  a n d  p ro v id e  a  

c h e a p  s o u rc e  o f  p ro te in  (G id d in g s  et a l ,  2 0 0 0 ). T h e  e x p re ss io n  o f  r e c o m b in a n t p ro te in s  u se d  as 

p h a rm a c e u tic a ls ,  in d u s tr ia l  e n z y m e s  o r  f in e  c h e m ic a ls  in  p la n ts  is n o w  ro u tin e  f o r  m a n y  sp e c ie s  

a n d  o f fe rs  a n  e x c it in g  c h a lle n g e . P la n ts  o f fe r  v a r io u s  a d v a n ta g e s  f o r  th e  p ro d u c tio n  o f  

re c o m b in a n t p ro te in s  o v e r  c o n v e n tio n a l p ro d u c tio n  sy s te m s  su c h  a s  b a c te r ia l o r  m a m m a lia n  

ce ll c u ltu re . T h is  a s p e c t  b e c o m e s  in c re a s in g ly  im p o r ta n t in c a se  w h e re  la rg e  a m o u n ts  o f  p ro te in  

n e e d  to  b e  p ro d u c e d . N u m e ro u s  h e te ro lo g o u s  p ro te in s  h a v e  b e e n  e x p re s se d  in  d if fe re n t p la n t 

o rg a n s  a n d  p la n t ce ll c o m p a r tm e n ts  (F ie d le r  a n d  C o n ra d , 1995). H o w e v e r , th e  h ig h  c o s ts  o f  

p ro te in  e x tra c tio n  a n d  p u r if ic a tio n  fro m  b io c h e m ic a lly  c o m p le x  p la n t tis su e s  is a n  im p o rta n t



f a c to r  fo r  la rg e -s c a le  p ro te in  p ro d u c tio n  in  p la n ts . T o  o v e rc o m e  th is  p ro b le m , o n e  su c h  c ro p  

th a t  c o u ld  b e  u se fiilly  e x p lo ite d  is H evea hrasiliem is, w h ic h  is a n  im p o r ta n t in d u s tria l t r e e  crop  

th a t  p ro v id e s  la rg e  a m o u n ts  o f  la tex . H evea  c a n  p o te n tia lly  b e  e n g in e e re d  to  p ro d u c e  fo re ig n  

p ro te in s  in  th e  sp e c ia liz e d  la tic ife rs . T h e  p ro te in s  c a n  th e n  b e  e a s ily  p u r if ie d  f ro m  th e  se ru m  

p h a s e  o f  th e  la te x , w h ic h  is h a rv e s te d  b y  a  s im p le  ta p p in g  p ro c e d u re . H e n c e  t ra n s g e n ic  ru b b e r  

t r e e  b e c o m e s  a  liv in g  fa c to iy  f o r  th e  p ro d u c tio n  o f  th e  sa id  p ro te in  w h e re  th e  re c o m b in a n t 

p ro te in  c a n  b e  e x tra c te d  c o n tin u o u s ly  a n d  n o n -d e s tru c tiv e ly  b y  ta p p in g  th e  ru b b e r  tree . In  

tra n s g e n ic  H evea, c lo n a l c o p ie s  c a n  b e  v e g e ta tiv e ly  p ro p a g a te d  f ro m  h ig h  e x p re ss in g  

tra n s fo rm a n ts . T h u s , f ro m  a  c o m m e rc ia l s ta n d p o in t  tra n sg e n ic  ru b b e r  tre e s  h a v e  a  h u g e  

p o te n tia l a s  a  p ro d u c tio n  s y s te m  fo r  h e te ro lo g o u s  p ro te in s  in  b u lk  q u an titie s . T o  e x p lo re  th e  

p o te n tia l to  p ro d u c e  c o m m e rc ia lly  in te re s tin g  p ro te in s  in  H evea, an  a t te m p t h a s  a lre a d y  b e e n  

m a d e  to  p ro d u c e  t ra n s g e n ic  ru b b e r  p la n ts  e x p re s s in g  h u m a n  se ru m  a lb u m in  (H S A )  in  th e  

se ru m  f ra c tio n  o f  ru b b e r  la te x  u s in g  a  b in a ry  v e c to r  c o n ta in in g  H S A  c D N A  w ith  its  p u ta tiv e  

le a d e r  se q u e n c e  in  Agrohacterm m  tnm efaciem  (A ro k ia ra j et a l ,  2 0 0 2 ).

A t  p re se n t, th e  C a M V  3 5 S  c o n s titu t iv e  p ro m o te r  is  o f te n  u se d  to  c o n fe r  co n s titu tiv e  

a n d  h ig h  le v e l e x p re s s io n  o f  sp e c if ic  g e n e  in  tra n s g e n ic  p la n ts . It m a y  n o t b e  b e n e fic ia l fo r  

H evea  p la n ts  to  h a v e  fo re ig n  p ro te in s  o r  n a tiv e  h o m o lo g o u s  p ro te in s  e x p re s s e d  co n s titu tiv e ly , 

a s  it c o u ld  b e  d e le te r io u s  (A ro k ia ra j, 2 0 0 0 ) . T h e  c h o ic e  o f  p ro m o te rs  c a n  in f lu e n c e  th e  

e x p re s s io n  lev e l a n d  ta rg e te d  e x p re ss io n  in  lo c a liz e d  a re a s  o f  Hevea. T h e re fo re , it w o u ld  b e  

d e s ira b le  to  is o la te  p ro m o te rs  in v o lv e d  in  la te x  v esse l sp e c if ic  ex p re ss io n . I f  a  la tic ife r  sp e c if ic  

e le m e n t c o u ld  b e  id e n tif ie d  w ith in  th e  u p s tre a m  re g io n  o f  th e s e  g en e s , th e n  la te x  v e s se l sp e c if ic  

e x p re s s io n  v e c to r s  c a n  b e  d e s ig n e d . T a n d e m  re p e a ts  o f  a  p u ta tiv e  la tex  e n h a n c e r  e le m e n t m a y  

g iv e  s tro n g  la te x  v e s se l sp e c if ic  e x p re s s io n  c o m p a re d  to  th e  n a tiv e  p ro m o te r .  O n e  w a y  to  

id e n tify  su c h  p ro m o te rs  w o u ld  b e  to  s tu d y  th e  u p s tre a m  re g io n s  o f  g e n e s  lik e , H M G -C o A  

re d u c ta s e  (C h y e  et a i ,  1992), R E F  etc. w h ic h  a re  h ig h ly  e x p re s se d  in  th e  la tex . E v e n  th o u g h  a  

n u m b e r  o f  g e n e s  in v o lv e d  in  th e  iso p re n o id  ru b b e r  b io sy n th e tic  p a th w a y  h a v e  b e e n  iso la te d  

a n d  th e ir  m o d e  o f  e x p re s s io n  h a v e  b e e n  c h a ra c te r is e d , th e  m o le c u la r  s tru c tu re  a n d  fu n c tio n  o f  

th e ir  p ro m o te r  se q u e n c e s  a re  la rg e ly  u n k n o w n  a n d  in  fa c t su c h  im p o r ta n t in fo rm a tio n  is o n ly  

a v a ila b le  f o r  a  f e w  g e n e s . P u ja d e -  R e n a u d  el al. (2 0 0 0 )  iso la te d  th e  5 ’ u p s tre a m  re g io n  o f  

h e v e in  g e n e s  f ro m  ru b b e r  t r e e  a n d  th e  p ro m o te r -G U S  fu s io n  w a s  in tro d u c e d  in to  r ice  b y  

Agrohacterhm i m e d ia te d  g e n e tic  tra n s fo rm a tio n .



T h e  o b je c tiv e s  o f  th e  p re se n t w o rk  in c lu d e , iso la tio n  an d  c lo n in g  o f  th e  5 ’ f lan k in g  

re g io n  o f  th e  R E F  g e n e  e n c o d in g  th e  ru b b e r  e lo n g a tio n  fa c to r  p ro te in  f ro m  H evea hrasiliensis. 

C h im a e ric  g e n e  fu s io n  o f  5 ’ f la n k in g  re g io n  o f  R E F  g e n e  w ith  th e  c o d in g  re g io n  o f  P- 

g lu c u ro n id a s e  w a s  p re p a re d  a n d  th e  re su lta n t g e n e  c o n s tru c t w a s  d e liv e re d  in to  to b a c c o  b y  

Agi'obactevium - m e d ia te d  g e n e tic  tra n s fo rm a tio n . T h e  e x p re ss io n  o f  vidA  g e n e  in  d if fe re n t 

tra n sg e n ic  lin es  o f  to b a c c o  w a s  a lso  a n a ly se d  b y  R T -P C R .

5.2. MATERIALS AND METHODS

5.2.1. Plant Materials

L e a f  m a te r ia l  f o r  g e n o m ic  D N A  is o la t io n  w a s  c o l le c te d  f ro m  H. h rasilien sis  c lo n e  

R R I I  105 g r o w in g  a t  R R I l  n u r s e r y .  Y o u n g , e x p a n d e d  a n d  l ig h t  g r e e n  h e a l th y  le a v e s  w e re  

u s e d  f o r  D N A  is o la t io n .

5.2.2. PCR Amplification of Promoter Region of REF Gene

T h e  p r o x im a l  p r o m o te r  re g io n  o f  th e  R E F  g e n e  w a s  o b ta in e d  b y  P C R  

a m p l i f ic a t io n  o f  th e  g e n o m ic  D N A  p re p a re d  f ro m  le a v e s  o f  H. h rasiliensis  ( D o y le  a n d  

D o y le ,  1 9 9 0 ) . P C R  w a s  p e r f o r m e d  w ith  o l ig o n u c le o t id e  p r im e r s  d e s ig n e d  b a s e d  o n  

s e q u e n c e s  f ro m  G e n B a n k  d a ta b a s e  ( A c c e s s io n  n o . A Y  1 3 4 6 7 0 , A F 3 8 0 1 3 9 ) .  T h e  p r im e rs  

u s e d  f o r  th e  a m p l i f ic a t io n  o f  p r o m o te r  w e re ;

F o r w a r d  p r im e r  - 5 ’C C C  A A G  C T T  G A A  A A A  C A A  A G A  C T A  3 ’
R e v e r s e  p r im e r  -  5 ’A C G  C G G  T C G  A C C  C A G  C A T  A A G  T T G  C  3 ’

R e a c t io n  w a s  c a r r ie d  o u t  in  a  v o lu m e  o f  2 0  |j,l c o n ta in in g  15 n g  o f  D N A  as 

te m p la te ,  2  iJ.1 o f  10 X  b u f fe r ,  2  ^il o f  M g C l2 (1 .5  m M ) a n d  2  |j,l d N T P s  (2 .5  m M ), Ipil 

p r im e r s  (1 0  |j.M ) a n d  0 .5  U  T a q  D N A  p o ly m e r a s e .  P C R  w a s  p e r f o rm e d  a c c o r d in g  to  th e  

f o l lo w in g  p a r a m e te r s ;  in i t ia l  d e n a tu r a t io n  a t  9 4 ° C  f o r  4  m in  a n d  3 0  c y c le s  o f  9 4 °C  

f o r l m i n ,  5 2 ° C  f o r  1 m in , 7 2 ° C  f o r  2  m in  f o l lo w e d  b y  a  la s t  c y c le  o f  e x te n s io n  a t  7 2 ° C  fo r  

7  m in . A f te r  P C R , th e  a m p l i f ie d  p r o d u c ts  w e r e  a n a ly s e d  o n  1.5 %  (w /v )  a g a r o s e  g e l.

5.2.3. Cloning and Sequencing of REF Gene Promoter
P u r i f ie d  P C R  p r o d u c t  w a s  c lo n e d  in to  p la s m id  v e c to r .  C lo n e d  P C R  f r a g m e n t  w a s  

s e q u e n c e d  a n d  c o m p a r e d  w i th  p u b l is h e d  s e q u e n c e s  in  th e  N C B I  d a ta b a s e  u s in g  B L A S T N



p r o g ra m  ( A l ts c h u l  e t a l., 1 9 9 0 ). S e q u e n c in g  o f  th e  p r o m o te r  s e q u e n c e  w a s  c a r r ie d  o u t  at 

In d ia n  I n s t i tu t e  o f  S c ie n c e ,  B a n g a lo re .  T h e  p u ta t iv e  r e g u la to r y  e le m e n ts  w e r e  id e n tif ie d  

b y  P L A C E  ( H ig o  e t al., 1 9 9 9 )  a n d  P la n tC a r e  ( L e s c o t t  et al., 2 0 0 2 )  p r o g ra m m e s .

5.2.4. Construction of REF Promoter/ GUS Fusion
T h e  7 5 0  b p  R E F  p r o m o te r  w h ic h  w a s  c lo n e d  in to  th e  p la s m id  v e c to r  w a s  

s u b c lo n e d  to  th e  u p s t r e a m  o f  th e  c o d in g  r e g io n  o f  th e  iiidA  g e n e  in  p G P T V  b in a ry  v e c to r  

b e tw e e n  H in d  I I I  a n d  S a l\  s i te s  t o  g e n e r a te  th e  R E F  p r o m o te r :G U S  f u s io n  c o n s t ru c t  

d e s ig n a te d  p G P T V R P .  T h e  R E F  p r o m o te r :  G U S  f u s io n  w a s  s e q u e n c e d  to  v e r ify  th e  

r e a d in g  f r a m e  o f  t h e  g e n e  c o n s t ru c t .  A  s c h e m a t ic  r e p r e s e n ta t io n  o f  t h e  g e n e  c o n s tru c t  

u s e d  f o r  g e n e t ic  t r a n s f o r m a t io n  e x p e r im e n ts  w a s  s h o w n  in  F ig u r e  4 . T h e  c o n s t r u c t  w a s  

th e n  t r a n s f o r m e d  in to  A grobacterin w  tum efaciens  s t r a in  L B A  4 4 0 4  b y  f r e e z e - th a w  

m e th o d  ( H o ls te r s  et a l ,  1 9 7 8 )  a n d  w a s  s e le c te d  f o r  r e s is ta n c e  to  k a n a m y c in  ( 5 0  m g/1).

