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The p resen t s tudy  wus u n d e rtak en  to identify  sim ple 
sequence rep ea ts  (SSRs) o r  m icrosatellites In Hevea, 
an im p o rtan t tre e  c ro p  p ro d u cin g  latex  o f com m ercial 
utility. A sm all'in sert genom ic lib ra ry  o f Hevea, derived 
from a clone G T l, >vas screened  fo r the  presence of 
SSRs (AC/TG and  CT/GA m otifs) and flnaliy 154 clones 
were recovered. PC R  am plification  w ith  v ecto r-d irec­
ted p rim ers as well as w ith  the rep ea t sequences con­
firmed 114 positive clones. R estric tion  analyses o f liie 

es identified six d up lica tes and  w ere thus clinil- 
d. Fifty positive clones ou t o f 108 w ere sequeiiccd. 

Sim ilarly, a la rg e-in sert genom ic lib ra ry , derived from  
a popu lar clone RR1I105, w as also screened and  24 
positive clones w ere sequenced  to valida te  the p re s­
ence of m icrosatellites in the Hevea genom e. Sequence 
data  revealed  the  presence o f 67 m icrosatellites having 
characteristic  sim ple and  com pound repea ts , ou t of 
which 59 w ere from  G T l and  elKht from  KIUI105. 
D ifferent types o f rep ea t m otifs com prising  dlnucleo- 
tides (TG /A C , A G /T C , TA /A T), trinucleo tides (AAG, 
AGG, A TT), te tran u c leo tid es  (GAAA, A A G G , A TCC, 
TAAA, AAAT) and  one pentanucleotlde (GAAAT) were 
detected. The abundance  o f CT/GA repeats as observed 
In Hevea genom e w as ak in  to those rep o rted  in o th e r  
crops.

MiCROSATBLLirns or simple sequence repeals (SSRs) are 
among the most efficient class o f molecular markers due 
to their hyper-variable and co-dominant nacure, with rela­
tively high abundance and random distribution in the ge* 

Such repeals display high levels o f polymorphism 
D e c a u se  of variation in repeat length and c a n  be rapidly 
analysed through PCR and gel eleclrophoresis. Microsa- 
tellites also allow relatively simple interpretation and gene­
tic analysis o f a single-locus and are easily accessible to 
other laboratories through published primer sequences^'^. 
In plants, SSR markers have been successfully applied to 
a variety o f questions, Including the construction o f genetic 
maps^, assessment o f genetic diversity*, cultivar identifica­
tion and pedigree studies^. Recently, microsatellites have 
been isolated and characterized in several tree species, 
including apple^, grapevine^ and peach^.

The rubber tree Hevea brasiliensis (W ild. Ex. Adr. de. 
Juss. Muell. Arg), produces about 98%  o f  the world’s 
natural rubber. Conventional genetic analysis in Hevea is 
difficult because o f  its perennial nature, long breeding 
and selection cycles, and difficulties in raising F2 proge­
nies. With the advent o f  PCR technology in the nineties'®,
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there has been a remarkable progress in the development 
o f  an array o f  potential molecular markers, including 
RAPD, AFLP, microsatellites, etc. for characterization of 
plant genome. Available reports on Hevea described the 
successful application o f RAPD or RFLP markers, includ­
ing assessment o f genetic variability in cultivated clones 
and wild accessions using R FL Ps". clonal identification 
and evaluation o f genetic diversity in popular clones using 
RAPDs'^ '^, estimation o f phylogenetic relationships from 
mitochondrial DNA RFLPs'^ and identification o f mildew 
resistance genes by RAPD techniques*^. Low et al.*^ detec­
ted for the first time, microsatellites in the Hevea genome 
through the database search o f some Hevea gene sequences. 
DNA fingerprints in H. brasiliensis using heterologous 
minisatellite probes from humans were reported by Besse 
el al.^^ and the construction o f a microsatellite-enriched 
library in //. brasiliensis was reported by Atan et « /.”*. 
Lespinasse el a/.'^  also described the construction o f  a 
genetic linkage map o f  rubber tree using different molecu­
lar markers. There are only two published reports o f micro­
satellites in Hevea^^'^. Therefore, it was felt necessary to 
develop this potential marker system for its exploitation in 
the characterization o f the Hevea genome. W ith an aim o f 
producing micro.satellile markers in Hevea, an attempt 
has been made towards isolation o f  microsatellites from
H. brasiliensis. The present work reports the successful 
identification and characterization o f microsatellite-bearing 
genomic clones, which could be considered as a major step 
towards the development o f  microsatellite markers in 
Hevea.

