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Classification of Thai Rice Varieties using DNA Variation
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The study aimed to classify Thai rice varieties together with drought tolerant rice varieties
previously reported in the 3,000 Rice Genomes Project by using variation within nucleotide sequences
of drought tolerance-related genes. The comparison results of four drought tolerant genes which were
soil surface rooting 1 (OsSor1), deeper rooting 1 (OsDro1), NAC domain-containing protein 5 (OsNAC5)
and NAC domain-containing protein 6 (OsNAC6) genes from twenty-three rice varieties revealed 147
nucleotide sequence variations. Then, these rice varieties were classified into 2 major groups. Group |
consists of 12 varieties which were Indica and Japonica rice. This group revealed the association with
rice ecosystem, root characteristics and drought tolerance. Group Il comprises 11 rice varieties, including
landrace, upland, and lowland rice. However, there is no clear association with rice ecosystems for this
group. Moreover, Jow Haw and Khao Pong Krai varieties were in the same group with deep roots and
drought tolerant upland rice which will be used for the development of the drought tolerant DNA

markers in rice breeding program.
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80



Journal of Agri. Research & Extension 41(3): 80-92

UNANED

¥
av aav

NuATelldTngUsvasiiadnnguiug i1

_ o

vy F2uAuNug 1197 T918918AUNURE 191N
1As9NIS 3,000 Rice Genomes Project A 8NIT
Wisuisuaduiiadlolnd i unns1svesdu
Fafgrtestuanumudsda 4 Bu ldun Bu Soil
surface rooting 1 (OsSor1) & 4 Deeper rooting 1
(OsDro1) &' 14 NAC domain-containing protein 5
(OsNAC5) waz8u NAC domain-containing protein
6 (OsNAC6) wan1siUssuiisuaauilinalalndves
fuvts 4 Bu 910472 23 stug nudduianalelnd
Aunnanadiuay 147 duns Wethandangudn
w2 nqulvg) Ao nqu | Faudw 12 Wug u
nauduinuaraluiing Ansdanguduiusiussuy
113AN15UYN FNBULIINUAZATIUNULAS Na Y |
F1uan 11 sug Wudnduandidutugdudes
#1915 wazdunay Felinuduiusiuszuuinem
nsUgnegnedaiau uonaniudlnewusidige
wazvlliled egnauifisriuinlsiidnvazsndn
nuuds 7eanunsadaidenluldluniswamn

v 6

LASDIVINEABUNEUTUS FuAUNULEIsDlY
AdAty: 9nlng NsIANgY ANMULANA1NYDS
Aevthealelng Suinelvesiuainu

NULAS 50
AU

foudaduilymidday madudnand
Tusversaionehlivuauassnumdnanas dwa
Tinandnanas 4 ednuuenaduguingd 1wy
anuarvessn lu Suiudusdens ANNEIRY v3e
ANWUENNETIINGT WU N13FUATIZILE SulUR

ANSALAUYDIANTTINIG FLANAIUANIIEWAY (Arun

et al., 2023) Im&Jé’ﬂwmxmqé’mgm%mﬁﬁmiﬁﬂm
DUTUNINABAUAIUNULAY AD ANWULITTUUIIN
esanduszuuiiddalunsmiiuazemsves
W (Kim et al., 2020)

n15F U B Ui duiusfuanunuud say
SPUUTINUDIT1? WUl Deeper rooting 1 (OsDro1)
WJuduaruauszuusindn luan1izudsdu OsDrol

