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Replacing synthetic rubbers with NR or modified forms along with 
judicious choice o f compounding ingredients mainly fillers contributes a lot in 
reducing the green house gas (GHG) emissions in rubber industry. Production o f  
synthetic rubbers is energy intensive and causes GHG emissions while natural rubber 
(NR) is produced from a renewable means 'that removes carbon dioxide fi*om the 
atmosphere. Carbon black and silica are the two important reinforcing fillers used in 
rubber industry. Carbon black is obtained by burning hydrocarbon oils while silica is 
obtained from mineral sources by simpler and less emitting methods. By replacing 
carbon black with silica there can be considerable reduction in GHG emissions as the 
production o f  carbon black from fossil fuel generates about 2.18 tons o f C0 2 per tone 
o f carbon black produced.

The tyre industry demands properties like low heat build-up along with 
combination o f  excellent abrasion resistance, good road grip and low rolling 
resistance. Globally about 22 million tons o f rubbers are produced per year and about 
50 % o f this is consumed in the tyre sector. Natural rubber is used specifically for 
truck tyres and aero tyres while styrene butadiene rubber (SBR) is predominantly used 
for car tyres. The major synthetic rubbers consumed by the tyre industry are SBR, 
polubutadiene rubber (BR) and halobutyl rubber, the latter being used mostly as inner 
lining o f  tubeless tyres. By chemical modification the mechanical properties o f  NR 
can be suitably changed and used as substitutes for synthetic rubbers in tyre sector. 
One o f  the promising rubbers o f  this group is epoxidised natural rubber (ENR). Due 
to the presence o f  epoxy group, ENR helps in better interaction with silica filler and 
can by used for preparing rubber compounds filled with silica even without the aid o f  
silane coupling agents. ENR has the additional advantage o f  good oil resistance along 
with air impenneability characteristics.

Development in future tyres will be based on better fuel efficiency and 
performance. Reduced rolling resistance gives improvement in fiiel efficiency leading 
to lesser emissions. As the tire rotates under the weight o f the vehicle, it experiences 
repeated cycles o f deformation and recovery, and it dissipates the hysteresis energy 
loss as heat. Hysteresis is the main cause o f energy loss associated with rolling 
resistance. About eighty five percent o f  the automobile derived carbon dioxide is 
emitted during driving and reduction o f fuel consumption by modification in tyre 
design and compounding in reducing CO2 emission is very critical. When developing 
tire compounds for low rolling resistance, the material classes having the most effect 
such as polymers and fillers have to be carefully chosen so as to have less hysterisis, 
good rubber filler interaction and good filler dispersion that lead to improved 
mechanical properties. The reduction in weight o f tyres also reduces fuel consumption.

Solution SBR is known to provide outstanding wet grip/rolling resistance for 
fuel efficient tyre treads based on silica and/or carbon black. Carbon black is 
predominantly used in tires, but the use o f silica has become a primary altemative to 
improve rolling resistance. When silica is used to improve rolling resistance, it is



traditionally used with a silane coupling agent, which helps in bonding the silica to 
the polymer but this also makes the compound more expensive. By use o f  ENR there 
is better interaction with silica and can be used as substitute for solution SBR which 
gives low rolling resistance along with better wet traction and abrasion resistance. 
Better mechanical properties along with good cure characteristics are obtained when 
up to twenty percent by weight o f  SBR is replaced by ENR as compared to pure SBR 
in both silica filled and mixed filler systems o f  carbon black/silica.

Replacement o f  carbon black by other filler systems can also be efficient in 
reducing rolling resistance. This can be accomplished by use o f polymeric fillers. 
Compounds prepared by replacing about 30-40 parts o f carbon black by about ten 
parts o f  polymeric filler, exhibit very good mechanical properties along with low 
hysterisis. Typical tread formulations with the polymeric filler have comparable cure 
characteristics along with better technological and dynamic properties in relation to 
conventional formulations. The density o f  the compound is also lower than the carbon 
black filled one. The added advantage o f  low hysterisis as seen fit>m the lower heat 
build-up and higher resilience are realised in such mixes. The polymer filler 
containing compound also exhibits very good flex resistance.

Use o f  chemically modified form o f  rubber, partial replacement o f  carbon 
black with silica and complete replacement o f  carbon black with polymeric filler can 
contribute to low GHG causing emissions in the automobile industry.

In the present scenario o f  implementing regulatory legislations GHE emissions, 
the tyres are expected to be more fuel > efficient , high performance and 
environmentally fiiendly tyres.

Replacing synthetic rubbers with NR along with judicious choice of 
compounding ingredients mainly fillers contribute to reducing the GHE in Rubber 
industry. Production o f synthetic rubbers is energy intensive and cause green house 
gas emissions NR is produced fi’om a renewable means that removes carbon dioxide 
fi'om atmosphere.

The tyre industry demands properties like low heat built up along with excellent 
abrasion resistance, good road grip and low rolling resistance. However products 
like gaskets and seals exposed to high temperature and fuels/solvents need resistance 
to these conditions. Better dynamic properties are shown by natural rubber while 
synthetic rubber shows improved resistance to fuel/solvents and high temperature . 
Globally about 22 million tons o f rubbers produced per year and about 50 %  o f this is 
consumed in the tyre sector. The major synthetic rubbers consumed by the tyre 
industry are SBR, BR and halobutyl, the latter being used mostly as inner lining o f  
tubeless tyres. The important rubbers used in non tyre applications where high 
temperature /fuel/solvent resistance is required are nitrile rubber, fiuorocarbon rubbers 
and silicone rubbers while for gas impermeability applications butyl rubber is used. 
By suitable chemical modification ^ e  fuel resistance and gas impermeabilibity 
characteristics o f  natural rubber can be considerably improved. One o f  the promising 
rubbers o f  this group is epoxidised natural rubber (ENR) which has considerable 
g<S>d oil resistance along with gas impermeability. Due to the presence o f epoxy 
group ENR helps in better dispersion o f siica and can by used for preparing rubber 
compounds filled with silica without the aid o f silane coupling agents.



