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Field of the invention The present invention relates to the field of

nol ecul arwgenmoipsosg. I n particul ar, the invention rel ates/M20t 1600212
identification and isolation of sinple sequence 5 repeat (SSR) markers and
their application to genotyping. Background of the invention Jatropha
curcas (Fam |y Euphorbi aceae), also known as physic nut, is a non- food
crop oil-seed bearing tree (or large shrub) which can grow up to 5 neters.
10 J. curcas seens to be native to central or South Anerica. It is now
grown across the tropics and sub-tropic, such as Africa and Asi a.
Naturally, it is cross pollinated by insects but can be propagated by
cutting as well. J. curcas has never been extensively bred for
productivity. TheSSR MARKERS:FOR PLANES AND USES THEREQH site for a crop
i nprovenent 15 program Morphol ogi cal characterization of genetic diversity
can be btainggue to the strong influence of environnent even on highly
herit abl & lpvertian,ch as average seed weight, seed protein and oi
content in J. curcas. Hence, genetic information generated using neutral
ol ecul aTrhatyré@ér& lﬁOQﬁtldrﬂféI#@@.Q@Glhéméld1©f Wéétﬂéﬂ?éhéty?ﬁ\ge%%ﬂlcﬂhalas this
is more reliable and consistent. There is 20 [ittle information regarding
the ori gthe anxenties Rlatesi to dhe eidentification anduiseiadiopo il sinplh searsnee

ger i asiRrhat (SR HidRere o M hbnlcoRbh I8 Bhob@® ol L Sui'e Tor gentic

i nprovenent (breeding progranme) and genetic mappi ng. Sinple sequence
repeats (SSR, aI o) knovvn as SSRs or mcrosatellites) are 25 tandem repeats
of short 2abtdes d ehce 2-6 bases in length, that vary in nunber.
SSR may be arrpllfled by t he pol ynerase chain reaction (PCR) with two or
nor e Speghfbshd U sS Fa’?\f\ﬁf gﬁB}Blééé‘aﬁ)' albo R’ﬁavﬁré%dﬂﬁypsﬁc ®jut disf & §ioppt WO
2013/ 012308PCT/ l\/h{2011 000 | 'engths "are produced, representing allele
poI yrmr pfaasherophil-seed behenrg \meeh(oncbargﬁmhrﬂb):umiabmai growepuo vnetetshere are

nesolding Bl sbelfoclolPe il fo pBhirelior o) Aniea ' s BN oro

pref erabbcrotsgqné&mm&seanars@bqf dpw g@ﬂpas Mﬂéa aRdgkeiy. Nafuratyai &l erosend
frequent in nost eukaryotes and reveal 8h allelic diversity (Mhan et

al ., 199p¢llinategdeby Ansegis budicay e P&%@Qﬁi? By sutling: agwell. ﬂo@yrcq)%h%nrpm sm
was not as accessions using 17 SSR priners
devel opeﬂ %%%qu—]as& tﬁg('%jl a on %@U LP of Sequences Contai ning 10

repeat) protocol. However, it was reported in the sanme paper that only AFLP
mar ker s §7hev\edte|mbqumg|eplatis ndiveisithi s taqqoremqtésie Jor curarap mopreyeimmm. There

is thus a need vel tool,s fo netlc ana curcas
for Ly eBrdiam™ Moholid e Sareititn fhomirinanerss opd Hascle oo 'f of
genetic ghthd st?&@g;mfmea@é 8 enVrofmHameeyerion ﬁ@mynw@ﬂbbl@ﬂsé@wtran@%aah
invention relates to SSR markers and prinmers tor anplifying SSR markers.

The anpl aﬁ@@rm mmhﬁaﬁﬁeﬂnp@tﬁ@ and eil eoptanfnibr phicercatst dileice, The SSR

mar ker s %th(,e 5 fi&itn p%i{?%téé&%% gﬁtrglsﬁ\%léc%amlag@g% ﬁﬂ&%ﬁ%&g

and/ or g Ao inger pr rding to af € present
i nventi oby m@endmnmenﬁtuéledsémial@stthrsmsrmoge tetiebgeand ¢0|3319fena Theretissanpl e

corrpr|S| roviding, DNA fromthe | e; ii) a Iifyin at | east
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improvement (breeding programme) and genetic mapping.

Simple sequence repeats (SSR, also known as SSRs or microsatellites) are
25 tandem repeats of short nucleotide sequences, 2-6 bases in length, that vary in
number. SSR may be amplified by the polymerase chain reaction (PCR) with
two or more specific primers. After amplification, PCR products of different



WO 2013/ 012308PCT/ MY2011/ 000212 3 and (iii) identifying at |east one

pol ynorphic allele of the SSR maker present in the sanple. The anplified
product s wayois@igm®garated to identify the all el es preserCI/MYAlt/enaeRti vel y,
pol ynmor phi sm of a SSR marker in a sardple nmay be identified by sequencing.
The invention al so provides an isolated oligonucleotide prinmer for
anplifying at | east one SSR nmarker, selected fromthe group consisting of
SEQ I D NOGs: 1-20 or a fragment of variant thereof. The invention further
provi des an isolated 10 oligonucleotide prinmer pair for anplifying at |east
SSR mar ker selected fromthe group consisting of SEQ ID NGs: 1 and 2; 3 and
4; 5 and 6; 7 and 8; 9 and 10; 11 and 12; 13 and 14; 15 and 16; 17 and 18
and 19 and 20 or a fragnent or variant of each prinmer pair. Brief

descri pt ilé_tlfgtﬁéldrbepl‘bﬁlgt:?@,she}ﬁ&@mr@ allélel palymatmssms. uwcaslt%e@mmgnam of 8d
J. curcas sanples anplified using priner ir cappri.sing SEQ 1D - 11 an
12. Fi gu@“@%ﬁt'@@ﬁ'ﬁﬁ @ecy V%*i‘?'?/@ﬁ"@t"d?ﬁ'@ﬂ%@ﬂ?éﬂﬂ% h?ﬁ Bg'd&ﬂ Sitg f(gcﬁ‘.e cur cas
sanpl es égied using prinmer pair conprising SEQ ID NGs: 11 and 12.
Figure 371 1TUStrates the principle conponent analysis (PCA) results of 927

20 J. curcas sanples genotyped with the ten SSR markers. Figure 4
i 11 ustrat38Rt are hsefyl for assassing genetie divarsityn{Ashieyl eladkhsé@0Yen2BRt ed

using_the_ten SSR narker 0 _geno e 927 J. cur ] :
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for "si R FEGUERCA MmENEalKarpdtds i Fevead hihy alidlier divemsitygMahant dbal. | s
repeated at | east once in a particular nucl eotide seguence. SSR nmay be

found i n 1997h Dewengr.aareordiR0doR siHdt BusSWt efahorBlBspelymaiphisghMa@asm The
t SSR i ] | 1 4 Lhte7 . ' b
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nucl eot i dizfvefapel, by FIASCO (Fept dselationt by AbihBeof Bedquencesc Contaidieng i n t he

base repeat, and n represents the nunber .of tinmes the bas S re ed in a
par t i'8ul 4PPERIA RIeiFohOWeNer, hwas ieposed in. the"Rempppareryrat onkt BEEED

referre nHQrkt%?s 8howel goRfrhbrphishhe withREfHe gSinS%mbiéasta&bggibhy. may be a

d
nmono-, di-, tri- or tetra-nucleotide notif. For exanple (ATC)4 refers to a

tri-nucleotide. SSR are highly polynorphic, in that each SSR | ocus may have
a number Tdfereds kg 8 mefegh tospropisieymaned ipels dorthengeneticearalysis @ |k cyseasu|

mar kers i any. or. i . 1dentf] 1on ni i etic
mappi ng. f% SE%?WB%}%?R\L%&'OQ ﬁgaé%}og%'h 85@15% %géhbbﬁlﬁbrgﬁ%u@s% tg ﬁrgi r
usef ul nesferlicg@roinkaigegnappeihgr genetic fingerprinting. "Perfect repeat”
refers to a repeated SSR notif without interruption and w thout adjacent
repeat(s) of a different potif. However, the repeats nmay be "inperfect”

when r ' interrupted by a nunber of non-repeated 20
nucl eoti des, such as for exanmple in (AC)5CGCTAGI(AC)7. An inperfect repeat

may al so Hes BisueRfl iferfiohSiefRbs 16 BBRGAarkehe i dSHiMet firarfipifingaSeR ar e
nmut at ed. Ot her possible variations of SSRs woul d be known to those of skill

in the amarkenesthe apeplified $HBI markeys vam dustrer apd &re Polneoddic Alllesy \Weber

Gi 1o entTTe RaRodn el <ot fnd nrEsent toleih a8, 68" bisdrrd! ploféihat 0
non-repeegem)tymﬁ %@UV&@eneﬁﬁfﬁgémﬁrﬁir@f a conpound repeat is (ATC)5(AT)6.
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20 According to a first aspect, the present invention provides a method for

determining the genotype of a plant sample comprising:
(i) providing DNA from the sample;