I £

agfinsnsgdulianenity annsadrisihandu
Aufianiy Jeogsontuaniizuasla (Kumar et al,,
2021; Yusaku et al., 2013) 84 Soil surface rooting 1
(OsSor1) Jusiaveslusiulungu LAZY2 maunu
sruUTINAuviessuuTINiiaAufesnuaunase
wsaluunag Gﬁq%@mmimmsmﬂﬁu%guumﬂwé’ﬂ
(Eiko et al., 2013) uonand Seds1earulusiu
ﬂaUﬂqumiaaﬂiﬁja (Transcription factors; TFs)
fAgtostuaunuuds nudulungs NAC (NAM,
ATAF and CUC) iwidiAgdestunsiasaivln
NIRRT LAZNITADUAUDINDAINULATEAYDINY
Xietal, 2019) Tuan1izwa 18 ¥ NAC domain-
containing protein 5 (OsNAC5) 2gnsgfuNI591191U
289 81U Cinnamoyl-CoA reductase 10 (OsCCR10)
vl Fazavaniuiiudy Samuseaniizuds (Woon
et al.,, 2022) wazdu NAC domain-containing protein
6 (OsNAC6) Tioglunguiieniu nuinmeuaussio
ALY 1Nde ALY waznsaueuledn Ineduy
OsNAC6 axflanulafenisnszduuinnindudu 9
lunguideniiu (Takayuki et al., 2005)
fugdafifiszuusnuuusniu (Shallow
rooting) azilrullieanmzud wnnidlewSe e

AuugIvdszuusInLUUIINGn (Deep rooting)

]
a

L 8991 UUIINA N AIUITOLT D 9U1NAT UAY

o

7ann31 (Arun et al., 2023) UaNINUTINUINT WU

>No

v '

117luiigawmietls (Upland) @aasaiulaluiiug
fUsuahiinzinuaudinuude Weelinszuy

dusinandlassumisuiutunaiu (Lowland)

81



5ANTIVYLALANFSUITINTNEAT 41(3): 80-92

ARAMUADINITUININ (Myint et al., 2022) F98nT
Td919lsns oWug v dszuusind mdudauwnuly
ATSANYIANUNUBAS LU NITESIIHUATU OsDrol

s

AUTEINT BC,F; ﬁlﬁmﬂmimamsijﬁnﬁuq
R64 § i udrunarufiddnwarsind u (Farhan
et al, 2022; Yusaku et al,, 2011) fiudmiug Kinandang
Patong 1ud17duing Midud1lsfdnwazsindn
wu118u OsDrol fvag vulasluleud 9 (Yusaku
etal, 2011)
wenNINan1sANBINTSLEARTEDN VDB
luan1izud 91581719919 LsWu§ Handao297,
Haogelao waz IRAT109 fidAnunuuds fudiaun
muﬁuﬁ Zhongzuo93, Yuefu wae Nipponbare it
ANIIRBAIULAY ABIATA cCDNA-AFLP Wuin
90% vasfufinanslutinie 2 nguliunnaiaiy
i 8% fluansooniilonszdusoaniozuds wazd 1%
Fwanseenuaneeiuszninedmlstudnuau du
Tngjidudulungulusfiunudeou (Heat-shock protein)
(FengHua et al., 2009) dmsutlneiisisanunisin
ﬂzjmﬁwmﬁmiwﬁ Principal Component Analysis
(PCA) VB8N waUENFUFININGT UaNITIANGUAIEY
anefud Adueanniasesviane Simple Sequence
Repeat (SSR) 994113313 6 11§ WUINguiugyn?
16" 4 nau nguil 1 Ae Mugunusndl 1 1Wudiunay

oA a v & oA = v ey A
nauvn 2 A NUTABANSVIN NHUN 3 A9 WUQQLM'@Q

a

yans Tneisansnguidudnfiudos waenduil 4 fe
fugidrge Uy uazunltlad Wudnnls Janphen
et al., 2023)
Jagumsdanqudniilvenuudadunisda
nauderansznuraINITIIntEe sl yiule

= v a UV i v PP 1%
‘Wﬁaﬂ']iiﬁmamam LLazﬂﬁiuuiﬁﬂmu%agaSUMLﬂEJ’,J“UEN

1%
VU A Ao

Auanunuas uITeidadlingussasdiiadnngy
FlnemensilSeuiisuaiauiiealalna iusnag
38U OsDro1, OsSorl, OsNACS wae OsNACE N894

