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Abstract

A large number of expressed sequence tags (ESTs) are available and has facilitated the development of
molecular markers in many plant species. In the present study, intron length polymorphism (ILP) markers were
developed in silico from EST sequences and genomic sequence of cassava. Of 153 predicted introns, 112 primer
pairs were designed to conserved exonic regions flanking introns, using 30,401 cassava unique transcripts
alignments to 386,403 bp cassava genomic sequences. Of total primers, 71 primer pairs gave single-copy loci
for ILP markers and were selected to assess genetic diversity and population structure of 59 Jatropha curcas
accessions. A total of 152 alleles were detected by ILP markers. Average PIC (polymorphism information
content) was 0.35. The cluster analysis revealed six groups based on geographic sources or origins of collection.
The coefficient of gene differentiation and gene flow index indicated relatively low level of genetic
differentiation among the six groups. Analysis of molecular variance showed that the majority (97%) of genetic
diversity was within populations indicating a high level of overlaping and little population subdivision with
respect to geographic area. ILPs developed in the present study have been proved to be alternative molecular

markers used for studying genetic diversity within species J. curcas.

Keywords: Jatropha, genetic diversity, intron length polymorphism (ILP)
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Geographic origin Accession identity Sources Accession number
Northern Thailand N-PH Phrae 2(1-2)
N) N-LM Lampang 4 (3-6)

N-CM ChiangMai 6 (7-12)
N-NA Nan 1(13)
N-SU Sukhothai 1(14)
N-TK Tak 1(15)
Northeastern Thailand NE-LE Loei 1(16)
(NE) NE-MH Mukdahan 2 (17-18)
NE-NR Nakhon Ratchasima 1(19)
NE-CP Chaiyaphum 2(20-21)
Central Thailand C-NS Nakhon Sawan 2 (22-23)
(©) C-PT Pathum Thani 3 (24-26)
C-CN Chai Nat 1(27)
C-UT Uthai Thani 1(28)
C-NP Nakhon Pathom 7 (29-35)
C-KB Kanchanaburi 3 (36-38)
Central Thailand C-NS Nakhon Sawan 2 (22-23)
©) C-PT Pathum Thani 3 (24-26)
C-CN Chai Nat 1(27)
C-UT Uthai Thani 1(28)
C-NP Nakhon Pathom 7 (29-35)
C-KB Kanchanaburi 3 (36-38)
Southern Thailand S-ST Satun 2 (39-40)
(S) S-NT Nakhon Si Thammarat 1(41)
S-PL Phatthalung 1(42)
Asia A-1 India 3 (43-45)
A-V Vietnam 1 (46)
A-M D2 D2 Myanmar 1(47)
A-M Mague Mague Myanmar 1(48)
A-M Namlat Namlat Myanmar 1 (49)
A-M Rwar-Ngn Rwar-Ngn Myanmar 1(50)
A-M Tanngue Tanngue Myanmar 1(51)
A-M ync-36 ync-36 1(52)
A-L Lao 1(53)
A-S Sri Lanka 1(54)
America USA USA 2 (55-56)
Mexico Mexico 2 (57-58)
Africa Senegal Senegal 1(59)
Outgroup species J. gossypifolia Thailand 1
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J. curcas | J. gossypifolia

PCR success rate 75 (84.0%) 66 (73.9%)

PCR failure rate 37 (16.0%) 46 (26.1%)

Good quality PCR product | 71 (79.5%) 66 (73.9%)

Multiple band PCR product | 4 (4.5%) 0(0.0%)

Polymorphism rate 57 (63.8%)
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Tuaijén 59 dreen

NG NA GD PIC
Mean 2.88 2.67 0.44 0.35
Max 7 5 0.65 0.58
Min 2 2 0.07 0.06
Total 164 152

NG = number of genotypes
NA = number of allele
GD= gene diversity

PIC= Polymorphism information content
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Group n | na | ne |He| I
North 15]2.11|1.84(0.43(0.61
Northeast 6 | 197 (1.85/0.46]0.61
Central 17 | 1.95|1.82|0.42(0.59
South 4 {1.90]1.80]0.46|0.58
Asia 11]2.18|1.77/0.40(0.59
USA and Africa | 6 | 1.88(1.70]|0.39|0.51
Total 59 12.47|1.84|0.43]0.60
SD 0.12 10.06(0.03 0.04