(ii) amplifying at least one polymorphic SSR marker with at least one
primer pair selected from the group consisting of SEQ ID NOs: 1 and 2; 3

25 and 4;: 5and 6; 7 and 8; 9 and 10; 11 and 12; 13 and 14; 15 and 16; 17
and 18: and 19 and 20 or a fragment or variant thereof of each pair;



"SSR | ocus" refers to a location on a chronosone of a SSR marker. The | ocus
may be occupi ed by any one of the alleles of the SSR marker. "Allele" is
one of sewenrals3abioernati ve forms of the SSR marker occupgrmgymigioserr | ocus
on the chronosone. 5Detail ed descriptdon of the invention The

ol i gonucl eotide prinmers and SSR markers of the present invention were
obtained fromJ. curcas genone data. The SSR markers and isol ated

ol i gonucl eotide prinmers may be used for distinguishing Jatropha species. In
particular, the SSR markers and isol ated ol igonucl eotide priners my be
used 10 for distinguishing J. curcas from other Jatropha species. The SSR
mar kers are anplified by oligonucleotide priners. Exenplary oligonucleotide
prinmers of the present invention conprise the follow ng sequences in Table
1. Each of @nd ten priner pairs of Table 1 nmay be used to anplify a SSR
mar ker 15 from a plant sanple. Each of the oligonucleotide prinmer pairs

rker .the, present inventian reyea 0 rphismin J.
U cas sanpl edh) astyig Sfeds e eAVTesPaE ISl phUfSEEDAET frovReit
accordi ng to fidfhd sarapld.on SEQ ID NO Priner sets ID Forward (5 -3) Repeats
1 ACGT 0060 F* CAA GAC AAC TAC TTC TO (ATA)25 ACGT 0060 R AGC TAA CCA
ACC TCA UT TO 3 _ACGI_0067 F* TTT OCT TGA TTC AAT GIG TT (TA)33 4 ACGI_0067
R TTC AsdheTemplifiedcpiodurtaanay hecrepareted-+1oTidentifT the) sawesent. M

(AT) 34 GAﬁgﬂat%ﬁ? rBIymorphism of a SSR marker in a sample may be identified by
sequencing.

- The invention also provides an isolated oligonucleotide primer for amplifying at
least one SSR marker, selected from the group consisting of SEQ ID NOs: 1-20
or a fragment of variant thereof. The invention further provides an isolated

10  oligonuclectide primer pair for amplifying at least SSR marker selected from the
group consisting of SEQ ID NOs: 1 and 2; 3 and 4; 5 and 6; 7 and 8; 9 and 10;
11 and 12; 13 and 14; 15 and 16; 17 and 18 and 19 and 20 or a fragment or

variant of each primer pair.

Brief description of the figures

16 Figure 1 illustrates an electropherogram of 8 J. curcas samples amplified using
primer pair comprising SEQ ID NOs: 11 and 12.

Figure 2 illustrates a silver stained polyacrylamide gel of 8 J. curcas samples
amplified using primer pair comprising SEQ ID NOs: 11 and 12.

Figure 3 illustrates the principle component analysis (PCA) results of 927
20  J. curcas samples genotyped with the ten SSR markers.

Figure 4 illustrates the bar plot results of the K=3 simulated dataset generated
using the ten SSR markers to genotype 927 J. curcas samples.

Figure 5 illustrates a plot of AK = m|L"(K)|/S [L(K)] against K from the
STRUCTURE cluster analysis.



TGC ATT GAT ATC TTC GTC AA 7 ACGT 0070 F* CCA AAC TCA GM GTA CM TCG ( AT) 42
8 ACGT_0070 R ATC CAT AU CGG GTC AGA TT 9 ACGT 0071 F* AU ATT CCC CAT CTC
ATT CC ( W4£013102#€GT_0071 R ' TTC CU TCA TTC GIC CTC TAPCIMYMEIOR22 F*
GGG TGT GGA GAT M GG I C (AT)40 12 ACGT_0072 R AU CGA TTT AGT TTG GCT CA
WD 2013/ 012308PCT/ MY2011/ 000212 6 13 ACGT 0078 F* TTT TAC AGG MG TGC TGA GG
(TA) 31

Definitions

The abbreviation “SSR” stands for “simple sequence repeat” and refers to any
short sequence, that is repeated at least once in a paﬁicular nucleotide
sequence. SSR may be found in both coding and non-coding areas of genomes
5 of an organism. The term SSR may be used interchangeably with
“microsatellite”. A SSR can be represented by the general formula (N1Na.....N;),,
wherein N represents nucleotides A, T, C or G, i represents the number of the
nucleotides in the base repeat, and n represents the number of times the base
is repeated in a particular DNA sequence. The base repeat, i.e. NyN2...N; is also
10  referred to as a “SSR motif”. The repeating SSR motif typically may be a mono-,
di-, tri- or tetra-nucleotide motif. For example (ATC)4 refers to a tri-nucleotide.
SSR are highly polymorphic, in that each SSR locus may have a number of
“allelic” forms. Polymorphic SSR loci are extremely useful markers in any
organism for identification, paternity testing and genetic mapping.
15 Polymorphism is a feature of SSR which contributes to their usefulness in

genotyping and/or genetic fingerprinting.

"Perfect repeat" refers to a repeated SSR motif without interruption and without
adjacent repeat(s) of a different motif. However, the repeats may be "imperfect"
when a repeated SSR motif is interrupted by a number of non-repeated

20 nucleotides, such as for example in (AC)sGCTAGT(AC);. An imperfect repeat
may also be viewed as a repeat sequence, where some individual bases are
mutated. Other possible variations of SSRs would be known to those of skill in
the art. These repeats, in‘cluding compound repeats, are defined by Weber
(1990).

25 "Compound repeat" refers to a SSR that contains at least two different repeated
motifs that may be separated by a stretch of non-repeated nucleotides. An

example of a compound repeat is (ATC)s(AT)s.



14 ACGT 0078 R AAC ATA AAA TGG CTG CM AT 15 ACGT 0079 F* TAT CU TTG MIr ITT
QU GG (AT)48 16 ACGT_0079 R AGC AGC TAT TTC AGG TAA CG 17 ACGI_0085 F* AAA
G FT AGA W0AIB0@MAA CA (AT)44 18 ACGT_0085 R CGG GIT TPCrwy2hisoodd3 AG 19
ACGT_0086 F* GGI TGT TGA GIT TAG TMIFT T (TA)43 20 ACGT 0086 R TTT TCA ACA
TGC AU ACACG * Findicates forward priners |abelled with fluorescent M3
tag may be used for PCR (see also Table 4) R indicates reverse priners. The
i nvention also includes a fragnment or variant of an oligonucl eotide priner
of 5 Table 1. A fragment or variant thereof of an oligonucl eotide priner

I ncl udes any ol igonucl eotide prinmer capable of anplifying a pol ynorphic SSR
mar ker according to the invention. A fragnent of an oligonucl eotide priner
may conprise a portion of SEQ ID NOs 1-20, and includes for exanple, a
sequence “65R5lotasbreférsota atoeatiompdn fi chdomlosgoeuof @ 8SR enarke20THplocus

may be occupied by any one of the alleles of the SSR marker. "Allele" is one of
several alternative forms of the SSR marker occupying a given locus on the

chromosome.

5. Detailed description of the invention

The oligonucleotide primers and SSR markers of the present invention were

obtained from J. curcas genome data. The SSR markers and isolated

oligonucleotide primers may be used for distinguishing Jatropha species. In

particular, the SSR markers and isolated oligonucleotide primers may be used
10 for distinguishing J. curcas from other Jatropha species.

The SSR markers are amplified by oligonucleotide primers. Exemplary
oligonucleotide primers of the present invention comprise the following

sequences in Table 1.

Each of the ten primer pairs of Table 1 may be used to amplify a SSR marker
15 from a plant sample. Each of the oligonucleotide primer pairs and/or SSR
markers of the present invention reveal polymorphism in J. curcas samples.