Genomic DNA o f H. brasiliensis (GTl clone) was extrac­
ted from lender green leaves following the CTAB (hexa- 
decyl trimethyl ammonium bromide, Sigma Co, St. Louis, 
USA) method o f Doyle and Doyle^*. A small insert Hevea 
genomic library o f the clone G T 1 was constructed in lambda 
vector (ZAP Express, Stratagene. USA). Genomic DNA 
was completely digested with the restriction enzymes 
EcoRI and Xho\, then size fractionated on an agarose gel 
to isolate the fragments in the range o f 200-8(X) bp. which 
were purified through gel extraction using the GFX column 
(Amersham Biosciences, USA), then subsequently cloned 
into ZAP Express vector and packaged in Gigapack III 
gold packaging extract following the protocol (Stratagene, 
USA). This phage was plated after incubation with E. coli 
XL-1 Blue cells. Plaques were transferred onto positively 
charged Nylon membranes (Amersham Biosciences, UK) 
according to standard procedures^^ and screened through 
plaque hybridization and probing with a mixture o f  radio­
labelled (y^^P-dATP) synthetic dinucleotide repeat probes 
(AC)2o. (CT)2o and (AT)2o- The positive plaques were re­
covered individually and were subjected to a second round 
o f  screening following the same procedure. The recombi­
nant lambda vector from each o f the positive plaques was 
converted into pBK-CMV phagemids by in v iv^excision 
that allows insert characterization in the plasmid system. 
All the positive clones were subjected to PCR am plifica­
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tion using vector-directed T3 and T7 promoter primer- 
pair to determ ine the size o f the insert. The same primer 
was also used in combination with repeat primers (AC)g 
and (CT)* to identify the presence o f  sufHcienl flanking 
regions arouifti the repeats, which was essential for effec­
tive primer designing. The excised phagcmids were dou- 
ble-digested vyith Xbal and BamHl to identify the dupli­
cates for their elimination prior to sequencing. Positive 
cloncs were sequrnced from both the ends o f the inserts 
using a BigDyc Terminator Cycle Sequencing kit and the 
product was run with an Applied Biosystems ABI 3700 
Sequencer at the Microsynth GmbH, Switzerland to vali­
date the presence o f  microsatellites/SSRs in the genomic 
libraries of Hevca. Similarly, another large insert Hevea 
genomic library, constructed with the popular clone RR11105 
was also screened for the presence o f SSRs.

Synthetic oligonucleotides com prising (A O 201 (CT)2o 
and (AT)2o were used as probes in screening the Hevea 
genomic library as these repeats are most prevalent in 
many plant species^^*. Among the approximately 15,000 
plaques screened, 204 ctones/plaques were found to be 
positive for CT/GA and AC/TG repeats. All these puta­
tive positive clones were recovered individually for a 
second round o f  screening with the same probe and 154 
cloncs were confirmed to be positive for the repeats. Finally, 
114 clones were selected through PCR amplincation using 
vcctor-directcd T3 and T7 prom oter primers (Figure 1) 
and also with the repeat sequences (GT)», (AC)*, (AG)* 
and (CT)b as one o f  the prim ers, which facilitated the 
identification o f  sufficient flanking sequences around the 
repeats. Six clones (5.3% ) appeared to be duplicates fol­
lowing digestion o f  the clones with Xbal and BamWl, and 
were thus eliminated. Fifty positive clones out o f  108 
were subjected to sequencing and various kinds o f  repeat 
motifs were identified as described in Table 1.

Regarding the screening o f  large-insert genomic library 
developed from the Hevea clone RRII105, 24 purified 
phagemid clones having an insert size ranging from 4 to 
6 kb (comparatively sm aller inserts from the large-insert 
library) were subjected to single-pass sequencing reac­
tions from both the ends. Eight clones were identified to

F ig u r e  1 . R epresentative photograph o f  a gei sh o w in g  gcn om ic  in- 
s c n s  or various s ize s  from  SS R -b earin g  H e v ta  c lo n c s . am pliD cd u sin g  
vccior-d irccictl T 3  and T7 prom oter prim ers. Lancs 1 -3 1 . I’o s iliv c  gc* 
nom sc c lon es  for A C  and C T  repeats; lane M . m olecu lar w eigh t marker 
(A -D N A  m arker/EcoRI +  / /m d lll} .

