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ABSTRACT KEYWORDS
Retrotransposons are present in high copy number in plant genomes. Chickpea;
They show a considerable degree of sequence heterogeneity and Retrotransposon,
insertional polymorphism, both within and between species. The Molecular marker;
retrotransposon based genetic diversity analysis technique Sequence- SSAP

Specific Amplification Polymorphism (S-SAP) hasrecently been derived
fromthe Amplified Fragment L ength Polymorphism (AFLP) technique. It
produces amplified fragments containing aretrotransposon LTR sequence
at one end and a host restriction site at the other. Thisisthe first attempt
to devel op gypsy retrotransposon-based S-SAP markersin chickpea. We
tried to find possible S-SAP markersin 30 chickpea (Cicer arietinumL.)
accessionswidely grown around the world. Polymorphismswere detected
in eight accessions, using PCR primers designed from the long terminal
repeat (LTR) of the chickpea retrotransposon CARE-1 and a set of three
selective Msel +3 primers. From the 215 bands scored, 12 were polymorphic.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Plant genomesaredominated by retroel ementg®33.
On the basisof presence or absence of long terminal
repeats(LTRS) at their termini theseel ementshavebeen
classified into two groups- LTR retrotransposonsand
non-LTR retrotransposons. LTR retrotransposonsare
further divided into Tyl-copia and Ty3-gypsy sub-
groups. In Ty1-copiaelementstheintegrasedomainis
present between protease and reverse transcriptase
domainwhilein Ty3-gypsy elements, it islocated be-
tween ribonuclease H domain and 3’LTR region!?.
Retrotransposons show abundant variation in copy num-

ber and genomiclocalization among even closely re-
lated plant species*1828, Thedispersion, ubiquity, se-
guence heterogeneity and insertiona polymorphism of
retrotransposons, both within and between plant spe-
ciesprovidean excellent basisfor the devel opment of
marker systems. Several retrotransposon-based mo-
lecular marker techniques have emerged during thelast
few yeard>"1134, One such molecular marker technique
is Sequence-SpecificAmplification Polymorphism (S
SAP). S SAPisamultiplex amplified fragment length
polymorphism (AFLP) liketechniquethat displaysin-
dividual retrotransposon insertion as bands on a se-
guencing gdl. Fragmentsareamplified by PCR, using
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oneprimer fromtheLTR terminusof theretrotransposon
and other from the nearest restriction endonucleasesite
(Figure1)B4,
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Figurel: Schematicrepresentation of the S-SAP technique

Polymorphismisdetected as presence/absence of
the band, thus S-SAP isusually interpreted as domi-
nant marker system. S-SAP assays have been accom-
plished in severa plant species such as barley!42534,
pea>¥¥, Wheat'?, oat!®, alfalfad?®!, maize®, sweet
potatol?!, common bean'®, grapeving*?d, tomato and
pepper®¥, cashew and lettuce? 28, apple®Y and lo-
tus®,

Chickpea(Cicer arietinumL.) isone of themost
important food legumesin theworld and Indian sub-
conti nent contributesabout 80% to the South-East Asan
chickpeaproduction. Legumessuch aschickpeahave
anarrow genetic basetherefore, the genetic diversity
should be accessed before crop improvement through
breeding. In chickpea, severa DNA marker techniques
have been employed to detect theextent of genetic vari-
ability but the high degree of polymorphism could not
bereveded. However, theextremdy efficient technique
S-SAP hasnot been employed in chickpeadueto lack

BioTechnology — ammm

of LTR sequenceinformation. Since, S-SAPhasproved
to be much more efficient in detecting polymorphism
than AFLPin other crops, it wasdecided to ascertain
theeffectivenessof S-SAPin detecting polymorphism
in chickpea. The LTR-sequence specific primer se-
guence for S-SAP was taken from CARELl
retrotransposon, which wasisolated by usearlier’??

EXPERIMENTAL

Plant material and genomic DNA isolation

Seeds of various Chickpea (Cicer arietinumL.)
accessionsgrown invarious countrieswere procured
from ICRISAT (International Crop Research Ingtitute
for Semi Arid Tropics), Patancheru, Andhra Pradesh,
India (TABLE 1). These seeds were grown and the
genomic DNA was extracted from young leaveswith
standard procedures off¥. The DNA solution was
treated with RNaseA (Sigma, 100 pg/mL) at 37°Cfor
20 minutes. The concentration of DNA sampleswas
determined by: Absorption at 260nm x 50 (pg/mL) x
dilutionfactor. Theintegrity of DNA inthesampleswas
confirmed by 0.7 % (w/v) TAE agarose gel electro-
phoresig?.

