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Abstract: Highland rice landraces are the unique germplasm containing useful traits and significant valuable
genetic resources for the future crop improvement. The objectives of this present study were to determine
population structure and genetic diversity using 12 microsatellite loci, including 23 morphological characteristics
of highland rice landraces in Chiang Rai province which had 19 populations in total representing of 19 farmers’
seed lots from 3 different elevations i.e. low (<500 MASL), medium (500-1,000 MASL) and high (>1,000 MASL).
The results illustrated that the highland rice landraces at the low elevation had the highest level of morphological
variation and genetic diversity than the medium and high elevations. The structure analysis found that at K= 2
highland rice landrace populations in the present study were structured into 2 groups according to the
subspecies types; indica and tropical japonica group, while at K= 4 the highland rice landraces populations
were structured into 4 groups associate to subspecies types and elevations. Such the structure of highland rice
landraces in the present study was the consequence of the local adaptation. Understanding the genetic
structure and genetic diversity of highland rice landraces varieties can be used as a guideline for conservation,
while it should focus on both ex situ conservation and in situ conservation. Moreover, these genetic resources

can also be utilized for the future rice breeding programs.
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Table 1. Elevations (MASL), varieties, accession number and subspecies types for 7 highland rice landraces

varieties and two pure line cultivated rice varieties in the present study

Elevation Variety Accession number Subspecies type
Low Ngaw-siw 1 LNGS1 indica
(<500 MASL) Ngaw-siw 2 LNGS2 indica
Ngaw-siw 3 LNGS3 indica
Bian-pae-ton 1 LBPT1 tropical japonica
Bian-pae-ton 2 LBPT2 tropical japonica
Medium Haw-chae 1 MHCHA1 tropical japonica
(500-1,000 MASL) Haw-chae 2 MHCH2 tropical japonica
Haw-chae 3 MHCH3 indica
Haw-jae 1 MHJ1 tropical japonica
Haw-jae 2 MHJ2 indica
Ja-peu-ma 1 MJPM1 tropical japonica
Ja-peu-ma 2 MJPM2 tropical japonica
Ja-peu-ma 3 MJPM3 tropical japonica
High Chae-ta-te 1 HCHTT1 tropical japonica
(>1,000 MASL) Chae-ta-te 2 HCHTT2 tropical japonica
Chae-ta-te 3 HCHTT3 indica
Ble-de 1 HBD1 tropical japonica
Ble-de 2 HBD2 tropical japonica
Ble-de 3 HBD3 tropical japonica
Checked Khao Dawk Mali 105 KDML105 indica
Pathum Thani 1 PTT1 indica
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Table 2. Detail of SSR markers used in the present study

Primer name  Chr. SSR motif Primer sequence’ Tm (C) Expected size (bp) H,

RM084 1 (TCT)10 F 5'-taagggtccatccacaagatg-3' 55 113 0.317
R 5'-ttgcaaatgcagctagagtac-3'

RM318 2 (GT)15 F 5'-gtacggaaaacatggtaggaag-3' 55 140 0.513
R 5'-tcgagggaaggatctggtc-3'

RM251 3 (CT)29 F 5'-gaatggcaatggcgctag-3' 55 147 0.673
R 5'-atgcggttcaagattcgatc-3'

RM241 4 (CT)31 F 5'-gagccaaataagatcgctga-3' 55 138 0.719
R 5'-tgcaagcagcagatttagtg-3'

RM122 5 (GA)TA(GA)2A(GA)11 F 5'-gagtcgatgtaatgtcatcagtgce-3' 55 227 0.095
R 5'-gaaggaggtatcgctttgttggac-3'

RM164 5 (GT)16TT(GT)4 F 5'-tcttgccegtcactgcagatatce-3' 58 246 0.490
R 5'-gcagccectaatgctacaaticttc-3'

RM584 6 (CT)14 F 5'-agaaagtggatcaggaaggc-3' 55 169 0.442
R 5'-gatcctgcaggtaaccacac-3'

RM11 7 (GA17 F 5'-tctcctcttcceecgate-3' 55 140 0.679
R 5'-atagcgggcgaggcttag-3'

RM447 8 (CTT)8 F 5'-cccttgtgctgtctectete-3' 55 111 0.455
R 5'-acgggcttcttctccttcte-3'

RM316 9 (GT)B-(TG)ATTTG)4(TG)4  F 5'-ctagttgggcatacgatggce-3' 55 192 0.498
R 5'-acgcttatatgttacgtcaac-3'

RM167 11 (GA)16 F 5'-gatccagcgtgaggaacacgt-3' 55 128 0.449
R 5'-agtccgaccacaaggtgcegttgte-3'

RM247 12 (CT)16 F 5'-tagtgccgatcgatgtaacg-3' 55 131 0.725

R 5'-catatggttttgacaaagcg-3'

' Chen and Tanksley (1997); Temnykh et al. (2000); Temnykh et al. (2001) and Wu et al. (1993)

at19ldad1Aty faaldsunsu GeneAlEx version
6.502 (Peakall and Smouse, 2006)
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Figure 1.

Shannon’s index (H') of 19 highland rice landraces populations and two pure line cultivated

rice varieties on 23 morphological traits. Numbers in the parentheses represent number of

polymorphic traits
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Table 3. Genetic diversity parameter highland rice landraces from 3 elevation levels and two pure line

cultivated rice

Elevations N n H' H, Hg H, Fer
Low (<500 MASL) 5 25 15.490 0.024 0.030 0.440 0.410
Medium (500 - 1,000 MASL) 8 40 11.221 0.133 0.156 0.167 0.436
High (>1,000 MASL) 6 30 10.914 0.107 0.133 0.356 0.223
Total Elevations 3 19 67.244 0,407 0.421 0.501 0.080
Total Pure line varieties 2 10 0 0 0 0.125 1

Number of accession (N), number of individuals (n), shannon’s index for morphological traits (H), Nei's (1973) gene diversity (H,),

average gene diversity (H), total gene diversity (H;
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Table 4. Genetic diversity parameter of 7 highland rice landraces varieties and two pure line cultivated

rice varieties classified as indica and tropical japonica types of Chiang Rai province

Species type N n H, Hg H; Fer

Indica 1 40 0.090 0.113 0.616 0.817
Tropical japonica 1 65 0.085 0.106 0.296 0.640
Total Species type 2 105 0.454 0.463 0.628 0.262

Number of accession (N), number of individuals (n), Nei’s (1973) gene diversity (H,), average gene diversity (H,), total gene diversity

(H,), and genetic differentiation (F;)
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Figure 2. Population assignment using STRUCTURE analysis of 7 highland rice landraces varieties and
two pure line cultivated rice varieties in Chiang Rai province. Distinct colors represent different
inferred populations based on STRUCTURE's results. Color codes are as follows: a) indica
(local varieties); gray, indica (pure line cultivated); dark gray, tropical japonica (low elevations);
white gray and tropical japonica (high elevations); dark gray (K = 4) and b) indica; dark gray
and tropical japonica; gray (K = 2)

L |
0.050

Figure 3. Cluster analysis using NJ method based on Chord (1967) genetic distance. Distinct colors
represent different inferred populations based on STRUCTURE's results; indica: dark gray
and tropical japonica: gray
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