Ht | Hs | Gst | Nm
0.42| 0.42 10.06 |3.64

Na = Number of alleles

ne = Number of effective alleles
He = Nei’s genetic diversity

I = Shannon index

Ht = Total gene diversity

Nm = gene flow index

Gst = coefficient of gene differentiation

3.5 ANMUANANNMINHENIINIZHININGHN

sz nsaye J. curcas
mﬂﬂﬁum&f’mdwmmiﬁwﬁg”q 59 f19819
e nqummginmauazinasiinvesdaod
udrlsziiiue Fst szninguesnguilszanng
(@13199 5) wuan Fst FEUINNGUAIATIOND
Maaziueenidouniie (Fst = -0.04052) uag

sEHINNgUAIAMiloNUNquAIANEIY  (Fst =



a d =~
NnsmImenmansuazmalulad

T 20 avivfi 1 uns10% - F1pn 2555

1
~ v A

-0.023) Hszaundwag hifitfodAn (p>0.05) A
Aa dydy < 1 1
Fst ianaudFlfifudenuuana19sening
aunFnaelunguilszmnsNunninszrinnguy
U203 FaUoNDINTUTLAVYDY gene flow BH

To o & = o T
Tisia Fanwedadsernsneauil iawise
I ' ' A
wontunguiszansdosla Tuvmenar F
senInNngulsssinsaianalanueuInILaY
werIMTAUNIAD 0.1406 LAAIDINITIAA gene
v I v
flow e Feruedanguilszansiiiaiy
NANMAUNNWUENTTUAUANA AU o TnT12H
k4 ad
A2873

@ 1 Y1 . . .
mMidangulaaldni genetic  identity

UPGMA 1& dendrogram ﬁﬁg‘ﬂﬁ 3 uandng
ANuFuTUIn1iugnssudugilszimeauas
undefinvesiiedia Tasiinsuendavesngy
Fenazomsmnuuenininnnguilszmalne
0819TAIU AN coefficient of genetic differentiation

521I9Naulszng (Gy) 110U 0.06 Felima

ST)
Y o a L4 Y < 1
A0ANdRININIAATIEH AMOVA taadIviiu
anuulsdsrunaiugnssuaiulvgednielu
ngu1lazang 96.86% (113199 6) TasTugnasull

msmasuFouiuuInTznIngulszyInsgosn

Y 1 ' '
TuiungiinailndiReaiuvesurasiuives

f10819a1jA1

AMERICA
andAFRICA

L e e e e e e LA B 2 e
004 0.00 0.03 0.07 0.10
Coafficient

51 3 Dendrogram i@ 19910158 HIIN1

19

9
UFNITUITHINAGUYTEWINTIN 6 N

d
4. 3%15mwan15'ﬂﬂa@\1
4.1 19399%3NY ILP
15091 MY ILP  gnoonuuylieguu

a <} { 1 [} a T
VTNUVDIUONTOUNATONAIUVIDUNTOUDEN

] & a = A A Ao W J
UHDYNUIDUNTIOU “ﬂﬂﬂ1ﬁ]1]ﬁiﬂhlllua1ﬂulﬂﬁ°ﬁ1

1

p8n1d TagnisinaddauIn1sn

]
9

microsatellite

VTUBUNTOUNTNANTENUAD T TIATDENT

a A a I = o a Aa
NTNANUINUDNLEDU [19] muuﬁmﬂumnmwu

9
v W

M350 5 ANUAMBARINNIUFNTTY (FIMVUAITW) 1Az Fst (a1

a Y 4
1T N) UATICHAWIATDINUY ILP

Groups North |Northeast| Central South Asia  [JSA/Africs
North - 0.9891 | 0.9946 | 0.9591 | 0.9511 | 0.9095
Northeast | -0.0405™ - 0.9855 | 0.9550 | 0.9423 | 0.9040
Central -0.0230™ | -0.0309 - 0.9565 | 0.9393 | 0.8962
South -0.0113 | -0.0376 | -0.0043 - 0.9325 | 0.9000
Asia 0.0351 | 0.0242 | 0.0534 | 0.0254 - 0.9597
USA/Africa | 0.1218 | 0.1044 | 0.1406 | 0.1128 | 0.0425 -