5.2.5. Genetic Transformation of Tobacco
5.2.5.1. Media composition

A ll th e  m e d ia  u s e d  in  th e  p r e s e n t  e x p e r im e n t  c o n ta in e d  M u r a s h ig e  a n d  S k o o g ’s 

b a s a l  m e d ia  ( M u r a s h ig e  a n d  S k o o g , 1 9 6 2 ), v i ta m in s ,  s u c ro s e  3 %  (w /v )  a n d  p h y ta g e l  

0 .2 %  ( w /v )  ( S ig m a )  w i th  d i f f e r e n t  h o r m o n e  a n d  a n t ib io t i c  c o n c e n t r a t io n s .  T h e  p H  o f  th e  

m e d iu m  w a s  a d ju s te d  to  5 .6  to  5 .8  w ith  N a O H  a n d  a u to c la v e d  f o r  15 m in  a t  1 2 1 °C .

5.2.5.2. Plant transformation
>  T ra n s fo m ia t io n  o f  to b a c c o  v ia  Agrobacterium  tumefaciens w a s  ca rrie d  o u t  a c c o rd in g  to  

H o rs c h  e ta l.  (1 9 8 5 ).

>  L e a f  d is c s  w e r e  p re p a re d  fi'om  in vitro  g ro w n  to b a c c o  p la n ts  an d  p re -c u ltu re d  o n  M S  

m e d iu m  c o n ta in in g  B A P  ( I m g / 1) fo r  2  days.

>  T h e  e x p la n ts  w e r e  c o -c u ltiv a te d  w ith  Agrobacterium  f o r  3 d ay s , w a s h e d  5 tim e s  w ith  

s te rile  w a te r  a n d  tra n s fe rre d  o n to  M S  m e d iu m  (M u ra sh ig e  a n d  S k o o g , 1962) 

c o n ta in in g  100  mg/1 k a n a m y c in  an d  2 0 0  mg/1 ca rb en ic illin .

>  R e g e n e ra te d  sh o o ts , se le c te d  by  100 mg/1 k a n a m y c in  w e re  e x c ise d  a n d  tra n s fe rre d  to  

f re sh  m e d iu m . T h e  sh o o ts  w e re  tra n s fe rre d  to  ro o t in d u c in g  m e d iu m  to  d e v e lo p  ro o ts  

a n d  ro o te d  p la n tle ts  w e re  fin a lly  p la n te d  in so il a n d  sa n d  (1 :1 )  m ix tu re  in  p la s tic  cups.



5 .2 .S .3 .  H i s t o c h e m i c a i  a n a ly s i s  o f  G U S  A c t i v i t y

H is to c h e m ic a l  G U S  a c t iv i ty  w a s  d e te c te d  b y  s ta in in g  w i th  X -  g lu e  ( 5 - b r o m o - 4 -  

c h lo r o - 3 - in d o y l  P - D - g lu c u r o n id e ) .  T r a n s g e n ic  t i s s u e s  w e r e  p la c e d  in  a  s o lu t io n  o f  X -g lu c  

a n d  in c u b a te d  a t  3 7 ° C  o v e r n ig h t  ( J e f fe r s o n  e t a l., 1 9 8 7 ) . T h e  s ta in e d  t i s s u e s  w e r e  c le a re d  

o f  c h lo r o p h y l l  b y  w a s h in g  w i th  7 0 %  a lc o h o l  (v /v )  a n d  th e n  v ie w e d  u n d e r  m ic r o s c o p e  

a n d  p h o to g r a p h e d .

X -  g lu e  S o l u t i o n

5 0  m M  S o d iu m  p h o s p h a te  p H -7 .0
1 m M  E D T A  
0 .0 0 1 %  T r i to n - X - 1 0 0

10 m M  2 -  m e rc a p to e th a a n o l
2  m M  X -g lu c

5 .2 .5 .4 ,  P C R  s c r e e n i n g  o f  r e g e n e r a t e d  t r a n s g e n i c  t o b a c c o  p l a n t s

T h e  p r e s e n c e  o f  th e  R E F  p r o m o te r -  G U S  f u s io n  in  th e  k a n a m y c in  r e s is ta n t  

p u ta t iv e  t r a n s g e n ic  t o b a c c o  p la n ts  w a s  c o n f i r m e d  b y  P C R . G e n o m ic  D N A  w a s  is o la te d  

f ro m  y o u n g  l e a v e s  o f  to b a c c o  p la n ts  ( D e l la p o r ta  et al., 1 9 8 3 )  a n d  u s e d  a s  te m p la te  fo r  

P C R . P C R  w a s  p e r f o r m e d  w ith  p r o m o te r  s p e c i f ic  a n d  uidA  g e n e  s p e c i f ic  p r im e rs .  T h e  

p r o m o te r  s p e c i f ic  p r im e r s  u s e d  f o r  P C R  w a s  g iv e n  a b o v e  (5 .2 .2 ) .  T h e  f o rw a r d  a n d  

r e v e r s e  uidA  s p e c i f ic  p r im e r s  u s e d  f o r  P C R  w e re :  

uidA  p r im e r s
F o r w a r d  p r im e r  5 ’-  T A G  A G A  T A A  C C T  T C A  C C C  G G -  3 ’
R e v e r s e  p r im e r  5 C G C  G A A  A A C  T G T  G G A  A T T  G A -3  ’

T h e  c o n d i t io n s  f o r  P C R  a s  w e ll  a s  t h e  r e a c t io n  c o m p o n e n ts  w e r e  g iv e n  in  th e  

p r e v io u s  s e c t io n s  ( 5 .2 .2 ) .  O n ly  th o s e  p la n ts  w i th  e x p e c te d  P C R  p r o d u c ts  w e r e  u s e d  fo r  

f u r th e r  s tu d ie s .

5 .2 .5 .5 .  S o u t h e r n  b l o t  a n a ly s i s

S o u th e r n  b lo t  a n a ly s i s  w a s  c o n d u c te d  w i th  g e n o m ic  D N A  is o la te d  f ro m  

t r a n s g e n ic  t o b a c c o  p la n ts  ( D e l la p o r ta  et al., 1 9 8 3 ). T h e  is o la te d  g e n o m ic  D N A  (2 0  pig) 

w a s  d ig e s te d  w i th  H indlW  a lo n e  a n d  d o u b le  d ig e s te d  w i th  S ac\  +  SalV a n d  H in d l]l +  S a d  

e n z y m e s .  T h e  d ig e s te d  D N A  w a s  th e n  f r a c t io n a te d  b y  a g a r o s e  g e l  e le c t ro p h o r e s is .  T h e n  

th e  D N A  w a s  t r a n s f e r r e d  o n to  n y lo n  m e m b r a n e  a n d  p r o b e d  w ith  a - P ^ ^ d C T P  la b e le d  uidA



g e n e  p r o b e  ( in te rn a l  f r a g m e n t  a m p lif ie d  b y  P C R ) . S y n th e s is  o f  p ro b e ,  h y b r id iz a t io n  a n d  

w a s h in g  o f  b lo t  w a s  c a r r ie d  o u t  a s  d e s c r ib e d  p r e v io u s ly  ( s e c t io n s ,  2.2.S.4 a n d  2.2.5.S.).

5.2.S.6. Expression studies by RT-PCR

T h e  e x p r e s s io n  o f  G U S  g e n e  in  P C R  c o n f irm e d  t r a n s g e n ic  to b a c c o  p la n ts  w a s  

f u r th e r  a n a ly z e d  b y  R T - P C R . T o ta l  R N A  w a s  is o la te d  f ro m  th e  le a v e s  o f  t r a n s g e n ic  

to b a c c o  p la n ts  b y  T r iz o l  m e th o d  a c c o rd in g  to  m a n u f a c tu r e r ’s in s t ru c tio n s  ( In v i t ro g e n  L ife  

T e c h n o lo g ie s ) .  T o ta l  R N A  w a s  u s e d  f o r  c D N A  s y n th e s is  u s in g  o l ig o - d T  p r im e rs  a n d  th e  

c D N A  m ix tu r e  w a s  th e n  a m p lif ie d  b y  P C R  u s in g  G U S  s p e c if ic  p r im e rs  a s  e x p la in e d  in  th e  

P C R  s e c t io n  ( 5 .2 .5 .3 ) .  T h e  P C R  p a ra m e te r s  w e r e  th e  s a m e  a s  u s e d  fo r  g e n o m ic  P C R , b u t 

th e  n u m b e r  o f  c y c le s  w a s  in c re a s e d  to  4 5 . T h e  a m p lif ie d  p r o d u c ts  w e re  f r a c t io n a te d  o n  

a g a r o s e  g e l.

5.3. RESULTS

5.3. L PCR Amplification of Promoter Region of REF Gene
T h e  u p s t r e a m  r e g io n  o f  R E F  g e n e  o f  H. hrasiliensis  w a s  a m p l i f ie d  b y  P C R . 

S p e c i f ic  o l ig o n u c le o t id e  p r im e r s  w e r e  s y n th e s is e d  b a s e d  o n  s e q u e n c e s  f ro m  d a ta b a s e .  

G e n o m ic  D N A  i s o l a te d  f r o m  le a v e s  w a s  u s e d  a s  te m p la te  f o r  P C R . P C R  a t  5 5 ° C  

a n n e a l in g  t e m p e r a tu r e ,  p e r f o rm e d  f o r  3 0  c y c le s  r e s u l t e d  in  th e  a m p l i f ic a t io n  o f  tw o  

f r a g m e n ts  o f  a p p r o x im a te  s iz e s  7 5 0  a n d  5 0 0  b p  f ro m  th e  g e n o m ic  D N A  o f  H. 

hrasiliensis. T h e  r e s u l t  o f  P C R  a m p li f ic a t io n  o f  R E F  p r o m o te r  w a s  g iv e n  in  F ig u re  1. T h e  

u p p e r  7 5 0  b p  b a n d  w a s  p u r i f ie d  f ro m  lo w  m e lt in g  p o in t  a g a r o s e  g e l a n d  c lo n e d  in to  

p la s m id  v e c to r  f o r  f u r th e r  s tu d y .

5.3.2. Sequence Analysis of the Promoter Region of REF Gene
T h e  c lo n e d  5 ’ u p s t r e a m  r e g io n  o f  R E F  g e n e  w a s  s e q u e n c e d  a n d  id e n t i f ie d  a s  a  

f r a g m e n t  o f  R E F  g e n e  f ro m  H. brasiliensis. T h e  n u c le o t id e  s e q u e n c e  o f  th e  5 ’ u p s t r e a m  

re g io n  o f  R E F  w a s  p r e s e n te d  in  F ig u re  2. T h e  s e q u e n c e  o f  th e  R E F  g e n e  p r o m o te r  w a s  

c o m p a r e d  w i th  o th e r  p r o m o te r  s e q u e n c e s  o f  R E F  p u b l i s h e d  in  d a ta b a s e .  T h e  p r o m o te r  

r e g io n  o f  R E F  w a s  n e a r ly  id e n t ic a l  t o  th e  o th e r  R E F  p r o m o te r  s e q u e n c e s  d e p o s i te d  in  th e  

d a ta b a s e  w i th  o n ly  f iv e  n u c le o t id e  d if fe r e n c e s .  A  c o m p a r is o n  o f  th e  n u c le o t id e  s e q u e n c e  

o f  5 ’ u p s t r e a m  r e g io n  o f  R E F  g e n e  w ith  a n  e a r l ie r  r e p o r te d  s e q u e n c e  w a s  p r e s e n te d  in  

F ig u r e  3 . T h e  s e q u e n c e  5 ’ to  th e  A T G  tr a n s la t io n a l  s ta r t  s i te  s h o w e d  f iv e  b a s e



Figure 1. PCR amplification of 5 ’ upstream region of REF gene o iH .  brm lfensis, Ijines; M 
DNA molecular size marker, 1 -Amplified REF promoter fragments
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T T i ^ H G C T G R A G K C G A l k G l l C A A C C R l k C l i J l G C G G T A C G T G C T  C T C  T C  A

A A A T T T A T A T A T C T C A A T C G C T C A A T T T T C T T A T T A T A T G G G T T T G A  

A T A T A T T A T T T G A A C G G T T T C T A G A G G T C T T T G G T T G C T T A G A A A A G  

T A A T C A A A G A C T C G T C C A G A A A T T A C A A T G G A A G A T A T A A A A A T C I A  

T G A T G C T A T A C A T G A G A A T A A A G A C T T G T T T C A T G C A G T T G T T C T T A  

G A T G C A A A C C A A G T T C C T C G T T A T C T T C T A T T T T A T G G G G T T G T T T T  

G T G A G A T A A T T A A A T A T T T G C T T A T T T T T T G A A T A T C C A A A T T A A C A  

G C  A G G G G G A G C G G T T A A A A T A T T T G G G T T T T C T G C  A A G 3 1 C G C G C C

F i g u r t  2. The n u c l e o t i d e  s e q u e n c e  o f  the amp l i f i ed  5 ’ u p s t r e a m  r e g i o n  of  
REF ge n e .  The t r a n s l a t i o n a l  s t a r t  si te is l abe l ed +1.  The pu t a t i ve  TATA and 
C A A T  box  and ATG c o d o n  a re unde  rl in ed . P uta t i ve re gula to ry m o t i fs in th e 
REF p r o m o t e r r e g i o n  a re b o x e d  and l abe l ed  a bov e  the s e q u e n c e s .



