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Extended abstract

Introduction

Common bean as the main grain legume is the most important legume produced for direct human consumption,
with a commercial value. It is a source of protein for many people, which it can fill the lack of meat in a healthy
diet. common bean is a rich source of minerals such as iron and zinc, therefore, consuming of common bean has
related to a decreased risk for a wide variety of diseases such as cancer, diabetes and cardiovascular diseases.
Common bean is a diploid plant with the number of 22 chromosomes (2n = 22) and genome size of 580 Mbp,
which its main origin is Mexico and Central America. This plant due to its environmental compatibility and high
nutritional value, it has been increasingly spread around the world. It seems determination of genetic diversity and
the nutritional value of common bean cultivars is an important strategy.

Materials and methods

The current research was carried out to evaluate genetic diversity of 18 common bean cultivars and promising
lines received from Khomein Bean Research National Station, Markazi province, Iran and to determine SSR and
SCoT informative markers associated with 14 seed characteristics including the number of seeds per pod, 100 seed
weight, seed length, seed width, the contents of crude protein, total soluble sugar, starch content, crude fat, iron,
calcium, magnesium, zinc, uronic acid, and mineral ash. Thirty-one polymorphic microsatellite markers (SSR)
with known chromosome location and 19 SCoT primers with unknown chromosome information were used to
assess the genetic diversity of common bean genotypes. The presence (1) or absence (0) of amplified products was
determined visually using their gel patterns. Genetic diversity was assessed using analysis of molecular variance
(AMOVA), principal coordinates analysis (PCoA) and cluster analysis. Cluster analysis used to describe genetic
diversity and clustering based on the similar characteristic. Cluster analysis was done by Ward's method with
Jaccard's similarity coefficient and using SYSTAT13 software. In order to verify the results of cluster analysis,
principal coordinate analysis was performed using NTSYS software and molecular variance analysis was
performed with Arlequin v3.5.2.2 software.
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Results and discussion

Thirty-one SSR primers and 19 SCoT primers were successfully amplified. The polymorphism information content
(PIC) values varied from 0.2 to 0.5 with an average of 0.39 for the SSR markers and from 0.19 to 0.42 with an
average of 0.34 for the SCoT markers. The total average resolving power of SSR and SCoT markers were 1.54
and 5.34, respectively, indicating higher efficiency of SCoT markers than SSR markers for the diversity analysis.
Suitable genetic diversity was detected among the common bean genotypes using two different marker systems.
A number of informative SSR and SCoT markers were identified. The common bean studied genotypes were
clustered into three distinct groups for both markers based on the Complete Linkage method. Principal coordinate
analysis supported classification of the varieties/lines by cluster analysis. Principal coordinate analysis (PCoA) for
the SSR markers revealed that the first two principal components justified 59.05% of whole variation. For the
SCoT marker, on the other hand, the fraction of variances explained by the first two principal components was
equal to 25.43 indicating a better distribution of SCoT markers than SSR markers in the common bean genome.
Analysis of molecular variance based on the grouping obtained from cluster analysis showed that the diversity
within the group based on SSR and SCoT markers was equal to 89 and 78%, respectively. AMOVA demonstrated
that major variation existed within common bean cultivars and promising lines in our study. The results of
regression analysis for the studied markers and the common bean seed characteristics showed the existence of a
significant relationships between one marker with the several studied traits. This could indicate the association or
linkage of the marker locations. Twelve out of 14 of the investigated common bean seed characteristics showed a
significant relationship with at least one molecular marker.