"not significant at p<0.05

76

-



14 20 a2ivAi 1 w510 - F1pn 2555 smsInenmansuazmalulad

e I |

=3
[=]
4
i

510 2 Dendrogram LAAIANNAAIATINUNIRUENTTUTENINAI0E 1A

U

71



a d =~
NnsmImenmansuazmalulad

T 20 avivfi 1 uns10% - F1pn 2555

M13199 6 Analysis of molecular variance (AMOVA) ﬁz‘l/i’J'NLLazmﬂﬁluﬂijiJﬂizGlﬂﬂﬁ

M4 6 NN
Source of Sum of Variance Percentage of
d.f. Fg
Variation squares Component variation
Among group 5 128.05 0.51716Va 3.14 0.03142
Within group 112 1785.47 15.9417Vb 96.86

' ' A J
anurarnvatedrulvganuaziuainiu
NANNAENNANVUIAVDIDUNTOY FIDUNTOU
anvmalvguing dnagianunainnalelu
FLAVA[20,21]

A I A a g
M504 N8 ILP 1T UIAT0IHUI8ADUID
. L - v
11 codominant ¥HAKIIY Faau1sansIaaen 1d
1 Y (aaa == Y 1 o A
e Taeldl §aseiidersaleg lnswes Neonuuy
Y a ~ ' 3 a = 91
n¥asenusnannIazludunsou aausiin
o ] I a
FoYAVUIANT DR WM UIVDUDNFOUIAZBUNTOU
v
Tuggdniudadl limin uanmsituneyuanay
o ] < A 4
fMunisveudnFoUVeINFYIADY 1INFUMUVMS
o ] a A g A A
aY3nH Iasaiveusnaniudnseuve Iy
17annmslndifeaiu ieWauunsosvue ILP
o A ] a
nlnsiwesneenuuuliasendunsou lu
= d’l Yg Yo @ =3 [ o @
Mmsany1i 1A l¥d1duiuaved EST gufudiay
= o o [ & I
wad luyveaiud)znds Fudunsdunuyly
4 A A a 1% 1o 4
97 Euphorbiaceae ﬂiJﬂ’JnJﬁlﬂfi}"]fﬂﬂUﬁy.ﬂ1 e
ponuuy Inswesdmsuimunasoaviuie ILP 1u

] =

A1yA 1 84% voulnswesimnuaiiansals
wananfize1518 Fagniir luwamuiunieanine
ILP meﬁfmﬁyawmﬁymmﬁﬂﬂ'miaudﬁ%“lu‘iﬁ’ﬁ
Renfuladusa
11AM33T8TAIUN 1T NG ILP
~

daulvgldlunisAnuiniuvainvalenia

3 ' A A o A '
NUFNITUIznINalFanse lussAunganii [3,4]

78

A a a a dy 9 =
iwIeanusaweyiatldlunisinuiniiy
vannateneiugssuaeluaildd 18 liimin

F% = . & =
gNIUMITANYIVDN Ming ef al. (2010) [22] FIANY
AMUHAINAN R UENT TN TATIA319UD
allFddooludin TaordSouiiouszning

4 4 4
IA384MNIY ILP 18 SSR HUAT0INNIY ILP 11

= = A a2 - Hq ¥
msfnulifluniosrueaduesiansnily
Anwnnunainratonas Inseaieamasiugnisy
S 1o 1< T =
molu allFdluaysr1dilueded
42 Tassaadszannsuazanuvianvaly
MINUENI INVBIAUA
Y Y Y
Adugamlaniediunniy
MNaINMa1y NNHUFATIVNATNITNILIBAIVD
9
anuualsisuiimelunazsgrninediedaaia
A g a a A ' @
mAvnusNugimanuananuluilszmea

@

Ine uazﬁﬁwﬁ'mmm@hqﬂimaﬂa’luﬁmmﬁmﬂg
ADNISINDIIVTINNALTNBIAIWNAINHANI
Wwugnssuvesiuiaysi uazlinsounquaiu
wmnwmﬂmqﬁugﬂﬁuﬁ”@wm iielFluTasams
Yuigaiug el s ieauns 14
1nT04¥118 RAPD 11as ISSR, AFLP, gSSR 110z
EST-SSR 1flofintIAumaInsa1enaiugnssy
yosaysrluduRenaziu [7,23,24,25,26] uadaly
15100UMIANYIANUNAINHA N NHUFNTTY