A A A A A C A A A G A C T A A C T T A T T T T T T T A T A A T T T A T T A A G A A A A T C A T G A A  1
-------------------------------------------------------------------------------------------------------  2

A A T C C C C A T T C T A A A T C G A C T T C T G G A A C T G G G A T G A T G C G T T T G C T T T G  1

---------------------------------------------------------------------------- C ----------------------------------------------------- 2

C G A T A C T C C A T G T G C T T T A C T T A C C C C A T A A G G A T C A T G C G C G A A T C A C G  1

------------- ------------------------------------------------------------------------------------------ 2
A T A G A A C ^ ^ A C A A C A G C A A C A C G T T T A C A C G C T C C T T T T C T T A A C A G C  1
------------------------------------------------------------------------------------------------------------2
T G G C G T G C C A T T C C C A C G A A T T T C C A T C ^ ^ H ^ T A G A G A G G T T T G G T T T  1
---------C ------------------------------------------------------------------------------------------------------------------------  2

T A G C A T C T A A C C A T A A T C G G T T G A T A G C C T C C A T C A G C G T T T T C A G A A A G  1
----------------- A ---------------------------------------------------------------------------------------------------------------- 2

G C G G G T T T C T T T T T T G A A A C T T A A G C G A C T G C G T T T T G A A T T T T G A T C C T  1
--------------------------------------------------------------------------------------------------------T_  2

C C A T T T T T G C A A A A G G A A A T C T C C G A T T A T G G C T G A A G A C G A A G A C A A C C  1
----------------------------------------------------------T ------------------------------------------------------------------------  2

A A C A A G G G G T A C G T G C T C T C T C A A A A T T T A T A T A T C T C A A T C G C T C A A T T  1
-----------------------------------------------------------------------------------------------------------------  2

T T C T T A T T A T A T G G G T T T G A A T A T A T T A T T T G A A C G G T T T C T A G A G G T G T  1
------------------------------------------------------------------------------------------------------------  2

T T G G T T G C T T G G A A A A G T A A T C A A A G A C T C G T G C A G A A A T T A C A A T G G A A  1
-----------------------------------------------------------------------------------------------------------------  2

G A T A T A A A A A T C T A T G A T G C T A T A C A T G A G A A T A A A G A C T T G T T T C A T G C  1
------------------------------------------------------------------------------------------------------------  2

A G T T G T T C T T A G A T G C A A A C C A A G T T C C T C G T T A T C T T C T A T T T T A T G G G  1
-----------------------------------------------------------------------------------------------------------------  2

G T T G T T T T G T G A G A T A A T T A A A T A T T T G C T T A T T T T T T G A A T A T C C A A A T  1
-----------------------------------------------------------------------------------------------------------------  2

T A A C A G C A G G G G G A G G G G T T A A A A T A T T T G G G T T T T G T G C A A G A C G C G G C  1 
-------------------------------------------------------------------------------------------------------------------------------------  2

Figure 3. Comparison of nucleotide sequence of REF promoter: 1-REF promoter cloned in the present study and 2- 
Promoter sequence in GenBank (Accession No. AF380139). The places of identity were denoted by dash and 
differences were marked blue colour.



d if f e r e n c e s .  T h e s e  v a r ia t io n s  m a y  b e  d u e  to  c lo n a l  d i f f e r e n c e s  a s  th e  p r e s e n t  s e q u e n c e  

w a s  a m p l i f ie d  f ro m  R R II  105  ( a  p o p u la r  I n d ia n  c lo n e )  w h e r e a s  th e  o th e r  s e q u e n c e s  

r e p o r te d  in  th e  G e n B a n k  d a ta b a s e  w e r e  is o la te d  f ro m  o th e r  c lo n e s . T h e  n u c le o t id e  

s e q u e n c e  o f  th e  p r o x im a l  p r o m o te r  r e g io n  is  a v a i la b le  in  d a ta b a s e  u n d e r  A c c e s s io n  N o . 

A Y 7 1 2 9 3 9  S e q u e n c in g  s h o w e d  th a t  th e  a m p l i f ie d  u p s t r e a m  r e g io n  o f  H b R E F  g e n e  w a s  

7 5 0  b p  a n d  th e  r e g io n  u p s t r e a m  to  th e  A T G  c o d o n  w a s  3 7 8  b p  in  le n g th . A  p u ta t iv e  

T A T A  b o x  w a s  f o u n d  b e tw e e n  p o s i t io n s  - 1 5 0  a n d  - 1 4 6  w ith  r e f e r e n c e  to  th e  t r a n s la t io n a l  

in i t ia t io n  s i te  ( A T G , + 1 ) .  T h e  T A T A  b o x  s e q u e n c e  ( C T A T A A )  c lo s e ly  c o r r e s p o n d e d  to  

th e  p la n t  c o n s e n s u s  s e q u e n c e  ( C /G )  T A T A  ( T /A )  ( A 1 - 3 ) ( C /T ) A  (Z h u  ei al, 1 9 9 5 ) . A  

p u ta t iv e  C A A T  b o x  m o t i f  w a s  lo c a te d  a t  - 2 2 1 /  - 2 1 8  p o s it io n .  T h u s  th e  p r o x im a l  r e g io n  

o f  R E F  c o n ta in s  th e  e le m e n ts  s h o w n  to  b e  n e c e s s a r y  f o r  a n  a c c u r a te  in i t ia t io n  o f  b a s a l  

t r a n s c r ip t io n  in  p r o m o te r s  f ro m  o th e r  p la n ts .

5.3,3. Putative Regulatory Elements in the REF Promoter
T h e  5 ’ f la n k in g  r e g io n  o f  R E F  w a s  a n a ly z e d  f o r  k n o w n  m o t i f s  o f  o th e r  g e n e s  a n d  

f o u n d  s e v e ra l  p o te n t ia l  r e g u la to r y  e le m e n ts  s h o w n  in  F ig u r e  2 . A d d it io n a l  m o t i f s  w e r e  

id e n t i f ie d  u s in g  th e  P la n tC A R E  ( L e s c o t  et al., 2 0 0 2 )  a n d  P L A C E  ( H ig o  et ai, 1 9 9 9 ). 

M o t i f s  t h a t  c o n t r o l  r e s p o n s e s  t o  JA , A B A , w o u n d in g  s t r e s s  a n d  l ig h t  w e r e  fo u n d  in  th e  

R E F  p r o m o te r .  A  h e x a m e r  s e q u e n c e  C A C G T T , c lo s e ly  r e s e m b l in g  th e  c o n s e n s u s  

r e c o g n i t io n  s e q u e n c e  c a l le d  G -  b o x  c o r e  e le m e n t  ( C A C G T G )  w a s  o b s e rv e d  in  th e  

p r o m o te r  b e tw e e n  p o s i t io n s  - 2 0 7  a n d  -2 0 2 . T h is  e l e m e n t  w a s  a l s o  s im ila r  t o  a  c o n s e rv e d  

m e th y l  j a s m o n i c  a c id  ( M e J A )  r e s p o n s iv e  d o m a in  C A C G T G  o f  s o y b e a n  VspB  g e n e  

( W il l ia m s  e t a i ,  1 9 9 2 , M a s o n  e t a l  , 1 9 9 3 ) . A n o th e r  A C G T  c o r e  e l e m e n t  th a t  is  

c o n s e r v e d  in  G -  b o x e s ,  A B R E s  (A b s c is ic  a c id  r e s p o n s iv e  e le m e n ts )  a n d  E -  b o x e s  w a s  

a l s o  p r e s e n t  in  a n t i s e n s e  o r ie n ta t io n  ( T G C A )  a t  - 2 1 /-1 8  p o s i t io n  o f  th i s  p ro m o te r .  

S e q u e n c e s  s im i la r  to  e th y le n e  r e s p o n s e  e le m e n ts  ( A T T T C A A A )  w e r e  a l s o  d e te c te d  in  

R E F  p r o m o te r  a t  - 1 5 9  a n d  -1 5 1  p o s i t io n s  a n d  a d ja c e n t  to  T A T A  e le m e n t .  R E F  p r o m o te r  

a l s o  h a d  s e q u e n c e  r e s e m b l in g  to  pifi 2  e l ic i to r  m o t i f  ( A C C T T G C C )  fo u n d  in  th e  w o u n d  

in d u c e d  p o ta to  p in 2  p r o m o te r  in  s ix  o u t  o f  e ig h t  p o s i t io n  b e tw e e n  - 1 8 1 /  - 1 7 4  r e g io n . A  

W -  b o x  ( T T G A C T )  l ik e  e le m e n t  in v o lv e d  in  r e s p o n s e  to  p la n t  d e f e n c e  s ig n a l l in g  w a s  

id e n t i f ie d  a t  - 6 1 / - 5 6  p o s i t io n  in  a n t is e n s e  o r ie n ta t io n  ( A A C T tA )  a n d  a  c y to k in in  

r e s p o n s iv e  A R R I  b in d in g  e le m e n t  w ith  a  c o n s e n s u s  G A T C T T  w a s  a ls o  fo u n d  in  th e



p r o m o te r  a t - 3 4  a n d  -2 9 . T h re e  G C C  c o r e  e le m e n ts  ( o n e  in  a n t is e n s e  o r ie n ta t io n )  

in v o lv e d  in  j a s m o n i c  a c id  ( J A ) -  r e s p o n s iv e n e s s  w e r e  f o u n d  a t  - 10 2 /- 1 0 0 ,  - 1 7 2 /- 1 7 0  a n d  - 

2 9 9 Z -2 9 7  p o s i t io n s .  In  th e  R E F  p r o m o te r  s e q u e n c e ,  th r e e  A R E s  ( a n a e r o b ic  r e s p o n s iv e  

e le m e n ts ) ,  th e  c o r e  c o n s e n s u s  s e q u e n c e  p r e s e n t  in  th e  5 ’ u p s t r e a m  r e g io n  o f  a n a e r o b ic a l ly  

in d u c e d  g e n e s  w e r e  id e n t i f ie d  T h e s e  e le m e n ts  w e r e  lo c a te d  a t - 7 5 /-7 1 ,  - 1 3 3 /-  129  a n d  - 

1 3 8 /-1 3 4  p o s i t io n s  d o w n  s tr e a m  o f  th e  T A T A A  e le m e n t  a n d  tw o  o f  th e  A R E  e le m e n ts  a re  

c lo s e ly  lo c a te d  in  th i s  p r o m o te r  ( - 1 3 3 /-  1 2 9  a n d  - 1 3 8 / - 1 3 4 ) .

M o t i f s  s im i la r  t o  th e  M y b  r e c o g n i t io n  s i te  M Y B  1 A T  h a v in g  c o n s e n s u s  s e q u e n c e  

W A A C A  w a s  id e n t i f ie d  a t  - 1 2 1 /-1 1 6  a n d  a t - 1 3 6  /  -1 3 1  ( a n t i s e n s e  o r ie n ta t io n ) .  A  

s e q u e n c e  e l e m e n t  s im i la r  to  th e  m o ti f s  o f  C A N N T G  a ls o  c a l le d  E -  b o x , w h ic h  is  in v o lv e d  

in  s p a t ia l  a n d  t e m p o r a l  s p e c i f ic  e x p r e s s io n  w a s  fo u n d  in  p o s i t io n s  - 2 7 0 /-2 6 5  u p s tr e a m  o f  

th e  T A T A A  b o x . T h is  s i te  (C A T G T G )  w a s  a l s o  id e n t i f ie d  a s  M Y C  r e c o g n i t io n  s i te  fo u n d  

in  th e  p r o m o te r s  o f  d e h y d r a t io n -  r e s p o n s iv e  g e n e  a n d  in  m a n y  o th e r  g e n e s  in 

A rah idopsis , A  M Y B  c o r e  m o t i f  ( C N G T T R )  w a s  a ls o  lo c a te d  a t  - 1 1 1 /-1 0 6  p o s i t io n s  in  

th e  R E F  p r o m o te r  T h e  A A A A G G  s e q u e n c e  lo c a te d  in  th e  p r o m o te r  b e tw e e n  -1 8  a n d  -13  

p o s i t io n  w a s  id e n t i f ie d  a s  a  D o f  1 p r o te in - b in d in g  s ite . T w o  G A T A  c o r e  e l e m e n ts  w e re  

a l s o  f o u n d  a t  - 2 2 9 / - 2 2 6  a n d  a t  -111 I ' l l  A p o s i t io n s .  G A T A  c o r e  w e r e  r e p o r te d  to  b e  

in v o lv e d  in  l ig h t  r e s p o n s iv e n e s s .  T w o  G T l  c o n s e n s u s  m o t i f s  ( G A A A A T )  in v o lv e d  in  

l ig h t  r e s p o n s iv e  e x p r e s s io n  w e r e  p r e s e n t  a t  - 3 4 0 /-3 3 5  a n d  - 3 3 1 / - 3 2 6  re g io n s .  B in d in g  

c o n s e n s u s  s e q u e n c e  o f -4. thaliana  t r a n s c r ip t io n  f a c to r  R A V I , C A A C A  m o t i f  w a s  lo c a te d  

a t - 2 1 6 / - 2 I 2  p o s i t io n  I n te r e s t in g ly ,  th e  s e q u e n c e  G T T T T G  ( a t  - 4 6  p o s i t io n s )  c o n f o r m s  to  

th e  R T T T T R  ( R - A /G )  c o n s e n s u s  s e q u e n c e ,  th e  b in d in g  s i te  o f  a  s o y b e a n  e n h a n c e r  f o r  th e  

r e g u la to r y  n u c le a r  p r o te in ,  s o y b e a n  e m b ry o  f a c to r ,  S E F 3  ( A l le n  e t a l., 1 9 8 9 ) . In  a d d i t io n ,  

a  p y r a m id in e  b o x  l ik e  s e q u e n c e  ( C C T T T T , a t  - 1 9 3 /-1 8 8  p o s i t io n )  a n d  a  p o l le n  s p e c if ic  

e l e m e n t  ( A G A A A , a t  - 8 4 /- 8 0  p o s i t io n s ) ,  w h ic h  w a s  c h a r a c te r is t i c  o f  to m a to  g e n e  w e re  

a l s o  d e t e c te d  in  th e  R E F  p r o m o te r .  A  l is t  o f  p o te n t ia l  r e g u la to r y  m o t i f s  o r  r e g io n s  w a s  

s h o w n  in  T a b le - 1 .



