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ABSTRACT
Asian cultivated rice (Oryza sativa L.) has
been classified into indica and japonica subspecies.

In rice breeding program, breeders need to know the

subspecies (indica or japonica) of the parental lines used.
In this study, Insertion/deletion (InDel) DNA markers was
used to determine the indica and japonica subspecies
of Thai rice germplasm. We analyzed a set of 96 rice
accessions and STRUCTURE analysis was conducted
to examine the genetic clusters and relationships of rice
accessions, within an appropriate number of
subpopulations (K-value). The results showed that
InDel fingerprints can effectively determine the indica
and japonica features of the rice germplasm when
compared to the reference rice accessions both the
indica and japonica types. STRUCTURE analysis
clearly indicated that genetic differentiation of 96 rice
accessions was assigned into three subpopulations
(K=3), each subpopulation represented by three
components, namely indica, japonica and hybrids
which showed complex genetic constitution with

combination of both indica and japonica.
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Table 1 List of rice accessions used for indica and japonica identification based on the InDel molecular
markers. R2M50, R3M10, R4M13, R5M13, R7M20, L (large band) = indica allele, S (small band) = japonica

allele; R1M30, L = japonica allele, S = indica allele.

InDel molecular markers

ﬁgc Variety’s name Origin
R2M50 R3M10 R4M13 R5M13 R7M20 R1M30

1 Hohm Nangnuan Northeastern, Thailand L L L L L S
2 Hohm Sa-ngiam Northeastern, Thailand S S
3 Kham Kok-khao Northeastern, Thailand L L L L L S
4 Kham Loi Northeastern, Thailand L L L L L S
5 Kala Northeastern, Thailand L S S L S S
6 E-Longma Northeastern, Thailand L L L L L S
7 Man Ped Northeastern, Thailand L L L L L S
8 Pong Aew Northeastern, Thailand L L L L L S
9 Dor Matum Northeastern, Thailand L L L L L S
10 E-Lub Northeastern, Thailand L L S L L S
11 Sanpathong Northeastern, Thailand L S S L L S
12 Khao Surat Northeastern, Thailand S S S L S L
13 Phaya Khao Northeastern, Thailand S L S L S L
14 Dor Makham Northeastern, Thailand L L L L L S
15 E-Tia Northeastern, Thailand L L L L L S
16 Nang Bunma Northeastern, Thailand L L S L L S
17 Hao Daeng Northeastern, Thailand L L L L L S
18 Pho Daeng Northeastern, Thailand L L S L L S
19 Hahng Hi Northeastern, Thailand L L L L L S
20 Pla Siu Northeastern, Thailand L L L L L S
21 Pla Kheng Northeastern, Thailand L L S L L S
22 Non Na Northeastern, Thailand L L L L L S
23 Khao Dor Northeastern, Thailand L L L L L S
24 Niew Kordiew Northeastern, Thailand L L L L L S
25 Niew Mali Northeastern, Thailand L L L L L S
26 Hohm Phama Northeastern, Thailand L L L L L S
27 Hohm Hai Northeastern, Thailand L L L L L S
28 Hohm Thung Northeastern, Thailand L L L L L S
29 Hohm Samkor Northeastern, Thailand L L L L L S
30 Ja Lai Northeastern, Thailand S S S L S L
31 Mae Hang Northeastern, Thailand L L S L L S
32 Luk Chau Northeastern, Thailand L L L L L S
33 Niew Daeng Northeastern, Thailand L L L L L S
34 Lao Taek Northeastern, Thailand L L S L L S
35 Haung Khao Northeastern, Thailand L L L L L S
36 Khao Noi Northeastern, Thailand L L L L L S
37 Set Thi Northeastern, Thailand L L L L L S
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Table 1 (continued)
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InDel molecular markers

ﬁgc. Variety’s name Origin
: R2M50 R3M10 R4M13 R5M13 R7M20 R1M30
38 Pin Kaew Central, Thailand L L L L L

39 Chao Daeng
40 Sang Yod
41 Mali Daeng
42 Mali Dam
43 E-Longma
44 Kam Dong

45 Kam1
46 Kam2
47 Kam3
48 Kam4
49 Kamb

50 Dor Kaset

51 Todorokiwase
52 Isenishiki
53 Usora

54 Kohaiakumungkoku
55 Yamadanichiki

56 Tamakase

57 Taipe japonica

58 Yamahikari

59 Hiyokumochi

60 Hitomebore

61 Glutinous Japonica
62 Hao Na

63 Phaung Thong

64 Chiang Patthalung
65 Leb Nok

66 Chao Lung

67 Nhang Phaya 132
68 Phaung Rai

69 Hohm Jan

70 Phattalung 60

71 Khem Thong

72 Leung 152

73 RD 13

74 Kaen Jan

Northeastern, Thailand
Southern, Thailand
Northeastern, Thailand
Northeastern, Thailand
Northeastern, Thailand
Northeastern, Thailand
Northeastern, Thailand
Northeastern, Thailand
Northeastern, Thailand
Northeastern, Thailand
Northeastern, Thailand
Northeastern, Thailand
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Southern, Thailand
Southern, Thailand
Southern, Thailand
Southern, Thailand
Southern, Thailand
Southern, Thailand
Southern, Thailand
Southern, Thailand
Southern, Thailand
Southern, Thailand
Southern, Thailand
Southern, Thailand
Southern, Thailand
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Table 1 (continued)

