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Genetic diversity and physicochemical properties of starch in

highland glutinous rice landraces of Thailand
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Abstract: Glutinous rice landraces is valuable genetic resources and important to people in
North and Northeast of Thailand as they consume glutinous rice as a stable food. One of the
important factors that affect rice cooking quality is physicochemical properties of rice starch.
Therefore, the objectives of this study were to determine genetic diversity and physicochemical
properties of starch in highland glutinous rice landraces consisted of three varieties, totally 13
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populations represented 13 farmers. The physicochemical properties of starch were evaluated,
morphological traits were characterized and genetic diversity were assessed by using 12
microsatellite loci. The result of physicochemical properties showed that there was not non-
glutinous type mixed in the glutinous rice landraces populations in the present study indicated by
the iodine test. Alkali test and gel consistency indicated that most of the glutinous rice landraces
were soft texture. Morphological characterization and genetic diversity analysis indicated that
there were genetic variability within and between the glutinous rice landraces populations. Each
glutinous rice landraces variety has unique character and displayed low genetic diversity within
populations illustrated by average gene diversity (H =0.060) but displayed high level of genetic
differentiation among populations. (F ,=0.871). Population structure illustrated that glutinous
rice landraces were assigned into 4 groups (K=4) based on physicochemical properties. Taken
together, low level of within population genetic diversity, high level of genetic differentiation
among populations and structured based on physicochemical properties of the glutinous rice
landraces might be the consequence of genetic drift due to limited cultivation and utilization,
adaptation to local environments and human selections including specifically utilizations of

farmers.

Keywords: Highland rice landrace, Utilization, Selection, Glutinous rice, local adaptation
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Table 1 Passport information on 13 glutinous rice landraces of Thailand and 2 glutinous elite

rice varieties in the present study

) ) Ethnic Seed Subspecies
Rice type Populations Sources Local names
groups shapes types
PAKP1 Mae Hong Son Pa Ai Khupe Karen Large Indica
Rice landraces PAKP2 Mae Hong Son Pa Ai Khupe Karen Slender Indica
PAKP3 Mae Hong Son Pa Ai Khupe Karen Large Indica
PAKP4 Mae Hong Son Pa Ai Khupe Karen Large Indica
PAKP5 Mae Hong Son Pa Ai Khupe Karen Bold Indica
KS1 Chiang Rai Khaosew Khamu Slender Indica
KS2 Chiang Rai Khaosew Khamu Slender Indica
KS3 Chiang Rai Khaosew Khamu Slender Indica
KH1 Mae Hong Son Khaohao Lhang Shan Bold Indica
KH2 Mae Hong Son Khaohao Shan Slender Indica
KH3 Mae Hong Son Khaohao Khao Shan Slender Indica
KH4 Mae Hong Son Khaohao Shan Bold Indica
KH5 Mae Hong Son Khaohow Shan Bold Indica
Glutinous elite NSPT DOA* - - Slender Indica
rice RD4 DOA* - - Slender Indica

* Department of Agriculture, Thailand
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Table 2 Detail of SSR markers used in the present study
size
Locus CL  Repeat Motif Primer sequence (5’-3')* (bp) n Ne PIC
RM84 1 (TCT)10 F 5-TAAGGGTCCATCCACAAGATG-3’ 113 4 105 008 0.15
R 5-TTGCAAATGCAGCTAGAGTAC-3'
RM318 2 (GT)15 F 5-GTACGGAAAACATGGTAGGAAG-3' 134-154 3 1.04 004 0.2
R 5-TCGAGGGAAGGATCTGGTC-3’
RM251 3 (CT)29 F 5-GAAIGGCAATGGCGCTAG-3' 95-154 3 104 014 0.76
R 5-ATGCGGTTCAAGAATCGATC-3'
RM241 4 (CT)31 F 5-GAGCCAAATAAGATCGCTGA-3’ 100-160 6 112 0.09 0.68
R 5-TGAAAGCAGCAGATTTAGTG-3'
RM122 5 (GA)7TA(GA) F 5-GAGTCGATGTAATGTCATCAGTGC-3' 227 10 1.04 046 0.2
2AGA)11 R 5-GAAGGAGGTATCGCTTTGTTGGAC-3’
RM584 6  (CT)14 F 5-AGAAAGTGGATCAGGAAGGC-3’ 169 6 1.08 058 042
R 5-GATCCTGCAGGTAACCACAC-3’
RM481 7 (CAA)12 F 5-TAGCTAGCCGATTGAATGGC-3' 133-176 4 107 083 053
R 5-CTCCACCTCCTATGTTGTTG-3’
RM477 8  (AATT)5 F 5-TCTCGCGGTATAGTTTGTGC-3' 218227 4 147 050 0.32
R 5-ACCACTACCAGCAGCCTCTG-3'
RM316 9  (GT)8-(TG) F 5-CTAGTTGGGCATACGATGGC-3’ 152251 5 213  1.92 048
9(TTTG)4(TG)4 R 5-ACGCTTATATGTTACGTCAAC-3'
RM258 10 (GA)21(GGA)3  F 5-TGCTGTATGTAGCTCGCACC-3’ 148 8 1.92 067 048
R 5-TGGCCTTTAAAGCTGTCGC-3’
RM167 11 (GA)16 F 5-GATCCAGCGTGAGGAACACGT-3’ 128 6 147 069 050
R 5-AGTCCGACCACAAGGTGCGTTGTC-3’
RM247 12 (CT)16 F 5-TAGTGCGCATCGATGTAACG-3' 119173 5 115 061 057