S-SAP development

Since S-SAPisamodified form of AFLPand many
steps are common therefore, AFLPanalysis System-|
Kit (Invitrogen) was used and AFL P steps were per-
formed according to the protocol of*2, The S-SAP
andysiswas carried out as described by, with modi-
fications. For thisanalysis, 150 ng of genomic DNA
was digested with 2.5 U Msel for 8 hr at 37°C. The
digested samplewasincubated at 70°C for 15minto
inactivate Msel. To the digested product Msel adapt-
erswereligated with 1 unit of T4ADNA ligaseat 16°C
for 4 hrs. The adapter-ligated DNA wasdiluted five
timesin0.1M TEand 2.5 ul of it waspre-amplifiedin
aPCR reaction containing 10 pmol of pre-amplifica-
tion primer mix (complementary to adaptor sequences,
with onesdectivenucd eotide, namdy Msal+N) following
proceduresoft®3. S-SAP ampliconsweregenerated in
8 uL PCRs, containing 2 uL 25x diluted pre-amplified
reaction, 10 pmol of y*2P-ATP (5000 Ci/mmole) la-
belled LTR primer (5
CTGTGTGGGGGATAGTGTGTTTGT 3, 10 pmol
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TABLE 1: Cicer arietinum L. accessionsused in thisstudy

S. no. Accession humber Sour ce country
1 ICC2204 SRILANKA
2 ICC2210 ALGERIA
3 ICC10302 COLOMBIA
4 ICC5816 INDIA
5 ICC12237 INDIA
6 ICC1026 IRAQ
7 ICCl1164 NIGERIA
8 ICC16530 PAKISTAN
9 ICC12332 TURKEY

10 ICC16833 UGANDA
11 ICC14933 YUGOSLAVIA
12 ICC6263 RUSSIA

13 ICC15802 SYRIA

14 |CC16487 PAKISTAN
15 ICC15518 ALGERIA
16 ICC7272 INDIA

17 ICC12947 INDIA

18 ICC16796 PORTUGAL
19 ICC7571 ISRAEL

20 ICC1422 INDIA

21 ICC4841 MOROCCO
22 ICC3485 JORDAN

23 ICC1422 INDIA

24 ICC7571 ISRAEL

25 ICC8740 AFGANISTAN
26 ICCV2 MYANMAR
27 ICCJIG62 INDIA

28 P2 PAKISTAN
29 FLIP82 PAKISTAN
30 BGD72 INDIA

of selectiveAFLPprimer (M sel+3 containing 0.2 mmol
dNTPs) and 0.5 unitsof Tag DNA polymerase. Ther-
mal cycling profilewas: 10 cyclesof 94°Cfor 1 min,
65°C (reducing by 1°C for each successivecycle) for
1 minand 72°Cfor 90 sec. Thiswasfollowed by 23
cyclesof 94°C for 30 sec, 56°C for 30 sec and 72°C
for 1 min. Three primer combinations
LTR—Msel+CTA, LTR—Msel+CAT and
LTR—Msel+CTG wereused to generate S-SAPfrag-
ments. These S-SAP fragmentswere resolved on 6%
denaturing polyacrylamide gel as described by!4.

Analysisof S-SAP datafor geneticdiversity
S-SAP bandsdetected by dl primer combinations
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were scored manually. Thebandswereassignedto the
categories depending uponther presence and absence
in different accessions. It was assumed that each S-
SAPfragment represented asinglelocus, and polymor-
phic bandswere scored as present (1) or absent (0).
The percentage pol ymorphism was cal cul ated by di-
viding thenumber of polymorphic bandsby total num-
ber of bands scored for an accession.

The datawas analyzed with NTSY S-pc software
(Numerica Taxonomy and MultivariateAnalysisSys-
tem, Version 1.8) for cluster analysis?®. Thegenetic
distances were cal cul ated according to the* for all
possibl e pai rwise comparisons between accessions.
Jaccard’s similarity index was tried to construct
UPGM A-based dendrogram.

RESULTS

TheS-SAPtechniqueutilizesLTR sequences, which
are highly conserved among the membersof afamily
i.e. for agivenfamily of retrotransposon; LTRsof its
individualsareidentical to each other. Thus, the suc-
cess of S-SAPis very much dependent on LTR se-
guences. Inthisstudy, LTR-specific primer sequence
wastaken from 5’LTR of gypsy-like retrotransposon
CARE1?, Atota of 30 chickpeaaccessionsfrom vari-
ous eco-geographical regionsof world wererandomly
chosen (TABLE 1). The schematic representation of
the S SAPtechniqueisshowninFigurel. Threedif-
ferent Msel+3 primers (Msel+CTA, Msel+CAT and
Msel+CTG) oneby onewereusedin combinationwith
v¥Plabelled LTR primer to generate S-SAPamplicons
fromapreamplifiedlibrary.

S-SAPdatainterpretation

Thevariousbands detected by thisassay wereclas-
gfied asmonomorphic, polymorphicand accession spe-
cific(TABLE 2aand 2b). If aband ispresent in only
oneaccessionitiscalled accesson specific. If abandis
present or absent in at least two but not al of theac-
onsitisregarded aspolymorphic band. Themono-
morphic bands arethe onesthat are present acrossall
theaccessions.

Primer combination: Msel-CTAand LTR

Figure 2 showsan S-SAP autoradiograph gener-
ated by this primer combination. A total of 83 frag-
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TABLE 2a: Satistical representation of S-'SAPdata, when all 30 accessionsar etaken into account.