R e g u la to ry
m o ti f

C o n s e n su s S e q u e n c e  in 
R E F  p r o m o te r

P o s itio n  in  R E F F u n c tio n

G - b o x /A B R E / 
E -box  co re

A C G T A C G T  
T G C A  (-)

-21A 18 L igh t. A B A  & 
S tress responsive

M eJA  resp o n siv e  
E lem en t/G  box

C A C G T G C A C G T t -2011-202 M eJA  responsive

G C C  core G C C G C C  
C G G  (-)

-1 0 2 /-1 0 0 ,-1 7 2 /- 
170
-2991-291 {-)

M eJA  responsive

E thy lene  m o tif A T T T C A A A A A T T T C cA tc - 1 5 9 / - I 5 I E thy lene
resp o n siv e

W - box T T G A C T A A C T tA  (-) -6 I /-5 6 P lan t de fen ce  
s ig n a llin g

Pin2 e lic ito r  
m o tif

A C C T T G C C A gC T gG C C - 1 8 I /- I7 4 P lan t de fen ce  
s ig n a llin g

A R R l b in d in g  
E lem en t

G A T C T T G A T C T T -3 4 /-2 9 C y to k in in
resp o n siv e
e lem e n t

A R E  e lem e n t G G T r i G G IT T -75/-71 
- I3 3 /- I 2 9  
-13 8 /-1 3 4

A n ae ro b ica lly
reg u la ted
ex p re ss io n

M Y B IA T W A A C C A
W-AAT

A A A C C A
'I ’IT G G T (-)

-1 2 1 /-M 6
-1 3 6 /-1 3 I

D eh y d ra tio n  stress

M Y B  C o re C N G T T R C G G T T G -1 1 1 /-1 0 6 D eh y d ra tio n  stress
M Y C A T E R D  1 C A T G T G C A T G T G -270 /-265 D eh y d ra tio n  stress

E- box C A N N T G
N -A /T /G /C

C A T G T G -270 /-265 T issu e  specific  
an d  d ev e lopm en ta l 
ex p re ss io n

D o fl -p ro te in  
b in d in g  site

A A A A G G A A A A G G -18 /-13 T issu e  specific  
and
L ig h t regu la ted  
G en e  exp ressio n

G A T A  co re / 
I- box  co re

G A T A G A T A -22 9 /-2 2 6 ,
-211/-214

L ig h t reg u la ted  
G en e  ex p ressio n

G T l  co n sen su s G R W A A W
R = A /G .W -A /T

G A A A A T
G A A A A T

-340 /-335
-3 3 I/-3 2 6

L ig h t reg u la ted  
g en e  exp ressio n

R A V I-A C A A C A C A A C A -2 1 6 /-2 I2 E x p ressio n  in 
leaves an d  roo ts

P y ram id in e  box c c r r i T c c r r n - I9 3 /-1 8 8 S u g ar rep ression
S E P  4 m o tif R n T T R

R -A /G
G T T T T G -46/-41 S eed  sp ec ific

P o llen  sp ec ific  
E lem en t

A G A A A A G A A A -8 4 /-8 0 P o llen  spec ific

M is m a tc h e s  to  th e  c o n s e n s u s  s e q u e n c e  a re  s h o w n  in o w e r  c a s e  le t te r



5.3.4. Construction of REF Promoter/GUS Fusion
T h e  5 ’ u p s t r e a m  r e g io n  o f  R E F , w h ic h  w a s  c lo n e d  in to  th e  P C R  v e c to r ,  w a s  

s u b c lo n e d  in to  th e  b in a r y  v e c to r  p G P T V  b e tw e e n  HindlW a n d  Sail s i te s  in  th e  m u l t ip le  

c lo n in g  s ite . T h e  r e s u l t a n t  c h im a e r ic  p la s m id  REF. GUS c o n s t r u c t  ( p G P T V R P )  c o n ta in e d  

a  7 5 0  b p  f r a g m e n t  o f  th e  R E F  g e n e  p r o m o te r  r e g io n  in c lu d in g  th e  5 ’ f la n k in g  r e g io n  o f  

R E F  g e n e  a n d  th e  f i r s t  f e w  c o d o n s  f u s e d  in  f r a m e  to  th e  itidA c o d in g  s e q u e n c e  (G U S ) .  A  

s c h e m a t ic  r e p r e s e n ta t io n  o f  th e  g e n e  c o n s t ru c t  w a s  s h o w n  in  F ig u r e  4 . T h e  c h im a e r ic  

p la s m id  w a s  in t r o d u c e d  in to  Agrobacterium tumefaciencs s tr a in -  L B A 4 4 0 4  b y  f r e e z e  

th a w  m e th o d  ( H o ls te r s  et ai, 1 9 7 8 )  a n d  th e n  u s e d  f o r  g e n e t ic  t r a n s f o r m a t io n  o f  to b a c c o .

5.3.5. Transformation of Tobacco
T o  e v a lu a te  th e  f u n c t io n in g  o f  th e  is o la te d  p r o m o te r  e le m e n t  o f  R E F  g e n e ,  a  

t r a n s g e n ic  e x p e r im e n t  u s in g  to b a c c o  p la n ts  w a s  c o n d u c te d .  T ra n s g e n ic  to b a c c o  p la n ts  

c o n ta in in g  a  c h im a e r ic  REF.GUS g e n e  c o n s t r u c t  in  w h ic h  a  GUS r e p o r te r  g e n e  w a s  

p la c e d  u n d e r  th e  c o n t r o l  o f  th e  7 5 0  b p  u p s t r e a m  r e g io n  o f  R E F  g e n e  f ro m  H. brasiliensis 
w e r e  g e n e r a te d .  T h is  c o n s t r u c t  w a s  in t r o d u c e d  in to  to b a c c o  b y  Agrobacterium 

tumefaciens- m e d ia te d  t r a n s f o r m a t io n  o f  l e a f  d is c s . L e a f  d is c s  w e r e  c o - c u l t iv a te d  w ith  

Agrobacterium f o r  2  d a y s . T h e  l e a f  d is c s  w e r e  w a s h e d  to  r e m o v e  c o n ta m in a t io n  a n d  

p la c e d  o n  s e le c t io n  m e d iu m  c o n ta in in g  k a n a m y c in  a s  th e  s e le c t io n  a g e n t.  S h o o ts  

r e g e n e r a te d  f ro m  l e a f  d i s c s  w e r e  s u b c u l tu r e d  a n d  th e  r e g e n e r a te d  s h o o ts  w e r e  t r a n s f e r r e d  

to  r o o t  in d u c in g  m e d iu m . S ix  in d e p e n d e n t  k a n a m y c in  r e s i s ta n t  t r a n s g e n ic  to b a c c o  l in e s  

w e r e  o b ta in e d  ( F ig u r e s  5 A  a n d  B ) . T h e  r o o te d  t r a n s g e n ic  to b a c c o  p la n ts  w e r e  t r a n s f e r r e d  

to  so il a n d  s a n d  m ix tu r e  ( 1 :1 )  in  p la s t ic  c u p s  ( F ig u r e  5 C ).

5.3.5.I. Histochemical GUS staining
A  f e w  r e p r e s e n ta t iv e  p la n ts  f ro m  t r a n s g e n ic  l in e s  w e r e  a n a ly z e d  f o r  th e  p r e s e n c e  

o f  G U S  a c t iv i ty  b y  h is to c h e m ic a l  c o lo ra t io n  o f  v e g e ta t iv e  t i s s u e s  w ith  X -  g lu e  a lo n g  w ith  

n o n - t r a n s g e n ic  to b a c c o  p la n ts  a s  n e g a t iv e  c o n tro l .  T h e  t r a n s f o r m e d  to b a c c o  p la n ts  

s h o w e d  p o s i t iv e  G U S  a c t iv i ty .  In  t r a n s g e n ic  to b a c c o  p la n ts  G U S  a c t iv i ty  w a s  d e te c te d  o n  

th e  le a v e s  a n d  p e t io le s  ( F ig u r e s  6 A  &  B )  a n d  n o  G U S  a c t iv i ty  w a s  d e te c te d  in  n o n -  

t r a n s g e n ic  p la n ts  u s e d  a s  n e g a t iv e  c o n tro l  (F ig u r e  6 C ) . T h u s  th e  r e s u l t s  p r e s e n te d  in  th is  

s tu d y  s u g g e s ts  th a t  th e  p r o m o te r  f r a g m e n t  o f  R E F  a n a ly z e d  h e re  is  fu n c tio n a l  a s
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Figure 4. Schematic representation of the chimaeric construct of REF:GUS fusion used for tobacco 
transformation. The REF promoter sequence (750 bp) vras fused to the GUS coding region in the vector 
pGRTV between H in d  III and site.
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Figure 5. A - Regenented kanamycin resistant transgenic tobacco plants harbouring REF:GUS gene 
construct. B- Rooted transgenic tobacco plants. C- Rooted trangenic tobacco plants established in soil.



Figure 6 . Histochemical analysis of GUS activity in transgenic tobacco plants harbouring GUS: 
REF gene construct. A & B- GUS a c tiv i^  is visible as blue coloration on leaves of transgenic 

tobacco plants. C- Non transgenic tobacco plants as negative control (no blue colour).

Figure 7
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Molecular confirmation of putative transgenic tobacco plants, harbouring pGPTV-REF gene construct 
by PCR analysis. Lanes: M - DNA molecular size marker, P- Posith^e control, N- Negative control (non- 
transgenic plants), 1-fi - Independent transgenic tobacco plants.
Figure 7. A 750 bp REF promoter fragment was amplified from six representative transgenic tobacco 
lines with REF promoter specific primers.
Figure 8 . A 6S0 bp gus gene fragment was amplified from six representative transgenic tobacco lines 
with gus gene specific primers.



d e te r m in e d  in  t e r m s  o f  th e i r  a b i l i ty  t o  d i r e c t  e x p r e s s io n  o f  th e  G U S  g e n e  in  t r a n s g e n ic  

to b a c c o  p la n ts .

5.3.5.2. Molecular confirmation of transformants by PCR analysis

T h e  k a n a m y c in  r e s i s ta n t  p u ta t iv e  t r a n s g e n ic  to b a c c o  p la n ts  w e r e  in i t ia l ly  s c re e n e d  

b y  g e n o m ic  P C R . P r im e r s  f o r  th e  i4idA a n d  R E F  p r o m o te r  w e r e  u s e d  to  a m p l i f y  th e  D N A  

f r a g m e n ts  o f  6 5 0  b p  a n d  7 5 0  b p  r e s p e c t iv e ly .  P C R  w a s  c o n d u c te d  w ith  g e n o m ic  D N A  

is o la te d  f r o m  t r a n s g e n ic  to b a c c o  p la n ts  a n d  f ro m  n o n - t r a n s g e n ic  p la n t s  a s  n e g a t iv e  

c o n tro l .  T h e  p la s m id  D N A  p G P T V R P  w a s  u s e d  a s  p o s i t iv e  c o n tro l .  R e s u l ts  o f  P C R  

s h o w e d  th a t  o n ly  th e  D N A  f ro m  a ll t r a n s f o r m e d  to b a c c o  p la n ts  a n d  th e  p o s i t iv e  c o n tro l  

a m p l i f ie d  th e  7 5 0  b p  R E F  p r o m o te r  f r a g m e n t  ( F ig u r e  7 ). N o  a m p l i f ic a t io n  w a s  o b ta in e d  

in  th e  u n t r a n s f o r m e d  n e g a t iv e  c o n t r o l  D N A . A  6 5 0  b p  uidA  g e n e  w a s  a m p l i f ie d  in  a l l th e  

s ix  t r a n s g e n ic  l in e s  o f  to b a c c o  a s  w e ll  a s  in  p o s i t iv e  c o n t ro l  w h e n  P C R  w a s  c o n d u c te d  

w i th  uidA  s p e c i f ic  p r im e r s  ( F ig u r e  8 ). B u t  th e  c o r r e s p o n d in g  D N A  p r o d u c t  w a s  n o t  

d e te c te d  in  th e  u n t r a n s f o r m e d  n e g a t iv e  c o n tro l .  T h u s  th e  r e s u l t s  o f  g e n o m ic  P C R  c le a r ly  

r e v e a le d  th e  in te g r a t io n  o f  t r a n s g e n e  in  th e  g e n o m e  o f  t r a n s g e n ic  to b a c c o  p la n ts .