Table 1. Examples of isolated oligonucleotide primers according to the invention

SEQ ID NO: | Primer sets ID | Forward (5'-3") Repeats
1 ACGT_0060 F* | CAA GGG GAC AACTAC TTC TG | (ATAI2S
2 ACGT_0060 R_| AGC TAA CCA AGC TCA TTT TG
3 ACGT_0067 F* | TTT GCTTGATTC AATGTG TT | (TA33
4 ACGT_0067 R_| TTC AAA TTC AAC GGG AAT AC

15 ACGT_0068 F* | TGC AAT ATT AAA GGG GAA AA | (AT)34
6 ACGT_0068 R | TGC ATT GAT ATC TTC GTC AA
7 ACGT_0070 F* | CCA AAC TCA GAA GTACAA Tcg | (AD42
8 ACGT_0070 R | ATC CAT ATT CGG GTC AGATT
9 ACGT_0071 F* | ATT ATT GCC CATCTCATTCC | (TAMO
10 ACGT_0071R | TTC CTT TCA TTC GTC CTC TA
11 ACGT_0072 F* | GGG TGT GGA GAT AATCTG TG | (AT40
12 ACGT_0072 R | ATT CGA TTT AGT TTG GCT CA




10 A variant oligonucl eotide primer need not share any overlap with SEQ I D
NOs: 1-20 but nmerely has to be capable of anplifying a pol ynorphic SSR

mar ker acwordiang23e® t he i nvention. A variant oligonucl eetCiraeymii/omei2al so

i ncl udes any ol i gonucl eotide prinmer cenplenentary to a region flanking a
pol ynor phi ¢ SSR marker according to the invention. As understood by the
person skilled in the 15 art, the 3 end of a variant oligonucleotide
prinmer for PCR may not have any m smatches to the SSR marker or a region
flanking the SSR marker while the 5 end may have m smatches. The invention
al so provides a kit conprising at | east one olionucleotide prinmer from
Table 1 or a fragnent or variant thereof. 20 Each priner pair according to
Table 1 anplifies alleles of an SSR marker fromJ. curcas. The anplified

products {Mary in Size g38 e eprraaenNcchakiicemia !l Yyt Phijc all el es of the
SSR nar kery, ACCOT gAd&gJ &R&hnﬂ@mew .ljegvcﬁ%quh

2013/ 012308PCTMNZO0LLF000212 7 retates to-a oSSR NE l(mtﬂﬂon'pl’i sing a

sequence [diplifi BT W7RF| AT GATCLIT A HLG 0 the i nvention. Different
pol yror phil€_al | el jescGQ3t 00768 SSFE@R@FTT&AG@aWQﬁ he ten | oci have
di f f er ent| 13equenclesccTItgs pr EAeNETT AvrasdA cot ActaidedrMfe |sequences of the 5

di fferent| 1pol ynorpfi & @lsh B! ESc@brERFIR T8t $SR marlkers. For exanpl e,

each of the tensE ] fralz al l el e of the ten
SSR mar kerdarp Hf&ef&ggi. &gﬁgﬁéﬁ o 6@5{3&} Ir[mlrﬁspalSEC) | D NQs 1 20.

ACGT _ 006(_2SSR_aaukﬁQaﬂ?Q_§;Ee AJINCAGE| | flied b NGs: 1 and
2: m&m@@embmmmmmmm&wmwwmﬁm 10
AATAATAATRARNGSER aisa TAaRAAT AATAATAATAATAATAATAATAATAATAATAATACAGT
AAAATGAT TRTIGTRAEETREEFSENBATEGAAAATGAGCTTGGTTAGCT ACGT_0067 SSR nar ker
allele (SEQ 1D NO 22) anplified by SEQ ID NOGs: 3 and 4:

| TTGCTTGRRE CASTHoGEISATTIAIBSTATIRTATKE AT ABABAT S TAT AligdiToAgeiET piiwer of

ATATATAT. TATATATATATTAAT| TTTT T TAATTGATTTTATATATGTATACATAC 15
AR R AT P ORISR R AR PETSO P G RQee BIDET MENIR S EERD | D

NO  23) é%ljdl&gld%y r [BaaBle %fa%%&ﬁfyﬁ_g} ‘P _Iymor hic SSR marker
TGCAATATT TATATATATATATATATATATATATATATATATATATATAT

ATATATATATROFAINGT AT ANET ATVETTHIRRAAR TITIERETC LT ANCAT@TICTEHTEA AGNTAT NTANTGCA

and 8, AR AT AR EELIRIRR ARt R B T PR R

TATATATAGPGADAIAIrOM M EASMPATIEd BlIgdMIAdAIIETANTZT BPATTTAG CGTAGATTG
GATATGAATTTTAAAATAAAATCTGAC CC GAATATG GAT WD 2013/ 012308PCT/ MY2011/ 000212

SmdACGT o wm#?%%ﬁ%h lsﬁﬁ[:i&%?AgQPATATAT

AL AL R AL AL U0 LA O AT MEME I
CTACAA GCATAGA 5ACGI_0072 SSR
mar ker adtedrdingSEQHeDIrNentios) Aavarlianti @ligdmycletideDprivaer atsd metudes: any

ATATATW@%&%%&?R‘F‘Wﬁ%ﬁﬁﬁ%&%ﬂﬁﬁmmﬁﬁﬁﬁR

ATTAATCTH B TA 62T diRgNDTthe T & Al TAS @derdtd88 TH e AbrAskilled @ $heSSR
marker allele (SEQID NGO 27) anplified by SEQ I'D NOs: 13 and 14: 10

TTTTIRCAGERA endatrEAATTh olgpcreRttsCRAMET dPGRE R Taan et Ayave any

AcascraI AT ERACHA PRI RS A LRI SRR A IR ITIPLUERS v o)

anpl i fi edndyndyEavedmiépratchesand 16:

TATCTTTTGG TTTTGTTGGTAATATATATATATATATATATATATATATATATATATATATATA 15
TATATATATATATATATAT TATATATATAT ATATATATATATATATATATTTCTACGTTAGT A
TATCTAAzi EEFRIRES g depss s, alQdcleqlids arimeEg | p

NG  29) fapl Tahed @ryaﬁﬁ é?tt'&@izanéﬁtﬁq@@'edffﬂ
AAAGT TAGAGCACCGAAACATAGRTAATAATAAT AATAATAATAATAAATATATATATATATAT

ATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATAT 20
ATARATT Aeach RiNET TIEAT RgetinoamAadiec! aoutifigssHletesrofan &R anakes flo8EQ | D

NO 30) armlbhseordy Shpifidd NoFodubds aoéiryZQn size and represent different

polymorphic alleles of the SSR marker. Accordingly, the present invention




GGTTGTTGAGTTTAGTAATTTTI CTATTAGT TAGGT TATATATATATATATATATATATATATAT
ATATATATATATATATATATATATATATATATATATATATATATATATATATATATACTTGGAAC
AAGTATAATWOGEDR®E298 GCCATGTTGAAAA WD 2013/ 012308PCT/ MY20 2er0001R00@212s a
pol ynmorphic variant (or allele). In particular, the polynorphic variant
conprises either the repeating SSR notif (TA) n or (TAA)n, The nunber of
pol ynorphic alleles of each SSR marker identified is shown in Table 2. 5
Tabl e 2 SSR mar ker and the nunber of polynorphic alleles identified SSR
Mar ker No. of polynorhic alleles Allele sizes (bp) Allele size range (bp)
ACGT 0060 4 191, 194, 197, 218 191-218 160, 172, 174, 176,
178,182, 184, 186, ACGI_0067 12 188, 190, 200, 210 160-210
144,148, 150, 152, ACGI_0068

relates to a SSR marker comprising a sequence amplified by a primer pair

according to the invention.

Different polymorphic alleles of the SSR marker at each of the ten loci have
different sequences. The present invention includes the sequences of the

5 different polymorphic alleles of each of the ten SSR markers. For example,
each of the ten sequences below represent a particular allele of the ten SSR
markers amplified by the oligonucleotide primers SEQ ID NOs: 1-20.

ACGT_0060 SSR marker allele (SEQ ID NO: 21) amplified by SEQ ID NOs: 1 and 2:

CAAGGGGACAACTACTTCTGTTGTATACCTAGTAGCATTATTATTCATTATAATAATAATAAT
10  AATAATAATAATAATAATAATAATAATAATAATAATAATAATAATAATAATAATAATAATACAGT
AAAATGATTCTCTAAGTTACTATTCATTCAAAATGAGCTTGGTTAGCT

ACGT_0067 SSR marker allele (SEQ ID NO: 22) amplified by SEQ (D NOs: 3 and 4:

TTTGCTTGATTCAATGTGTTAATTTATATATATATATATATATATATATATATATATATATATAT
ATATATATATATATATATATATATATTAATTTTTTGTATTAATTGATTTTATATATGTATACATAC
15  GTACACTTATATATTCTGTATTCCCGTTGAATTTGAA

ACGT_0068 SSR marker allele (SEQ ID NO: 23) amplified by SEQ 1D NOs: 5 and 6:

TGCAATATTAAAGGGGAAAAGAATATATATATATATATATATATATATATATATATATATATAT
ATATATATATATATATATATATATATTAAAACTTTGAATCTATATCATACCTTGACGAAGATAT
CAATGCA

20 ACGT_0070 SSR marker allele (SEQ ID NO: 24) amplified by SEQ ID NOs: 7 and 8:

CCAAACTCAGAAGTACAATCGAACAAAGACAATATATATATATATATATATATATATATATATA
TATATATATATATATATATATATATATATATATATATATATATATATATATTTAGTGGTAGATTG
GATATGAATTTTAAAATAAAATCTGACCCGAATATGGAT



6 154, 156 144-156 160, 166, 176, 178, 180, 182, 184, 186, ACGI 0070 10
188, 190 160-190 143, 160, 195, 197, 199, 201, 203, 207, ACGI_0071 11