In the present scenario o f implementing regulatory legislations GHE emissions, the 
tyres are expected to be more fuel - efficient, high performance and environmentally 
friendly tyres. Reduced rolling resistance gives improvement in fuel efficiency 
leading to lesser emissions. Carbon black is predominantly used in tires, but the use o f  
silica has become a primary alternative to improve rolling resistance. When silica is 
used to improve rolling resistance, it is traditionally used with a silane coupling agertt, 
which helps in bonding the silica to the polymer.
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Summary
Rubber tree (Hevea brasiliensis M uell. A rg.) is an im portant industrial crop fo r natural rub­

ber prcxiucti(Mi. A t present, m ore than 9.5 m illion hectares in about 40  countries are devoted 
to rubber tree cultivation with a production about 6.5 m illion t<ms o f  dry rubber each year. The 
world supply o f  natural rubber is barely keeping up with a global dem and fcH-12 m illion tons 
o f  natural rubber in 2020. Tapping panel dryness (TPD ) is a  com plex physiological syndrom e 
widely found in rubber tree plantations, w hich causes severe yield and crc^  losses in natural 
rubber producing countries. Currently, there is no effective prevention o r treatm ent for this 
serious malady. As it is a  perennial tree crt>p, the integration o f  specific desired traits through 
conventional breeding is both tim e-consum ing and labour-intensive. G enetic transform ation 
with conventional breeding is certainly a  m ore prom ising tool for incorporation o f  agrono- 
/nicaily important gene.s thai could improve existing H evea  genotype. This chapter provides 
an Agn>hacierium-m^\dlt<i transform ation protocol for rubber tree using im m ature anther- 
derived calli as initial explants. We have applied this protocol to generate genetically engi­
neered plants from  a high yielding Indian clone R R Il J05 o f  H evea brasiliensis (Hb). CaIJi 
were co-cuUured with Afim hacierium  (umefaciefis harbcjring a plasmid vector containing the 
H b supcroxide dismutase (SO D ) gene and the reporter gene used was P-glucuronida.se (G (JS) 
gene iuidA). The selectable mariccr gene used was neomycin phosphotransferase (nptW) and 
kanam ycin was used as selection agenl. We found that a suitable transformation protocol for 
H evea  consists o f  a  3-dco-cuftivation with Afini/xicrerium  in the presence o f  20 mA/ acetosy- 
ringone, 15 mAf betaine HCI, and 11.55 m M  pn)line followed by selection on m edium  con­
taining 3(K) m g/L kanamycin. Transfom x:d calli surviving on m edium  containing 3(X) m g/L 
kanam ycin showed a strong GUS-posiiive reaction. Upon subsequent subculture into fresh 
rnedia, we obtained somatic cmbry<»gcnesis and germ inated planllets. which were found to be 
G U S positive. The integration ofu/VM. npiU. and H bSO D  transgenes into H evea  genom e was 
confirm ed by  prjiymerasc chain roK iion (P C R )u s  well as .Southern bkH analysis.

K ey W ords: R ubber tree; H c w u  hrasHiensix; genetic (ransf'omiation: AKmha< (eriuni

I o j i i i :  M i- t t i i/ rh  m  M a / o  i i / . i f  Ih iti ir f iy , v o l. <44: A n ro f fc u  f c r m i i i  I 'r i i i iK  i t l \  ‘  r ih it iK ' 2
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lumefaciens'. polym eruse chain  reaction  (PC R) am plification: Southern  blot hybridization;
superoxide dism utase gene (SO D ).

1. Introduction
Hevea brasiliensis. the para rubber tree, is the most important source of nat­

ural rubber; other rubber bearing plants are of minor importance. About 90% of 
natural rubber is produced in Southeast Asia. Natural rubber is considered a 
vital raw material by developed countries and is valued for its high-performance 
characteristics. Synthetic rubber, derived from petroleum, is not as elastic or 
resiliant and does not have the heat transfer properties of natural rubber. 
Although synthetic rubber is often blended with-.iatural rubber, various,prod­
ucts such as airplane tires require natural rubber (1). In the rubber tree, latex is 
produced in highly specialized cells called laticifers. When the bark of the rub­
ber tree is tapped, the cytoplasmic contents of these laticifers are expelled in the 
form of latex. Latex is a milky substance, which upon coagulation and further 
processing yields natural rubber.

The rubber tree (Hevea brasiliensis. In = 36) is a perennial tropical crop, 
which belongs to the genus Hevea and the family Euphorbiaceae. The genus 
Hevea encompasses ten species, all originating from the Amazon region (2) and 
all strongly outcrossing and monoecious. Most of the natural rubber exploited 
in the world originates from this single species. As in other crops, rubber pro­
duction is influenced by various plant physiological conditions and pathogenic 
diseases. However, latex production still faces serious economic losses over the 
world as a result of tapping panel dryness (TPD), or brown bast a syndrome 
characterized by an abnormal reduction of latex flow. During tapping the latex 
from a healthy rubber tree flows through 3-4 h by turgour pressure inside the 
bark tissue. Once the TPD occurs, the tapping incision is partly or entirely 
blocked and the amount of latex production is significantly decreased or stops 
completely. The incidence of TPD occurs in 12 to 50% of rubber trees in almost 
every rubber producing country.

Genetic improvement o f Hevea is very slow and time consuming as in many 
other perennial species. The major limitations are the very narrow genetic base, 
nonsynchronous flowering, low fruit set, long gestation period, heterozygous 
nature, and absence of fully reliable early selection parameters. Genetic engi­
neering is a powerful meth(xl for crop improvement when specific genetic 
changes need to be made in a short lime period without loss of genetic integrity. 
Although the transfer o f DNA into plant cells \'\\iA}>mhaclerii(m and other meth­
ods is now routine for many plant species, the coupling o f transformation with 
the selection o f transformed cells and regeneration of transgenic plants is still 
difflcull in many economically important tree spccics including Hevea. TPD is 
consitlcrcd to be a serious physiological disorder caused by oxidative stress m

rubber tree that are frequently tapped for namral rubber in the form o f  latex. In 
Hevea an increase in the level o f the free radical scavenging by the incorporation 
o f a superoxide dismutase (SOD) gene could enhance stress tolerance in plant 
cells against oxidative stress. The genetic manipulation o f Hevea has been made 
in the recent past. Transgenic plants have been developed with marker genes via 
Agrobacterium  as well as particle bombardment methods (3.4), however, the 
transformation efficiency was generally low. Montoro et al. (5,6) studied the 
response of calcium on Agrobacteriiim-medialed gene transfer in Hevea friable 
calli but did not obtain transgenic plants. So far no such agronomically impor­
tant gene has been successfully transformed into Hevea. Recendy our group 
developed transgenic Hevea plants by incorporating the SOD gene (7,8).

The transformation protocol presented in this chapter was established in the 
author’s laboratory in combination with review o f the literature in tree transfor­
mation. For this Agrobacterium-mQdmied transformation, we used a constitu­
tive version o f the Hevea brasiliensis-SOD  gene (HbSOD) by infecting 
2-mo-oid anther derived calli as initial explant. The p-glucuronidase gene 
(uidA) was used for screening and neomycin phosphotransferase gene (n/7/II) 
was used for selection o f the transformed calli. The transformation efficiency 
was 4%. The overall scheme employed for this study is outlined in the flowchart 
in Fig. 1. In this chapter we describe the steps involved in rubber transform a­
tion protocol and isolation o f DNA as templates.