R 5-CATATGGTTTTGACAAAGCG-3'

* F-forward, R-reverse (www.gramene.org), CL=Chromosome location, n=number of alleles per locus, ne=Effective number
of alleles per locus, I=Shannon’s information index, PIC=Polymorphism information content
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Table 3 Alkali test at level 6 and 7, and gel consistency of 13 glutinous rice landraces and 3 check

varieties.
Physicochemical properties of starch

Populations Alkali test level 6 and 7 (%) Gel consistency (mm.)
PAKP1 89 b 66.67 def
PAKP2 83 bc 77.00 b
PAKP3 89 66.00 def
PAKP4 95 a 75.33  bc
PAKP5 15 e 47.33  k
KS1 87 65.00 ef
KS2 82 bc 71.00 cd
KS3 71 de 64.67 ef
KH1 78 de 59.00 hi
KH2 74 de 62.33 ]
KH3 78 de 56.00 hi
KH4 13 ef 5461 hi
KH5 1 g 52.33 i
NSPT 76 de 69.00 de
RD4 11 g 42.67
KDML105 100 a 88.00
LSD 0.05 7.31 5.65
F-test * *
CV (%) 1.4 1.69

*significant at P<0.05
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9 Anmniz (total H'= 8.58) (Figure 1) AMNVIANMAE)
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Figure 1 Shannon’s index (H’) for 15 morphological traits of glutinous landrace rice and 2 glutinous
elite rice varieties. Numbers in the parentheses represent number of polymorphic traits.
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PR T ST AV AP eR H, gawiiy 0.110
usiflen H_gqwini 0.434 uenanniinamilen
wuﬁwummm 3 WeRugeaEAIANLANGNa
ivmﬁaﬂivmqm‘qa (F_=0871) idieriunisdnen
AMAVAINUAIENeHLgNITNTeding Tug
(Tu et al.,, 2007) MnuFsdinaiufiuiiaduas
fronigrFulsaiavam 60 WgHANANMANTIATE
NRUENITH (H @ﬂ’l,umq 0.092-0.696 wazH
ANF_qaAa 0. 871 mummmmmqmmiﬂmu
FomalaiiAnuAasn A mLlssaunn el
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Usegnaiieaia 13% wailiaaINANuL st
szuinadsrannitle 87% Mallanananalidnding
RUFA LN BINAINAAINUATENIRAUFNITH
nelutlazainesin usllaanunainuanesuuay
ANMUANFIEINLazTNIge Wasanndnawilen
wuﬁwmumuuumiﬂ@mm nnslddszTaad
2e19a11A Wumﬂaﬂu@mummﬂ”LWNmi
ﬂ“ﬁmmmq‘wufmLummnmu‘lﬁmmqmum@v
gl luiEnssy inauw viseann FlFneiTulng
(genotypes) gnAnLaan warignsie ualulni
wiumﬂﬂm@mm wagldanndszaans
miumwumnu@fmmﬂuﬂivmmm A1

WALINEAT 46 (6) : 1135-1146 (2561).

mqwmﬂummwﬁzﬁ;\ﬂu%mLLﬁi@zﬁyﬁ:@ﬁmﬂum
urann1elsu ﬁiﬂmmwmmé’@uﬁmnﬁmﬁu
2ANDINITANLABNIRUNHATNTUAAZ I8N
ANNTRLENINWANANIY [iAEATLNNIANEN YR
Pusadee et al. (2009) W@z Pusadee et al. QOM)
NANENANNMANANRNIALgNETHTReT I
Wufilereliuasivieues mNAAL wudndin
fuillasdoulunAiiunainuanesangs
Lﬁﬂd"\’mt\l@@ﬁﬂﬂﬂﬁ‘ﬂﬁlﬁ’]B‘iﬂﬂﬂ’]WLLﬁm?ﬁ@Nﬁ@\iaw
AU WATNTAALABNANNANNAINTBALT
UANFNNTILLAUNEAINT BINATIN ANAANNLANGIN
sendsransuaTWugge

Table 4 Genetic parameters of glutinous rice landraces based on 12 SSR loci

Varieties N n H’ HS HT o
PAKP 5 25 12.427 0.020 0.460 0.953
KS 3 15 8.913 0.050 0.457 0.901
KH 5 25 13.757 0.110 0.434 0.758
Total highland glutinous rice landraces 13 75 56.107 0.060 0.456 0.871
Total Glutinous elite rice 2 10 0 0 0.125 1

