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Genetic diversity of highland rice landraces from ethnic groups
in northern Thailand
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ABSTRACT: Climate of highland agricultural area is not suitable for growing elite rice cultivars.
Rice landraces thus play an important role on farmers’ livelihood in mountainous area. The purpose
of'this study was to evaluate morphological traits and genetic diversity using microsatellite markers
in 7 rice landraces varieties totally 28 populations from 4 ethnic groups that grow at the altitudes
lower and above 1,000 meters above sea level (MASL). The results showed that highland rice
landraces illustrated morphological variation both within population and among populations within
variety. Three organelle markers indicated that 84% of rice landraces in this study was Tropical
japonica type only 16% was Indica type. Highland rice landraces in this study are genetically
variable, and structured associated to subspecies types and the altitudes. This study illustrated
morphological variation and genetic diversity including population structure of highland rice
landraces of ethnic groups in northern Thailand which was the consequence of local adaptation
and traditional agriculture practices. Understanding genetic diversity and population structure can
be applied as a guideline for conservation strategy of highland rice landraces involved farmers’
managements and local adaptation for furthers utilization.

Keywords: Genetic diversity, Local adaptation, Highland rice landrace, Ethnic groups, Population

structure, Subspecies types
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Table 1 Passport information on 28 highland rice landraces of Thailand and 2 elite rice varieties in

the present study

Ethnic groups Local names Populations Elevation Subspecies type
Lahu Ja Peu Ma JPM1 964 Tropical Japonica
Ja Peu Ma JPM2 964 Tropical Japonica
Ja Peu Ma JPM3 964 Tropical Japonica
Lahu Na Pa Ka Ja PKU1 >1000 Tropical Japonica
Pa Ka Ja PKJ2 >1000 Tropical Japonica
Pa Ka Ja PKJ3 >1000 Tropical Japonica
Pa Ka Ja PKJ4 >1000 Tropical Japonica
Pa Ka Ja PKJ5 >1000 Tropical Japonica
Akha ChaTaTe CTT1 1031 Tropical Japonica
ChaTaTe CTT2 1031 Tropical Japonica
ChaTaTe CTT3 1031 Indica
Hor Chae HCH1 779 Tropical Japonica
Hor Chae HCH2 779 Tropical Japonica
Hor Chae HCH3 779 Indica
Hor Je HJ1 779 Tropical Japonica
Hor Je HJ2 779 Indica
Karen Bue Por Lor BPL1 804 Tropical Japonica
Bue Por Lor BPL2 870 Tropical Japonica
Bue Por Lor BPL3 798 Tropical Japonica
Bue Por Lor BPL4 813 Tropical Japonica
Bue Por Lor BPL5 869 Tropical Japonica
Bue Por Lor BPL6 869 Tropical Japonica
Bue Po Lo BPLL1 1273 Tropical Japonica
Bue Po Lo BPLL2 1258 Tropical Japonica
Bue Po Lo BPLL3 1138 Indica
Bue Po Lo BPLL4 1137 Tropical Japonica
Bue Po Lo BPLL5 1030 Tropical Japonica
Bue Po Lo BPLL6 1030 Indica
Checked Khao Dawk Mali 105 KDML105 Indica
Pathum Thani 1 PTT1 - Indica

*Subspecies type A1NLATINNIE organelle ANNAaU89 Okoshi (2015)
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Figure 1 Grain shape and size of 28 highland rice landraces divide by 4 ethnic groups (Lahu,
Lanu Na, Akha, and Karen) and 2 elite rice varieties (KDML105 and PTT1).