2. M aterials
2.1. Plant Materials

Two-mo-old calli derived from immature anther or inflorescence (Indian 
clone RRIl 105) (iee Fig. 2A).

2.2. Agrobacterium tumefaciens Strain and Gene Construct

We used the binary vector pDU96.2144 (9) which contains uidA as a reporter 
gene and nptU as selectable marker gene plus the HbSOD gene under the con­
trol o f constitutive promoter (CaM V 35S).

Binary vector is inserted into disarmed Agrohacterium tumefaciens stram 
EHAIOI to create functional vector tor transformation experiments.

2.3. Stock Solutions
I 20 X  M o d if ie d  M u ra s h ig c  an d  Sk(K>g (M S )  m a jo r  sa lts  sttKik solulit>n <7):

a. MSI: NH,NO„ 20.(» g/l-: KNO,. 32.0 g/1.; MgSO, fanhy). 3.6() g/I.; C aC \
(a n h y ), 6 .6 6  g /L ; a iu t 3 .4  g /L .

b. M S 2 a n d M S :^ ;N I ! ,N ( > , .  10 .0  g /L ; K N O ,, 16.0 g /L ; M g S O , (a n h y ) , l.X O g /L ; 

C a C l ,  fa n h > ), 3 .3 2  g / l . :  a iu l K i l .P O , ,  1 .70 g /L .



P re -c u l tu r e  o f  im m a tu re  A n th e r  d e r iv e d  c a ll i  ( 2 -m o  
o ld )  o n  p ro l if e ra t io n  m e d iu m  p r io r  toAgro in fe c tio n

In fe c t  th e  caJ li w ith  Agrobacterium c o n ta in in g  g e n e  o f  
in te re s t  fo r  10 m in

B lo t te d  d ry  th e  In fe c te d  c a llt  a n d  t r a n s f e r  to  co ­
c u l t iv a tio n  m e d iu m  ( in c u b a te  in  d a rk  fo r  3  d )

O n  c o m p le t io n  o f  3 d , t r a n s fe r  th e  in fe c te d  c a lli  to  
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  +  c e fa to x im e

S e le c t  p u ta t iv e ly  tr a n s fo rm e d  c a l lu s  lin es

T ra n s fe r  to  e m b ry o  in d u c tio n  m e d iu m  a n d  su b c u ltu re  at 
2 - w k  in te rv a l

A f te r  G U S  h is to c h e m ic a l  c o n f irm a tio n , s u b c u ltu re  th e  w e ll-d e v e lo p e d  
b ip o la r  e m b ry o s  o n to  g e rm in a t io n  m e d iu m

L e a v e s  f ro m  g e rm in a te d  p la n tle ts  s u b je c te d  to  G t 'S  
s ta in in g  b e fo re  t r a n s fe r  to  so il

M o le c u la r  c o n f irm a tio n  o f  t r a n sg e n e  in te g ra t io n  w ith  
llevea g e n o m e  b y  P C R  an d  S o u th e rn  b lo t  a n a ly s is  u sing  
l e a f  s a m p le s  c o l le c te d  fro m  e s ta b lis h e d  tr a n sg c n ic  p lan ts

F ig . 1. F lo w  c h a r t  o f  ru b b e r  tra n s fo rm a tio n  p ro to co l.

KK)X M S  m in o r  s to c k  so lu tio n : 6 2 0  m g /L ; C o C I ,- 6 H ,0 .  2 .5  m g/I--
C u S O ^ -S H .O , 2 .5  m g /L ; M n S 04'4H 20, 1 .69  g /L ; N a M ( ) 0 j - 4 H ,0 ' 2 5  m g /L ; K l. 
83  m g /L ; an d  Z n S O ^ -T H iO , 86() m g /L . 

l(K)X Iro n  S to c k ; N a^ E D T A , 3 .7 2  g /L  a n d  F c S 0 ^ - 7 H ;0 .  2 .7 8  g /L .
1(K)X v ita m in  s to c k  s o lu tio n : M y o - ln o s ito l ,  10 g /L ; n ico tin ic  a c id . UK) m g /L ; 
p y r id o x in c  MCI. I(X) m g /L ; a n d  th ia m in e  H C 'l, 1.0 g /L .
A ux ins (S ig m a . 1.0  m g /m L  Ib rc a c h  sto c k  so lu tio n ): 2,4-l)iLhl<)rophcnox> acc tic  ac id  
(2 .4-1)). jndc)lc-.3-ucctic a c id  CIAA), l* n jjph thalcnc  a cc tic  ac id  ^N A A ). To p rep are

Jt

F ig .  2 . D e v e lo p m e n t o f  t r a n sg e n ic  p la n ts  a n d  m o le c u la r  c o n f irm a tio n  o f  th e  p re se n c e  
o f  t r a n sg e n e s  in  ru b b e r  tr e e  (Hevea brasiliensis). (A )  C a llu s  p ro lif e ra t io n . (B )  D if fe re n t 
s ta g e s  o f  so m a tic  e m b ry o s , ( C )  G e rm in a te d  p la n tle t ,  (D )  H is to c h e m ic a l  G U S  assa y  
( tra n s g e n ic  e m b ry o s  s h o w in g  b lu e  c o lo u r ) ,  ( E )  P la n ts  e s ta b lis h e d  in  p o ly b a g s .

Ind iv idua l so lu tio n , d is.so lve e a c h  p o w d e r  in  5 0  fiL  o f  IMKOH a n d  th en  a d d  .sterile 

d is tille d  w a te r  to  1 m L  v o lu m e. S to re  at 4®C fo r  u p  to  3  nro.
6 . C y to k in in s  (S ig m a , 1.0 m g /m L  fo r  e a c h  s to c k  so lu tio n ) ; 6 -B e n z y la m in o p u r in e  

(B A ) , k in e tin  (K IN ). T o  p re p a re  in d iv id u a l so lu tio n , d is so lv e  th e  c h e m ic a l  in  5 0  n L  
o f  IM  H C I th e n  m a k e  u p  to  1 m L  v o lu m e  w ith  s te r i le  d is t i l le d  w a te r . S to re  a t O^C 

in d e fin ite ly .
7 . A b s c is ic  a c id  (A B A ) (1 .0  m g /m L . S ig m a ): D is so lv e  th e  p o w d e r  in  100 j iL  o f  

m e th a n o l m ak e  f in a l v o lu m e  w ith  s te r i le  w a fe r  a n d  .store a t  4®C fo r  u p to  3  m o.
8 . G ib b e re ll ic  a c id  ( G A ,)  (1 .0  m g /m L . S ig m a ); D is s o lv e  th e  c h e m ic a l  in e th a n o l 

( 1(K)%) a n d  sto re  a t 4*'C fo r  u p  to  3  m o.
9 . lOOX B 5  v ita m in s  (S ig m a ) :  T o  m a k e  a  5 0  m L  st<x;k s o lu tio n , d is s o lv e  5(K) m g 

m y o in o s ito l. 50  m g  th ia m in e  HC'I, 5 0  m g  n ic o tin ic  a c id , a n d  5  m g  p y r id o x in c  H ( J  

in  s te rile  d is ti l le d  w a te r  a n d  s to re  at 4 ° C  fo r  u p  to  3 m o.
10. 2 0  m g /m L  g e n ta m y c in  sl<K.k so lu tio n  (S ig m a ) :  D is s o lv e  th e  2 0  m g  p o w d e r  in th e  

v ia l w ith  I m l. s te r ile  d is t i l le d  w a te r  S to re  a t - 2 0 ° C  lo r  u p  l(> 3  m o.