233, 235,wd36131043308 37 153, 157,177, 181, PCT/MY2011/000212
8

ACGT_0071 SSR marker allele (SEQ ID NO: 25) amplified by SEQ ID NOs: 9 and 10:

ATTATTCCCCATCTCATTCCCTCTTTTATATATATATATATATATATATATATATATATATATAT
ATATATATATATATATATATATATATATATATATATATATATGGGCTTGAGAAACAAGCATCAC
CTACAACCCCCAAAGGCCCCGATTCCACAAACAGCATAGAGGACGAATGAAAGGAA

-5 ACGT_0072 SSR marker allele (SEQ ID NO: 26) amplified by SEQ ID NOs: 11 and 12:

GGGTGTGGAGATAATCTGTCAGATTTCAAAAAACAAATGTAGTAAAGTCTAATATATATATAT
ATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATAT
ATTAATCTTTGATTTGATTTGATTTATATTAATCTTTGAGCCAAACTAAATCGAAT

ACGT_0078 SSR marker allele (SEQ ID NO: 27) amplified by SEQ ID NOs: 13 and 14:

10 TTTTACAGGAAGTGCTGAGGGTGAATTTACGCATTTGGTCGAATGTGTGTGTGTGTATATAT
ATATATATATATATATATATATATATATATATATATATATATATATATATATATACTATATTAATA
ACAAGAATACAATTTGCAGCCATTTTATGTT

ACGT_0079 SSR marker allele (SEQ ID NO: 28) amplified by SEQ 1D NOs: 15 and 16:

TATCTTTTGGTTTTTGTTGGTAATATATATATATATATATATATATATATATATATATATATATA
15 TATATATATATATATATATATATATATATATATATATATATATATATATATATTTCTACGTTAGTA
TATCTAAAAGGGCACCCGTTACCTGAAATAGCTGCT

ACGT_0085 SSR marker allele (SEQ ID NO: 29) amplified by SEQ ID NOs: 17 and 18:

AAAGTTAGAGCACCGAAACATAGATAATAATAATAATAATAATAATAAATATATATATATATAT
ATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATAT
20  ATATATTAGCGAAAAGCTCATTAAGTTGAAAACCCG

ACGT_0086 SSR marker allele (SEQ ID NO: 30) amplified by SEQ ID NOs: 19 and 20:

GGTTGTTGAGTTTAGTAATTTTTCTATTAGTTAGGTTATATATATATATATATATATATATATAT
ATATATATATATATATATATATATATATATATATATATATATATATATATATATATACTTGGAAC
AAGTATAATAACGTGTAATGCATGTTGAAAA

25  Accordingly, the invention comprises a sequence selected from SEQ ID NO: 21-

30 or a fragment or variant thereof. For example, the variant of the SSR marker



185, 187, 195, 197, 199, 201, 203, 205, 207, 209, 211, 215, ACGI 0072 17
217 153-217 165, 169, 175, 177, 179, 181, 183, 185, 187, 189, 191, 199,

ACGT_0078wb40230d23089 165- 209 108, 112, 126, 128, PCT/MY2011/000212
9

is a polymorphic variant (or allele). In particular, the polymorphic variant
comprises either the repeating SSR motif (TA), or (TAA),,

The number of polymorphic alleles of each SSR marker identified is shown in
Table 2.

5 Table 2 SSR marker and the number of polymorphic alleles identified

No. of polymorhic Allele size range
SSR Marker | alleles Allele sizes (bp) (bp)
ACGT 0060 | 4 , 191, 194, 197, 218 191-218

160, 172, 174, 176,
178, 182, 184, 186,

ACGT_0067 | 12 188, 190, 200, 210 160-210
144, 148, 150, 152,

ACGT 0068 | 6 154, 156 144-156
' 160, 166, 176, 178,
180, 182, 184, 186,
ACGT_0070 | 10 188, 190 160-190
143, 160, 195, 197,
199, 201, 203, 207,
ACGT_0071 | 11 _ 233, 235, 237 143-237
153, 167, 177, 181,
185, 187, 195, 197,
199, 201, 203, 205,
207, 209, 211, 215,
ACGT_0072 | 17 217 1563-217
: 165, 169, 175, 177,

179, 181, 183, 185,
187, 189, 191, 199,
ACGT_0078 | 14 ' 207, 209 165-209
108, 112, 126, 128,
130, 146, 152, 166,
168, 170, 174, 176,
' 182, 184, 186, 190, :
ACGT_0079 | 19 _ 200, 202, 204 108-204
120, 124, 160, 162,
166, 170, 176, 178,
ACGT_0085 | 12 180, 182, 184, 188 120-188
: 127, 141, 165, 173,

175, 177, 179, 181,
ACGT_0086 | 10 195, 197 127-197




130, 146, 152, 166, 168, 170, 174, 176, 182, 184, 186, 190, ACGI_0079 19 200,
202, 204 108-204 120, 124, 160, 162, 166, 170, 176, 178, ACGI_0085 12 180,
182, 184, wb2813104030888 127, 141, 165, 173, PCT/MY2011/000212

10

The number of polymorphic alleles identified for each SSR marker in Table 2 is
not exhaustive. For example, the number of polymorphic alleles identified may
depend on the anélysis method. In particular, the resolution and/or
discrimination of the analysis method may affect the number of polymorphic

5 alleles identified. Using different flanking primers in the PCR amplification may
also identify additional polymorphic alleles for each SSR marker. Accordingly,
the invention comprises any polymorphic allele of the SSR markers, including
polymorphic alleles of the SSR markers not listed in Table 2.

The polymorphic alleles of each SSR markers in J. curcas may be identified by
10 PCR using the respective PCR primers. Following PCR amplification, the |
amplified products may be separated to identify the polymorphic alleles present
in the sample. Standard separation methods may be used. For example,
capillary electrophoresis or gel electrophoresis may be used to separate the
amplified products. With gel electrophoresis, agarose, native or denaturing
15  polyacrylamide gel electrophoresis may be used for separating the amplified
products. Accordingly, the method of the invention comprises amplifying at least
one SSR marker for identifying allele polymorphisms. The method may
comprise amplifying two or more of the SSR markers with the respective primer
pairs. The method may comprise amplifying any two, three, four, five, six,
20 seven, eight or nine SSR markers with the respective primer pairs for identifying
allele polymorphisms. According to a particular embodiment, all ten markers are
analysed for polymorphisms. Each amplification reaction may be carried out
separately or amplification of two or more SSR markers may be carried out

- together in a single reaction (multipiex PCR).
25 In particular, the method comprises:

amplifying each of the ten SSR markers with the corresponding primer pairs;
and identifying at least one polymorphic allele from each of the ten amplified

products in the sample.



175,177,179, 181, ACGT_0086 10 195, 197 127-197 WO

2013/ 012308PCT/ MY2011/ 000212 10 The nunber of pol ynorphic alleles

i denti fi eslof2013/@280B SSR marker in Table 2 is not exhausticrsydeeromzenpl e,

t he nunber of polynorphic alleles identified my depend on the analysis
met hod. In particular, the resolution and/or discrimnation of the analysis
met hod may affect the nunber of polynorphic 5 alleles identified. Using
different flanking prinmers in the PCR anplification nay also identify
addi ti onal polynorphic alleles for each SSR marker. Accordingly, the

i nvention conprises any polynorphic allele of the SSR markers, including
pol ynorphic alleles of the SSR nmarkers not listed in Table 2. The

pol ynorphic alleles of each SSR markers in J. curcas nay be identified by
10 PCR ushthggmoaiecularsgennatypiegReRI/or geretic fifgenpanting nR&@Rodngfl thé iivadrition, t he
anplifieqngrﬁguct may be separated to identify the polynorphic alleles
present i ¥ qf&ﬁﬂ?%. St andard separation net hods nmay be used. For
exanpl e, capillary el ectrophoresis or gel electrophoresis nay be used to
separ at e (i) ideratifphg fiderstical odslated Méhf?@%tyﬁé%té PBparaEidhs. agarose, native
or denaturing 15 pol yacryl am de gel el ectrophoresis may be used for

separati QMBe anpl.i fﬁd products. Accordingly, the nmethod of the invention
conpri se PianfiaHgg RiantygEianthip SRAPWAHRRIOR or i dentifying all el e

pol ynor phi snms. The nethod may conprise anplifying two or nore of the SSR
mar kegss iit bt Fot i [FEag=Ye i The net hod may conpri se

anplifyi \r?gy ar'i;gmthv% th%dg?@?sgzgr?‘%fec@g{létgnx, 20 seven, eight or nine SSR
markers with the respective priner pairs for identifying allele

pol ynor phios gxample gelatad plant gepettresunay bentassifiethtideatifyingrelated ipdarst ar e

anal ysed .Y, | . fication reaction may be carried out
separ at el eﬂéﬁ%ﬁpﬁé Wc:gzla@%rpéé?ﬁ{]ﬁbnémre SSR markers may be carried out
together in a single reaction (rmultiplex PCR). 25l n particular, the nethod

conpr i sedithanghithg S8R esarkens of the grese@SRventidreare vbtdnddfrorol.rasegadi ng
prinmer pairs; and i den‘i ftéi n Iat | east one pol ynorphic allele fromeach of

the ten AP eBPHIICERIR ¢ eGidar geprlyPing\oT2 80y, PapBolreartisyer 0il000212
11 T - i i fd it t th
e TRRGAIiRG pmgzxamwesaa%g@nrgﬁr@%3%09&%@ Bt 418 ﬁ@lfeh@ﬁ’%ﬂo e

invention may be used for: (1) | entical or relat arit
genot ypedafrapha,poipealni oy bean)antl thee likeit Examplpspohdatropha indusde other