1371 Uszinmn uazamue

InDel molecular markers

ﬁgc Variety’s name Origin
R2M50 R3M10 R4M13 R5M13 R7M20 R1M30

75 Sri Rak Southern, Thailand L L L L L S
76 Khai Mod Rin Southern, Thailand L L L L L S
77 Champa Southern, Thailand L L L L L S
78 Pheuk Nam 43 Southern, Thailand L L L L L S
79 Khao Ruang Yao Southern, Thailand L L L L L S
80 Kha Jao Northern, Thailand S S S S S L
81 Biu Mai Yan Rai Northern, Thailand S S S S S L
82 Bal Jai Northern, Thailand S S S S S L
83 Bao Bae Northern, Thailand S S S L S L
84 Bael Dir Northern, Thailand S S S L S S
85 Bael Jao Jua Northern, Thailand S S S L S L
86 Bael Lo Northern, Thailand S S S L S L
87 Bael Ma Kael Northern, Thailand S S S S S L
88 Ja Lai Northern, Thailand S S S L S L
89 Be Ja Northern, Thailand S S S S S L
90 Be Lia Tia Tao Northern, Thailand S S S L S S
91 Bao Bud Northern, Thailand S S S L S L
92 Peon Nun Klok Northern, Thailand S S S L S L
93 Ling Bao Northern, Thailand L L L L L S
94 Bael La mi Northern, Thailand S S S S S S
95 Ja Ngai Northern, Thailand S S S L S L
96 Siu Northern, Thailand L L L S L S

dnnguBudmnuaLefinanua’an Cai et al,, (2007)
U 6 ¢ (Table 2) ﬂg’jﬁ%mgﬂeﬁﬁlﬂumﬁmaaa
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Wk 1 w17 3) “?'iqmm“ﬁ 55 IFNLTALTEE Wit 2 W17
4) ﬁqmﬂn‘jﬁ 72 asmimados win 50 Jwit virtnln
Suaaufl 2 89 4 $1uu 35 30U UAT 5) ﬁqm%gﬁ 72
IFTRLTUR W% 7 W1 ATIIROLIWIAGLIWLOVD

NaKRANTaIseamaRaazMIIaaadlanlas INITs
WinusuAuunUAIBUaNAIZIU 100 bp DNA ladder
(Biolabs, USA)

v ' o &w X a & a
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@nwlalisunss STRUCTURE

v ai v a 6 6] % 1

dayaf ldnnniadenziilulnduesdnud
AzauWUl (datnd) Nuaaslanialasnanofiduens
6 GNLAU ﬁmﬁLﬂiﬂ:ﬁ“ﬁagmﬁmmmaﬁuﬂizmm
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(Pritchard et al., 2000) lasldngutnad198e 2 ngu fa
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Table 2 Six insertion/deletion (InDel) molecular markers used for indica and japonica identification according

to Shen et al. (2004).

InDel marker name

DNA sequence of forward primer

DNA sequence of reverse primer

(5-->3) (5-->3)
R1M30 AAGGGGCCCTAATTTATCTAG TGTTTACTTTGTTCTTGGACTG
R2M50 CCTGAAGGAAATGATAGCAATAG GTTTTGTATGCTCTTCACTTGTC
R3M10 CCGAGTACCATTGCTTTC CTGCCATAGTTACTGCTCTGTT
R4M13 TACACGGTAGACATCCAACA ATGATTTAACCGTAGATTGG
R5M13 GAGAAAGAGTGGAAGGAG AGTATCGTCAGGAGGGTC
R7M20 GTTTTGTGCATTCCTTTAC TTTATGACATTTTGACCG

maﬂmnﬂwﬁnlumjuﬁuam flo Fednaa VzALAd 130
uad Juuiuazwiiodwas lasduuadaunlalunns
’AJLm’]:ﬁl“ITa%Ja (running parameters) @9 f1RUAAT
iz ring (K)  aaue 2-5  ueaziszaing K
TUsunINAAA A1 IUIN 5 @39 (5 replications)
AAUAAITUAYK burn-in 50,000 8L @NNA28 500,00
iterations THLuLARLUL admixture LAZANNTNNUTVDS
a a '
ANUDNUIAFNTEWINIUTETINT (correlated allele
. . S ) A @
frequencies between populations) TINNANTNANANII
Fduwandsezrinsninasiduaiianungu)veInis
a [ v & a A
aLm’wmmaml%muimgﬂl,mmamaimmm GR
Fudszrininataitaziuaienungufaslien
Deltak g4 Aidwimlaslsunsy Structure Harvester

(http://taylor0. biology.ucla.edu/structureHarvester)