1 1 9 9
luajddaenioannie ILP Felumsanyiniail



14 20 a2ivAi 1 w510 - F1pn 2555

a ¢ =
NnsmImenmansuazmalulad

Tinseenune ILP lumsfinyinuainmaleni
fugnssunazInseadalszying
= a2 @ =2 4 k4 [
WeMeUAUMIANYIBU 1A TZAY
Yo NUHAIN AN ENIsN lumjdrdiedlu
sTAUNAN (Hi=0.44) quinanaduiuiiavesaijs
S oy ray 4 TR TR SR B
vudahifideagilNuude udnireduiniiegd
' o A S A a S
UHAINUHANININLNT TnuazouTnIna1e azll
Y
e luduRenazduiuiinsidudraydli
winndelindurainratenaiugnIsui
ApuY19A FandenUMIUNT NIz 918V 0IAYA U
dszmalnglagynTisqunaninndoirnlssy
1 t!‘ a o 9 o 1o
nou [27] msnlszmalnelimsiudninugaid
' Y Y 1o 3 & A Aa v &
Apud1adesuazaydrniunsninisvereiug
s lderdewa Tesir1darurainnatenia
wugnssuvesaysrlulszmalneogluszanla
@ 1 < @
qa1in 91nA1 AMOVA naaaldimudessdnves
4 Y S| ' 1 <} ~
mamaeudeuiy uaziinguilszmnsdonans
§ o ' A ¢ A
Yunuszogrraniegiaans wanlaainnis
4
Ansizdilanisoeiuie’ladn unasvesniu
o ~ = 2 v
wilsisrumaiugnssuinunnmsdnmillden
v 1 1o 4 ' Y v
msaadIuveIduaswdimaisduduny
2 1
Wugnysuaydivesiiuilgnuazaniiinaaes
9 [ 9
1 ua lifideyavemasiuveuseiugnsu
(germplasm) 1AZYUIAVDINAUUTLHING G981
"o Aq Y =2 g/’ dy =Y
aydrluInenldlunisAnyinseiioralinig
' 9
sani)asureuENITN  ANeENBaIIZHIN
Y K]
wunfuana iy mnmslsziiam £, uuuseg

(M3190 5 wunnguilszansnigiilszimea

9

@ [l

P o 3 oA Yo '
Inaiganunazgniaeglunguinlnanuuinni

a

' aa ' o
ﬂi]llﬂi%"lf"lﬂiﬂiJﬂullﬂigLVlﬁ"lﬂaﬂ’ﬂ ITAUUDI

'
@ =}

ANVUANA NN NNUTNTTUIZAAAUUONITUNT

a

V4 1o 1 [~ ] @
Wwugvesaydrdiulugdunun liodoma Tu

79

fuftadifos S hadnzaunsaldudald
Sruaumnfa Faihldiseduanuulsilsou
maiugnssuaelunguilssansgaualszau
amunlssuszninnguilszanse

WA dendrogram ﬁﬁ%1ﬂﬂ1ﬂﬂ’;1u
milouiunaiugnIsus eIl zannsvesd i
6 ngqu (U7 2) uazlaseerdavesnguiszring
uaaeldifuinguiiediiinvinewsnuas

1IN UANUUANANN N UTATIUNQUAIDYN

]
=

lulneroudregeduiioaniainanuiueada
1 @ A J [~ 1A = =
UANAIAY 118991001 F, 1ifuansalTeumey
MoUs I UANULANA NN R UFNTTHTZUINNGY
Usemns anuulsdsiumaiugnisuaelungu
o 9
UsgnsomsnuazuorInmndniu o1 lins

Usziimdn £, ganiiinassziiuanemels laTn-

Y
asa

FANAINLIG (0.39) LHAZAINNUNAINHATNIY
WUFNTTUUDIHIUOY (0.51)  VoIDINTNINAY
worl3m (m3ndi 4) Timaoudiatos Fauaaalid
Wundegaiugaysininewsnmazuenini
onausafias 1 lumsiiiuanurannarena
wugnisululneldudenn lifidsg@nsamuinin
uged1elsianndefinsaiugaineiuda
WndTn uaz Namlat win uaasldifiudenim
unAameiugnIsuiineudanniude o
nmamiievedIng fle NE-CP #afagnamani