11. 1 0 0  m g /m L  k a n a m y c in  s to c k  so lu tio n :  W e ig h  1 g  o f  k a n a m y c in  m o n o su lfa te  
(S ig m a ) , p la c e  in  a  b eak e r, a n d  a d d  S niL of s te r i le  d is til le d  w ater. A llo w  
k a n a m y c in  to  d isso lv e  co m p le te ly . M a k e  th e  fm al v o lu m e  to  10 m L  w ith  s te r ile  
w a te r  th e n  f i lte r  s te r iliz e  u s in g  4 2  \iM p o re  s iz e  m e m b ra n e  an d  d iv id e  in to  1 -m L  
a liq u o ts .  S to re  a t -20® C  fo r  u p  to  6  m o .

12. 5 0 0  m g /m L  C e fo ta x im e  (S ig m a )  s to c k  so lu tio n : D isso lv e  th e  c h e m ic a l in s te rile  dis* 
tilJed  w a te r  th en  f ilte r  s te rilize  and aliquot into I m L , S to re  a i - 2 0 “C  fo r u p  to  3  m o.

13. 1 0 0  m A f A c e to sy r in g o n e  (S ig m a )  s to c k  so lu tio n : D isso lv e  th e  c h e m ic a l in  s te rile  
d is t i l le d  w a te r , f i lte r  s te r iliz e , a n d  a l iq u o t  in to  l - m L  E p p e n d o rf  tu b e s . S to re  
a t  -2 0 ® C  fo r  u p  to  3  m o.

14. 1 0 0  m A f B e ta in e  H C l (S ig m a )  s to c k  so lu tio n :  D is so lv e  th e  c h e m ic a l in  s te r i le  d is ­
t i l le d  w a te r  a n d  th e n  f i lte r  s te r i l iz e  a n d  a l iq u o t  in to  i* m L  E f ^ n d o r f  tu b e s . -Store 
a t  - 2 0 ° C  fo r  u p  to  3  m o.

15. 5 0  m M  P ro lin e  (S ig m a )  s to c k  so lu tio n : D is s o lv e  th e  c h e m ic a l in  s te r ile  d is t i l le d  
w a te r  a n d  th e n  f i l te r  s te r iliz e  a n d  a l iq u o t  in to  l* m L  E p p e n d o rf  tu b e s . S to re  at 
- 2 0 ° C  fo r  u p  to  3  m o

J6 . 1 .0  mg/mL SpermiOinn (S ig m a )  s to c k  so lu tio n ;  D is so lv e  th e  c h e m ic a l in  s te r i le  
d is t i l le d  w a te r  a n d  th en  f i lte r  s te r i l iz e  a n d  a l iq u o t in to  1 -m L  E p p e d o n d o rf  lu b e s . 
S to re  a t - 2 0 ' ’C  fo r  u p  to  6  m o .

2.4. Media
1. A E L B  m e d iu m ; JO g /L  B a c to - try p to n e  (Sigma), 5 g /L  y e a s t e x tra c t  (S ig m a ) , an d  

15 g /L  B a c to  A g a r  (S ig m a ) , p H  7 .2 . A u to c la v e , c o o l to  SO^C. a n d  ad d  5 0  m g /L  
k a n a m y c in  a n d  2 0  m g /L  g e n ta m y c in . M ix  w e ll a n d  p o u r  in to  s te r ile  9 0 -m m  P elri 
p la te s .

2 . C a llu s  ind u c tio n  an d  p m iifc ra tio n  m e d iu m  ( M S - 1): T o  m ak e  1 L . add  50  m L  o f  20X  
m (x lificd  M S  m a jo r  sa lt s to c k  so lu tio n  (7), JO m L  e a c h  o f  JOOX M S  minor sux ;k  volu­
tio n , lOOX iron  sto c k  so lu tion , an d  lOOX B 5 v itam in  st(x:k so lu tion . 5 ^  sucn>sc (w /v). 
2 .0  m g /L  2 .4 -D . 0 .5  m g/L  K IN . 1.0  m g /L  N A A . ad just to  pM 5 .7  w ith  0 .1M  K O H  am i 
a d d  0 .2 5 %  (w /v ) phyuigel a s  so lid ify in g  ag e n t th e n  aulcx:lave at 12 P C  for 2 0  m in.

3. S o m a tic  e m b ry o  ind u c tio n  a n d  m a tu ra tio n  m e d iu m  (M S -2): T o  m ak e  IL , add
5 0  m L  of mcxiificd M S  m a jo r  .salt s to c k  so lu tio n , 10 m L  e a c h  o f  i(X)X M S  min«w 
st(x;k so lu tio n . KXJX iron  s lo c k  so lu tio n , an d  l(X)X B 5 v itam in  s to c k  so lu tio n , 5*^ 
su c rt)sc  (w /v ). 0 , 1 m g /L  2 ,4 -D . 0 .3  m g /L  N A A , 0 .3  m g /L  BA . 2 .0  m g /L  G A ,.  0 . 1 
m g /L  A B A . lit) m g /L  case in  h y d rt)ly sa te , 150 m g /L  m all cx trac l. 1(X) m g /L  b anan ;' 
p o w d e r, 10% c(x:onul w a te r  (w /v ), 2  m g /L  sp e rm id in e , ad just l<) pH  5 .7  w ith  0.1 M 
K O H  iijjJ  p h y tag c j a s  so lid ify in g  a g e n t ih c n a u l t tc la v c a t  12 P C  fo r  2 0  m in