FUAEIVBITUANUNULAT TIAURUTTIINT T899

AINULEINgIudeya Faman1sinnaudniauidu
drunilavasnisAndoniugvrimundslunisimun

= a ) Ay o sw Y
LﬂiEN‘WlI']EJ@L@uL@WﬁNWUSﬂUWUWNVIULLan@‘lU

guUnsaluazisng

wgtnauaznisanadludinfidwe

fuginflilunesesidduuavesiluy
F1uau 13 g (Table 1) Wudniunaiu 7 wug laun
Unus1il 1 (Pathum Thani 1) nv-usdld 2 (RD-Maejo
2) nu43 (RDA3) gda1 (Mali Dam) 1W1maas (Jow
Leuang) Tnuuas (Khe Tom Daeng) uazlsdiuass
(Riceberry) 4129 Uil 09 (landrace) 3 Wug Lawn
AaNYz (Dok Ma Kham) fntfas (Kum Noi) uag
Al (Kum Yai) wazdls 3 4ug 16ud fillesvans
(Goo Meuang Luang) 19180 (Jow Haw) wagu1alUs
10 (Khao Pong Krai) tinziadaunu 2 dUanv 91nit
inlugeuunannilulinAoulesie35 mCTAB (Li et
al, 2013) aza8n=NaUA L ULERI8A1TaLANY 10
mM Tris-HCL, pH 8.0 1uflueiigumail -20 o
WALy

NM5IATIZIRANTSUNAIUTIRA o InAva eI lun
Frogeilufinfidutediataldazeudidiu
Tndlolnamenaila Whole Genome Sequencing
(WGS) (NovogeneAIT, China) kUU Resequencing
lngnan1se1uLariAsIzian uidindlolnanay
senudumundeinisidsuwlasdisuiinile
Inawfia Single Nucleotide Polymorphisms (SNPs)
%38 Insertion—deletion variations (InDels) 184917
13 vuf uulaslaleants 12 wis Fadenduianglelnd
ﬁ]'mst’h’;ﬁuﬁ: Nipponbare (O. sativa L. ssp japonica)
3u3Tunsn984 (Reference genome) Wloszy A

warKansENUTRIaRutnatalnanUdsuslasiy

82



Journal of Agri. Research & Extension 41(3): 80-92

nsdumdudiaulavazdrduiiandlolndaindaa
lugudaya

E’Tu‘ﬁ'aﬂﬁ] Ao OsSorl, OsDrol, OsNAC5
WAz OSNACE 13U NAUNI AU T B sue a8 uu
Imimi%mmgm%a;&a The Rice Annotation Project
(RAP) (Hiroaki et al., 2013) U@ umu it Laundum
uSuduanuanisieszvatsuidindlolnanae
wiatla WGS w8113 13 iug

yonanifidumaduiinalelndvesiu

1Y

7aulaand1iiugdu 9 91ng1udeya Rice SNP-

)

Seek Database (Locedie et al., 2017) id uwa
nmsAnwmaisuiedlelnavestnnainlasenig 3,000
Rice Genomes Project tagidud11duding 4 wug
1giun Wug Kinandang Patong Wug IR64 518911y
IR64L iU IR64A uawiiug Chenghui727 waed 19 luting
4 Wug lawn Wug Yuefu, Nipponbare, Haogelao
uaz IRAT109 uazidondnlnefiissanlugudeya
17U 2 g Ao Wugu1nenued 105 (Khao Dawk
Mali 105) LLﬁSlf’lg (Nam Roo) 521994 u 10 Wug
(Table 1)

Table 1 Characteristics of rice accession used in this study include their ecologies, root character

and response to drought stress

No. Rice accessions

Ecologies / Root character / Response

Reference

to drought stress

Whole genome sequencing

Indica

1 PATHUM THANI 1 Lowland Sriprapai et al. (2012)
2 RD-MAEJO 2 Lowland
3 RD43 Lowland
4 MALI DAM Lowland
5 JOW LEUANG Lowland
6 RICEBERRY Lowland
7 KHE TOM DAENG Lowland
8 DOK MA KHAM Landrace
9 KUM NOI Landrace
10 KUM YAI Landrace

11 GOO MEUANG LUANG
Japonica

12 JOW HAW

13 KHAO PONG KRAI

Upland, Drought tolerant

Upland

Sriprapai et al. (2012)

Sriprapai et al. (2012)

Upland
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Table 1

(Continued)

No.