5.3.5.3, Genomic Southern blot analysis

G e n e t ic  t r a n s f o r m a t io n  o f  to b a c c o  p la n ts  a n d  th e  in te g r a t io n  o f  t r a n s g e n e  in  th e  

h o s t  g e n o m e  w e r e  f u r th e r  c o n f i r m e d  b y  g e n o m ic  S o u th e r n  b lo t  a n a ly s i s  ( F ig u r e  9 ). 

G e n o m ic  D N A  is o la te d  f ro m  le a v e s  o f  P C R  s c re e n e d  t r a n s g e n ic  to b a c c o  p la n ts  w a s  

d ig e s te d  w i th  HindVll a lo n e  a n d  d o u b le  d ig e s te d  w ith  S ac\ + SaR  a n d  H indlW  +  Sac\ 

e n z y m e s .  W h e n  p r o b e d  w ith  r a d io la b e le d  uidA  g e n e  f r a g m e n t ,  g e l  b lo t  o f  H in d lll 

d ig e s te d  g e n o m ic  D N A  g a v e  tw o  h y b r id iz in g  b a n d s ,  c o n f i r m in g  th e  p r e s e n c e  o f  r e p o r te r  

g e n e  in  th e  h o s t  to b a c c o  g e n o m e . In  e a c h  c a s e ,  th e  d o u b le  d ig e s t  p r o d u c e d  in te rn a l 

f r a g m e n t  o f  p r e d ic te d  s iz e  th a t  h y b r id iz e d  to  th e  uidA  p ro b e .  In  S ail +  S a d  d ig e s ts ,  th e  

uidA  p r o b e  h y b r id iz e d  to  a  f r a g m e n t  o f  a p p r o x im a te ly  0 .8  K b  s iz e  w h e r e a s  in  th e  c a s e  o f  

H indlW  a n d  S ac\  d ig e s t ,  th e  p r o b e  h y b r id iz e d  to  a  f r a g m e n t  a p p r o x im a te ly  o f  1 .6  K b  a s  

e x p e c te d  S in c e  in  th e  g e n e  c o n s t r u c t ,  th e  HindlW  a n d  S a li  r e c o g n i t io n  s i te s  d e l in e a te  

R E F  p r o m o te r  a n d  uidA  g e n e ,  th is  1 .6  K b  s in g le  b a n d  h y b r id iz a t io n  p a t te r n  s u g g e s te d  

th a t  d u r in g  th e  p r o c e s s  o f  /lg ? -o /)ac /t? /7 ///? ;-m ed ia ted  T -  D N A  t r a n s f e r  a n d  h o s t  

c h r o m o s o m e  in te g r a t io n ,  n o  g e n e t ic  r e a r r a n g e m e n t  h a d  o c c u r r e d  w i th in  th e  p r o m o te r :  

r e p o r te r  g e n e .
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Figure 9. Southern blot analysis of genomic DNA isolated from transgenic tobacco plants and 

hybridized to uitfA specific probe. Lanes: M- DNA marker; 1- DNA digested with Hind\\\, 2- DNA 

double digested with S tf  I and I and 3- DNA digested with Sac  I and HindlW.

Figure 10. RT-PCR analysis of gus transcripts in transgenic tobacco plants. Total RNA from non- 
transgenic and transgenic tobacco plants were reverse-transcribed with oligo- dTand the cDNA  

product was amplified by PCR with 0 us gene specific primers. A 650 bp gus cDNA was amplified 

from six representative transgenic tobacco lines. Lanes: M- DNA molecular size markers, N- 
negative control (non transgenic tobacco plants), 1-6-Independent transgenic tobacco plants.



5.3.5.4. Expression analysis of GUS gene by RT-PCR

R T - P C R  t e c h n iq u e  w a s  u s e d  to  in v e s t ig a te  th e  G U S  r e p o r te r  g e n e  t r a n s c r ip t  

le v e ls  in  th e  R N A  p o p u la t io n  is o l a te d  f ro m  l e a f  t i s s u e s  o f  t r a n s g e n ic  to b a c c o  p la n ts .  T o ta l 

R N A  is o la te d  f ro m  th e  le a v e s  o f  t r a n s g e n ic  to b a c c o  a n d  n o n - t r a n s g e n ic  p la n ts  w a s  

r e v e r s e  t r a n s c r ib e d .  T h e  r e s u l t a n t  c D N A  w a s  a m p lif ie d  w i th  G U S  s p e c if ic  p r im e rs .  A s  

s e e n  in  F ig u r e  10, a  s p e c i f ic  c D N A  p r o d u c t  o f  6 5 0  b p  a t  th e  e x p e c te d  p o s i t io n  f o r  G U S  

w a s  c le a r ly  v is ib le  in  R T -  P C R  p r o d u c ts  f ro m  t r a n s g e n ic  to b a c c o  p la n ts .  B u t  th e  s a m e  

f r a g m e n t  w a s  n o t  o b s e r v e d  in  th e  u n tr a n s f o r m e d  n e g a t iv e  c o n tro l .  T h e s e  r e s u l t s  s h o w  th a t  

th e  G U S  t r a n s c r ip t  w a s  a c c u m u la t in g  in  th e  t r a n s g e n ic  to b a c c o  p la n ts ,  w h ic h  w e r e  

in i t ia l ly  s c r e e n e d  b y  g e n o m ic  P C R .

5.4. DISCUSSION

5.4.1. Amplification and Cloning of the 5’ Upstream Region of REF Gene
T h e  5 ’ u p s tr e a m  e le m e n t  o f  R E F  g e n e  w a s  c lo n e d  a n d  c h a ra c te r is e d  f ro m  H. 

hrasiliem is. P C R  c o n d u c te d  w ith  g e n o m ic  D N A  fro m  H. hrasiliensis  c o u ld  a m p lify  a  7 5 0  b p  

f ra g m e n t . T h is  a m p lic o n  w a s  c lo n e d  in to  a  p la sm id  v e c to r  a n d  th e n  s e q u e n c e d . S e q u e n c in g  

o f  th e  c lo n e d  p r o m o te r  f ra g m e n t  s h o w e d  th a t  th e  a m p lif ie d  f ra g m e n t is  in d e e d  a  p a r t  o f  th e  

R E F  g e n e  f ro m  H. brasiliensis. T h e  c lo n e d  R E F  p ro m o te r  re g io n  w a s  n e a r ly  id e n tic a l to  th e  

o th e r  p u b lis h e d  R E F  p r o m o te r  r e g io n s  w ith  o n ly  5 n u c le o tid e  m is m a tc h e s . T h e  se q u e n c e  

le n g th  o f  th e  R E F  p r o m o te r  is  7 5 0  bp.

5.4.2. Sequence Characterization of REF Promoter Fragment
T h e  H. brasiliensis  R E F  5 ’ f la n k in g  re g io n  w a s  a n a ly z e d  to  id e n tify  p ro m o te r  

e le m e n ts  f o r  w h ic h  th e r e  is e v id e n c e  o f  a  frin c tio n a l ro le  in  p la n ts . A  p u ta tiv e  T A T A A  b o x  

e le m e n t a t  -1 5 0  a n d  a  C A A T  m o t i f  is id e n tif ie d  a t -221  p o s it io n  o f  th e  R E F  p ro m o te r .  F ro m  

th e  c o m p a r is o n  o f  th e  p r o m o te r  re g io n  o f  th e  p la n t g e n e s  so  fa r  iso la te d , s e v e ra l c o n s e n s u s  

m o tifs  e m e r g e  c o r r e s p o n d in g  to  p u ta tiv e  cis  e le m e n ts . A n a ly s is  o f  th e  5 ’ r e g io n  re v e a ls  a  

n u m b e r  o f  fe a tu re s , w h ic h  in c lu d e  G -  b o x  m o tifs , E -  b o x , W -  b o x  e tc . G -  b o x  e le m e n ts  a re  

in v o lv e d  in  th e  r e g u la t io n  o f  a  la rg e  n u m b e r  o f  p la n t  g e n e s . G -  b o x  e le m e n t w a s  f irs t 

id e n tif ie d  a s  a  h ig h ly  c o n s e rv e d  p ro te in -b in d in g  s ite  u p s tre a m  o f  m a n y  g e n e s  (G iu lia n o  et a l ,

1988). T h e  o r ig in a l r e p o r t  d e f in e d  a  12- b p  s e q u e n c e  G A C A C G T G G C , n e c e s s a ry  fo r  

e f f ic ie n t  b in d in g  o f  th e  G -  b o x  f a c to r  (G B F ) in vitro. T h e  c o re  h e x a n u c le o tid e  C A C G T G  

b e c o m e  id e n tif ie d  a s  G -  b o x  e le m e n t. T h e  G - b o x  m o t i f  is r e q u ire d  fo r  e x p re s s io n  o f



d if fe re n tia l ly  re g u la te d  g e n e s  su c h  as  lig h t re g u la te d  (D o n a ld  a n d  C a sh m o re , 199 0 ; S c h in d le r  

et al., 199 2 ), a b s c is ic  a c id -  in d u c e d  (M u n d y  et al.^ 199 0 ), m e th y l ja s m o n ic  a c id  (M e JA )  

re s p o n s iv e  ( W il l ia m s  et al„  1992 , M a s o n  et a i ,  19 9 3 ) a n d  s tre s s -  in d u c e d  g e n e  (F e rl an d  

L a u g h n e r , 1 9 8 9 ; F e r l a n d  N ic k ,  1987). T h e  c o re  o f  th e  G -b o x , A C G T  m o t i f  w a s  s h o w n  to  b e  

th e  D N A  b in d in g  s ite  o f  th e  t r a n s c r ip tio n  fa c to rs  b e lo n g in g  to  th e  b Z IP  (b a s ic  d o m a ir i/ le u c in e  

Z ip p e r)  f a m ily  ( F o s te r  e t al., 1994). M o s t f i jn c tio n a lly  d e f in e d  a b s c is ic  a c id  r e s p o n s iv e  

e le m e n ts ,  A B R E s  a ls o  c o n ta in  th e  c o re  s e q u e n c e  A C G T  (S h in o z a k i a n d  Y a m a g u c h i,  2 0 0 0 ; 

S tra u b  et a l ,  1 9 9 4 ). D N A  m o tifs  w ith  G - b o x  c o re s  (A C G T )  m e d ia te  b o th  A B A  a n d  JA  

re s p o n s iv e n e s s  (G u l t in a n  e / 'a / . ,  1990 ; K w a e ta l ,  1992).

M o ti fs  s im ila r  to  th e  e th y le n e  re s p o n s e  e le m e n ts  fo u n d  in  f ru it  r ip e n in g  a n d  

g lu ta th io n e -  S - tr a n s f e ra s e  g e n e  (A T T T C A A A ), p o ta to  p in 2  e l ic i to r  r e s p o n s e  m o t i f  a n d  o n e  

W - b o x  l ik e  e le m e n t  a re  a lso  d e te c te d  in  th e  u p s tre a m  re g io n  o f  R E F  g en e . T h e  p o ta to  pin2  

p ro m o te r  h a s  a  10- b p  s e q u e n c e  th a t  b in d s  a  w o u n d  in d u c e d -p ro te in  a n d  a n  e l ic i to r -  r e s p o n s e  

re la te d  m o t i f  (D e ik m a n , 1 9 9 7 ), w h ic h  is  s im ila r  to  th e  L -  b o x  m o tifs  fo u n d  in  e l ic i to r -  a n d  

lig h t-  re g u la te d  g e n e s  ( P a lm  et al., 1990). W -  b o x  cis  e le m e n ts  b in d  W R K Y  tra n s c r ip tio n  

fa c to rs . I t is  in v o lv e d  in  r e s p o n s e  to  p la n t d e fe n se  s ig n a lin g  (E u lg e m  et a l ,  2 0 0 0 ; Y u  et a i ,  

1993). A  r e c e n t  p a p e r  d e s c r ib in g  e x p re s s io n  p ro f i l in g  o f  c y to k in in  a c tio n  in  A. thaliana 

id e n tif ie d  a  5 ’- G A T C T T - 3 ’ c o n s e n s u s  s e q u e n c e  p re v a le n t  in  c y to k in in  u p - re g u la te d  g e n e  

p ro m o te rs  ( R a s h o t te  et al., 2 0 0 3 ) . S e v e ra l A R E  e le m e n ts  a re  p re s e n t in  R E F  p ro m o te r .  T h e s e  

A R E  e le m e n ts  a r e  p re s e n t  in  th e  u p s tr e a m  re g io n  o f  s e v e ra l a n a e ro b ic a lly  in d u c e d  g en e s . 

T h is  G T -  r ic h  re g io n  m o t i f  is  n e c e s s a ry  a n d  s u f f ic ie n t fo r  a n a e ro b ic a lly  re g u la te d  g e n e  

e x p re s s io n  (S a rn i-  M a n c h a d o  e t a i ,  1997).

