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Table 1. Characteristics of the studied quinoa genotypes
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No. Quinoa genotypes Code Origin Seed color No. Quinoa genotypes Code Origin Seed color
1 CHENG67 D2190 Peru Brown 31 CHEN196 D9407 Chile Yellow
2 CHENG68 D2191 Peru Golden-brown 32 CHEN199 D9409 Peru Bright-white
3 CHEN71 D2196 Chile Light brown 33 CHEN202 D9413 Peru White
4 CHENS83 D2194 Bolivia Bright-white 34 CHEN203 D9414 Chile White
5 CHEN84 D2195 Bolivia White 35 CHEN204 D9415 Chile Golden
6 CHENS89 D5078 Bolivia Bright 36 CHEN205 D9416 Chile White
7 CHENO90 D5079 Chile White 37 CHEN206 D9417 Chile Golden
8 CHEN91 D5081 Bolivia Golden 38 CHEN207 D9418 Chile Bright
9 CHEN115 D9316 Bolivia White 39 CHEN209 D9420 Chile Bright-white
10 CHEN119 D9319 Bolivia Whitish-yellow 40 CHEN210 D9421 Chile White
11 CHEN121 D9336 Chile Yellow 41 CHEN212 D9426 Chile Golden
12 CHEN123 D9428 Peru White 42 CHEN214 D9429 Peru White
13 CHEN126 D9339 Peru Bright 43 CHEN215 D9730 Peru Bright
14 CHEN128 D9320 Chile Whitish-yellow 44 CHEN216 D9431 Peru White
15 CHEN133 D9361 Bolivia Yellow 45 CHEN217 D9432 Chile Bright
16 CHEN146 D9374 Bolivia Bright-white 46 CHEN218 D9434 Chile Whitish-yellow
17 CHEN151 D9382 Chile White 47 CHEN220 D9439 Peru Yellow
18 CHEN154 D9385 Peru White 48 CHEN223 D9442 Chile Bright-white
19 CHEN156 D9390 Chile Golden 49 CHEN225 D9443 Peru White
20 CHEN159 D9376 Bolivia Brown 50 CHEN255 D9502 Chile White
21 CHEN167 D9346 Chile Yellow 51 CHEN268 D9548 Chile Bright-white
22 CHEN171 D9350 Chile Bright-white 52 CHEN270 D9558 Chile Yellow
23 CHEN172 D9351 Peru White 53 CHEN297 D9786 Chile Bright-white
24 CHEN179 D9358 Chile White 54 CHEN299 D9788 Chile White
25 CHEN182 D9392 Peru White 55 CHEN328 D9803 Peru White
26 CHEN189 D9400 Peru White 56 CHEN364 D9855 Chile Whitish-yellow
27 CHEN191 D9402 Chile Bright 57 CHEN371 D9862 Chile Yellow
28 CHEN193 D9404 Chile White 58 CHEN390 D9878 Peru Bright-white
29 CHEN19%4 D9405 Chile Bright 59 CHEN391 D9879 Chile White
30 CHEN195 D9406 Peru Whitish-yellow 60 CHEN392 D9880 Peru White
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Table 2. Names and characteristics of primers used in the experiment