AMUNAINUATETDIANHUEN AU UL
nls

annnisdsziudneurdugiuion
wuﬁwummm\mmmm’mumﬂmmﬂmmy
szwinalssanng woudneiERitAnamanaane
14 dnwue (Figure 2) Ae nene nsiauly @
#annan ALaAINAIFINE AINENUNATFLEE
nsluativreunasioiily  ANENNATFDE
Anmnuzsne nslaRuAese Enausesnan yu
209luse Nslve Aulaenuén uasAitied
wan ldwupnuainuatgly 8 dnwy (H=
0) Ao Auwsiuly Anuily Aauly iﬂiwmu‘l:u ay
lu Fde Ades uardtesely tnednafuisiesd
qeiufaznsedn (JPM) a1nnguanfwugany,
WIRELRE (CTT) wazyinide (HJ) Annguanmnug
a111ilANNnaINgIeng ludsransnaniign
11 anenizdoudinoiuiledigaiugiieuas (HCH)
mﬂﬂ@imﬁﬁuﬁf@jﬂwLmzﬁ@ﬂ@@@ (BPL) AN
naNTIAR UGN iTEeiANaInUaEne
dsranstieaign 8 Anmnuy

WedszlRuaneuenianglsanuau
8 Anuouy (Table 4) WUANHLEURITAAANGS

‘mﬁmnwmnumamﬂﬁqm LAZRNERANARN
Hanuvanuaneiiasige VAN HIUEN
z&ummmvwm"l,au,@mﬂumumﬁ%wmwﬁwa
mammmmu’l@Laﬂﬂwuﬁmmmwmm Fauuin
zgq'mﬂm_l?m”mmclu ANNAULAZAIINAINNID
Iumﬁmﬂﬁiﬁ\iﬁu@m:ﬁuﬁmmm‘]:rmmf (BPTNIA
wazAnly, 2550) sawlunennsldselumiann
ﬂﬁ%%@ﬂm@ﬁlﬂﬂﬂﬁ‘ﬁ@L@@ﬂwuﬁLL@w@ﬂ‘HmeN@ﬁ]
mem‘Eum"Lﬂ’lummamermﬂuam:rmvmq
duguunel  ANNLANANIINGNTIAWLE
meﬂﬁl,ﬁuﬁwﬂLLuumﬁanWimmﬁLgmnﬁm
Aunaziiuinenaniugedialsy LA EIFD
wuﬁm‘lmumﬂmm i asiuudeuss wan
Ium mmmwmmm nauvan nunusalan
LAY mﬂmimummﬁu NANAMEN ‘Wmﬂ‘m
ﬂqmmwuqmmmu”l@mmﬂmmmwuﬂmmu
mwwmrmmmwdwﬂi:mmmmfﬁmﬁuﬁ
wummmu‘lmmmmnmmLLMﬂmmqm\mu
mfammwrmmmmwﬂivmniuummmL@m
Lmu‘EmLL@”ﬂi‘um’mmnm@muuu% (Frankel
etal., 1995)



908 WNUNEAT 47 (5) : 901-916 (2562). /doi: 10.14456/kaj.2019.84.

=
€
k|
52
£
=
=1
]
I
o
] 1 2
B Fland type B Leal Blade Pubescence
m 5 Baghth 1 Higima Exserian
B Parele s==riinpn W Rasal Leal Shesth Colos
Otk codor B Parkcam coloy

a4 5 b
O Apicuhes color B &g collor
W S1Eeen lenath O Panichs Ty
EiFlag Leaf Angle W Asmiing

Figure 2 Shannon’s index (H’) for 14 morphological traits of 28 highland rice landraces from 4
ethnic groups and 2 elite rice varieties. Numbers in the parentheses represent number of

polymorphic traits.
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sativa L) Wianlgnluuounied@eiugin
indica gn domestication slmmum"fu@@qﬁm
THuaznemeuldiveswnithelds  sushoin
Japonica §n domestication nepaulfiang
szinAau (Huang et al. 2012) Inadaulvinjain
Indica gnxrsaiasnyianinluanIngiainiean