Conclusions

Two markers, SSR and SCoT, were to detect variation among the studied common bean genotypes effectively.
The genetic diversity estimated could help us to find suitable genetic crosses to achieve a common bean genotype
with a high amount of useful nutritious and appropriate seed characteristics with a high amount of nutritional
factors. The contribution of all these traits in seed quality would provide valuable information for breeding
programs.
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Table 2. Microsatellite (SSR) primers list used for genetic diversity analysis in 18 common bean
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PV-at001 GGGAGGGTAGGGAAGCAGTG  GCGAACCACGTTCATGAATGA 239 57 4
BMd-7  GGATATGGTGGTGATCAAGGA  CATACCCAATGCCATGTTCTC 166 59 2
BMd-12  CATCAACAAGGACAGCCTCA GCAGCTGGCGGTAAAACAG 167 58 6
BMd-15 TTGCCATCGTTGCTTAATTG TTGGAGGAAGCCATGTATGC 166 56 4
BMd-19 GCCAACCACATTCTTCCCTAC GGAAGCGAGGCAGTTATCTTT 154 56 2
BMd-20 GTTGCCACCGGTGATAATCT GTGAGGCAAGAAGCCTTCAA 123 58 5
BMd-28 TGCATCAACTTTAGGAGCTTG TCTTGTCTTATCAGCAGGTGGA 151 57 5
BMd-33 TACGCTGTGATGCATGGTTT CCTGAAAGTGCAGAGTGGTG 110 54 11
BMd-36 CATAACATCGAAGCCTCACAGT ACGTGCGTACGAATACTCAGTC 164 58 3
BMd-37 GGCACGAGCAACAATCCTT CCATCATAGAGGGCAACCAC 134 56 6
BMd-41 CAGTAAATATTGGCGTGGATGA  TGAAAGTGCAGAGTGGTGGA 250 56 11
BMd-42 TCATAGAAGATTTGTGGAAGCA TGAGACACGTACGAGGCTGTAT 149 56 10
BMd-45 GGTTGGGAAGCCTCATACAG ATCTTCGACCCACCTTGCT 129 58 1
BMd-53 TGCTGACCAAGGAAATTCAG GGAGGAGGCTTAAGCACAAA 105 53 1
BM114 AGCCTGGTGAAATGCTCATAG CATGCTTGTTGCCTAACTCTCT 234 57 9
BM137 CCGTATCCGAGCACCGTAAC CGCTTACTCACTGTACGCACG 155 52 6
BM139  TTAGCAATACCGCCATGAGAG  ACTGTAGCTCAAACAGGGCAC 115 56 2
BM146  GAGATGAGTCCTTTCCCTACCC TGCAGACACAATTTATGAAGGC 281 49 1
BM154 TCTTGCGACCGAGCTTCTCC  CTGAATCTGGGAACGATGACCAG 218 63 9
BM157 ACTTAACAAGGAATAGCCACACA GTTAATTGTTTCCAATATCAACCTG 113 54 10
BM160  CGTGCTTGGCGAATAGCTTTG CGCGGTTCTGATCGTGACTTC 211 61 7
BM170 AGCCAGGTGCAAGACCTTAG  AGATAGGGAGCTGGTGGTAGC 179 55 6
BM172  CTGTAGCTCAAACAGGGCACT GCAATACCGCCATGAGAGAT 107 60 3
BM175 CAACAGTTAAAGGTCGTCAAATT CCACTCTTAGCATCAACTGGA 170 58 5
BM181 ATGCTGCGAGTTAATGATCG TGAGGAGCAAACAGATGAGG 192 54 3
BM184  AGTGCTCTATCAAGATGTGTG ACATAATCAATGGGTCACTG 160 53 11
BM188  TCGCCTTGAAACTTCTTGTATC  CCCTTCCAGTTAAATCAGTCG 177 57 9
BM201 TGGTGCTACAGACTTGATGG TGTCACCTCTCTCCTCCAAT 102 58 7
BM205a  CTAGACCAGGCAAAGCAAGC TGAGCTGGGATTTCATTTCTG 137 55 7
BM205b  CTAGACCAGGCAAAGCAAGC TGAGCTGGGATTTCATTTCTG 137 55 11
BM211 ATACCCACATGCACAAGTTTGG CCACCATGTGCTCATGAAGAT 186 57 8
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Table 3. Sequences related to SCoT primers used for genetic diversity analysis in 18 common bean
varieties/lines
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name rimer
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SCoT6 CAACAATGGCTACCACGC 48 SCoT28 CCATGGCTACCACCGCCA 50
SCoT11 ACGACGTGGCGACCAACG 50 SCoT29 CCATGGCTACCACCGGCC 55
SCoT12 ACGACGTGGCGACCAACG 52 SCoT30 CCATGGCTACCACCGGCG 50
SCoT13 ACGACATGGCGACCATCG 56 SCoT31 CCATGGCTACCACCGCCT 58
SCoT14 ACGACATGGCGACCACGC 52 SCoT33 CCATGGCTACCACCGCAG 50
SCoT16 ACCATGGCTACCACCGAC 48 SCoT35 GCAACAATGGCTACCACC 50
SCoT18 ACCATGGCTACCACCGCC 58 SCoT36 GCAACAATGGCTACCACC 58
SCoT20 ACCATGGCTACCACCGCG 50
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Sl Yoo cslhe 5 LI G KL gl ) Aol
il e 3ken sla Sl

PIC =1- [pi+ (1 - pi)] (\ dsles)
PIC= X1, pf (Y dsles)
EMR= NPB x B (¥ dsles)
MI=PIC x B (8 dsles)