A1N150V818FIUR AT INVOIT YA TuNIg

Yslgaiugla

5. agUwanismaaea
Ea Y )
aTeasail ldwauunsosvune ILP 71
A ] =
0593118 191U AnEIANNAINYA18N4

@ 1o o N Y 9
Wugnssuluaydr irldladeyavesnny



a d =~
NnsmImenmansuazmalulad

T 20 avivfi 1 uns10% - F1pn 2555

9 2 o @ Y
AMEAAINUMIINUENITULaz Tasaadeilszanng
VoA TAgszAuANNAINHAIENNHUFNITY

moelungquilszyinsige uannuulssiuma

'
o

Wugnssuseninnguilszrinsanoudeg
4 J o A ) T 1o
agouliifiudnyauzyeaNyHa NI INeI19a 1M
1 LIRS 1o ' 1 4 A
uamsunsiugasrszrNnaaziunludlszme
2 o " = g
wu lunsvereiuguou lierdomaduflunis

(ANN5IRA genetic erosion Yoya laa1ANIANET

k4 4
v A

asetiansorh U 1se Teniludumsasulgs
o & ¥ Sa ] o A
Wug msadauwuind Tuy vazldlumsdaidon
v J [

UGHoUIVOIAANUANNUANANINNNUENITY

i
= A g o o o & vo 1
gangaiio 14 luTasamsdSulgeiugasno

6. 1ONA1591909
[1] Choi, HK., Kim, D., Uhm, T., Limpens, E.,
Lim, H., Mun, J.H., Kalo, P., Penmetsa, R.V.,
Seres, A., Kulikova, O., Roe, B.A., Bisseling,
T., Kiss, G.B. and Cook, D.R., 2004, A
Sequence-based Genetic Map of Medicago
truncatula and Comparison of Marker
Colinearity with M. sativa, Genetics 166:
1463-1502.

Feltus, F.A., Singh, H.P., Lohithaswa, H.C.,
Schulze, S.R., Silva, T.D. and Paterson, A.H.,
2006, A Comparative Genomics Strategy for
Targeted Discovery of Single-nucleotide
Polymorphisms and Conserved-noncoding
Sequences in Orphan Crops, Plant Physiol.
140: 1183-1191.

Chen, X., Zhang, G. and Wu, W., 2010,

Investigation and Utilization of Intron Length

80

[7]

Polymorphisms in Conifers, New Forests 41:
379-388.

Tamura, K.., Yonemaru, J.I., Hisano, H.,
Kanamori, H., King, J., King, 1., Tase, K,
Sanada, Y., Komatsu, T. and Yamada, T.,
2009, Development of Intron-flanking EST
Markers for the Lolium festuca Complex Using
Rice Genomic Information. Theor. Appl.
Genet. 118: 1549-1560.

Wang, X., Zhao, X., Zhu, J. and Wu, W., 2006,
Genome-wide Investigation of Intron Length
Polymorphisms and their Potential as
Molecular Markers in Rice (Oryza sativa L.),
DNA Research 12: 417-427.

Wei, H., Fu, Y. and Arora, R., 2005, Intron-
flanking EST-PCR Markers: From Genetic
Marker Structure

Development to Gene

Analysis in Rhododendron, Theor. Appl.
Genet. 111: 1347-1356.

Wen, M., Wang, H., Xia, Z., Zou, M., Lu, C.
and Wang, W., 2010, Developmenrt of EST-
SSR and Genomic-SSR Markers to Assess
Genetic Diversity in Jatropha curcas L., BMC
Research Notes 3: 42.

Gawel, N. and Jarret, R., 1991, A Modified
CTAB DNA Extraction Procedure for Musa
and Ipomoea, Plant Mol. Bio. Rep. 9: 262-266.
Yang, L., Jin, G., Zhao, X., Zheng, Y., Xu, Z.
and Wu, W. 2007, PIP: A Database of
Potential

Intron Polymorphism Markers,

Bioinformatics 23: 2174-2177.