possess microsatellite repeats (both simple and com­
pound) in them. As the size o f the inserts was more than 
4 kb, sequencing o f the entire insert was difficult and tedi­
ous. The observed frequency o f the repeat sequences was 
low from this library, possibly due to the presence o f  these 
repeats beyond the scquenced arciv subjected to a single­
pass reaction. Owing to this problem, further screening o f 
the clones for the presence o f  the repeats was performed 
making use of the small insert library alone, developed 
from the G Tl clone o f H. brasHiensis. Screening was also 
performed with the dinucleotide repeat probe AT/TA repeat 
and no positive signal was obtained. However, the AT re­
peats were found to be associated with other dinucleotide 
repeals (Table 1), as simple or compound, when probed 
with AC and CT repeats. This observation indicates that 
AT repeats arc indeed present in the Hevea genomic 
clones but could not be identined when hybridized with the 
same repeals as probe, possibly due to their self-annealing 
nature which has to be carefully evaluated. As there are 
reports about the prevalence o f  AT repeats in some crop 
spccies^^'^, an attempt was made for screening of gcnomic 
library through hybridization with freshly denatured AT 
repents as probe. However, the situation could not be im­
proved, which led to the conclusion o f  the minimum oc­
currence o f AT repeals within the gcnomic DNA of 
Hevea.

Sequencing o f  the positive clonc.s rcvcnlcd 31 simple re­
peats harbouring dinucleotide repeals like CT/GA, TG/AC, 
TA/AT; trinucleotide repeats such as AAG, AGG, AAT; 
tetranucleoiide repeats like AAAT. GAAA, AAGG, ATCC, 
TAAA and also a pentanucleotide repeat GAAAT motif. 
The microsatellites frequently contained more than one SSR 
motif (compound microsaiellites), whereas some were simple, 
perfect and long (Table 1). M ajority o f  the dinucleotide

F ig u r e  2 . C hrom atogram s o f  repeat regions in  Uet'ea gen om ic  c lon es. 
a .  S im p le  d in u cleo tid e  repeat com p risin g  (A G )2o; b .  L ong stretch es o f  
com pou nd  perfect repeal characterized by (AT)a>(AG)29.
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Table I. Characteristics and frequeocy of occurreace of SSRs isolated from Hevea clones
------------------------------------------------------------------------------------------------------------------------------------------------------------------------- >  i ,i V ’* i
Categoryof Repeal motif • Number of SSRs • Repeat ' :Averagerepeat-^y''|'*^'
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Compound imperfect repeat
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(AG )ijATG A(AO )i 
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(CT)iCATT(CT)io 
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microsatellites isolated \h^H evea  genome were CT/GA 
repeats followed by TC/Q A  repeats., GA repeat was found 
to be the longest simple repeat having a length of<20 repeat 
units (Figure 2 a) and the average repeat length was found 
to be 11.78M )ur observation on the frequency o f  GA re­
peats in the Hevea genom e appeared to be sim ilar to most 
o f  the published reports |on SSR isolation from many 
plant species, where the GA repeats were consistently more 
abundant than the CA rcpeals‘'̂ ’̂“ . Two types o f  compound 
repeats, i.e> compound perfect repeats and compound imper­
fect repeats were detec'cd . Out of-36  compound repeats 
identified, 10 were perfect repeats and 26 were imperfect 
repeats. M ost o f  the compound perfect repeats were char­
acterized by the presence o f  2  to ,3 dinuclcotide repeat 
motifs with varying repeat length. A relatively long stretch 
o f  compound perfect repeat containing AT/TA and GA/CT 
motifs with a repeat length o f  20  and 29 respectively, was 
identified (Figure 2b). Among the compound imperfect 
repeats, AG motifs seemed to occur at a higher frequency, 
which were interrupted by 1 to 4  non-repeat nucleotides.
Besides the AG motifs, different motifs comprising di-, tri- 
and pentanucleotide also existed as part o f  compound im­
perfect repeals. High percentage o f  compound microsatel­
lites delected in the Hevea genomic clones is unusual 
compared to other plant species, where majority o f  the 
microsatellites harbour a single repeat type and a lower 
number o f  repeating units. Long stretches o f  poly(T) or 
polytA) were also noticed along with the other repeats 
(data not included in Table 1). Generally, such m ononu­
cleotide stretches are found in the chloroplast genome o f 
higher plants, which may be polymorphic among differ­
ent species and accessions*^” . As the total genomic DNA 
was used as the source for the Hevea genomic library 
construction, these long poly(T) o r poly(A) tracts possi­
bly could have originated from the chloroplast genome.