Slalad slias B pll askad Sl pi badlsles ol
Al e S

Effective) i alus cuud jatls o
doys 5 &S (7)) gaal, 31 (Multiplex ratio: EMR
Resolving ) [Sliwer slajls sl s (B) ISCousr
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L e casas IB= 1- [2%(0.5-Pi)]


http://dx.doi.org/10.22034/pgr.10.1.10
https://journals.lu.ac.ir/pgr/article-1-272-en.html

[ Downloaded from journals.lu.ac.ir on 2024-04-28 |

[ DOI: 10.22034/pgr.10.1.10]

O Ken 5 LS

88 Ol L BMd-28 ST 5 op min Y0¥ lde
(8 Jader) dals |y SIS &, g zaS

osbar SCOT Sl (sl Ak sl e Ol
4 bg o 0T Olsme op 2aS S ol Gty /T8 Lo g0
Sl by e OF cp xi 5 (+/14) SCOT2 S5Le]
YAV L jarls nSle 3y (4/8Y) SCOT28
(0/Y1) SCOT29 S5l w by o 0l cp 2iy 45 34
ol Cewsa (+/74) SCOT33 S5l L ol o a8 5
23S sy ot Sla opl K8 o,k S Sl
slie L SCOT33, SCOT35 sl S5kl Lacl oo
SSE o8 (s 7S 5 (e oo 540 WYY 5 /88
(0 Jads) wsls oLas |y

&l Lol il sSSR 55 sLols 4 by e eIl
Ole Sy Lol ol o s 8w gl sl ot
Sybr o PIC) Mok slyme Uy oy
addlae -l > .(AbdulHusseinAl-Badeiry et al, 2014)
5 SSR (sla Sl sl S sl Oljn (0L
oalie & ool 5l el cusas /T8 5 /¥4 5 54 SCOT
Yo Sl glgma godasglis PIC (gl +/0 51 5N
ke 5 (DeWoody etal., 1995) il s s S50 Lo 5
e ol 5l andlas pl s SLES 53 a3 edel Cowsaw
50 G ST & 03 5w Ui nlpl g a8
oS T 4 Ao DMl (g5l SO 53l eslind
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Figure 1. Band pattern of molecular markers used on different common bean varieties/lines. A) SSR with
BM139; Size marker 50bp; B) SCoT; Size Marker: 1 kb.
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i Colalad JS Sl Colaad sl Aoy VJO/»JJ»&- o L;bm U‘J:A U.A;-LZ —
ﬁ;ﬂ Sl S Jran S EMR 55 PICUSEE it Ro
Total number ~ The number of . - Polymorphic Resolvin
name ofamplified  polymorphic Polymorphism I?tffelctlvet_ information I\_/Ia(ljrker power d
fragments fragments percentage multiplex ratio content index
PV-at001 4 4 100 4 0.28 112 1.56
BMd-19 2 2 100 2 0.49 0.98 1.76
BMd-28 2 2 100 2 0.20 0.40 0.44
BMd-36 2 2 100 2 0.50 1.00 2.00
BMd-37 2 2 100 2 0.49 0.98 1.76
BMd-41 2 2 100 2 0.40 0.80 111
BMd-42 4 4 100 4 0.38 1.52 2.00
BMd-45 2 2 100 2 0.50 1.00 2.00
BMd-53 4 4 100 4 0.32 1.28 2.02
BMd-114 2 2 100 2 0.40 0.80 111
BMd-137 3 3 100 3 0.36 1.08 1.79
BMd-139 4 4 100 4 0.34 1.36 2.00
BMd-146 2 2 100 2 0.34 0.68 0.89
BMd-154 4 4 100 4 0.48 1.92 1.56
BMd-157 2 2 100 2 0.50 1.00 2.00
BMd-160 3 3 100 3 0.39 1.17 1.78
BMd-170 2 2 100 2 0.49 0.98 1.76
BMd-172 3 3 100 3 0.36 1.08 1.78
BMd-175 2 2 100 2 0.40 0.80 1.11
BMd-181 3 3 100 3 0.29 0.87 1.12
BMd-188 2 2 100 2 0.34 0.68 0.90
BMd-201 2 2 100 2 0.50 1.00 2.00
BMd-211 3 3 100 3 0.25 0.75 0.90
JF e 61 61 100 - - - -
Total
e - 265 100 2.65 0.39 101 154
Average
Los) S & Jed 5 a5 55 el eslannd SCOT o5 ol (4l 5 & sl —0d 5u
Table 5. Diversity parameters for SCoT loci used in common bean genetic diversity analysis
e Colalas JS Sl Solalad sldes Aoy JK.NJP o Sl gme Ol el T
’Tﬂark‘;: b 5 JEaker SIS EMR 3 DO Mg Sn Rpsss
name TOtaaII#J?%ESr of T;&;;?rﬁigf Polymorphism Effective F;ﬁgm;gg:lc Marker Resolving
fragments fragments percentage multiplex ratio content index power
SCoT 1 11 9 81.82 7.36 0.37 2.72 6.00
SCoT 2 13 5 36.46 192 0.19 0.36 2.78
SCoT 6 7 6 85.71 5.14 0.30 154 2.78
SCoT 11 9 7 77.78 544 0.37 201 511
SCoT 12 13 11 84.62 9.31 031 289 444
SCoT 13 14 13 92.86 12.07 0.33 3.98 5.78
SCoT 14 9 9 100.00 9.00 0.38 342 5.22
SCoT 16 11 9 81.82 7.36 0.37 2.72 533
SCoT 18 11 9 81.82 7.36 0.38 2.80 511
SCoT 20 8 7 87.50 6.13 0.36 221 422
SCoT 22 16 10 62.50 6.25 0.26 163 3.67
SCoT 25 17 11 64.71 712 0.29 206 700
SCoT 28 15 13 86.67 11.27 042 4.73 867
SCoT 29 17 15 88.24 1324 0.39 5.16 867
SCoT 30 13 12 9231 11.08 0.35 3.88 6.78
SCoT 31 16 10 62.50 6.25 0.37 231 6.33
SCoT 33 10 3 30.00 0.90 0.32 0.29 122
SCoT 35 18 15 83.33 1250 0.39 488 944
SCoT 36 11 6 5454 327 0.33 108 2.89
S sl 239 _ _ _ _ _ _
Total
ke - 947 75.64 752 0.34 267 534
Average
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Figure 2. Dendrogram of 18 common bean varieties/lines using the complete linkage method and based on the
Jaccard similarity coefficient related to the data obtained from the markers: A) SSR; B) SCoT
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Figure 3. Two-dimensional plot for 18 common bean varieties/lines based on principal coordinate analysis
(PCoA) and using molecular markers. A) SSR; B) SCoT.
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Table 6. Results of molecular variance analysis using SSR markers