SaunazANgurtiaszAutnzalinan ludou

104740 japonica @xnrawasEyAUTalugn
QHAIMNALIABLFULAZAIINGUNTR T ALILN
nziaNn visefilan1meniAdy (Xiong et al.,
2010) WuAeaRUNIenAwiereslszindlneh
ﬁzﬁmwnﬁﬂizmmmmﬁmmmﬁwiu@ﬂu
NGy NUNITMINYLLIN FUIL UazanIn
mmﬂmﬂ@muﬂmmuqmm@ U [N
anAvinaiundnnaBL denaseszuuiion
nsineRsinligeddinfesdiudasdanis
Waeulasiifaiy (Shrestha et al., 2017)
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ANNMIUTLIUATINNAINNAETDIDA
IGE mmm’mmwmtwuﬁﬂia‘ﬂumfmu
Lum‘wmmmi,m'a\‘mmﬂiumﬂ@ microsatellites
RNUIU 11 ﬁi’iiti,fiu\‘i W1 polymorphic alleles Iﬁiﬁ
Fauudafarianun 35 gaaa NUUsTIINITe
Wugarnded (JPM) 289nguaIAnuganyian
wLEARANINTIgARE 27 daRaLATLITTINGTe
Wuiliataas (BPL) wedngumARUinzLizesd
Anungadatioagame 17 Saaa 491A1UIUEA
AaU99 Marker WU RM247 Uanedananniige
AU 6 AR mquutum‘wmm 28 ﬂaymfma‘m
mmqwmnumwwwuﬁmiuLfa@ﬂmﬂiu
Uszaing  (HS) ANUAINUAIENINHUGNITH
999 (HT) FAlndAeiy Aa 0.319 uay 0.48
ANNANAL ﬁm'ftmmLtﬁmrgiwiwdwﬂixmm
(FST) 0.161 (Table 5) Taugnaqnilszannsi
ANUANANNINAUGNITH AR UT NI

Tudaure9lARaF19N 19N UgNITNAIN
N133AIZH AMOVA (Table 6) WLNTULNNGH
ANL9zTINT  (Among  populations) Amau
uilstlsaunnaiugnesuaInign  73% uazuile
NANANNNANTIANU] (Among ethnics) dAIN
wissauneiugnasuilesign 9% uandliiiviu
daannuvanuatEnsiignesuaaddinniiuiles
AAnENAAAINAMNMAINANETEMINe 28
tsrane  aanndesiulaseginguazANMATN
waEnIeRugnssuaesinafuiecluniendu
aanTeviienianiisndunianzduseniasivile
JesUlasinARIIAY TaRnEinaieq 24 Wug
mawuﬁﬂmﬂi\i 5 yiuguazinogi 1 'ﬂi““T’mi‘
wwum@\mﬂLtm@@mtmtﬂu 4 i type An
sali (wum’mﬂ@ﬂslummmiu} boro (Nu#37
Ugnlutasnguuna), jum (Auigasinnda 3,000
MASL) uazsRafnawilan (glutinous grain rice)
fnellATeauNng  microsatellites  ANWIW 7
ZRIREAIN WUANUAINTAENNHUGNTIN
FEMININUTAS (He = 0.776) 1HONANIDINTEULIN
giany  sali  TiAanaInuatenaiignesy
494 (He = 0.747) savasniluzila jum (He =
0.627) N199AIIEH AMOVA WUANLL U971