) S el Js sl Jis
No. Marker Forward sequence Reverse sequence
1 KAATO001 tggctatatcatatgcgtaatgtg gggctcagattgtatctcgac
2 KAATO006 tctgcaggatcggtaacctt ttgtatctcggcttcccact
3 KAATO007 aggtacaggcgcaaggatac cggtagcatagcacagaacg
4 KAAT023 agattgtatctcggctttcca cacttcattgtattgcatttagga
5 KAAT024 cctaatgccacggtttccta ccgctgaatagacacccagt
6 KAAT025 gagtgggagcccagattgta agcaaagtaaatttcaacaaagca
7 KAAT026 cggagtcagatggttctggt tcaagtgcagctcaatcacc
8 KAATO027 tttaaactttattgacccttggaaa ggatgctattgcattgctga
9 KAATO030 tcaaatatgtgtggaccactctaag  ccaatttcttgtaaattgattgactt
10 KAAT031 agagaccaatgccggataga gttcgctatagctagaggagtgg
11 KAATO033 tgccaactgacgagacaaag gcgggagctcatatcttcac
12 KAATO036 ggcagcgatcgtgaaata gggacccaaattgtatctcg
13 KAAT040 gcatgagtggtaatggagga cttgaaggagcagtattattcac
14 KAATO047 tctcggttecctactaatttcttg tttatgcagcaagggttgtaaa
15 KAATO050 tcatgcctaggatcttgcttt tcgtatacggactaaattgtccac
16 KCAA006 ttgagcaggatgatgtggag ttggagaaacataccttgttgg
17 KCAA014 gaatttgcatgcccttcatt ccgccectcgctactatgat
18 KCAAOQ15 tggttggaggcaaacatacc tgagggtgaagaggaggatg
19 KCAA019 gtagttgggcggatgtgtct gcgactgagctagcaggttt
20 KCAAQ22 ccaattgcatgctcctcatt aatgcaaacatgggaggaga
21 KCAA106 atatggaagtcggccaacag gcatgctcatcatttgttgc
22 KCAA107 caccagaaccctcgatctaca tggttactgttgttgttgttaatttg
23 KGA002 aaagaacgcatccttccaat aacctagccaacactccctaaa
24 KGAO003 attgccgacaatgaacgaat atgtaaatggcatgtcccaac
25 KGAO006 aaacaaattctatcattcggttagg gccaacgagcctgatgtaa
26 KGA041 tttggtgcaaatgttgttca ttccaagaccaaaccctctc
27 KGA042 ttggtagtgggtaagagaacctg ctcectccagecacataatc
28 KGA047 gcagtgcatgaatttggaca gaagctggcaccttatacatgc
29 KGA048 acgtcgaggatggctaggt ccaacaatcatcatcaataccc
30 KGAO053 aaatttctgcctctgtgcaa ctcaaacttctgcctcctga
31 KGAO054 tgttgattgataatatgtaatggtgga  cattcataacagcgagagatgg
32 KGAO055 cccaacccaccaaacttaca gaaaggaaagtgattgcaaagaa
33 KGAO056 gactaacggtgtccaaactgc ccttctgeattacaccgtca
34 KGAO059 ataaccactccgatggcaaa cagccacctggcagttaga
35 KGA109 accttgaaccacaccgaaac tcgetgcetcatcaccatatt
36 KGA111 aatggtaaacagaccagactagca  tgggttcatttagtagaatcaagg
37 KGA114 tgttgagtgcgctttaatgy aataggtgtagccgcegtagg
38 KGA116 ccttecttctctacgctctec tgggacccaaatctttcatag
39 KGA117 gctttgtagacacctgtcatgg ccactccgatgataaagttagaatg
40 KGA118 gctgtgtttgacccatgtty caaccacagcaaaggtgtga
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Table 3. Descriptive statistics related to plant traits of quinoa genotypes

fl ol oS Ol =S58 bl 555 s e il PSP CH S O s e kil
Traits? Mean Range Phenotypic variance ~ Genotypic variance  Environmental variance  Phenotypic variation coefficient ~ Genotypic variation coefficient ~ Broad sense heritability
DPM (day) 125.21 67.33 197.37 93.22 312.46 11.22 7.71 47.23
DL (day) 11.32 3.67 0.96 0.56 1.21 8.67 6.63 58.34
DC (day) 60.06 32.00 42.71 37.73 14.94 10.88 10.23 88.34
DI (day) 51.55 34.00 46.51 40.18 18.99 13.23 12.30 86.39
DP (day) 69.88 34.33 60.29 51.34 26.85 11.11 10.25 85.16
NPP 24.67 32.67 80.44 76.29 12.46 36.36 35.41 94.84
DD (day) 104.79 29.67 72.81 57.35 46.38 8.14 7.23 78.76
DM (day) 95.67 30.67 82.23 68.42 41.42 9.48 8.65 83.21
PH (cm) 76.21 104.33 535.62 513.19 67.29 30.37 29.73 95.81
PL (cm) 21.58 9.00 5.92 5.54 114 11.27 10.90 93.57
TSW (g) 2.54 2.55 0.63 0.62 0.01 31.17 31.09 99.46
SY (g.plant?)  33.46 54.52 205.45 190.23 45.65 42.84 41.22 92.59

OUs (o U gy o gy 53 4 g5 31 ¢ 3Lbles U 55 e 5T JE K25 6 3y eudT S 0kd K55 6 50y 08 S s U35 5 505058 S ks 6 33, w54 SY 5, TSW PL PH .DM DD {NPP .DP DI .DC DL .DPM

A;lnjila.o}.\sl;)l}ao)',m.:},‘J,Ja“:ﬁtu:)\m;l;g.xaéﬁ;l:jﬂg.‘;\;
DPM, DL, DC, DI, DP, NPP, DD, DM, PH, PL, TSW and SY: Days to physiological maturity, Days to 3 leaves stage, Days to inflorescence coloring, Days to inflorescence formation, Days
to pollination, Number of panicles per plant, Days to dough stage, Days to milk stage, Plant height, Panicle length, 1000-Seed weight and Seed yield, respectively
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Fig. 1. The band pattern of KGA042 microsatellite marker in quinoa genotypes
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Table 4. Indices of diversity of SSR markers for yield-related traits and yield components in quinoa genotypes