P re s e n c e  o f  M Y B  lA T  s ite , p la n t M Y B  b in d in g  s ite  a n d  M Y C A  T E R D  1 s ite s  in  th e  

R E F  p r o m o te r  is  a n o th e r  c h a ra c te r is t ic  fea tu re . M Y B  lA T  is  fo u n d  in  th e  p r o m o te rs  o f  th e  

d e h y d ra tio n  -  r e s p o n s iv e  g e n e  rd  2 2  a n d  in  m a n y / i .  thaliana  g e n e s  (A b e  et al., 2 0 0 3 ) , w h ile  

M Y C  re c o g n it io n  s e q u e n c e s  a re  n e c e s s a ry  fo r  e x p re s s io n  o f  e rd  1 g e n e  (e a r ly  r e s p o n s iv e  to  

d e h y d ra tio n )  in  thaliana  (S im p s o n  et al., 2 0 0 3 ) . T h e  s e q u e n c e  (C N G T T R )  o r  M Y B  c o re  is 

th e  b in d in g  s ite  fo r  M Y B  p ro te in s  iso la te d  f ro m  A. thaliana  a n d  is in v o lv e d  in  re g u la tio n  o f  

g e n e s  th a t  a r e  r e s p o n s iv e  to  w a te r  s tre s s  in  A rabidopsis  (S o la n o  et al., 1995 ). M y b  g e n e  

fa m ily  r e p r e s e n ts  o n e  o f  th e  la rg e s t r e g u la to ry  f a c to r  f a m ilie s  in  p la n ts  a n d  o n e  o f  th e  

im p o r ta n t  f u n c t io n s  o f  M y b  fa c to rs  is to  c o n tro l d e v e lo p m e n t a n d  d e te rm in a tio n  o f  c e ll f a te  

a n d  id e n ti ty  ( S tr a c k e  et al., 2 0 0 1 ) . R E F  g e n e  p ro m o te r  is  a ls o  c h a ra c te r is e d  b y  th e  p re se n c e



o f  E - b o x . T h e  E -  b o x  w ith  th e  c o n s e n s u s  s e q u e n c e  o f  C A N N T G  is k n o w n  to  b e  th e  

re c o g n it io n  s i te  o f  a  c la s s  o f  tr a n s c r ip tio n  fa c to rs  (b a s ic  r e g io n /  h e lix  lo o p  h e lix  p ro te in s )  a n d  

c a n  fo rm  h o m o  a n d  h e te ro d im e rs  to  e x e r t re g u la to ry  fu n c tio n s  (P a b o , 1992 ). E -  b o x e s  h a v e  

b e e n  s h o w n  to  b e  in v o lv e d  in  b o th  t is s u e  s p e c if ic  a n d  d e v e lo p m e n ta l  c o n tro l o f  p -p h a s e o lin  

p r o m o te r  ( B u r ro w  et a l ,  199 2 ). I t is  a  v a r ia tio n  o f  th e  G -  b o x  m o t i f  (C C A C G T G )  (L i a n d  

C a p e ta n a k i ,  199 4 ).

A n o th e r  p ro p e r ty  o f  th e  R E F  g e n e  p ro m o te r  is th e  o c c u r re n c e  o f  s e v e ra l lig h t 

r e s p o n s iv e  e le m e n ts  l ik e  th r e e  G A T A  c o re  e le m e n ts  a n d  th r e e  G T l  e le m e n ts . G A T A  b o x  

m o t i f  w a s  id e n tif ie d  in  th e  p ro m o te r  o f  p e tu n ia  c h lo ro p h y ll a /b  b in d in g  p ro te in  a n d  is 

re q u ire d  f o r  h ig h  le v e l, l ig h t  re g u la te d  a n d  t is s u e  sp e c if ic  e x p re s s io n  o f  g e n e  (G id o n i et al.,

1989). G A T A  c o r e  e le m e n ts  a lso  fo rm  p a r t  o f  I-  b o x  e le m e n ts . T h e  o c c u r re n c e  o f  I-  b o x  

s e q u e n c e s  in  g e n e  p r o m o te rs  h a s  b e e n  c lo se ly  c o r re la te d  w ith  lig h t re g u la te d  g e n e  e x p re s s io n  

(G iu lia n o  et a i ,  198 8 ). G T l  is a  c o n s e n s u s -b in d in g  s ite  in  m a n y  l ig h t - re g u la te d  g e n e s  o f  o a t, 

p ea , r ic e , s p in a c h  e tc . G T l  e le m e n t c a n  s ta b il iz e  th e  T F  I IA -T B P -D N A  (T A T A  b o x )  

c o m p le x . T h e  a c t iv a t io n  m e c h a n is m  o f  G T l  m a y  b e  a c h ie v e d  th r o u g h  d ire c t in te ra c tio n  

b e tw e e n  T F  I IA  a n d  G T l  (V illa in  et al., 1996 ). P re s e n c e  o f  D o f  1 p ro te in  b in d in g  s ite  

r e q u ire d  f o r  th e  b in d in g  o f  D o f  p ro te in s  is  a n o th e r  c h a ra c te r is tic  o f  R E F  p ro m o te r .  D o f  1 

p ro te in s  ( D N A  o n e  f in g e r )  a r e  D N A  b in d in g  p ro te in s  w ith  p re s u m a b ly  o n ly  o n e  z in c  f in g e r  

a n d  a re  u n iq u e  to  p la n ts  (Y a n a g is a w a  a n d  S c h im id t,  1999). T h e y  b in d  to  A A A A G G  c o re  

e le m e n t  m o t i f  ( Y a n a g is a w a  a n d  S h een , 199 8 ). Y a n a g is a w a  (2 0 0 0 )  p ro p o s e d  th a t  D o f  p ro te in  

c a n  fu n c t io n  a s  t r a n s c r ip tio n a l  a c tiv a to rs  o r  r e p re s s o rs  o f  t is s u e  sp e c if ic  a n d  lig h t r e g u la te d  

g e n e  e x p re s s io n  in  p la n ts .

In  th e  u p s tr e a m  re g io n  o f  R E F  g e n e , m o tifs  l ik e  C A A C A  (R A V I-A )  a n d  S E F 4  

b in d in g  s ite  a s  w e ll  a s  p y ra m id in e  b o x  a n d  a  p o lle n  s p e c if ic  e le m e n t (A G A A A )  a re  

id e n tif ie d . A. thaliana  t r a n s c r ip t io n  fa c to r , R A V I-  A  b in d s  sp e c if ic a lly  to  D N A  w ith  b ip a r t i te  

s e q u e n c e  m o t i f  C A A C A  ( K a g a y a  et a i ,  1999). P y ra m id in e  b o x  in  r ic e  a -  a m y la s e  g e n e  is 

p a r t ia l ly  in v o lv e d  in  s u g a r  re p re s s io n  (M e n a  et al„  2 0 0 2 ). I t  w a s  a lso  r e p o r te d  in  b a r le y  a -  

a m y la s e  g e n e , w h ic h  is in d u c e d  in  th e  a le u ro n e  la y e rs  in  r e s p o n s e  to  g ib b e re ll ic  a c id  a n d  a  

p ro te in  c a lle d  B P B F  b in d s  sp e c if ic a lly  to  th is  s ite  (M o ri ta  et a i ,  1998). S E F  4  (s o y b e a n  

e m b ry o  f a c to r  4 )  b in d in g  s ite  is a  c o n s e n s u s  s e q u e n c e  fo u n d  in  5 ’ u p s tr e a m  re g io n  o f  so y b e a n  

P -c o n g ly c in in  g e n e  a n d  it b in d s  w ith  S E F 4  (A lie n  et al., 1989). B a te  et al. (1 9 9 8 )  re p o r te d , 

th a t  o n e  o f  th e  tw o  c o -d e p e n d e n t re g u la to ry  e le m e n ts  r e s p o n s ib le  fo r  p o lle n  sp e c if ic



a c t iv a tio n  o f  to m a to  la t 5 2  g e n e  is A G A A A . P la n ts  a n d  a n im a ls  re s p o n d  to  a  w id e  ra n g e  o f  

in te rn a l a n d  e x te rn a l  s tim u li b y  m o d u la tin g  t r a n s c r ip tio n  o f  d iv e rs e  g e n e s . M a n y  p la n t D N A  

b in d in g  p r o te in s  c a n  b e  g ro u p e d  in to  d is t in c t  c la s s e s  b a s e d  o n  th e ir  c o n s e rv e d  D N A  b in d in g  

d o m a in s  ( P a z - A r e s  et a i ,  1987), E a c h  m e m b e r  o f  th e s e  fa m ilie s  in te ra c ts  w ith  c lo se ly  re la te d  

D N A  s e q u e n c e  m o ti fs  th a t  a re  o f te n  fo u n d  in  m u lt ip le  g e n e  p r o m o te rs  c o n tro l le d  b y  d if fe re n t 

r e g u la to ry  s ig n a l. I t h a s  b e e n  p ro p o s e d  th a t  th e  c o m b in a t io n  o f  d if fe re n t  cis  e le m e n ts  a n d  

tj-am  a c t in g  f a c to r s  m a y  p ro d u c e  th e  d iv e rs i ty  a n d  s p e c if ic ity  re q u ire d  f o r  th e  re g u la tio n  o f  

g e n e  e x p r e s s io n  ( M e n k e n s  et a i ,  1995; M a r tin  a n d  P a z -  A re s , 1997).

5.4.3. Functional Characterization of REF Promoter in Transgenic Tobacco

A  p r e l im in a r y  fu n c tio n a l a n a ly s is  o f  th e  R E F  5 ’ u p s tre a m  re g io n  w a s  p e r fo rm e d  in  

tr a n s g e n ic  to b a c c o  p la n ts . T ra n s g e n ic  to b a c c o  p la n ts  c o n ta in in g  a  tra n s la t io n a l  f iis io n  o f  a  

7 5 0  b p  5 ’ f la n k in g  re g io n  o f  R E F  g e n e  w ith  c o d in g  s e q u e n c e  o f  th e  G U S  r e p o r te r  g e n e  w e re  

g e n e ra te d . K a n a m y c in  r e s is ta n t  tr a n s fo rm e d  lin e s  w e re  s e le c te d  a n d  th e  p la n ts  f ro m  th e  

t r a n s f o r m e d  l in e s  w e r e  a n a ly z e d  fo r  G U S  a c tiv ity  b y  h is to c h e m ic a l  c o lo ra tio n  o f  v e g e ta tiv e  

tis su e s . T h e  tr a n s g e n ic  to b a c c o  lin e s  w e re  s ta in e d  b lu e  b y  X - g lu e , w h ile  b lu e  c o lo ra tio n  w a s  

n o t  d e te c te d  in  th e  n o n - tra n s g e n ic  p la n ts , w h ic h  s e rv e d  a s  n e g a tiv e  c o n tro l. G U S  a c tiv ity  w a s  

d e te c te d  o n  th e  le a v e s  a n d  p e t io le s  o f  t r a n s g e n ic  p la n ts . T h e  in te n s ity  o f  G U S  e x p re s s io n  

v a r ie d  a m o n g  th e  d if fe r e n t  tr a n s g e n ic  lin e s  o f  to b a c c o . T ra n s g e n ic  to b a c c o  lin e s  w e re  a lso  

a n a ly s e d  f o r  th e  p r e s e n c e  o f  R E F  p ro m o te r  a s  w e ll  a s  G U S  b y  P C R . D N A  o b ta in e d  f ro m  six  

in d e p e n d e n t  k a n a m y c in  r e s is ta n t  t r a n s g e n ic  to b a c c o  lin e s  re v e a le d  th e  s p e c if ic  p re d ic te d  

a m p lif ic a t io n  p r o d u c ts  o f  7 5 0  b p  a n d  6 5 0  b p  w ith  R E F  p ro m o te r  sp e c if ic  a n d  G U S  g e n e  

sp e c if ic  p r im e rs  r e s p e c tiv e ly .  P o s itiv e  c o n tro l p la s m id  a lso  a m p lif ie d  th e  c o r re s p o n d in g  

b a n d s . N o  a m p lif ic a t io n  p ro d u c t  w a s  d e te c te d  in  D N A  f ro m  u n tra n s fo rm e d  p la n t  w h e n  

s u b je c te d  to  P C R  a m p lif ic a tio n  w ith  e i th e r  o f  th e  tw o  p r im e rs . G e n o m ic  S o u th e rn  b lo t 

a n a ly s is  p e r f o rm e d  w ith  th e  iiidA g e n e  a s  p ro b e  f u r th e r  c o n f irm e d  th e  g e n e t ic  tr a n s fo rm a tio n  

o f  to b a c c o  a n d  th e  in te g ra tio n  o f  tr a n s g e n e  in  th e  h o s t  g e n o m e .