Number of accession (N), number of individuals (n), Shannon Index for morphological traits (H’), average gene
diversity (HS), total gene diversity (HT), and genetic differentiation (FST)

TASIASNINNNUENTTH
n3dnngulATETaIeRLgnIINTaq
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w4 ngu (K=4) (Figure 2) @eAAdesiu
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(KH3, KH1, KH2 uay KH3) waznguiingid
AW (PAKP1, PAKP2, PAKP3, PAKPA,
KS1, KS2 uaz NSPT) Tnemnauluusitszansd
=l Il =l o o % Y @ 4 =
alulynTnwieniuia 5 5 wams Wdiuindnamilen
LLGi@:ﬂﬁ‘Zimﬂ?Lﬂu Homogenous  population
Ny a & A A o ' Y
uananmdnamnaanuiesngnanngliiag lu
L o | A o A o 2 o gy
naumgaiu uansdmalulnimdeuiu dainli
mummmmmn@m‘lﬁm‘qmwmqwuﬁmm
arfautenafmdenseansninaietin 1ol
szl viu Andand1niu vivedinaude denasie
Tnseaf1amneiuigness 1HeaINNIARLAANTEY

insmsnsdanasiealulniiignanidenidesaii
doulvnjinemsnsiaaiiinawiiaoniminaiin
TNULAVEFRRBNITNYIIANAW) anEnIazAnRan
ol sz Temiusazadanunnsneiis saud
MILgn wasMAALINENNUGIBNEAINIUAAZINE
Visausiaz s mumm@ﬂ@‘ummmmwwmmu
Tieanuuansnaiy SenansLlsRuR i umsAnen
pfetlina dulU R AnaBeafiufun1sAne
nsAaaanlaasssugALaznisAniaaning
NAINT IRLIMNENEY NUTIATNNTILLNNAH
Tnssataresszmnsdinawmeuaseaniu 3 ngu
Burd  naudadniiduiugiuniuseuuas
naudindmiduiugeeuuasieunns uaznauug
Audslueulaaidfuiduafindinamilen
(Pusadee et al., 2014) WwABATUAUNSULNNGN
‘EmﬂmLLmummmzﬁ“mwuﬁmqwuﬁmm
(Dendrogram) vﬂfnmava”mﬁ”quwuﬁmm
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AN Chord (1967) Wudnansnanuiinguiinnesniiu
4 NG IREAUUNANANAUTATNAUANLTFN I
mﬁmﬂmwmmuﬂqmﬁuﬁu (Figure 3) ‘
“lummm:mm\mmwwmnumwwu
FaluanEne InandugiunazssAunsuell
m%l,ﬂum@Lummnmimm@aﬂ (selection) WAL
mnmmﬁmmﬁmﬁuﬁ: (seed exchange) 184
insmmnMsuAnatuszIaing uazsEing
61 (Pusadee, 2009) LL@xchﬁﬁﬁaﬁuﬁ:ﬁmﬁu
winuduiuginaaiuensaiudinusewug
ineniuanaaziiunuaziiug (Watabe, 1967) 78
anafinanuandnsLaznisuanidasugiu (gene

- a n < v
100 ~ [ 9 ~ [y R
0.80 4
0.60
0.40
0.20
nnn
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flow) LﬁmmrﬂuﬁyuﬁLﬁmﬁuu@zﬁ”umﬂz’iﬁm
inwmansinislgninannnndvilefig denali
tszmnslugugnilanumainuanaigs wananil
mmLLﬂiﬂmummm‘wmeé’@uﬁﬂﬁéfﬂwmz
qmm@mamMmuuﬂmiﬂ wsnziinnslFusa
WidnruammundesuusiasiesulEumnsnas
M’Luummwuﬁq (Harlan, 1992) saNDNRNATUNA
Annannindaeusdaaluddmuinisseuena
n1slgninanialianinuonfenuazians sy
ganeasnsnilasullineinansenuiinlilg
nsAnRanNanuLarn1slFul ganugsiall
(Wang et al., 2016)

KS3
KHI1
KH2
KH3
KH4
KHS5
NSPT
RD4

Figure 2 Population assignment using structure analysis of 13 glutinous rice landraces populations and

2 glutinous elite rice varieties based on 12 microsatellite loci. Different colors represent different

inferred populations (K=4). Each bar representing each population consists of 5 individuals.
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AlKali test level 6 and 7 (%)
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Figure 3 Cluster analysis using NJ method based on Chord (1967) genetic distance of 13 glutinous

rice landrace populations and 2 glutinous elite rice varieties based on 12 microsatellite

loci. Different colors represent different inferred populations based on STRUCTURE’s

results associated with alkaline test.
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