Campi o, “ppBha Foselsh 35l 554 RE S, MhirRlodnfe el wERBMS Shacis it od

pl ant geootyreas Lal so i ncludes paternity testing. Al though the SSR markers
of the present invention are obtained fromJ. curcas, they are applicable

to nol ecyl ar genotypi ng of any plant, in particular oil 10 produci ng plant.
Exanpl es OES‘%I‘Q pt% Anather rﬁ’ﬁ%@d'mﬂtudeebmmé'ﬁ'@n nérovides t admathod afaropha,

oi | | Myic$i %Tpcf | ke tr.opha i ncl ude ot her
Jatrg%hghggg%‘%g@s weqﬁbggu@ggb%ﬁgg@hﬁh%gf#cﬁ?ar, t he Jatropha species
is J. curcas L. Accordi ng to anot her enbodi nent, the invention

provi des (iapraidiog DNA frodn @i planhsarple; ng Jat r opha curcas, conprising the
steps of: (i) providing DNA froma plant sample; (ii) anmplifying at |east

one pol yperphiiG r W | one, primer pair, selected fromthe
group coﬂ@iaﬁ}?'ﬁgﬁgg t% %Bem%lpm%tr%mgﬁnglaﬁEr %Batgﬁ%stbo,ne?prgﬂﬁr BaT9 and
10; 11 aseletfd fiGmahd grdup tonsiting @f SEQ ADNGS: ®#rkhdl® RBAd 29 508nd 6; 7
and 8; 9 and 10; 11 and 12; 13 and 14; 15 and 16: 17 and 18 and 19 and 20 or
20 afragment or variant of each pair; and

(iii) identifying at least one polymorphic allele corresponding to a J. curcas allele
in the sample.



20 a fragnent or variant of each pair; and (iii) identifying at |east one
pol ynorphic allele corresponding to a J. curcas allele in the sanple. WO
2013/ 012396PCB/dve11/ 000212 12 Havi ng now general | y degcrinemit/ng212
invention, the same will be nore readi2l y understood through reference to
the foll ow ng exanpl es which are provided by way of illustration, and are
not intended to be limting of the present invention. EXAMPLES 5 Standard
nol ecul ar bi ol ogy techni ques known in the art and not specifically

descri bed were generally followed as described in Sanbrook and Russel
(2001). Exanple 1 PCR anplification of SSR markers using the

ol i gonucl eotide prinmers of Table 1 and detection by capillary

el ectrophoresis 10 Reaction mxes for anplification of the SSR markers in
10 pl cdrlgvnggermpvmfg@emnwgeﬁ_qand theeareaniibhe the samenmilbbedrampe irerdidy 250 nM

of each 0 r ng of
o teltagstElosd kol ferREndBe thertolBing ore Bl WP 2 uBlfteichy S %,
C, 30 seway ORillUstrafiosemd drechictdatondiedtobelirhiting df e prsserit ivasmtioh, 94 C, 30
sec; 52 C, 30 sec, 72 C, 15 30 sec; a further 72 Cfor 7 mn and hold at 10
C. The Z]ggl i fi C%éi on was perfornmed in a 96-Wll GeneAnp(r) PCR System 9700.
Q her r xes, cycling conditions and thermal cyclers with a heated
lid may al so be used. For capillary el ectrophoresis, fluorescent |abelled
primey s Seirdakf ?ﬁ'olb@ul@%nblbﬁytt@@hﬁhﬁ%cﬁr&)wﬁr he tBEPAM fdrRd nbt %@%Fﬂ%a"‘;?r e

anal ysed by capillary el ectrophoresis. The sizes are determned wth a
st andar ddes;albpﬂeweaendg@ezre")stf@Hawedsa§ essibed sodbambraak anteflussehnd

| oaded i @ gn Appl i ed Biosystens ABI 3730x1 Genorre Anal yzer, a fluorescence
based se@p A according to the manufacturer's instructions. The out put
el ectr opher ogr am wi || show peaks corresponding to the size of the anplified
product sExsginple h@CR andifipatidm bfSERMdTkéiseusing the dlidhramisotede pdmeldpper

sof t war eof Fae Meand déledfibh dlyaapilistpelddti@bofdsiet r opher ogram of the
anplification of the marker ACGI_0072 SSR nmarker using the priner pairs SEQ

ID NGs: Rdadtith tkes 10PaAIBCAAGS 0B T SHIFRALHKAERGR YD Hcalmea®i® mM

pol ynorphic alleles from8 sanples. A total of 17 alleles was identified

H)r t he MaBk, doy P E3buftarker? (rrr\étﬂféi%PAnv@s,naﬁtﬂ\nMpf eaeh RAMer okthe ?b| eb
oo o2 e BaR oF L i bolyRich e AR SR DINACTAG BRI B! <0 b
chectro “"ﬁ’ﬁi??';a““"‘m’ em'éc"ﬁ”""“;?ﬂ“a‘ss o Syl Ay ““‘M‘."ngﬁ'm
© oauer lperaasingBEa T o, 58 RTAE Syflen O St A0k See A A A 5e80T A0, 10 pi

of gach §@’§é\:e LRAREPPS a8 &6 170 nfifd A Bfﬁ‘)‘l“d Wt a0 de. ofe a(‘ﬁplﬁ"&bﬁ@h WUfagnd 25

cm I ong) for b hours at 450 volts. Table shows an exanpl e of
pol yacr yp@rfnrmeogm afeg- WﬂzlhﬁamleAn‘rm@II%CR System Q700N Otloer maoylaormlxem de 17.

m st OCkc%/% Xg %ong%%ﬂls uatn'dotﬂa(erlnglgl cyclers with a heated lid may also be used.

ol

For capillary electrophoresis, fluorescent labelled primers were used to amplify
the products. The amplified products were analysed by capillary
20 electrophoreéis. The sizes are determined with a standard. Samples and size
standards (GeneScan 600L1Z) were heated and loaded into an Applied
Biosystems ABI3730xI Genome Analyzer, a fluorescence based sequencer,
according to the manufacturer’s instructions. The output electropherogram will
show peaks corresponding to the size of the amplified products. Scoring was
25 performed with the Applied Biosystem GeneMapper software. Figure 1
iliustrates a capillary electropherogram of the amplification of vthe marker
ACGT_0072 SSR marker using the primer pairs SEQ ID NOs: 11 and 12,



acrylamde, 1 g bisacrylamde, in 100 nL water) 10 m 5X TBE (1X TBE = 0.09
Mtris borate, 0.002 MEDTA) 22.5 mM water 220 pl 10% amoni um persul fate
(10% APS)WOQRIB01IIRED 10% APS and TEMED wer e added f or PpdIMYa9il/eWei2on. 15
After el ectrophoresis, separated anpl¥fied products were visualised by
silver staining or ethidiumbromde staining. Detection nmay al so be by
conventional autoradiography if the prinmers were radiolabelled. Figure 2
illustrates a silver stained pol yacryl am de gel of 8 sanples anplified
using prinmer pair conprising SEQ ID NGs: 11 and 12. The result is simlar
to the capillary electrophoresis 20 where 5 alleles were detected in the 8
sanples. WD 2013/ 012308PCT/ Mvy2011/ 000212 14 Exanple 3 Cluster analysis
Genot ypi ng of 927 sanples was carried out using the ten SSR nmarkers
accor di ngghawinged pfﬂ@iﬁ@@[phlﬁv@llﬂ'e%rfromoﬁ §amleﬁar&etotalpgﬁ Waslieles iveas out in
10 pl vol T 5 Table 4: PCR m x PCR
m x. 10p18%@’9iﬁ%§m§$@& ‘%fcﬁ%b Cl12 0.40 10nM dNL-13 0.20
Primerm xF: R (25pM 50pM 0. 05 ML3t aggedf| uor escent

Alternatively, any other suitable fluorescence based sequencer, size standard

and scoring method may also be used.

5 Example 2 Polvacrylamide qel electrophoresis (PAGE)

PCR were carried out using the same conditions as in Example 1.
Polyacrylamide gel electrophoresis was used to separate the amplified

products.