W e  u s e d  R T - P C R  te c h n iq u e  to  s tu d y  th e  e x p re s s io n  o f  n id k  t r a n s c r ip t  in  v a r io u s  

t r a n s g e n ic  to b a c c o  p la n ts  te s te d  p o s it iv e  fo r  th e  p re s e n c e  o f  G U S  a n d  p ro m o te r  f ra g m e n t b y  

g e n o m ic  P C R . R N A  is o la te d  f ro m  th e  le a v e s  o f  t r a n s g e n ic  to b a c c o  p la n ts  w e re  u se d  as  

te m p la te  fo r  R T - P C R  re a c tio n . T h e  re s u lta n t  c D N A  w a s  a m p lif ie d  b y  P C R  u s in g  uidA 

sp e c if ic  p r im e rs  to  a m p lify  th e  sp e c if ic  c D N A  o f  G U S . A ll t r a n s g e n ic  to b a c c o  p la n ts  

a m p lif ie d  th e  G U S  c D N A  p ro d u c t,  th o u g h  th e  in te n s ity  o f  th e  c D N A  p ro d u c t  w a s  v e ry  fa in t



in  s o m e  tr a n s g e n ic  p la n ts .  I t a lso  v a r ie d  b e tw e e n  v a r io u s  t r a n s g e n ic  lines . T h e s e  r e s u lts  sh o w  

su c c e s s fu l t r a n s c r ip t io n  o f  G U S  g e n e . A c c o rd in g  to  F in n e g a n  a n d  M c E lro y  (1 9 9 4 ) , th e  le v e ls  

o f  tr a n s g e n e  e x p r e s s io n  a re  g e n e ra lly  u n p re d ic ta b le  a n d  v a ry  a m o n g  in d e p e n d e n t 

t r a n s fo rm a n ts .

O u r  r e s u l ts  o f  h is to c h e m ic a l  G U S  a n a ly s is  a n d  R T -P C R  a n a ly s is  in d ic a te  th a t  th e  H b -  

R E F  5 ’ u p s tr e a m  re g io n  c o n ta in s  a  fu n c tio n a l p ro m o te r  c a p a b le  o f  d r iv in g  fo re ig n  g e n e  

e x p re s s io n  in  t r a n s g e n ic  to b a c c o  p la n ts . T h e  p ro m o te r  w a s  d ir e c tin g  G U S  e x p re s s io n  in  l e a f  

t is s u e  o f  t r a n s g e n ic  to b a c c o , a l th o u g h  th e  le v e l o f  e x p re s s io n  w a s  g e n e ra lly  lo w . R e c e n tly  

P u ja d e -  R e n a u d  e t al. ( 2 0 0 0 )  iso la te d  th e  5 ’ u p s tre a m  re g io n  o f  h e v e in  g e n e s  f ro m  ru b b e r  

tre e . T h e  p r o m o te r  o f  h e v e in  w a s  fu s e d  to  th e  G U S  re p o r te r  g e n e  a n d  in tro d u c e d  in to  r ic e  b y  

A grohacterium  m e d ia te d  t ra n s fo rm a tio n . I t  a p p e a re d  to  b e  fu n c tio n a l b o th  in  le a v e s , ro o ts  

a n d  a n th e r s  o f  r ic e  a n d  w a s  a c tiv a te d  in  re s p o n s e  to  m e c h a n ic a l w o u n d in g . F u r th e rm o re  th e  

p r o m o te r  fu s e d  to  G U S  re p o r te r  g e n e  w a s  fo u n d  to  b e  fu n c tio n a l w h e n  in tro d u c e d  in to  ru b b e r  

t r e e  c a llu s  a n d  e m b ry o id s .  T h e  5 ’ f la n k in g  re g io n s  o f  a  p o ta to  h m g l  (H M G -C o A  re d u c ta se ) ,  

a  k e y  e n z y m e  in v o lv e d  in  is o p re n o id  b io s y n th e s is  g e n o m ic  s e q u e n c e  w a s  u s e d  to  d r iv e  th e  

e x p re s s io n  o f  P -g lu c u ro n id a s e  g e n e  (G U S )  in  tr a n s g e n ic  to b a c c o  a n d  p o ta to  p la n ts  

(B h a t ta c h a r y a  e t al., 199 5 ). S tro n g  a c tiv ity  o f  th e  G U S  e n z y m e  w a s  o b s e rv e d  in  m a tu re  

p o lle n  g ra in s . J a in  et al. ( 2 0 0 0 )  r e p o r te d  th a t  th e  m u lb e r ry  h m g l  p ro m o te r  is d if fe re n tia l ly  

e x p re s s e d  a n d  re g u la te d  b y  d a rk  a n d  a b s c is ic  a c id  in  tr a n s g e n ic  to b a c c o .

P r o m o te r  s e q u e n c e s  th a t  c o n fe r  t is s u e  sp e c if ic ity , te m p o ra l  o r  d e v e lo p m e n ta l  

sp e c if ic ity , in d u c ib il i ty  a n d  a l te rn a t iv e  le v e ls  o f  a c tiv ity  a re  n e e d e d  to  r e g u la te  tra n s g e n ic  

e x p re s s io n  e f fe c tiv e ly . E f f o r ts  to  g e n e tic a lly  e n g in e e r  ru b b e r  w ill  b e n e f i t  f ro m  a v a ila b il i ty  o f  

t is s u e  s p e c if ic  p ro m o te r s  th a t  c o n tro l th e  e x p re s s io n  o f  a  t r a n s g e n e  in  a  t is su e . T h e  w e ll-  

e s ta b l is h e d  to b a c c o  sy s te m  w a s  u s e d  fo r  th e  a n a ly s is  o f  th e  R E F  p r o m o te r  f ro m  H. 

hrasiliem is. T h is  h a s  s u c c e s s fu l ly  b e e n  u se d  p re v io u s ly  to  a n a ly s e  h e te ro lo g o u s  p ro m o te r  

e le m e n ts . B y  u s in g  a n  a l te rn a te  sy s te m  su c h  a s  to b a c c o , th e  p r o m o te r  s e q u e n c e  o f  P E F  w a s  

a b le  to  d r iv e  G U S  g e n e  e x p re s s io n . T h e  re s u lts  p re s e n te d  h e re  c le a r ly  d e m o n s tr a te  th a t 

to b a c c o  is  a  u se fijl m o d e l sy s te m  fo r  c h a ra c te r iz in g  h e te ro lo j.,o u s  p ro m o te r  e le m e n ts . F u r th e r  

s tu d ie s  w i th  R E F  g e n e  p ro m o te r  a re  re q u ire d  to  u n d e rs ta n d  th e  t ra n s c r ip tio n a l  c o n tro l o f  R E F  

g e n e  e x p r e s s io n  in  t r a n s g e n ic  H evea. T h is  s tu d y  re p re s e n ts  a  r e p o r t  o n  th e  fu n c tio n a l 

c h a ra c te r iz a t io n  o f  p r o m o te r  s e q u e n c e  o f  R E F  g e n e  f ro m  ru b b e r  tree .



SUMMARY AND CONCLUSION

T h e  g e n o m ic  s e q u e n c e  c o d in g  f o r  R E F  p r o te in  w a s  a m p l i f ie d  f r o m  th e  g e n o m ic  

D N A  o f / / ,  b ra s ilie m is  u s in g  R E F  g e n e  s p e c i f ic  p r im e rs .  T h e  a m p H fie d  1.3 K b  R E F  g e n e  

f r a g m e n t  w a s  c lo n e d  in to  p la s m id  v e c to r  a n d  s e q u e n c e d . T h e  le n g th  o f  th e  a m p l i f ie d  g e n e  

w a s  1 3 6 7  b p  w i th  a n  O R F  o f  4 1 4  b p . T w o  in t ro n s  w e r e  id e n t i f ie d  in  th e  c o d in g  r e g io n  o f  

R E F  g e n e .  T h e  tw o  in t r o n s  a r e  2 9 8  b p  a n d  4 5 5  b p  lo n g  a n d  th e  th r e e  e x o n s  a r e  3 0  b p , 2 1 6  

b p  a n d  171 b p  in  le n g th  r e s p e c t iv e ly .  T h e  d e d u c e d  p r o te in  is  a c id ic  ( p i -  5 .0 4 )  w i th o u t  a  

s ig n a l  p e p t id e .  T h e  c o d in g  r e g io n  w a s  s im i la r  to  th e  c D N A  o f  R E F . S o u th e r n  b lo t  

a n a ly s i s  p e r f o r m e d  w i th  H evea  g e n o m ic  D N A  s u g g e s ts  th a t  R E F  is e n c o d e d  b y  a  s m a ll  

g e n e  f a m i ly  c o n s is t in g  o f  tw o  m e m b e r s  in  H evea. T o  d a te , th is  is  th e  f i r s t  r e p o r t  o n  th e  

i s o la t io n  a n d  c h a r a c te r i s a t io n  o f  th e  g e n o m ic  s e q u e n c e  o f  R E F  p r o te in  f ro m  H. 

brasiliensis.

A  c D N A  e n c o d in g  R E F  p r o te in  w a s  a m p l i f ie d  b y  R T - P C R  f r o m  th e  la te x  o f  H. 

bra silien sis  c lo n e  R R I I  105  w i th  g e n e  s p e c i f ic  p r im e rs .  T h e  a m p l i f ie d  c D N A  w a s  c lo n e d  

in to  p la s m id  v e c to r  a n d  s e q u e n c e  c h a r a c te r is e d .  T h e  a m p l i f ie d  R E F  c D N A  w a s  6 2 2  b p  in  

le n g th  w i th  a n  O R F  o f  4 1 4  b p . T h e  c o d in g  r e g io n  o f  R E F  c D N A  e n c o d e s  f o r  a  p r o te in  o f  

138  a m in o  a c id s  w i th  a  p r e d ic te d  m o le c u la r  m a s s  o f  1 4 .7  k D a . T h e  d e d u c e d  p r o te in  w a s  

a c id ic  w i th  a  p i  o f  5 .0 4 .  T h e  p r o te in  is  lo c a l iz e d  in  th e  c y to p la s m  a n d  is  w i th o u t  a  s ig n a l 

p e p t id e .  C o m p a r i s o n  o f  th e  R E F  c D N A  s e q u e n c e  i s o la te d  in  th e  p r e s e n t  s tu d y  r e v e a le d  

n o  d i f f e r e n c e s  w i th  p r e v io u s ly  c h a r a c te r is e d  R E F  c D N A  s e q u e n c e s  f ro m  H evea. T h e  

d e d u c e d  p ro te in  s e q u e n c e  o f  R E F  s h o w e d  5 1 %  s e q u e n c e  id e n t i ty  to  H. brasiliensis  

i s o f o r m  o f  R E F , 5 1 %  to  R E F  l ik e  s t r e s s -  r e la te d  p r o te in  1 f ro m  H. brasiliensis, 42%  to  

S R P P  p r o te in  f r o m  H. brasiliensis, 3 9 %  id e n t i ty  to  H evea  R E F  l ik e  s t r e s s  r e la te d  p ro te in -

2  a n d  2 8 %  to  thalian a  R E F  r e la te d  p ro te in .

T h e  c o d in g  r e g io n  o f  R E F  c D N A  w a s  c lo n e d  in to  a n  e x p r e s s io n  v e c to r  p G E X  a n d  

t r a n s f o r m e d  in to  E. co li  c e lls  to  p r o d u c e  r e c o m b in a n t  R E F  p r o te in .  S e q u e n c in g  o f  th e



r e c o m b in a n t  v e c to r  w ith  c lo n e d  R E F  c D N A  e n s u r e d  c o r r e c t  o r ie n ta t io n  o f  th e  r e a d in g  

f ra m e . C o n d i t io n s  w e r e  o p t im iz e d  f o r  th e  e x p r e s s io n  o f  th e  r e c o m b in a n t  R E F  p ro te in  in  

s o lu b le  fo rm . O n  in d u c t io n  w ith  0 .3  m M  o f  I P T G , th e  R E F  p r o te in  w a s  e x p r e s s e d  a s  a  

f u s io n  p r o te in  o f  e x p e c te d  s iz e  (4 0  k D a )  w ith  G S T  N - te r m in a l  a f f in i ty  ta g .  T h e  G S T -  

R E F  r e c o m b in a n t  p r o te in  w a s  p u r if ie d  t o  h o m o g e n e i ty  u s in g  G S T -  a f f in i ty  c o lu m n . T h e  

id e n t i ty  o f  t h e  r e c o m b in a n t  p r o te in  w a s  c o n f i r m e d  b y  im m u n o b lo t  a n a ly s i s  w ith  a n t i-  

G S T  a n t ib o d ie s .

T h e  R E F  c D N A  w a s  c lo n e d  in to  th e  p B IB  b in a r y  v e c to r .  S ta b le  t r a n s f o r m a t io n  o f  

N ico tia n a  tabacum  w a s  c a r r ie d  o u t  w ith  th is  g e n e  c o n s t r u c t  v ia  Agrdbacterium-me<^L\diiQA 

m e th o d  to  g e n e r a te  t r a n s g e n ic  to b a c c o  p la n ts  e x p r e s s in g  R E F  p r o te in  o f  H. b ra siliem is . 

P u ta t iv e  t r a n s g e n ic  to b a c c o  p la n ts  w e r e  s e le c te d  u s in g  k a n a m y c in  a s  th e  s e le c t io n  a g e n t.  