Sl i ae EERESN Slay o § g Slas e Sle ool e

Sources of variation Degrees of freedom Sum of squares Mean of squares Percentage of variance
55 O 2 36.778 18.389* 11
Between the group
05 S 4]
. ’;JS b 15 166.556 11.104* 89
Within the group
s 17 203.333 12.428
Total

(*Significant at the 5% probability level) 1,5 ¢ Jlazsl alans 55 s one®

VWA
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Table 7. Results of molecular variance analysis using SCoT markers

Sl e 5:S0Le
Mean of squares

g'“-;li)‘} Loy
Percentage of variance

S et e EERESN Slas o g poime
Sources of variation Degrees of freedom Sum of squares
035 (r 2 100.919
Between groups
os,S |l
22 d=k 15 321.914
Within groups
S 17 422.833
Total

5.99970* 21.85
21.46095* 78.15
27.46066

(“Significant at the 5% probability level) 1z, 0 Jlaxs! lav 53 Jls ns®

SLls (St ge sdasplis Ll5 o D123l ) sy
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Table 8. Significant correlation of SSR markers with the measured seed characteristics of 18 common bean
varieties/lines

K. e ch
" s Jivl.&; axkad a)'\.,U‘ d_}»w";) te L‘T R? R2
N 305085 ; SE 7 Sl R2 .
Trait  Marker ragment Regression tstatistic ;e adjusted  change
size (op) Chromosomal coefficient Significance
location level
(B)
UA  BMI137 155 6 0.188 0.082 2.28 ** 246 199 24.6
Mg  BM21l, 186 8 -26.143 8920 -2.931 o 349 309 34.9
BM211s 190 8 79.442 8733  9.097 o 64.4
BM137 155 6 24082  6.625 3.365 o 14.3
Ca - 89.3 86
BM175, 170 5 27116  7.888  3.438 6.7
BM188s 177 9 16978  7.811 2.174 * 3.9
BM188, 180 9 0.618 0.070 8.875 o 24.00
BM201, 102 7 -0.355  0.067 -5.331 o 27.4
BM137. 168 6 0.680 0.137 4951 ** 16.1
Zn BMd-1p 165 3 0.277 0.101 -2.755 * 93.8 895 10.2
BMd-1q 168 3 0.430 0.137 3.131 * 7.3
BM1544 225 9 0.385 0.136 2.833 * 55
BMd-53c 110 1 -0.198  0.086 -2.297 * 3.3
BM211p 190 8 2.342 0.468  5.00 - 45
BM137 155 6 1.777 0.362  4.905 ** 21.8
Starch ° . 826 773
BM201, 102 7 0.970 0.355 2.733 9.5
BM 1464 284 1 0.918 0421 2181 * 6.4
TSS  BM211p 190 8 0.986 0.313  3.147 > 382 344 38.2
CPR BM181p 195 3 -3.137 1157 -2.712 * 315 272 315
BMd-19 151 2 0.017 0.004 4526 - 29.3
BM1544 225 9 0.030 0.008 3.973 o 30.9
Ash - 799 738
BMd53, 108 1 -0.025  0.008 -3.380 115
BMd-1c 171 3 0.019 0.008 2.316 * 8.3
BM139, 115 2 -1.153  0.290 -3.982 - 25.8
SWTH BM211p 190 8 -1.373  0.363 -3.781 - 707 644 25.2