W e have isolated a representative number o f  Hevea 
microsatellites from a genomic library for their ultimate 
use in the developm ent o f  microsatellite markers. Out o f
4 X  iO^ bp, estim ated to  be the haploid genome size o f 
Hevea (an allotctraploid)^•^^ wo sequenccd approxi­
mately 48 X  10^ bp (32 X  10^ bp in G T l and 16 x  10^ bp 
in RRII105) based on an average insert size o f  650 bp per 
clone and identified various repeal motifs. Until now, 
there are only two reports '’'^  available on the isolation 
and characterization o f  Hevea m icrosatellites. In many 
crop species, m icrosatellites were predom inantly isolated 
by screening the sequence database in addition to their 
developm ent through conventional techniques involving
construction o f  a genomic library, screening with repeat , • «   ̂ »d

. . .  -  . .  an a lysis . T V icor/tpp /. 1 9 9 4 .8 8 .  1 9 9 -2 0 7 .
o lig o n u c leo tid e  probes for the id en u fica lion  o f  p o sitiv e  rri n ,  Varghcsc. Y. A.. Knaali. C.. Sethuraj. M. R. and Ecke. w .. 
c lo n e s  e tc ., w hich  is  m ore laborious and tim e-consum ing.
In Hevea, there is a limitation in finding microsatellites 
from the database, as only a few full-length gene sequences 
are reported in the database. There are three Hevea gene 
sequences in the database, i.e. HM G-CoA reductase, Mn- 
SOD and thioredoxin h, detected with repeat sequences at

their untranslated regions (UTRs) o f  mRNA or in inlrons in 
genomic sequences. Dinucleotide repeats AG and CT, 
present at the 3 ' UTR o f  HM G-CoA reductase and the in- 
tron o f M n-SOD respectively, have already been used as 
markers for genetic relationship studies*®’̂ ®. However, 
markers could not be developed .from the thioredoxin h 
sequence having trinucleotide repeats AAG at its 5 ' UTR, 
due to insufficient flanking regions for prim er designing.

The present work would be useful towards the develop­
ment o f  a reliable marker system for evaluation o f  genetic 
diversity among Hevea clones and their wild relatives. 
Further work is in progress on designing oligonucleotide 
primers based on the flanking sequences both upstream 
and downstream o f  the microsatellite sequences for their 
evaluation as DNA markers in Hevea, which will ultima­
tely be used to develop a linkage map.
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On the relation between magnitude 
and liquefaction dimension at the 
epicentral zone of 2001 Bhuj 
earthquake '

M . G . T h ak k a r*  and  B hanu Goyal
Departm ent o f  G eo logy , Shri R .R . Lalan C o lleg e . Bhuj.
K achchh 3 7 0  0 0 1 , India

T he 26 Ja n u a ry  2001 B huj ea rth q u a k e  {Mw 8.7) is one 
o f the  la rgest seism ic events o f  its  kind in Ind ia  and  
also in the  in tra -p la te  zones in the  w orld . Com plete 
docum entation  o f  the  liquefaction-rela ted  deform ation  
fea tu res  a rc  d ifficu lt in the  hostile sa lt-p laya  a re a s  of 
K achchh, how ever we a ttem pted  shallow  trench ing  
study  a t  previously  identified liquefaction  sites th a t 
p a rtia lly  n ils  the  gap in the  liquefaction  d a tab ase  of 
2001 B huj ea rth q u ak e . L iquefaction  dim ension was 
found  to be a function  o f  ep icen tra l d istance, m agni­
tude o f  the  ea rth q u ak e , d ep th  o f  the  hypocenter, 
availab ility  o f the sou rce  m a te ria l and  also proxim ity 
to the  m a jo r lineam ents. W e re la te  the above fac to rs 
fo r  2001 B huj ea rth q u a k e  using shallow  trenches a t 
U m edpur, C h o b arl, B an iyari an d  A m arsa r  villages 
an d  reveal com para tive  p ic tu re  o f  th e  dim ension of 
liquefaction  a t  th e  ep icen tra l zone. P roxim ity  to  the 
active fau lt system , availab ility  o f shallow  g rou n d w a­
te r  and  liquefiable sand  sourcc has p layed  m a jo r role 
In the size and  dim ension o f  the  liquefaction  in 2001 
Bhuj ea rth q u ak e . T his study  discusses the  scope and  
lim itations re la tin g  the sizes o f  sand  blows and  th e ir  
re la tion  to  ep icen tra l d istance  and  the  m agn itude  of 
the  causative ea rth q u ak e .

T h e  2001 Bhuj earthquake (Mw 8.7) is one o f  the largest 
seismic events amongst the intra-plate earthquakes In the 
post-instrumental era. The energy was rele^^sed on a 
90 km long E -W  trending and 55® dipping fault plane.

*Fbr corresp ondence, (e-m ail: m gthakkartdrediffm ail.com )