Amplified PCR products were heated with conventional formamide loading dye
10 and 10 yL of each sample are separated in 7% polyacrylamide gels (1 mm thick
and 25 cm long) for 6 hours at 450 volts. Table 3 shows an example of a

polyacrylamide gel formulation.

Table 3 Formulation for polyacrylamide

17.5 ml stock acrylamide solution (19 ¢
» acrylamide, 1 g bisacrylamide, in 100

mL water)

10 mi 5X TBE (1X TBE = 0.09 M tris borate,
0.002 M EDTA)

22.5mi water

220 pl 10% ammonium persulfate (10% APS)

20 pL TEMED

10% APS and TEMED were added for polymerisation.

15  After electrophoresis, separated amplified products were visualised by silver
staining or ethidium bromide staining. Detection may also be by conventional
autoradiography if the primers were radiolabelled. Figure 2 illustrates a silver
stained polyacrylamide gel of 8 samples amplified using primer pair comprising
SEQ ID NOs: 11 and 12. The result is similar to the capillary electrophoresis

20  where 5 alleles were detected in the 8 samples.



forward prinmer (2.5pM* 0.50 Tag5u/pl 0.16 DNA (3ng/pl) 6.00 Total vol unme
10.00 * indicates ML3 tagged fluorescent forward prinmer (The tagged

fl uorescewd 2bmroresod prinmers are al so indicated i n Tabl eptTmmytviihoosenpl es
and size standards (GeneScan 600LI Z) mere heated and | oaded into an Applied
Bi osystens AB13730x1 Genone Anal yzer, a fluorescence based 10 sequencer,
according to the manufacturer's instructions. Scoring was perfornmed with
the Applied Bi osystem GeneMapper software. Genetic anal ysis was perforned
usi ng NTSYSpc (Rohlf 1998) and STRUCTURE (Pritchard et al., 2010). The
results of the principle conponent analysis (PCA) by NTSYSpc for the 927 15
sanpl es using the 10 SSR narkers showed that there are three nmain clusters
of J. curcas (Figure 3). Custer analysis using STRUCTURE was perfornmed
(Prit chabstaatplaB. Clugtst@nalysis nf er popul ati on structure and assign

i ndi vi duals to clusters. Wth STRUCTURE, a nodel in which there are K

clusters sunme 2013/ 012308PCT 2011/ 000212 15 ter anal ysis
was per f SVRM"Q h°be?12|\ﬂéo§ RS ST ?BK/% hedfle | BAKRERC)

al gori t hgresamd tcb RS ése‘iﬁ%@ent&ﬂﬂ%rﬁ@%ﬁ?&é}ﬂ@r FCR WAs M6y Duttiab! e
results gl ven a (cl ustegéc where the nmean | og probability of the data

LnP(D) ( Dst.dvpbmeu@mgttbe R aix)shiogvn imeTablest. | east difference within the
set 5 indicating the right K value (or nunmber of clusters) (refer to

fi gur§ STQIBE &fpb%’lggt ed K=3 and Evanno et.al.2005). Burn-in |engths and

MCMC T ep 0000 were found to be sufficient in the analysis.
From Fi guperBmisxhi ch plots AK 1ok POR 1/|S [L(K)] against K K was

esti mat eﬁ?@ﬁﬁ’? (based on tne 1@@ hod & described in Evanno et alL, 2005).
As obser vy e ||ﬁ|ua| vajl te—of 6+distribution is the true K, as
illustra * 'rnmost | evel of the structure, here
3. | nport2mMMgGI2was f ound th&’t4Q he K yal ue obtained from NTSYSpc and
STRUCTUREI@aM ¢NaPe with each otOt@d. Figyre 4 illustrates the bar plot

resul ts (Ofritmee K=3 @igul at ed-Rlat aset generated using the ten SSR narkers to
genot ype @%ZHWSOEM)C&S sanpl es| glgst ead of 15 LnP(D) or L(K), STRUCTURE

al so presg reSBHR icalty as|in Figure 4. The vertical axis
represent].%‘,\]vgreél %EY&;LB\A’S esti ed nmenbership fractions or contribution
of parentat—ort+gira—tecruster)y—amd—the—hortizontal axis is the individual

pl ants siofa®fubdcording to the|®at®ntal grigin (cluster). Since K = 3, the
three cllugN@l @ngRRy esented by tlgige different shades was observed. Some
individ a‘lotélvoﬂ aéns rray nave %Uh@? rent aI ori gi n (represent ed by a
single
(cl ust er 5y gten‘i‘éf%&egg%&fﬁgggﬁf @wr K‘a"eciﬂfg?cﬁﬁq%ﬂseﬁn‘?each

a

par ent aI BFiM&Ls afe alsodndi | e 4 Association anal ysis
25 TheSRnarkers aof the ion_ma e.e in genetic
phteﬂoijp amRigs @ed 8i7e §t %%5%?@&@%@5@2& ?ﬁ)ﬂ@@ qg?an& %‘?éﬂtpstl cal
met hods LRC di a

af AHQ{] d dB‘I{S%@erf\EeABP\LéGleZ\%?ﬁbrﬁb vﬁ h’@@ﬁ A%udrb8ESR based

di sequi | 1bri ese SSR markers and
genetld c seq;umryrsacpmdmstoathe mmufamremmmzﬁw@rddww&% pedoined6

i nherited be, e anal | e col |l ection of
ol ant . oRiifotes PRI ipsrten ERENERRE Sotva: GFRTR dnedTnyBhe Leed
as the Wpeﬂbﬂgewqmwh@tmwvsﬁer(mrmgggb) %nEOSEFRQJG'DlDREO(PﬁtEﬁaﬁﬁ@ﬂWIF kers of
the present invention may be carried out to identify associations between
the 5 maPR&Pk and traits of interest, the extent of |inkage disequilibrium
anong them genetic variations armng i ndi vi dual s, heterozygosity and
honozygo M I to be
able to ih%¥g§¥le% |8fzj{eh\élan i r|1'?j‘|Bv(%B§'r1u’§ ?np anr{bqy Z%BWTé?F?ﬁ? BE %)rgg?ts of

i nt e‘rEestsamhmeusratheﬂ h8pRmarked stsowed dloat meresareedarrreetrham plustgrs and
popul ati o S Wih genetic 10 potential to carry the trait of

i nterest© p‘Ac‘E‘UE %9958 {3)ne SSR markers may be for genetic nmapping,

anal ysing rel ationshi ps, calculating the genetic distance between plants,

i denti f yCngsteaahalysiesusiny 8 TRUCTURP v peHyrhgd \(Phl&idr@%t a1denHioh Btb ng
hybri ds, non-curcas species and plant breeding (to produce seeds and

pi agtl nginfiert Repulation s @turerandre@ﬂgcmlr@andmisft@ @Instﬂ!részWBSTfBrlfC-EldeEbe 15
surti or cneroadifiricn e R KKALGER CaliMtd 1 V' Gl Freront for br oodi ng

pur poses, and selection of optinmal plants for breeding, predicting plant
traits and generation of distinct cultivars.

or. nnn




For exanpl e, |inkage or association analysis may be perfornmed usi ng TASSEL
20 (Bradbury et al., 2007), SPAGeDI (Hardy et al., 2002) and STRUCTURE

(Fal ush evoab13/01283 and Rosenberg et al., 2002). Any otrh@&mwewit/eaoke net hod
for linkage or association analysis Ay al so be perforned. Tassel analysis
may depend on or utilize external prograns to support sone of the
calculation. In this instance we use SPAGeDI and STRUCTURE to determ ne the
cluster and 25 population in Jatropha to calculate the p-value. Five traits
were anal ysed with each of the ten SSR markers: Bunch nunber per nonth,
fresh bunch weight (g/mh) per nonth, fruit nunber per nonth, girth growth
per nonth and plant height growh rate using TASSEL. Tables 5a to 5e
illustrate the association analysis of the ten SSR narkers to the five

traits. Sdustgpapatysisowasgeriommer2giih /peo indergths mans: Meadkou fdain Monteai t s

nnat yai s ol e MEMET FHURAME Eocifohs 7 oo oqRRR ARt T0800d! bl on,
t he p-vahukieveRtalilegeltd §irenar Kelchisten), Whkrethe fneanmnay lpesbabilitytdfeher ai t .
Accor di nglﬁe‘%l_t he narkers are arrana(ed I n descendi ng _order of 5 associ ation

with the pP(IY) et referreddreas BEKY ds the firstdpastdifieencevitin the88)si s of
5 phexot 1S . i |l ysis
(D) -5 TRy URE ol VR (S hamitRr i Sty Bty TRLRL SRR Ve
TASSEL _ Mdt-88R K3 apd Bvaknb et aP20a5 u Buked |@aiRbs 2nd TN Eepstiiods of
ACGT_007 E-02 3.51E-Q1 ACGT. 0079,1. 15E-01 72E-01 Al 0086, 4. 43E- 02
7. 18E- oﬂﬂéﬂ,‘%d{%’@ f%‘“@égog’? §‘S@'§!‘8ﬂ‘ HesPnalysis- Frbin Figuré'S, Which plots
AK = m|L"(K)|/S [L(K)] against K, K was estimated to be 3 (based on the method
as described in Evanno et al,, 2005). As observed, the modal value of this
10  distribution is the true K; as illustrated by the asterisk * or the uppermost level of

the structure, here 3. Importantly, it was found that the K value obtained from
NTSYSpc and STRUCTURE correlate with each other.