BMd-424 151 10 -1.840  0.600 -3.070 o 19.8
BM211p 190 8 226533 6.220 -4.266 o 26.9
SW  BMd-1c 171 3 -29.810 6524 -4.570 o 712 65.1 24.9
BM201p 100 7 16.384  5.327 3.067 - 19.4
BM181, 195 3 0.820 0.196 4.186 - 24.9
SNPP  BM211c 195 8 1.407 0.358  3.931 o 685 617 26.1
BM172 110 3 0.470 0.169 2.786 * 175

15 :TSS «(/) P oS CPR «( 2 J) <15 5,2 SWTH ‘(Df) &ls Ao 055 :SW oM s «ls slaws :SNPP ol Lz
Sy ke ZN o) Syl el - :UA «mg/100g) p el Mg «mg/1009) oS ks :Ca (1) S I hoes
(1) S :ASh 5 «(/) wlis Starch «mg/100g)
Abbreviations: SNPP: Number of seeds in a pod; SW: Weight of one hundred seeds (grams); SWTH: grain
width (mm); CPR: crude protein (%); TSS: Total soluble sugar (%); Ca: Calcium concentration (mg/100g);
Mg: Magnesium concentration (mg/100g); UA: Uronic Acid (%); Zn: Zinc concentration (mg/100g); Starch:
starch (%); Ash: Ash (%).
A3 0 5 Jlazml mlav 3 Jls gme i S T
" and *: Significant at 1 and 5% probability levels, respectively

*k
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Table 9. Significant correlation of SCoT markers with the measured seed characteristics of 18 common bean
varieties/lines

o
L. < i 4:.12_; a‘jl.,\.:‘ . Z - CLM
o Sl O S5 t oLl s , R2 R2
; Fragment ; SE -~ S R adjusted  change
Trait Marker . Regression t statistic - Ju 9
size (bp) coefficient Significance
B) level

SCoT1213 1500 2.713 0.051 53.225 > 68.9

SCoT362 300 -1.513 0.051 -29.868 > 24

Fe SCoT303 350 -0.445 0.064 -6.901 ™ 99.9 99.8 45
SCoT164 870 0.388 0.044 8.833 ™ 2.2

SCoT297 750 -0.208 0.051 -4,087 * 0.4

SCoT1213 1500 -2.550 0.000 -6.16E+7 > 70.7
SCoT1810 1300 -1.250 0.000 -5.48E+7 > 24.6

SCoT146 600 0.450 0.000 1.32E+7 > 35

SWTH  gcoTosis 1500 0300 0000 LOLE+7 - 100 100 11
SCoT304 700 -0.050 0.000 -2.19E+6 > 0.1

SCoT2517 1850 0.050 0.000 1395324 > 00
SCoT1213 1500 -39.546 0.744 -53.175 > 67.3
SCoT3518 1750 -34.996 1.096 -31.939 > 23.4

SW SCoT166 800 -13.658 0.667 -20.471 > 99.9 99.9 6.4
SCoT29% 600 -7.824 0.697 -11.227 > 2.6

SCoT1417 850 2.132 0.667 3-195 * 0.2

(MQ/1009) ol ke Fe «( o L) 4> >, SWTH o 8) als Ao 035 SW il Lzt
Abbreviations: SW: Weight of one hundred seeds (grams); SWTH: grain width (mm); Fe: Iron concentration (mg/100g)
A3 0 5 Jlaaml mlaw 3 s gme Sy 57
*and *: Significant at 1 and 5% probability levels, respectively
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