maﬁuqmmiwdwﬁuﬁ:mrtﬁzgm (66%) uaz
AL sUsunnsugnaIsuszndneilatlas
14m (8%) (Choudhury et al., 2013) AdUNI3
auFNIFNRUENWEBILLY on-farm T9HATN
fudauressyuuiiind  anmpliannid N1
NEHATLLUALANLAZT MU IINAUAN G909
nanaARugi i iuiiuilesuansay
WAINUANENINRUGNITHUAT N9 Auu avae
adadaneluilsraing (Wang etal., 2016) AN
UANNAE AT IATATIINIIRUENITNTRLARIDY
nsfudaseaninuanaeniiuiuniIdang
1BUNEATNT  AsArserinEdinafudesisuuy
ex situ WaT in situ Mwmmumﬂﬁmnumi
ATUNIATIUNAIRUGNITNNAATysiannsg
Uiugaiug uewnan
TA998319U9231NIUATNNIAANFNN
WUgN3IM AINNT3AIIEY STRUCTURE (Figure
3), Nei (1983) genetic distance (Figure 4) az
Principal Coordinate Analysis (PCA) (Figurge 5)
Aunusiusaeafingeas (subspecies type) iy
#Un Indica uaz Tropical japonica NuszAL
ANHEIMTDUNTZLA (Altitude, MASL) Aiutiailu
fiagnduazuINngn 1,000 WAT MRt Cui
et al., (2017) ﬁﬂm‘llm\m”ingwﬁuqmmi,i,fm
panszAuANgaludinafuilesraguuiu
dszmAAudual 188 Usranaiiiuainazdl
ANg T 425 e 2, 274 wRswTlessALN
nein laelfidtomang SSR 48 iAeaany
uasslangiralsvanseanidu 2 nqulunjae
Indica uay Japonica luasnguilanunsnuiy
daglfdnmmseiumnnge  Tnawuiiiassiin
Indica MszAuANgetianndt 800 MASL dauil
SZALANEININNIT 800 MASL WuUaaaaTiln
Tauana WiiugluuumuuAN AN 1aiugna sy
uwaznnstemadauiiauesin (gene flow) lu
froiugiuidedignuieuanaussAunaings
(isolation by altitude) TuinueaiRsafudinan
Wesiuddaralnmizdgninanguanfanug
ny maﬁﬂ\ﬂuﬂivmﬂim v 33 Uszmnsann
13 g uiuanIANLANFANNRLgNITN
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mw‘lﬁmmmqmqwuﬁmiwme‘immvﬂmw fuiag (Pusadee et al., 2009) muumqwuﬁwu
(isolation by distance) ﬁmmmﬂmmmﬂ@ﬂu Lm\mumfmwmwmwquﬁma‘ummm
ARG ‘EmﬂLfawq:faﬂ'wmmﬂmnLﬂmgw,mm mumumman’mﬂ@wuﬂmmamwmeau
WUFILNINNGUINHATNITIRNUENZLTEF0e waznsdANIITRLNEATNs ALT

Table 5 Genetic diversity indices for 11 microsatellite loci of 7 highland rice landraces and 2 elite

rice varieties

Ethnic groups Accession N n H H H F

e S T ST

Lahu JPM 3 15 0.225 0.282 0.373 0.091

Lahu Na PKJ 5 25 0.105 0.131 0.359 0.228

Akha CTT 3 15 0.175 0218 0.357 0.139

HCH 3 15 0.092 0.115 0.379 0.263

HJ 2 10 0.069 0.086 0.37 0.284

Karen BPL 6 30 0.041 0.052 0.131 0.079

BPLL 6 30 0.075 0.094 0.193 0.099

Total rice landraces 7 140 0.101 0.319 048 0.161

Checks (Elite
o Total 2 10 0 0 0.125 1

varieties)

Number of accession (N), number of individuals (n), expected heterozygosity (He), average gene

diversity (HS), total gene diversity (HT), and genetic differentiation (FST)

Table 6 Analysis of molecular variance (AMOVA) among subspecies, elevations, ethnic groups,

varieties and populations in 28 highland rice landraces using 11 SSR loci

Source df SS MS % of the total variance
Among subspecies 1 123.9 123.9 18%
Among elevations 1 188.1 188.1 21%
Among ethnic groups 3 202.7 67.5 9%
Among varieties 6 581.9 96.9 34%

Among populations 27 11071 41 73%
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Figure 3 Population assignment using STRUCTURE analysis of 28 highland rice landraces and
2 elite rice varieties based on 11 microsatellite loci with (a) K= 2 clusters, red is Indica and
green is Tropical japonica and (b) K = 4 clusters, blue is Indica and elite rice variety, red
is Indica at >1,000 MASL, yellow is Tropical japonica at <1,000 MASL, green is Tropical
japonica at >1,000 MASL. Each bar represents a population, individual vertical lines within
the bar represent the 5 individuals sampled from that population.

Tropical japonica at <1,000 MASL

e
g-' =
£

%

Indica at >1,000 MASL

Figure 4 Cluster analysis using Nei's genetic distance (1983) of highland rice landraces and
2 elite rice varieties based on 11 SSR loci. Different color represent different inferred clus-
ters based on STRUCTURE'’s result at K=4.
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Figure 5 Principal Coordinate Analysis (PCA) of 28 highland rice landraces populations and
2 elite rice varieties. Different circle color represent different inferred clusters based on

STRUCTURE's result at K=4.
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