Naﬂ"ls‘nﬂaaﬁuﬁz%%’]iﬂi
ns3uuniBanuginflgdnslaslafiduie

~
LAIAIRNLLULY InDel markers
ML ALEULLATDIRNILLLY InDel markers
ﬁl Vo ﬁw = 6 v U dl a &
L‘INﬂl’ﬁ‘ﬂ’]LLuﬂL’ﬁaWWgﬂl’]’]vl‘ﬂUI@EJI‘H LAIDIRNNDALA LD
FIIUIN 6 gj"l,wnua% fa RIM30 R2M50 R3M10
R4M13 R5M13 18y R7M20 Ha91NMTIATIZRHANE®

ﬁl,ﬁummﬂﬂﬁﬁ%m;ﬂﬂisﬁ Tavlfinafaazniligias

a &

Baalar-WesTa ALHWLEV0IA0L1ITNINGARZA2DEN

a9 em 1

Al nzRazuaasnaidulovawialan (small = S)

w30 wnupwIalng (large = L) luldazduniivas
a A . o ' v Ay o
30 InaNeALAue (Figure 1)  n@d8819TN 1S

FLATITHINUI 96 9288719 HANITILATIZHWLIN

wuznswdndgnuesinszesnienats uaznald
gﬂLmumaaLﬂ‘%ammmﬁLSuLa%'@agelumjuauam e
Lﬂ%ﬂULﬁUUﬁULﬂg‘la\‘l‘ﬁu’maLS%Laﬂladﬁj’W’Jtﬁlquﬁlﬁﬂu
@T’Jaﬂ'nﬁwaaﬁagslumjmmaﬁm ppISTIR R
LA BIRINUALEWENT 6 RIS (DNA marker profile)
209N U311281985lunguBudny (Fednoa vziuas

=)

13UAY DuuiILaznha1uas) LLa:ﬁ’uﬁfﬁnﬁn'ﬁaﬁ
P o A A o & A a
wassrnfialudgdu Wugdnlindanlunmamiled
LLu'ﬂﬁumiﬁLﬂ‘%ammﬂﬁLSuLaagjlumjwmﬂaﬁm
ﬂm"fumaﬂ'uﬁjﬁﬁLﬂ%ammUaLSuLaaglumjuﬁu@m
1 LUALA D LUAAIY 9 89t wReI AR 11713
‘mdmﬂmﬁaﬁm'}wmﬂ%mﬂm\iﬁugﬂﬁwﬁa ﬁﬁ'mf
’iT’nﬁﬁﬁuqnisuLmu'éuamua:ﬁuﬁﬁﬁﬁuqﬂﬁmmu
aafim uandwndndgnuesmadug vaslnaid
mww:ﬁuﬁﬁnlumjmﬁuam (Table 1 W&z Figure 1-2)
=2 =g o o o . A
Namsﬂnmuaa@ﬂaaaﬂw'n"lsmaavlwwﬂgﬂmu
A AL o edo ' A a o ed
mamuaumwuqmmgluﬂquamm WaTENEWUTN
E]n’%’@hmjumﬂaﬁmmﬁﬂ%ammuﬁLSuLaLmu?}u
(Prathepha, 2008) Tagtulinufinfineduvasing
UONINANAABLYINT
InDel primer NidanltINNNANIINARBIVDS
Lu et al. (2009) Nuaasdstsz@nsawlunsdnduun
TFaIThatag a@ﬂvléh"] InDel primer 1149 6 primers &
UszanIm N mmsmmnéf’aaﬂ"m“ﬁnlunq'mm6] 1Wa
=) > a 1 U % a C2N v A 6
W HUMaUAUA0819T181989 wainacl i e lwswes
A A ~ A A o A
TAALAE Gnaﬁs:aﬂﬁmwmaamﬂmmammsf[maqa
ALOULDLRAIRREAARDINUNANITNARBINUIIL I

Aauntin (Lu et al., 2009; Xu et al., 2012; Liu et al. 2012)


http://taylor0/

94  Thai J. Genet. 2014, 7(2) : 87-96 1371 Uszinmn uazamue

b |

Figure 1 Agarose gel electrophoresis of polymerase chain reaction (PCR) products of insertion/deletion
(InDel) primer pair R2M50 (upper) and R5M13 (lower). Lanes 1-18 correspond to KDML105, Hohm
Nangnuan, Hohm Sa-ngiam, Kham Kok Khao, Set Thi, Pin Keaw, Jao Daeng, Sang Yod, Mali Daeng,
Todorokiwase, Esenishiki, Usora, Glutinous japonica rice, Hao Na, Phuag Thong, Bao Bud, Pun Neon Kok,

and Ling Bao, respectively. M is DNA molecular marker (100 bp ladder).

S ]

Figure 2 Genetic relationships among 96 rice accessions as indicated in the bar plots based on
STRUCTURE analyses. The optimal subpopulation was K=3 as shown in red-, green- and blue- colored
segments. The red-colored segment represented the japonica rice, the blue-colored segment represented the
indica rice, the green-colored segment represented the group with combined genetic components from both
indica and japonica. Each individual is represented by a single vertical line (bar) assigned into the three

colored-segment and each number corresponds to their name shown in Table 1.
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