oy Kl e edalie YT slaw S sl JIT S50 JT ISk Sl (gl sz Osls Lasls Siess
No.  Marker  Observed alleles Polymorphism alleles Effectlve alleles  Polymorphic information content (PIC) Shannon index Nei’s genetlc diversity
1 KAATO001 4 4 2.16 0.56 0.58 0.45
2 KAATO006 2 2 1.08 0.32 0.21 0.14
3 KAATOQ07 2 2 1.15 0.23 0.15 0.09
4  KAATO023 3 3 2.33 0.89 0.74 0.7
5 KAATO024 3 3 1.62 0.76 0.63 0.58
6 KAAT025 3 3 212 0.72 0.69 0.65
7  KAATO026 4 4 2.35 0.46 0.35 0.29
8 KAAT027 5 5 2.37 0.85 0.82 0.8
9 KAATO030 2 2 111 0.81 0.65 0.59
10 KAATO031 3 3 1.59 0.76 0.61 0.57
11 KAATO033 2 2 1.13 0.73 0.65 0.6
12 KAATO036 5 5 3.72 0.85 0.78 0.75
13 KAATO040 5 4 3.13 0.77 0.63 0.59
14 KAATO047 4 4 2.33 0.43 0.35 0.29
15 KAATO050 2 2 1.13 0.79 0.69 0.62
16 KCAAO006 2 2 1.18 0.85 0.74 0.68
17 KCAA014 5 5 2.64 0.88 0.79 0.74
18 KCAAO015 2 2 1.24 0.83 0.67 0.63
19 KCAAO019 2 2 1.12 0.79 0.69 0.65
20 KCAA022 3 3 1.38 0.59 0.46 0.32
21 KCAA106 4 4 1.61 0.78 0.38 0.35
22 KCAA107 3 3 1.73 0.58 0.54 0.46
23 KGA002 3 2 1.23 0.49 0.4 0.28
24  KGAO003 4 4 151 0.56 0.43 0.37
25  KGAO006 3 3 1.29 0.64 0.35 0.28
26 KGA041 4 4 2.16 0.62 0.55 0.46
27  KGAO042 5 5 1.95 0.33 0.63 0.41
28  KGA047 4 4 1.32 0.48 0.37 0.27
29 KGA048 3 3 171 0.44 0.43 0.36
30 KGAO053 4 4 1.81 0.59 0.59 0.51
31 KGA054 4 3 1.64 0.61 0.59 0.53
32 KGAO055 5 5 2.35 0.68 0.71 0.55
33  KGAO056 3 3 1.69 0.39 0.33 0.3
34  KGAO059 5 5 1.61 0.51 0.57 0.42
35 KGAL09 4 4 151 0.55 0.36 0.23
36 KGAlll 3 2 1.33 0.44 0.47 0.37
37 KGAll4 5 5 2.48 0.61 0.65 0.51
38 KGAll6 3 3 157 0.46 0.48 0.38
39 KGAll7 4 4 1.55 0.54 0.46 0.38
40 KGA118 4 4 1.39 0.39 0.44 0.35
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Fig. 2. Dendrogram of cluster analysis for grouping 60 quinoa genotypes using 40 SSR markers
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microsatellite markers
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Fig. 4. Barplot of structure analysis of the 60 quinoa genotypes using 40 microsatellite markers based on

Bayesian model
Each color indicate one supopulation or cluster (K=2). Vertical axis shows membership coefficient of each genotype to each

cluster
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Assessment of genetic diversity in quinoa (Chenopodium quinoa Willd.)
genotypes using microsatellite markers

Souri Laki, E.L, B. Rabiei?, V. Jokarfard?® and H. Marashi*

ABSTRACT

Souri Laki, E., B. Rabiei, V. Jokarfard and H. Marashi. 2022. Assessment of genetic diversity in quinoa (Chenopodium
quinoa Willd.) genotypes using microsatellite markers. Iranian Journal of Crop Sciences. 24(4): 375-389. (In Persian).

To evaluate the genetic diversity in quinoa genotypes for future studies, 60 imported quinoa genotypes were
studied using microsatellite markers (SSR) at the faculty of agricultural sciences, University of Guilan, Rasht,
Iran, in 2022. The results of the phenotypic evaluation of the quinoa genotypes showed that there was a
relatively high diversity among them. Among the studied traits, seed yield plant™ (42.8) and days to seed dough
stage (8.14) had the highest and lowest phenotypic coefficient of variation, respectively. Evaluating the
molecular diversity of genotypes using 40 microsatellite markers produced 136 polymorphic bands, and the
average number of effective alleles (1.81), polymorphic information content (0.60), Shannon's index (0.54) and
Nei’s genetic diversity (0.44), confirmed the existence of high diversity among the quinoa genotypes. The
markers KAAT027, KAAT036, KAAT040, KCAA014, KGA042, KGAD55 and KGA059 with five polymorphic
alleles had the highest number of polymorphic alleles among the used markers in this experiment. The average
number of effective alleles of microsatellite markers in the studied quinoa genotypes was 1.81 alleles, and
markers KAAT027 and KAAT006 with 3.75 and 1.08 alleles showed the highest and lowest number of alleles,
respectively. Cluster analysis using UPGMA method grouped 60 quinoa genotypes into two subpopulations with
38 and 22 genotypes. Since one of the important criteria to choose suitable and useful markers is the number of
effective alleles, therefore, markers with more effective alleles such as KAAT027, KAAT036 and KAATO040 (all
with more than three effective alleles) can be used to investigate the genetic diversity of quinoa genotypes in the

future researches.

Key words: Cluster analysis, Microsatellite markers, Polymorphic information content, Population structure

and Quinoa
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