Figure 4 illustrates the bar plot results of the K=3 simulated dataset generated
using the ten SSR markers to genotype 927 J. curcas samples. Instead of
15 LnP(D) or L(K), STRUCTURE also presents the cluster graphically as in Figure
4. The vertical axis represents the individual's estimated membership fractions
or contribution of parental origin (cluster) and the horizontal axis is the individual
plants sorted according to the parental origin (cluster). Since K = 3, the three
clusters represented by three different shades was observed. Some individual
20 plants may have only one parental origin (represented by a single cluster
shade). Others have crosses between the parental lines (clusters) and thus
have multiple shades indicating contribution of each parental cluster in the

individual plants.

Example 4 Association analysis

25 The SSR markers of the invention may be employed in genetic and phenotype
studies using statistical methods. Examples of these statistical methods include
linkage analysis, association mapping, linkage disequilibrium and the like. The
level at which these SSR markers and genetic regions/sequences are co-



9. 60E- 03 1. 60E-02 ACGT_0067 6.27E-02 5.21E-02 ACGT_0071 9. 80E-02 5.61E-01
ACGT_0072 7.17E-01 7.82E-01 ACGT_0060 3.16E-01 3.31E-01 Table 5b. Marker
link to twai2013/Hea®sh bunch wei ght per nonth, g/ mh TASSEL/MHTRESEL MM
SSR marker P Value P Val ue ACGT 007014. 70E- 03 6. 82E-01 ACGT_0085 1.21E-02
1. 10E- 02 ACGT 0078 3.07E-02 1.61E-01 ACGT_0079 3.67E-01

inherited may be measured by linkage analysis. For example, a collection of
plants exhibiting variation for a particular trait of interest may be used as the
mapping population. Screening this population for the SSR markers of the
present invention may be carried out to identify associations between the

5 markers and traits of interest, the extent of linkage disequilibrium among them,
genetic variations among individuals, heterozygosity  and homozygosity of
individual plants. In the case the markers are found to be able to characterize

an individual plant or a group of plant of traits of interest, ihese markers may be

used as a tool to screen other plants and population of plants with genetic

10 potential to carry the trait of interest. Accordingly, the SSR markers may be for
genetic mapping, analysing relationships, calculating the genetic distance
between plants, identifying varieties, evaluating the purity of varieties,
identifying hybrids, non-curcas species and plant breeding (o produce seeds

and planting materials). The information gained from these markers can be

15 used to determine if a plant carries a trait of interest or if a plant is sufficiently
similar or if a plant is sufficiently different for breeding purposes, and selection

of optimal plants for breeding, predicting plant traits and generation of distinct

cultivars.

For example, linkage or association analysis may be performed using TASSEL
20 (Bradbury et al., 2007), SPAGeDI| (Hardy et al., 2002) and STRUCTURE

(Falush et al., 2003 and Rosenberg ef al., 2002). Any other suitable method for

linkage or association analysis may also be performed. Tassel analysis may

depend on or utilize external programs to support some of the calculation. In

this instance we use SPAGeDI and STRUCTURE to determine the cluster and
25 population in Jatropha to calculate the p-value.

Five traits were analysed with each of the ten SSR markers: Bunch number per
month, fresh bunch weight (g/mth) per month, fruit number per month, girth
growth per month and plant height growth rate using TASSEL. Tables 5a to 5e

illustrate the association analysis of the ten SSR markers to the five traits. As



4. 84E- 01 ACGTI 0068 1.02E-02 5.90E-02 ACGT_0071 5.05E-02 3.83E-01 ACGT 0067
5.08E-02 8.41E-01 ACGI 0086 2.45E-01 4.12E-01 ACGI 0072 8.33E-01 1. 76E-02
ACGT_0060W9.2003®1e3087. 76E- 01 WD 2013/ 012308 18 Tabl e 5¢c PCNEMX11/G0AR t o
trait: Fruit nunber per nonth TASSEU’GM P Val ue TASSEL_ MM P Val ue SSR
mar ker ACGI 0070 9.40E-03 1.81E-01 ACGT 0085

observed, the five traits have different association profiles to the ten SSR

markers. With TASSEL analysis, the association is inversely related to the p-

value, the lower the p-value, the higher the correlation between the marker and

the trait. Accordingly, the markers are arranged in descending order of
5 association with the trait in each of Tables 5a to 5e.

Table 5 Association analysis of 5 phenotypes to the ten SSR _markers using
TASSEL and correlation analysis (R?).

Table 5a. Marker link to trait: Bunch number per month

10

TASSEL_GLM | TASSEL_MLM
SSR Marker | P Value P Value
ACGT_0070 { 2.20E-03 5.51E-02
ACGT_0078 | 1.12E-02 3.51E-01
ACGT_0079 | 1.15E-01 2.72E-01
ACGT_0086 | 4.43E-02 7.18E-01
ACGT_0085 | 7.94E-02 8.82E-02
ACGT_0068 | 9.60E-03 1.60E-02
ACGT _0067 | 6.27E-02 5.21E-02
ACGT 0071 | 9.80E-02 5.61E-01
ACGT 0072 | 7.17E-01 7.82E-01
ACGT_0060 | 3.16E-01 3.31E-01
Table 5b. Marker link to trait: Fresh bunch weight per month, g/mth
TASSEL GLM | TASSEL MLM

SSR marker | P Value P Value

ACGT 0070 | 1.70E-03 6.82E-01
ACGT 0085 | 1.21E-02 1.10E-02
ACGT 0078 | 3.07E-02 1.61E-01
ACGT 0079 | 3.67E-01 4.84E-01
ACGT 0068 | 1.02E-02 5.90E-02
ACGT 0071 | 5.05E-02 3.83E-01
ACGT 0067 | 5.08E-02 8.41E-01
ACGT 0086 | 2.45E-01 4. 12E-01
ACGT 0072 | 8.33E-01 1.76E-02
ACGT 0060 | 9.00E-01 7.76E-01




2. 28E-02 2. 69E-02 ACGT 0079 2. 71E-01 3.62E-01 ACGI_0067 3.92E-02 3. 71E-02
ACGT 0078 1.89E-01 5.69E-01 ACGI_0068 2.94E-02 2.52E-02 ACGI_0086 3.53E-01
6. 72E- 01 wOGh3mAdzibs1l. 60E- 01 4. 12E- 01 ACGT_0072 8. 94E- 01 p8THIE001008&GT 0060
5. 72E-01 4.91E-01 Table 5d. Marker li8nk to trait: Grth growh rate
TASSEL_G.M P Val ue TASSEL_M.M P Val ue SSR nmar ker

Table 5¢. Marker link to trait: Fruit number per month

TASSEL_GLM | TASSEL MLM

SSR marker | P Value P Value
ACGT 0070 | 9.40E-03 1.81E-01
ACGT 0085 | 2.28E-02 2.69E-02
ACGT 0079 | 2.71E-01 3.62E-01
ACGT 0067 | 3.92E-02 3.71E-02
ACGT 0078 | 1.89E-01 5.69E-01
ACGT 0068 | 2.94E-02 2.52E-02
ACGT 0086 | 3.53E-01 6.72E-01

| ACGT _0071 | 1.60E-01 4.12E-01
ACGT 0072 | 8.94E-01 8.57E-01
ACGT 0060 | 5.72E-01 4.91E-01
Table 5d. Marker link to trait: Girth growth rate

TASSEL GLM | TASSEL MILM

SSR marker | P Value P Value ‘
ACGT 0078 | 5.29E-10 4.30E-03
ACGT 0079 | 1.22E-07 6.21E-04
ACGT 0072 | 6.32E-06 1.40E-01
ACGT 0067 | 2.28E-04 3.33E-02
ACGT 0086 | 2.50E-02 3.73E-01
ACGT 0068 | 1.50E-03 5.00E-03
ACGT 0071 | 1.26E-02 5.76E-01
ACGT 0085 | 6.42E-02 1.38E-01
ACGT 0070 | 2.18E-01 3.86E-01
ACGT 0060 | 1.60E-03 4.89E-01




ACGI_0078 5. 29E-10 4. 30E-03 ACGI 0079 1.22E-07 6.21E-04 ACGI_0072 6. 32E-06
1. 40E- 01 ACGT 0067 2.28E-04 3.33E-02 ACGT 0086 2.50E-02 3.73E-01 ACGT_0068
1. 50E- 03 woQ0/0a2308CGT_0071 1. 26E-02 5. 76E-01 ACGI_0085 peTAZ¥20020002128E- 01
ACGI_0070 2.18E-01 3.86E-01 ACGI_0060191. 60E-03 4.89E-01 WO