4 . l im b ry o  g e rm in a tio n  and  p luntlci reg en e ra tio n  m ed iu m  (M S -3): T o  p rep are  I L . add 
5 0  n iL o l  inodil'ied  M S m a jo r sa lt sl(x;k so lu tio n , 10 m L c a c h  o f  lOOX M S  m in o r slcK'k 

so lu tio n , l(K)X iron  stock  so lu tio n , an d  1(X)X B 5  v itam in  sUx;k so lu tio n . 0 .3  n ig /l- 
C J A , .a 5  m y /L  K IN . 0.1 m g /L  IA A ;0 .5  m g /L  B A . ad ju s t lo  pH  5 .7  w ith  0. IM  KOH 

a n d  ;nkl 0 .2 '^  (w /v ; phyJagcJ as « )} id ify in g  ag c n i th e n  auJoclavc at 12 1 X ' for 20»»»»»
5. C o-cullivali< iii m ed ium ; T o  p re p a re  1 L . tak e  ih c  sa m e  M S I m ed ia  to tn p o n c ti ts  as 

tk rse rib cd  ab o v e  and  au to c lav e , c o o l to  .S0°(” ih cn  a tld  2 0  [ iM a c c to sy rin g o iic . 15 
b e ta ju c -H C l, 11.55 p ro line . i

6 . S e le c tio n  m e d iu m ; T o  p re p a re  1 L . ta k e  th e  s a m e  M S -1  m e d ia  c o m p o n e n ts  a s  
d e s c r ib e d  a b o v e  a n d  a u to c la v e , c o o l to  5 0 ° C  th e n  a d d  3 0 0  m g /L  k a n a m y c in  a n d  
5 0 0  m g /L  c e fo ta x im e , m ix  th o ro u g h ly  a n d  d is p e n s e  25  m L  in to  9 0 - m m  s te r i le  

p e tr i  d ish e s .

2.5. Other Reagents, Solutions and Supplies

1. S u rfa c e  d is in fe c tio n  so lu tio n  I; 0 .5 %  ( w /v )  s o d iu m  h y p o c h lo r id e . 0 .1 %  (v /v )  
T w e e n -2 0 .

2 . S u rfa c e  d is in fe c tio n  s o lu tio n  II; 0.1  %  (w /v )  m e rc u r ic  c h lo r id e .

3 . S te r ile  W h a tm a n  f i lte r  p a p e r  N o . 3  (S D  f in e , In d ia ) .
4 . S te r ile  d is t i l le d  w ater.
5 . S te r ile  m e ta l  sp a tu la s  w ith  sp o o n  o n  o n e  e n d  (F is h e r .  U S A ).
6 . S o il m ix : S o il r i te  (H im e d ia , In d ia ) , s a n d  in  1:1 r a t io  a n d  a u to c la v e . F il l  in  p o ly ­

th e n e  b a g s  (1 0  X 2 0  c m  W  X H ).
7 . X 'G lu c  s o lu tio n  (S ig m a ) :  0 .1  p h o s p h a te  b u ffe r . p H  7 .0 . 10 mM  e th y le n e  

d ia m in e  te tra a c e tic  a c id  (E D T A ), 0 .5  mM  p o ta s s iu m  fe rr ic y a n id e , 0 .5  m M  p o ta s ­
s iu m  fe r ro c y a n id e , 0 .1 %  (v /v )  T r i to n  X -1 0 0 , a n d  2  m A f X -G lu c  (5  b ro m o -4  

c h lo ro -3 - in d o ly l  - ^ - D  g lu c u ro n id e ).
8 . C e iy lir im e th y l  a m m o n iu m  b ro m id e  (C T A B ) e x tra c tio n  b u ffe r; 2 % (w /v )  C T A B  

(h e x a d e c y ltr im e th y l  a m m o n iu m  b ro m id e ) ,  1 .4  M  N a C l, 2 0  m A f E D T A , p H  8 .0 , 
100  m A f T ris -H C I, p H  8 .0 , 1%  (w /v )  p o ly v in y l p o ly p y rro lid o n e  (P V P P ), a n d  1% 

(v /v )  p -m e rc a p to e th a n o l.  S to re  a t  ro o m  te m p e ra tu re .
9 . P h e n o l/c h lo ro fo rm /is o a m y l a lc o h o l (2 5 :2 4 :1 ) :  M ix  2 5  p a r ts  p h en o l (e q u ilib ra te  in 

1(K) m A fT r is -C l ,  p H  8 .0 )  w ith  2 4  p a r ts  c h lo ro fo rm  an d  I p a r t iso a m y l a lc o h o l. 
A d d  8 -h y d ro x y  q u in o lin e  to  0 .1 %  (w /v )  S to re  in  a liq u o ts  a t -20® C  s  6  m o.

10. C h lo ro fo rm /is o a m y l a lc o h o l (2 4 ; 1).
11. R N a se  A  (D N a s e  f re e , 10 m g /m L ): D is s o lv e  R N a se  A  in 10 m A f T ris-C I, p H  7 .5  

an d  15 m A f N a C l; b o il f o r  10 m in  a n d  a l lo w  to  co o l to  r(x>m tem p era tu re . S to re  

aliqu«)ls ai -20® C  to  p re v e n t m ic ro b ia l  g n w l h .
12. P ro te in a se  K ; 10 m g /m L  in H ^O . S to re  a t  - 2 0 ° C .

13. I(X)% iso p ro p y ! a lc o h o l, ic e -c o ld .
14. 70%; (v /v )  e th a n o l.  Ice -co ld .

15. T E  b u ffe r; 10 m A f T ris -H C I. pH  8 .0 . I m A f B D T A , pH  8 .0 .
16. O rg a n ic  so lv e n t- re s is Ja n i O a k - r id g e  c e n lr iJu g e  lu b e  (T a rso n . India).

3. Methods

3.J. Callus Initiation and Pre-culture

T h e  f o l lo w in g  li.ssu c  c u l t u r e  p r o lo c o )  i s  in o d i f j c y t io n s  o f  J a y a s h r e e  c l a l. (iO).
I- C o l le d  l lo w c r  b u d s  ( 0 ,5 - 1 .0  c m  s i / c )  a n d  su r fa c e  d i s in lc t l  in MX) n il . o l su rface 

d is in fc c lio n  .so lu lion  I lo r  5  m in  ib l lo w c d  b y  Jb o ro u g h  w ash ing  w ith s te rile  dis- 

lilled  w a ie r  5 lim es.
2. S u rla c c  s ie r i l i /e s  th e  llo w c i h iu ls w iih  l(K) m l ,  «)l su rfa c e  d is in fe ttio ii so lu tion  II 

lo r  ̂ in in  fo llo w e d  b y  5 r in s e s  in s te r i le  d is t i l le d  w a lc r



3 . D is s e c t  o u t  th e  im m a tu re  a n th e r s  a n d  p la c e  a p p ro x  10  a n th e rs / tu b e  o n  M S-1 
m e d iu m  (see N o te  1). I n c u b a te  c u l tu r e s  a t  2 6 * C  in  th e  d a r k  a n d  s u b c u l tu r e  at 
4 - w k  in te rv a ls  in to  f re s h  m e d iu m  o f  th e  sa m e  fo rm u la tio n .