T o  c o n f i r m  th e  t r a n s g e n e  in te g r a t io n ,  th e  p u ta t iv e  t r a n s g e n ic  to b a c c o  p la n ts  w e r e  in i t ia l ly  

s c r e e n e d  b y  P C R  u s in g  R E F  a n d  n p tll  g e n e  s p e c i f ic  p r im e rs .  P C R  a n a ly s is  r e v e a le d  th a t  

a  6 0 0  b p  R E F  a s  w e l l  a s  8 0 0  b p  n p tll  g e n e  f r a g m e n ts  w e r e  a m p l i f ie d  f ro m  th e  g e n o m ic  

D N A  o f  t r a n s g e n ic  to b a c c o  p la n ts  w h ile  n o n - t r a n s g e n ic  to b a c c o  p la n ts  ( n e g a t iv e  c o n tro l )  

d id  n o t  a m p l i f y  th e  c o r r e s p o n d in g  b a n d s . T h e  le v e l  o f  e x p r e s s io n  o f  R E F  a n d  n p tl l  genes 

in  t h e  t r a n s g e n ic  t o b a c c o  p la n ts  w a s  f u r th e r  s tu d ie d  b y  R T - P C R  w h e r e  b o th  th e  6 0 0  b p  

R E F  c D N A  a n d  8 0 0  b p  n p tl l  c D N A  f ra g m e n ts  w e r e  d e te c te d  a n d  n o  a m p l i f ic a t io n  w a s  

o b ta in e d  f r o m  n o n - t r a n s g e n ic  c o n t ro l  p la n ts .

T h e  e x p r e s s io n  p a t te r n  o f  R E F  g e n e  in  H. brasilensis  w a s  s tu d ie d  b y  R N A -  b lo t  

a n a ly s i s  u s in g  r a d io l a b e l e d  R E F  c D N A  a s  p r o b e .  R e s u l ts  o f  R N A  b lo t  r e v e a le d  

d i f f e r e n t ia l  e x p r e s s io n  o f  R E F  g e n e  in  v a r io u s  t i s s u e s  o f  m a tu r e  r u b b e r  t r e e s .  L a te x  a n d  

b a r k  s h o w e d  a  p r e d o m in a n t  e x p re s s io n  o f  R E F  in  c o m p a r is o n  w i th  l e a f  t is s u e s .  In  H evea  

s e e d l in g s ,  R E F  t r a n s c r ip t s  w e r e  a c c u m u la te d  m o r e  in  th e  p e t io le  a n d  b a r k  th a n  in  r o o t  

a n d  l e a f  I t  is  e v id e n t  t h a t  ta p p in g  h a d  a n  e f f e c t  o n  th e  le v e l  o f  R E F  m R N A  a c c u m u la t io n  

in  H evea . T h e  R E F  t r a n s c r ip t s  a c c u m u la te d  m o r e  in  r e g u la r ly  ta p p e d  t r e e s  th a n  in  

u n ta p p e d  t r e e s .  R N A  b lo t  a n a ly s is  p e r f o rm e d  in  th r e e  d i f f e r e n t  h ig h  y ie ld in g  a n d  lo w  

y ie ld in g  c lo n e s  s u g g e s ts  th a t  th e r e  is  s ig n i f ic a n t  c lo n a l  v a r ia t io n  in  R E F  t r a n s c r ip t  

a c c u m u la t io n .  In  h ig h  y ie ld in g  c lo n e s ,  R E F  g e n e  e x p r e s s io n  w a s  h ig h  in  c o m p a r is o n  w ith  

th e  lo w  y ie ld in g  c lo n e s .  T h e  e f f e c t  o f  e x o g e n o u s  e th e p h o n  s t im u la t io n  o n  R E F  t r a n s c r ip t  

a c c u m u la t io n  w a s  a l s o  s tu d ie d .  R e s u l ts  o f  n o r th e r n  a n a ly s i s  r e v e a le d  a  d e t e c ta b le  in c re a s e



in  R E F  g e n e  e x p r e s s io n  in  th e  la te x  o f  e th e p h o n  s t im u la te d  t r e e s  th a n  in  th e  c o n tro l  

u n s t im u la te d  t r e e s  a t  a ll c o n c e n t r a t io n s  tr ie d .  M a x im u m  s t im u la to r y  e f f e c t  w a s  n o t ic e d  a t 

4 8  h  o f  t r e a tm e n t .  A ls o ,  th e  t r e e s  s t im u la te d  w i th  5 %  e th e p h o n  e x h ib i te d  a  h ig h e r  

e x p r e s s io n  le v e l  th a n  in  2 .5 %  t r e a te d  tre e s .

T h e  p r o m o te r  r e g io n  o f  R E F  g e n e  w a s  a m p l i f ie d  b y  P C R  w ith  s p e c i f ic  p r im e rs  

a n d  a  7 5 0  b p  f r a g m e n t  w a s  o b ta in e d  f ro m  th e  g e n o m ic  D N A  o f  H evea. T h e  a m p lif ie d  

R E F  p r o m o te r  r e g io n  w a s  c lo n e d  a n d  s e q u e n c e  c h a r a c te r iz e d .  A  p u ta t iv e  T A T A  e le m e n t  

a t  - 1 5 0  a n d  a  C A A T  b o x  m o t i f  a t  - 2 2 1  p o s i t io n  w e r e  id e n t i f ie d  in  th e  R E F  p r o m o te r .  

T h e  5 ’ f la n k in g  r e g io n  w a s  a n a ly s e d  f o r  th e  p r e s e n c e  o f  d i f f e r e n t  r e g u la to r y  m o ti f s  

id e n t i f ie d  in  o th e r  p la n ts .  S e v e ra l  r e g u la to r y  m o t i f s  l ik e  G -  b o x  c o r e  e le m e n ts ,  G A T A  

c o r e ,  W -  b o x , E -  b o x , D o f  1 p r o te in  b in d in g  s i te .  E th y le n e  r e s p o n s e  e le m e n t ,  p in  2 

e l i c i to r  m o ti f ,  G T  1 e le m e n t  a n d  s e v e ra l  M y b  b in d in g  s i te s  w e r e  id e n t i f ie d  in  th e  R E F  

p r o m o te r  r e g io n . A  p r e l im in a r y  fu n c t io n a l  a n a ly s i s  o f  th e  R E F  p r o m o te r  w a s  p e r f o rm e d  

in  t r a n s g e n ic  to b a c c o  p la n ts  c o n ta in in g  a  t r a n s la t io n a l  f u s io n  o f  th e  7 5 0  b p  5 ’ u p s t r e a m  

r e g io n  w i th  th e  c o d in g  r e g io n  o f  uidA  g e n e  in  th e  b in a r y  v e c to r ,  p G P T V . K a n a m y c in  

r e s i s t a n t  p u ta t iv e  t r a n s g e n ic  to b a c c o  p la n ts  w e r e  g e n e r a te d  a n d  th e  p la n ts  w e r e  a n a ly s e d  

f o r  th e  p r e s e n c e  o f  G U S  a c t iv i ty  b y  h is to c h e m ic a l  c o lo r a t io n  o f  v e g e ta t iv e  t i s s u e s  w ith  

X -  g lu e .  T r a n s g e n ic  to b a c c o  p la n ts  s h o w e d  p o s i t iv e  G U S  a c t iv i ty  in  th e  l e a f  a n d  p e t io le ,  

w h i le  n o  G U S  a c t iv i ty  w a s  d e te c te d  in  th e  n o n - t r a n s g e n ic  to b a c c o  p la n ts .  F u r th e r  

s c r e e n in g  o f  t r a n s g e n ic  to b a c c o  p la n ts  w a s  c a r r ie d  o u t  b y  P C R  w ith  G U S  s p e c i f ic  a n d  

p r o m o te r  s p e c i f ic  p r im e rs .  O n ly  th e  t r a n s g e n ic  to b a c c o  p la n ts  y ie ld e d  th e  7 5 0  b p  R E F  

p r o m o te r  a n d  6 5 0  b p  uidA  g e n e  f ra g m e n ts .  R e s u l ts  o f  S o u th e r n  b lo t  a n a ly s i s  o f  th e  

g e n o m ic  D N A  is o la te d  f ro m  t r a n s g e n ic  to b a c c o  w i th  uidA  g e n e  p r o b e  f u r th e r  c o n f ir m e d  

s ta b le  in te g r a t io n  o f  t r a n s g e n e  in  th e  to b a c c o  g e n o m e . T h e  p r e s e n c e  o f  uidA  t r a n s c r ip ts  in  

th e  P C R  p o s i t iv e  t r a n s g e n ic  to b a c c o  p la n ts  w a s  f u r th e r  c o n f i r m e d  b y  R T - P C R  u s in g  uidA  

g e n e  s p e c i f ic  p r im e rs .  T h e  t r a n s g e n ic  to b a c c o  p la n ts  a m p l i f ie d  th e  uidA  c D N A  o f  6 5 0  b p  

a n d  n o  s p e c i f ic  c D N A  p r o d u c t  w a s  d e te c te d  in  n o n tr a n s g e n ic  c o n t ro l  p la n t.
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Thesis Title: Molecular cloning, characterization and expression of 
rubber elongation factor gene from Hevea brasiliensis

Rubber elongation factor (REF) is an enzyme involved'i'n the final polymerization step of  
rubber biosynthesis in H evea brasiliensis. This most abundant protein in the latex is associated 
with the rubber particle membrane. The genomic sequence coding for REF protein was 
amplified by PCR from the genomic DNA o f  H evea  (Clone RRII 105) using REF specific 
primers. The 1.3 Kb REF gene fragment was cloned into plasmid vector and sequenced. The 
amplified gene was 1367 bp with an ORF of 414 bp interrupted by two introns o f  298 bp and 455 
bp. Southern blot analysis performed with H evea  genomic DNA suggests the presence o f  two 
copies o f  REF gene in Hevea. To date this is the first report on the isolation and characterization 
o f  the genom ic sequence o f  REF from H evea hrasiliensi.s.

A cD N A  encoding REF protein was amplified by RT-PCR from the latex RNA o f  H. 
brasiliensis  clone RRll 105 with gene specific primers. Sequencing showed that the amplified 
REF cD N A  was 622 bp with an ORF o f  414 bp; which encodes a protein o f  138 amino acids 
with a predicted molecular mass o f  14.7 kDa. The coding region o f  REF cDNA was cloned into 
an expression vector pGEX and transformed into E.coU  cells to produce recombinant REF 
protein. On induction with IPTG, the REF was expressed as a fusion protein o f  expected size (40 
kDa) with G S T -  affinity tag. The GST-REF recombinant protein was purified using GST -  
affinity column and the identity o f  the recombinant protein was confirmed by immunoblot 
analysis with anti-GST antibodies and antibodies raised against native REF protein purified from 
H evea  latex.

The REF cD N A  was cloned into pBlB binary vector and Agrohacteriiini mediatecT 
transformation o f  N icoliaiia tahactim  was carried out to generate transgenic tobacco plants 
expressing REF protein ot' Hevea. The kanamycin resistant putative transgenic tobacco plants 
were selected and screened by PCR using REF and npt II  gene specific primers. Only the 
transgenic tobacco plants amplified the REF and npl I!  gene fragments while nontransgenic 
tobacco' plants did not amplify the corresponding fragments. The expression o f  REF and npt / /  
gene in the transgenic tobacco plants were ftirther detected by RT-PCR. Both the 600 bp REF 
cD N A  and SOObp n p ill  cDNA were detected only in transgenic tobacco plants.

The expression o f  REF gene in H. brasiliensis was studied by RNA -  blot analysis using 
radiolabeled REF cD N A  as probe. Results revealed differential expression o f  REF gene in 
different tissues o f  mature rubber trees and in H evea  seedlings. Latex and bark o f  rubber trees 
showed a predominant expression o f  REF in comparison with leaf tissues. In seedlings, REF 
transcripts accumulated more in the petiole and bark than in root and leaf  Also, the transcripts 
accumulated more in regularly tapped trees than in untapped trees, which revealed that tapping, 
had an effect on the level o f  REF transcripts. A significant clonal variation in REF gene 
expression was noticed by RNA blot. The REF gene expression was high in high yielding clones 
than in low yielding clones. Results o f  northern blot analysis revealed a detectable increase in 
REF gene expression in the latex o f  ethephon stimulated trees than in the control trees at all 
concentrations tried.



The prom oter region o f  REF gene was amplified by PCR witii specific primers and a 378 
bp fragment upstream to the ATG size was obtained from the genom ic DNA o f  Hevea. The 
amplified prom oter fragment was cloned and sequenced. A putative T A T A  element at - 1 3 0  and 
a C A A T box m otif  at -221  positions were identified in the REF gene promoter. The REF 
promoter fragment was fused upstream to the coding region o[' nidA  gene in the binary vector 
pGPTV and used to transform tobacco via. A^rohaclcriiiiv  mediated method for a preliminary 
functional analysis, Kanamycin resistant transgenic tobacco plants were generated and the plants 
were screened for the presence o f  GUS activity by the histochemical coloration o f  vegetative 
tissues with x-gluc. Transgenic tobacco plants showed positive GUS activity in the leaf and 
petiole, while no activity was detected in the nontransgenic tobacco plants. Further screening o f  
the transgenic plants was carried by PGR with GUS and promoter specific primers. Only the 
transgenic tobacco plants amplified the 750 bp REF promoter and 650 bp uid  A gene fragments 
Results o f  southern blot analysis o f  the genomic DNA isolated from the transgenic tobacco 
plants with u id  A gene probe further conrii'med the stable integration o f t ran sg en e  in the tobacco 
genome. The presence oi' a id  A transcripfs in the PCR positive transgenic tobacco plants was 
further cont'irmed by R T-PCR using uid  A specific primers. Only the transgenic tobacco plants 
amplified the nidA  cDNA o f  050 bp and no specific cDNA product was dctecled in 
nontransgenic control plant.