2013/ 012308PCT/ MY2011/ 000212

Table 5e. Marker link to trait: Plant height growth rate

TASSEL_GLM | TASSEL_MLM
SSR marker | P Value P Value
ACGT 0078 | 9.89E-09 1.33E-02
ACGT 0067 | 4.08E-07 5.56E-05
ACGT 0079 | 0.000196 2.62E-02
ACGT 0071 | 0.0022 2.15E-01
ACGT 0072 | 0.0421 9.26E-01
ACGT 0085 | 0.0136 1.05E-02
ACGT 0070 0.1215 2.62E-01
ACGT 0068 | 0.0061 2.56E-02
ACGT 0086 | 0.3004 8.54E-01
ACGT 0060 | 0.0339 6.58E-01

General linear model (GLM) is a model that uses linear relationship between the
genotype and the phenotype to access the association. Mixed Linear Model

5 (MLM) is a model that considers also contribution of the linage (cluster) that was
derived from the same data set before assessing the association. Accordingly,
the GLM and MLM algorithms calculate association with different assumptions
and both give a p-value, which reflect (the strength) of association,

MLM is generally more accurate in assessing the association in a mixed
10 population, and GLM is more accurate if the population is pure line (1 breed or 1
genetic cluster). In the case of Jatropha, GLM analysis can be viewed as
species associated markers, while MLM analysis can be viewed as
subpopulation associated markers. The significance of association is relative. P-
value of random and unassociated phenotype to marker is approximately 0.5 (or
15 5E-01) and higher. Any value below 0.5 is statistically considered associated, or
has some contribution to the phenotype or trait. However, to increase the
certainty of association, p-value of 0.05 (or 5E-02) is used as a higher
stringency standard, where lower than this value is considered significant. The

lower the p-value, the stronger the association indicated.



19 Table 5e. Marker link to trait: Plant height growh rate TASSEL_G.M
TASSEL_M.M SSR mar ker P Val ue P Val ue ACGT_0078 9.89E-09 1.33E-02 ACGI_0067
4. 08E- 07 w0268/02308CGT_0079 0. 000196 2. 62E-02 ACGI 0071 PCTOORD120003E- 01
ACGT 0072 0.0421 9.26E-01 ACGT_0085 8°0136 1.05E-02 ACGT 0070 0. 1215

2. 62E-01 ACGI 0068 0.0061 2.56E-02 ACGI_0086

Frequently both GLM and MLM are interpreted together to support an
association. Consider the case with the marker link to trait: Plant height growth
rate (Table 5e), the marker ACGT_0067 showed low p-values, 4.08E-07 (GLM)
and 5.56E-05 (MLM). Both algorithms suggest that the marker ACGT_0067

5 may be used to select for height growth rate characteristics (high growth or low
growth rate) of the plant in the species and subpopulation level.

Any other trait of interest may be analysed for association with the SSR markers

of the present invention.
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the corresponding primer pair; and step (iii) comprises identifying at least
15 one polymorphic allele from each of the ten SSR markers in the sample.

4. The method according to any one of the preceding claims, wherein step
(i) comprises separating the amplified products to identify the

polymorphic allele or sequencing to identify the polymorphic allele.

5. The method according to any one of the preceding claims, for identifying
20 allele polymorphisms.
6. The method according to any one of the preceding claims, for identifying

identical or related plant genotypes in a population.



Clainms 1.A nethod for determ ning the genotype of a plant sanple
conprising: (i) providing DNA fromthe sanple; (ii) anplifying at |east one
pol ynor phwo 2868R1easker with at | east_one 5 priner pair ®eracymdi/booom t he
group consisting of SEQIDNGs: 1 antf2; 3 and 4; 5 and 6; 7 and 8; 9 and
10; 11 and 12; 13 and 14; 15 and 16; 17 and 18 and 19 and 20 or a fragnent
or variant of each pair; and (iii) identifying at |east one pol ynorphic
allele in the sanple. 10 2. The method according to claim 1, wherein step
(ii) conprises anplifying two or nore of the SSR markers with the
correspondi ng prinmer pairs. 3. The nethod according to claim1 or 2,
wherein step (ii) conprises anplifying each of the ten SSR markers with the
corresponding primer pair; and step (iii) conprises identifying at | east
150ne polynor fhiec raethede docordirgicto oany hene enf SR ruekedingi claime, storpl e. 4.
The met hod ac ding to any one of .the preceding clains, wherein step (iii)
conpri ses sep§&§¥?ﬂ WH%SEﬁBY?W?@ﬁ"b?éﬁﬁ%@@KYb identify the pol ynorphic
allele or sequencing to identify the polynorphic allele. 5. The nethod
according to Fng @wethetf atberdiigeredhy @@l of the pfetkedirdeoiairhy) ftg stiayihg! e

pol ynmor phi sms. WD 2013/ 012308PCT/ MY2011/ 000212 22 7. The nethod accordi ng
to any one of 9eRBli®diessing apepWationor differentiating plant variants in a
popul ation. 8. The nmethod according to any one of the preceding clains, for

st udys ngﬁgeneq-ihg d;_ﬁilie‘t’r?chs%&é’orhlh tooﬁﬁw 'SP}heSP%cEB% biAs, @rﬁéfgiﬂitﬂg to any
one of the preceding clalns, erein the plant conprises an oil producing
pl ant. 10. Thplandtcomprisesanddihgradocigyplant of the precedi ng cl-ai ns, wherein

the plant conprises Jatropha, oil pal mor soy bean. 11. The net hod
accordi ng,to of _th recedin | a erein t 10pl nprises
3ot r opha18ur c10¢ ehal abegRier By ahy dre 8 MR hitfs cuifetdh e

conpri si ng t heliteptnmises JatrophbOoyil dhm&&ﬂéﬁfb@@m a plant sanple; (ii)
anplifying at | east one polynorphic SSR marker with at | east one prinmer
pair selected_fromthe group, consisting of SEQ ID NGs: 1 and 2; 3 15and 4,
5 and 6; 17- andh§; Mmethachagecrding %anmngelef theuPrepeding gaimsewhereigtie1s and
19 apgl 20 or Iécrft%ﬁﬁmsengaYl%@hﬁ'yur@és.eaCh pair; and (iii) identifying at
| east one polénorphl all'el'e corresponding to a J. curcas allele in the

sanple. 20 13. An isol ated oligonucleotide priner for anplifying at |east
one SSR 12. A method for distinguishing Jatropha curcas, comprising the steps of:

(i) providing DNA from a plant sample;

(ii) amplifying at least one polymorphic SSR marker with at least one
primer pair selected from the group consisting of SEQ ID NOs: 1 and 2; 3

15 and 4; 5and 6; 7 and 8; 9 and 10; 11 and 12; 13 and 14; 15 and 16; 17
and 18 and 19 and 20 or a fragment or variant of each pair;

and

(i) identifying at least one polymorphic allele corresponding to a

J. curcas allele in the sample.

20 13. An isolated oligonucleotide primer for amplifying at least one SSR
marker, comprising a sequence selected from the group consisting of
SEQ ID NOs: 1-20 or a fragment or variant thereof.

14.  An isolated oligonucleotide primer pair for amplifying at least one SSR
marker, selected from the group consisting of SEQ ID NOs: 1 and 2; 3



mar ker, conprising a sequence selected fromthe group consisting of SEQ ID
NOs: 1-20 or a fragnent or variant thereof. WO

2013/ 012306RCHB/dvWR11/ 000212 23 and 4, 5 and 6,7 and 8, @camdyzdi/oebirzand 12,
13 and 14, 15 and 16, 17 and 18 and 13 and 20 or a fragnment or variant of
each pair. 15. An isolated SSR marker anplified by a prinmer pair according
to claim13. 5 16. An isolated SSR narker, conprising a sequence sel ected
fromSEQ ID NOs: 21-30 or a fragnent or a variant thereof. 17.The isol ated
SSR mar ker according to claim 16, wherein the variant conprises a

pol ynor phic variant. 10 18. The isol ated SSR marker according to claim 17,
wherei n the pol ym)rphi c variant conprises either the repeating SSR notif
(TA) n or (TAA), A kit conprising at |east one isolated oligonucleotide
pri mer accor d|a1'gj ﬂ-o5cﬁﬂﬂ ¢h 7and 8, 9 and 10, 11 and 12, 13 and 14, 15 and 16, 17

and 18 and 19 and 20 or a fragment or variant of each pair.

15.  Anisolated SSR marker amplified by a primer pair according to claim 13.

5 16. An isolated SSR marker, comprising a sequence selected from SEQ ID
NOs: 21-30 or a fragment or a variant thereof.

17.  The isolated SSR marker according to claim 16, wherein the variant
comprises a polymorphic variant.

10 18. The isolated SSR marker according to claim 17, wherein the polymorphic
variant comprises either the repeating SSR motif (TA), or (TAA),.

19. A kit comprising at least one isolated oligonucleotide primer according to
claim 13.