14 20 a2ivAi 1 w510 - F1pn 2555

a ¢ =
NnsmImenmansuazmalulad

[10]

Brendel, V., Xing, L. and Zhu, W., 2004, Gene
Structure Prediction from Consensus Spliced
Alignment of Multiple ESTs Matching the
same Genomic Locus, Bioinformatics 20:
1157-1169.

Rozen, S. and Skaletsky, H., 2000, Primer3 on
the WWW for General Users and for Biologist
Programmers, Methods Mol. Biol. 132: 365-
386.

Benbouza, H., Jacquemin, J.M., Baudoin, T.
and Mergeai, G., 2006, Optimization of a
Reliable, Fast, Cheap and Sensitive Silver
Staining Method to Detect SSR Markers in
Polyacrylamide Gels, Biol. Agron. Soc. Env.
10: 77-81.

Liu, K. and Muse, S.V., 2004, PowerMarker:
An Integrated Analysis Environment for
Genetic Marker Analysis, Bioinformatics 21:
2128-2129.

Nei, M. and Li, W.H., 1979, Mathematical
Model for Studying Genetic Variation in
Terms of Restriction Endonucleases, Proc. Nat.
Acad. Sci. USA 76: 5269-5273.

Rohlf, F.J., 1998, NTSYSpc: Numerical
Taxonomy and Multivariate Analysis System,
version 2.02, Exeter Software, Setauket, New
York.

Yeh, F., Yang, R., Boyle, T., Ye, Z. and Xiyan,
J., 2000, PopGene32, Microsoft Windows-
for

based Freeware Population ~ Genetic

Analysis, Version 1.32.

81

[17]

[18]

McDermott, J.M. and McDonald, B.A., 1993,
Gene Flow in Plant Pathosystems, Ann. Rev.
Phytopathol. 31: 353-373.

Excoffier, L., Laval, G. and Schneider, S.,
2005, Arlequin (version 3.0): An Integrated
Software Package for Population Genetics
Data Analysis, Evol. Bioinf. Online 1: 47-50.
Lessa, E.P., 1992, Rapid Surveying of DNA
Sequence Variation in Natural Populations,
Mol. Biol. Evol. 9: 323-330.

Comeron, J.M. and Kreitman, M., 2000, The
Correlation Between

Intron Length and

Recombination in  Drosophila: Dynamic
Equilibrium between Mutational and Selective
Forces, Genetics 156: 1175-1190.

Lynch, M., 2002, Intron Evolution as a
Population-genetic Process, Proc. Nat. Acad.
Sci. USA 99: 6118-6123.

Ming, H., Fang-min, X., Li-yun, C., Xiang-
qian, Z., Jojee, L. and Madonna, D., 2010,
Comparative Analysis of Genetic Diversity
and Structure in Rice Using ILP and SSR
Markers, Rice Sci. 17: 257-268.

Basha, S. and Sujatha, M., 2007, Inter and
Intra-population Variability of Jatropha curcas
(L.) Characterized by RAPD and ISSR
Markers and Development of Population-

specific SCAR Markers, Euphytica 156: 375-
386.



a d =~
NnsmImenmansuazmalulad

T 20 avivfi 1 uns10% - F1pn 2555

[24]

Ganesh, R.S., Parthiban, K., Senthil, K.R.,
Thiruvengadam, V. and Paramathma, M.,
2008, Genetic Diversity among Jatropha
Species as Revealed by RAPD Markers, Gen.
Res. Crop Evol. 55: 803-809.

Sirithunya, P. and Ukoskit, K., 2010,
Population Genetic Structure and Genetic
Diversity of Jatropha curcas Germplasm as

Investigated by 5"-anchored Simple Sequence

82

Repeat Primers, J. Plant Sci. Biotech. 13: 147-
153.

Sun, Q., Li, L., Li, Y., Wu, G. and Ge, X.,
2008, SSR and AFLP Markers Reveal Low
Genetic Diversity in the Biofuel Plant Jatropha
curcas in China, Crop Sci. 48: 1865-1871.
Ratree, S., 2004, A Preliminary Study on
Physic Nut (Jatropha curcas L.) in Thailand,
Pakistan J. Biol. Sci. 7: 1620-1623.