4 . P re -c u l tu r e  th e  2 -m o -o ld  c a l lu s  (see N o te  2) o n  f re s h  M S - 1 m e d iu m  p r io r  to  in fe c ­
t io n  w ith  Agrobacterium {see N o te s  3  a n d  4 ) .

5 . P la c e  th e  c u l tu r e  in  c o n tro lle d  e n v iro n m e n t a t  2 6  ±  2®C f o r  2  d . P h o to p e r io d  o f  
1 6 - /8 -h  l ig h t /d a rk  c y c le  w ith  c o o l-w h ite  f lo re s c e n t l ig h t  ( 6 0  n m o l/m -/s ) .

3.2. A grobacterium  Culture Preparation

1. S tre a k  Agrobacterium u s in g  lo o p  f ro m  a  g ly c e ro l s to c k  o n to  A E L B  m ed iu m  su f^ le -  
m e n te d  w ith  2 0  m g /L  g e n ta m y c in  a n d  5 0  m g /L  k a n a m y c in . In c u b a te  a t 28®C fo r  2  d.

2. T ra n s fe r  a  s in g le  w e lJ -g ro w n  Agrobacterium c o lo n y  f ro m  p la te  in to  a  2 5  m L - 

l iq u id  A E L B  m e d iu m  w ith  a p p ro p r ia te  a n tib io tic s .
3. K e e p  2 5  m L  c u l tu re s  o n to  a n  in c u b a to r  s h a k e r  (28® C ) fo r  2 4  h  w ith  ag ita tio n  

( 2 5 0  rp m ).
4 . G ro w  c e l ls  o v e rn ig h t u n til an  A ^  o f  0 .5 ; a d ju s t  th e  b a c te r ia l  c e ll d e n s ity  to  5 x  10® 

c e l ls /m L  a n d  u se  fo r  tra n sfo rm a tio n .

3.3. A grobacterium  Infection and Co-cultivation

1. T ra n s fe r  th e  p r e c u ltu re d  c a lli  in to  th e  Agrobacterium su s p e n s io n  a n d  im m e rs e  fo r 

10 m in .
2 . C o l le c t  th e  in fe c te d  c a lli  u s in g  s te r i le  sp a tu la  a n d  b lo t  d ry  o n  s te r ile  W h a tm a n  

N o . 3  f i l te r  p a p e r  to  re m o v e  e x c e s s  o f  b a c te r ia l s u s p e n s io n .
3. T ra n s fe r  th e  c a lli  o n  c o c u ltu re  m e d iu m  (1 0  c a l lu s  p ie c e s /p la te )  a n d  in c u b a te  th em  

u n d e r  2 6  ±  2 “C  in th e  d a rk  fo r  a  p e r io d  o f  3 d  (see N o te  5 ) .

3.4. Selection o f Transformed Callus

1. A f te r  3  d  o f  c o c u ltu re , su b c u ltu re  th e  c a lli  in to  s e le c tio n  m e d iu m . S ea l p la te s  w ith  
p a ra f ilm  a n d  m a in ta in  a t 2 6  ±  2®C in  th e  d a rk . S u b c u l tu re  e v e ry  2  w k  fo r  a  pcriiKl 

o f  2  m o  (.see N o te  6 ).
2. O m it  c e fo ta x im e  f ro m  th e  s e le c tio n  m e d iu m  a n d  .screen  fo r  p u ta tiv e ly  tra n sfo rm e d  

c a l lu s  lin e s  in th e  p re se n c e  o f  k a n a m y c in  (see N o te s  7 - 1 0 ) .
3. S e lc c t  8 -w k -o Id  k a n a m y c in  re s is ta n t  c a l lu s  lin e s  fo r  e m b r y o  in d u c tio n .

3.5. Somatic Embryogenesis and Plant Regeneration

1. T ra n s fe r  th e  p u ta t iv e ly  t ra n s fo rm e d  c a lli  g ro w in g  o n  s e le c tio n  m e d iu m  an d  cu liu rc  
o n  M S -2  m e d iu m  fo r  e m b ry o  fo rm a tio n .

2. S u b c u ltu re  th e  k a n a m y c in  re s is ta n t e m b ry o g e n ic  c a l lu s  lin es  to  fresh  M S-2 
m e d iu m  a t 2 -w k  in te rv a ls . T ra n s fe r  e m b ry o s  in to  f re sh  M S -2  m e d iu m  fo r  m a tu ra ­

t io n  a n d  in c u b a te  lo r  4  w k  w ith  16-h p h o to p e r io d .
3. S e lc c t  m a tu re  b ip o la r  em bry(>s (.vt'c F ig . 2 B )  a n d  s u b je c t  th e m  to  hist(K .hem icnl 

G U S  a s sa y  f.vrt' Klf». 2 D ) (.v«* N o te  11).
4. P h a c  m aJua* bifx>lar e m b ry o s  c o n ta in in g  co lyJcdon .s on I rc sh  M S -3  m c d iu jn  lo r  

g c n n in a ti jm  utu l k e e p  at 16-h p h o to p e r io d .

5 . M a tu re  e m b ry o s  g e rm in a te  in to  p la n tle ts  in  th e  M S -3  re g e n e ra tio n  m e d iu m  w ith in
2  w k  o f  c u l tu r e  (see F ig . 2 C )  (see N o te  12).

6 . T ra n s fe r  th e  p la n t le ts  (> 5 -c m  lo n g )  fo rm e d  in  th e  m e d iu m  in to  s te r i le  h a lf -s tre n g th  
M S  l iq u id  m e d iu m  f o r  2  w k . E s ta b lish  th e s e  p la n ts  in to  sm a ll  p o ly b a g s  c o n ta in in g  
a u to c la v e d  so il m ix . c o v e r  w ith  a  p la s tic  b a g  a n d  k e e p  u n d e r  c o n tro lle d  c o n d itio n s . 
T h e n  m a k e  a  sm a ll h o le  in  th e  p la s tic  b a g  fo r  a e r a t io n  (see N o te s  13  a n d  14).

7 . R e m o v e  th e  c o v e r  a t th e  e n d  o f  2  w k  a n d  t r a n s f e r  p la n ts  to  la rg e  p o ly b a g s , m o v e  
to  g la s s  h o u se  fo r  h a rd e n in g  (see N o te s  15  a n d  16). In i tia l ly  k e e p  th e  p la n ts  u n d e r  
sh a d e  to  a v o id  d ire c t  s u n lig h t.