Primer Total Accession Monomor phic Polymor phic % Total
combinations Bands  gpecific bands bands banda Polymorphism  accessions
LTR-M-CTA 83 2 78 5 6.02 30
LTR-M-CAT 61 6 56 5 8.19 30
LTR-M-CTG 71 0 69 2 281 30

TABLE 2b: Satigtical representation of SSSAPdata, when theaccessions| CC12332,1CC7571, 1CC8740, I CCV2,1CCJIG62,

P2, FL1P82 and BGD72 wereexcluded.

Primer Total Accession M onomor phic Polymor phic % Total
combinations Bands  specific bands bands bands Polymorphism  accessions
LTR-M-CTA 78 0 78 0 0 22
LTR-M-CAT 56 0 56 0 0 22
LTR-M-CTG 69 5 69 0 0 22

mentswere amplified from the pre-amplified library
(TABLE 2aand 2b). Whendl 30 onsweretaken
together, the polymorphism was 6%. Therewereonly
two accession specific bands, which were present in
the access on number ICC8740. When onnum-
bers|CC12332, ICC7571, 1CC8740, V2, JG62, P2,
FLIP82 and BGD 72 were excluded, the polymorphism
dropped to 0%i.e. all accessionsexcept these acces-
sionsaremonomorphic. Theaccession ICC8740 was
very different from othersinitsbanding pattern.
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Figure2: S-SAP profilesproduced by primer combination
Msal-CTAandLTR

Primer combination: Msel -CAT andLTR

Anoveral 8.19% polymorphism wasreveaed by
thiscombination of primers(TABLE 2aand 2b). Only
Six accession specific bandswere detected, fivein ac-
cession ICC1422 and onein ICC8740. All accessions
except ICC12332, ICC7571, 1CC8740, V2, JG62,

P2, FL1P82 and BGD 72 are monomorphic. i.e. other
22 accessions showed identical banding pattern.

Primer combination: Msael -CTGandLTR

This primer combination generated atotal of 71
amplified fragments(TABLE 2aand 2b). Theoveradl
polymorphism was 2.81%. When accessions
ICC12332, ICC8740, JG62, P2, and BGD72 were
excluded, theapparent polymorphi sm disappeared.

Since twenty two accessions were found to be
monomorphicand onsFLIP82and BGD72have
identical banding pattern, so adendrogram could not
be generated.

DISCUSSION

One of themagjor constraintsin chickpeacrop im-
provement programsisthelimited knowledge of the
variability presentinitsgermplasm. Therefore, asapre-
requisitefor crop improvement programs, thereisan
urgent need to assessthelevel of genetic variability.
Thebiodiversity assessment and phylogenetic studies
are also essential for preserving both land racesand
their wild relatives, which are often disappearing rap-
idly3,

Thetechniques such asAFLPare not ableto de-
tect much polymorphisminlegumestherefore, onehas
to rely on other techniques such as retrotransposon-
based markers. Molecular markers based on
retrotransposons have proved to be moreinformative
than non-transposon-based marker methodsin many
cases tested to date®>*( Kalendar et al. 1999;). The
newly developed retrotransposon-based marker
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technology S-SAP isbased on fundamentally differ-
ent biological processto the commonly used marker
technologies, but thebasic principleof S SAPissame
as of AFLP. In amost all cases LTR sequences of
Ty1-copia-likeretrotransposons are being employed
to detect polymorphism in various plantsthrough S-
SAP technique®10142021 Here, LTR sequence of a
aypsy-likeretrotransposon CARE1 isbeing used for
S-SAP studies in chickpea. Three combination of
primers Msel-CTA+LTR, Msel-CAT+LTR and
Msel-CTG+LTR were used to amplify theinsertion
loci of retrotransposon CAREL in 30 accessions of
chickpea, but none of Msel enzyme/primer system
reveal ed more than 8% polymorphism. The percent
polymorphism shown by primer combination M sel -
CTG+LTRisnegligible. Theretrotransposon based
marker S-SAP used here have proven to beless con-
vincing like AFLP in resolving phylogeny in
chickpea®”. Similar results were obtained by!?! in
wheat. But in barley 25-30% and in sweet potato 19-
20% increase in the rate of polymorphism was ob-
served with retrotransposon-based S-SAP, in com-
parisontoAFLPanaysis. In comparisontoAFLP, S
SAPgenerdly yieldsfewer fragmentsbut higher lev-
els of polymorphism®143431 |n Avena, the S-SAP
techniquein combination withAFLPand RAPD gen-
erated a saturated map®sl. Plant Tyl-copia
retrotransposons show aconsiderabl e degree of se-
guence heterogeneity and insertiona polymorphism
both within and between species but, thereisno such
report on gypsy-likeretrotransposons and this could
bethereason for detection of low polymorphism. Also,
the activity of agiven LTR-retrotransposon largely
affectsthe detection of polymorphism by S-SAP. It
could be assumed that theinsertion of CARE1 had
taken placein chickpeabeforethe diversification of
these chickpea access onsfrom acommon ancestor.
Thusthelow polymorphism shown in chickpeamay
be due to antiquity and inactiveness of CAREL
retrotransposoni?2.
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