Rice accessions

Ecologies / Root character / Response

to drought stress

Reference

Rice SNP-Seek Database

Indica

14 KINANDANG PATONG
15 IR64-IL

16 IR64A

17 CHENGHUI 727

18 KHAO DAWK MALI 105
Japonica

19 YUEFU

20 NIPPONBARE

21 HAOGELAO

22 IRAT109

23 NAM ROO

Upland, Deep root

Lowland, Shallow root, Drought sensitive

Lowland, Shallow root, Drought sensitive
Shallow root

Lowland, Shallow root, Drought tolerant

Lowland, Drought sensitive
Lowland, Drought sensitive
Upland, Drought tolerant
Upland, Drought tolerant
Upland

Yusaku et al. (2011)
Yusaku et al. (2011);
Farhan et al. (2022)
Farhan et al. (2022)
Farhan et al. (2022)
Sriprapai et al. (2012)

FengHua et al. (2009)
FengHua et al. (2009)
FengHua et al. (2009)
FengHua et al. (2009)
Sriprapai et al. (2012)

v v
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(Table 2)

u OsSorl (0s07g0614400) & 498 U
TasTulawdl 7 funus 25,309,034 9 25,311,637
AfMMIBULUUIEUUIN (+ strand) TvA 2,604 glua

USLNBUNIY 6 LBNYBU USLIUA d1u15awlasia
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BuNIoU 5 Mvile Msidsullasrinvednsneyi by AUSIUDUNTOU 3 AIYUI wazASUAsULUAIN
2 @MU haznsasundasnvane 3' dalduda Uany 3' falduwdasia 2 duna
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Table 2 Summary of consequence effects from SNP and InDel variations that be found in 4 genes

Gene names OsSorl OsDro1 OsNAC5 OsNAC6
Location chr07:25,309,034-  chr09:16,307,169-  chr11:4,299,277-  chr01: 38,398,996-

25,311,637 16,311,448 4,301,783 38,401,481

Classes Effects (+ strand) (- strand) (- strand) (-strand)
SNPs - 5" UTR variant - 2 2 -
- Intron variant 13 12 19 5
- Missense variant a4 2 7 2
- Silent variant 1 1 7 -
- 3" UTR variant 2 - 16 3
- Upstream of gene - 6 - -
- Downstream of gene - 7 - -
InDels - 5" UTR variant - - 1 B}
- Intron variant - 1 10 3
- Inframe deletion - - 2 -
- Inframe insertion - - 2 -
- Splice region variant - - 1 -
- 3" UTR variant 1 1 8 2
- Upstream of gene - 3 - -
- Downstream of gene - 1 - -

TnowalFoudisuaiduiandlolndd  msdanguiugdndredoya SNPs uas InDels
uandsvesBy 4 Bu 9andavianun 23 Wug uans  vesBuiisule
ANLANA19YRIaIR U Ad lalnaTiui 147 nsdanausasaiuianalelndfiuaneing
Fuvis wuadu SNPs 111 fumis uag InDels 36 vedusazdu wumsiwasundaswesdwuinadlelnd

QIR 9n8u OsSor1 awnsautsnguinalaidu 2 nqulvg
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Figure 1 Cluster diagram based on the Neighbor-Joining/UPGMA method by MEGA11 program from

SNP and InDel variations in 23 rice varieties; (A) OsSorl, (B) OsDro1, (C) OsNAC5 and (D)

OSNAC6; Red box showed upland rice and deep root, orange box showed upland rice

and drought tolerant, blue box showed lowland and drought sensitive and green box

showed lowland and shallow root.
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Figure 2 Cluster diagram based on the Neighbor-Joining/UPGMA method by MEGA11 program from

SNP and InDel variations in 4 genes. The red box showed upland rice and deep root,

the orange box showed upland rice and drought tolerant, the blue box showed lowland

and drought sensitive and the green box showed lowland and shallow root.
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