8 . A f te r  2  w k . sh if t  th e  a c c l im a t iz e d  ru b b e r  tra n sg e n ic  p la n ts  to  th e  n e t h o u se  u n d e r  
n o rm a l f ie ld  c o n d it io n  w ith  s u n lig h t  (see F ig . 2 E ).

9. B u d g ra f t  th e  w e ll-e s ta b lis h e d  tra n sg e n ic  p la n ts  to  n o rm a l ro o t-s to c k  g ro w n  in  n e t 
h o u se  fo r  m u ltip lic a tio n .

10. C o lle c t  th e  leav es  o f  th e  a c c l im a t iz e d  tra n sg e n ic  p la n ts  f o r  h is to c h e m ic a l  s ta in in g  
a n d  m o le c u la r  a n a ly s is  su c h  a s  G U S  h is to c h e m ic a l a s sa y , P C R , a n d  S o u th e rn  b lo t 

h y b r id iz a tio n .

3.6. Isolation of Plant Genomic DNA, PCR, and Southern Blot Analysis 
T h e  f o l lo w in g  i s  t h e  m o d i f i c a t i o n s  o f  D e l l a p o i t a  e t  a l .  (11).

1. L a b e l th e  5 0 -m L  c e n tr ifu g e  tu b e s , c o l le c t  2  g  o f  le a v e s  f ro m  tra n s fo rm e d  p la n ts  a s  
w e ll a s  u n tra n s fo rm e d  c o n tro l  p la n t  a n d  p la c e  th e m  in  th e  la b e le d  tu b e  (see N o te s
1 7  a n d  18).
R in se  th e  leav es  w ith  c o ld  s te r i le  w a te r  th re e  t im e s  in  b e a k e r , b lo t  d ry  o n  W h a tm a n  
N o . I p aper.
P la c e  th e  leav es  in a  m o rta r , a d d  liq u id  n itro g e n , a n d  g r in d  to  a  f in e  p o w d e r  w ith  
a  p e s tle  (see N o te  19).
T ra n s fe r  th e  f ro z e n  p o w d e r  to  5 0 -m L  O a k  r id g e  c e n tr ifu g e  tu b e , w h ic h  is an 
o rg a n ic  so lv e n t- re s is ta n t  tu b e .
Im m e d ia te ly  a d d  2 0 -m L  w a rm  C T A B  e x tra c tio n  b u ffe r  to  th e  p u lv e r iz e d  f in e  p o w ­
d e r  a n d  g e n tly  m ix  to  w e t th o ro u g h ly . Irtcu b a te  fo r  3 0  m in  a t  65®C w ith  fre q u e n t 
m ix in g  (.see N o te  20).
E x tra c t th e  h o m o g en a te  w ith  a n  eq u a l v o lu m e  o f  2 5 :2 4 :1 p h e n o l/c h lo ro fo rm /lso a m y l 

a lco h o l. M ix  w ell by  g e n tle  inversion . S p in  fo r  10 m in  at lO.OOO/j.
T ra n s fe r  a b o u t 18 m L  o f  a q u e o u s  f ra c tio n  (u p p e r  p h a se )  b y  u s in g  p ip e tm a n  to  
fre sh  c e n tr ifu g c  tu b e . B e  c a re fu l  n o t to  ta k e  th e  in te rp h a se  w h ic h  c a n  d e c re a s e  

y o u r  D N A  q u a lity  (see N o te  21).
A d d  10 p L  e a c h  o f  10 m g /m L  p ro te in a se  K a n d  10 m g /m L  R N a se  A to  the 
h o m o g e n a te  m ix  w ell b y  inversiem  se v e ra l tim e s . In c u b a te  th e  tu b e s  in th e  37®C 
fo r  2 0  m in . w ith  o c c a s io n a l a g ita tio n .
A d d  an  e q u a l v o lu m e  o f  24:1 c h lo ro fo rm /lso a m y l a lc o h o l. M ix  w e ll by  g e n tle  
in v e rs io n . S p in  fo r  10 m in  al IO.(XX)^», a t 4®C. C o lle c t  lo p 'a q u e o u s  p h ase . 
P re c ip ita te  th e  D N A  by  a d d in g  e x a c tly  0 .6  v o lu m e  o f  isD propano l ( ic e -c o ld )  an d  
m ix  WflJ. Jl p rc c ip iJa lc  is  v is ib le , p ro ccc tJ  lo  .slop 11. 1/ n o t, p la c c  m ix tu re  3t) m in  
ai - 2 0 " C .
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11. S p in  fo r  15 m in  a t 14,000j? a t 4 “C . D isc a rd  th e  s u p e m a ta n i  w ith o u t d is tu rb in g  th e  
p e lle t.

12. W ash  th e  D N A  p e lle t  w ith  ic e -c o ld  7 0 %  (v /v )  e th a n o l,  sp in  fo r  2 m in  a t  lO.OOOg. 
D isc a rd  th e  su p e rn a ta n t  a n d  a ir  d ry  f o r  10 m in  {see N o te  22).

13. R e s u s p e n d  th e  D N A  p e lle t  in  a  m in im a l v o lu m e  o f  T E  b u ffe r  ( 1 0 0 - 5 0 0  ^ L /g ra m  
o f  s ta r t in g  t is s u e  m a te r ia l) .

14. T a k e  2  n L  D N A  a n d  a n a ly z e  th e  u n d ig e s te d  D N A  o n  1 %  a g a ro se  g e l to  d e te rm in e  
th e  in te g r ity  a n d  q u a li ty  {see N o te  23).

15. A m p lif ic a tio n  o f  t r a n sg e n e s  f ro m  g e n o m ic  D N A  b y  P C R  u s in g  g e n e  sp e c ific  
p r im e rs  (7).

16. C o n f irm  th e  in te g ra tio n  a n d  p re s e n c e  o f  th e  H b S O D  tra n sg e n e  in  th e  p u ta tiv e ly

tra n s g e n ic  p la n ts  th ro u g h  S o u th e rn  b lo t  a n a ly s is  (7). ^

4 .  N o t e s

] . Im m a tu re  a n th e r s  a t  d ip lo id  s ta g e  a r e  very e s s e n tia l  f o r  100% c a l lu s  in itia tio n .
2 . W e  fo u n d  th a t  th e  2 -m o -o ld  c a l lu s  is  id e a l f o r  g e n e tic  tr a n s fo m ia tio n  in  Hevea.
3 . P re -c u ltu re  o f  c a lli in  th e  p ro life ra t io n  m e d iu m  is  n e c e s sa ry  to  in c re a se  th e  tra n s­

fo rm a tio n  fre q u e n c y .
4 . W o u n d  w ith  s te r ile  d is s e c tio n  n e e d le  e n h a n c e s  th e  tra n s fo rm a tio n  e ffic ien c y .
5 . A  3 -d  c o -c u lt iv a tio n  p e r io d  is o p tim a l f o r  t ra n s fo rm a tio n  e x p e r im e n ts  a n d  c o c u l­

t iv a tio n  b e y o n d  3 d  r e su lts  in b a c te r ia l o v e r  g ro w th  th a t  w ill d e s tro y  th e  c a llu s .
6 . I t  is  fo u n d  th a t su b c u ltu re  is to  b e  p e r fo rm e d  a l  2 -w k  in te rv a ls  into fresh m e d iu m  

o f  th e  s a m e  fo rm u la tio n s  to  av o id  d ry in g  o f  tis su e s .
7 . W e o b se rv e d  th a t 3 0 0  m g /L  k a n a m y c in  is th e  o p tim a l c o n c e n tra t io n  to  sc lec t 

tr a n s fo rm e d  c e ll  l in e s  in  Hevea.
8 . I f  th e  k a n a m y c in  c o n c e n tra t io n  in  th e  m e d iu m  w a s  in c re a se d  b e y o n d  3 5 0  m g /U  a 

d e c re a s e  in tra n s fo rm a tio n  f re q u e n c y  w a s  n o tic e d .
9 . In  o u r  e x p e r im e n t,  p ro fu s e  g ro w th  o f  n o n s tra n s g e n ic  c a lli w as o b s e rv e d  from

0  to  2(A) m g /L  k a n a m y c in , w h ic h  in d ic a te d  th a t k a n a m y c in  c o n c e n tra t io n s  up n> 

2 0 0  m g /L  w e re  in e ffe c tiv e  fo r  .se lec tin g  t r a n s fo rm e d  c e ll lin es.
10 . W c u se d  2 0  m A / a c e to s y r in g o n e  in th e  c o -c u lt iv a tio n  m e d iu m  to  e n h a n c e  th e  trans* 

f«rm ati(»n  freq u e n cy .

I i . E ig h t-w k -o ld  k a n a m y c in - re s is ta n t  m a tu re  b ip o la r  e m b ry o s  w e re  su b je c te d  Jo G U S  
a s s a y  b e fo re  t r a n s fe r  to  e m b ry o  g e rm in a t io n  m e d iu m . It is  v e ry  im p o rta n t to  c o n ­

firm  th e  i r a n sg e n c  in te g ra tio n  e v e n ts  b e fo re  th e  d e v e lo p m e n t o f  p lan ts .
J2 . M e d ia  s u p p le m e n te d  w ith  A B A . p o iy a m in e s , a n d  o rg a n ic  su p p lcm crU s a n d  w ith 

o p tim a l a g a r  c o n c e n tra t io n s  fa v o re d  e m b ry o g c n e s is  an d  th e  re g e n e ra tio n  o l ira iis ' 

g e n ic  |) lan is .
13. T h e  le a v e s  fro m  g e rm in a le d  p la n t le ts  w e re  su b je c te d  lo  G U S  e x p re ss io n  a ssay s , 

a n d  a ll w e re  fo u n d  lo  be  G U S -p o s it iv e .
14. In itia lly , w c  kep t g e rm in a te d  p la n t le ts  in liq u id  ha lf s tre n g th  h o rm o tw  Irec  MS 

m e d iu m  l(jr 2 w k ; th is  s te p  is e s s e n tia l  b e fo re  tn in s le r  lo  so il rite .
i.^. W e u se d  p fa s iic  b a g s  (<> c o v e r  th e  p la n ts . ( ( is  im p o rta n t l(i c o v e r  e a c h  jjJanf l/n in i'' 

U ia te ly  a l te r  ir a n s le r  l<» so il r i le  to  p re v e n t w iltin g

16. I f  th e  p la n t le ts  e s ta b l is h e d  in  so il  r i te  a re  k e p t  in  d ir e c t  su n lig h t, h e a t  w il l  b u ild  u p  
u n d e r  th e  p la s tic  c o v e r  a n d  d ry  th e  p la n t.

17. G U S  p o s itiv e  p la n t le ts  w e re  u se d  f o r  m o le c u la r  c o n f irm a tio n  o f  th e  p re s e n c e  o f  
uidA, nptll, a n d  H b S O D  tr a n s g e n e s  b y  P C R  u s in g  sp e c if ic  p r im e rs .

18. T h e  in te g r ity  o f  th e  n u c le ic  a c id s  w ii i  b e  im p ro v e d  b y  m a in ta in in g  h a rv e s te d  t is su e s  
c o ld . W e h a v e  o b se rv e d  th a t  m o d ifie d  C T A B  m e th o d  g iv e  D N A  o f  b e l te r  q u a lity .

19. In  o rd e r  to  g e t b e t te r  re s u lts ,  th e  fo llo w in g  p re c a u tio n s  sh o u ld  b e  fo llo w e d  d u r in g  
th e  p re p a ra t io n  o f  r e a g e n ts  f o r  D N A  iso la tio n  a n d  d u r in g  iso la tio n , P C R , an d  
S o u th e rn  b lo t h y b r id iz a tio n  p ro c e d u re s  w e a r  g lo v e s  a t a ll tim es . U se  h ig h e s t q u a lity  

m o le c u la r  b io lo g y  g ra d e  re a g e n ts . U se  s te r ile , d isp o sa b le  p la s tic w a re s  i f  p o ss ib le .
20. T h e  s u c c e s s  o f  th is  D N A  iso la t io n  p ro c e d u re  h in g e s  o n  th e  a b il i ty  to  g e n tly  d is ­

ru p t c e i iu la r  in te g r ity  w K iie  m a in ta in in g  D N A  in  a n  in ta c t, h ig h -m o le c u la r-w e ig h t 
fo rm . T h u s , m ix in g  o f  th e  t is s u e  s a m p le  a n d  p h e n o l sh o u ld  b e  p e r fo rm e d  by  
g e n tle  in v e rs io n , w h ic h  m in im iz e s  s h e a r in g  fo rc e s  o n  th e  D N A .

U . I t  is  im p o rta n t  th a t  a q u e o u s  p h a s e  m u s t  b e  c o l le c te d  w ith o u t d is tu rb in g  th e  p ro te in  

m le ip h a se  to  g e t  g o o d  q u a l i ty  D N A .
12. T h e  D N A  p e lle t  m a y  b e  a ir  d r ie d  fo r  10 m in .
13. T o  e n s u re  th e  D N A  iso la te d  is  o f  h ig h  q u a li ty , i t  is  a d v is a b le  th a t  D N A  sa m p le s  

a re  e x a m in e d  b y  ru n n in g  in  a  1%  (w /v )  a g a ro s e  g e l  b e fo re  S o u th e rn  a n a ly s is  a re  

p e r fo rm e d .
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