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Mapping of QTL for Domestication-related Traits Using SSR
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Abstract: Wild adzuki bean are important gene resources for genetic improvement of cultivars, however,
pod shattering and hard seededness are classical characters of wild genotypes, and are disadvantage traits in
breeding. In the present study, we used a recombination inbred line (RIL) population, developed from a cross
between a cultivar and a wild genotype ( Vigna angularis var. nipponensis) , to identify QTL loci related with pod
shattering and hard seededness using SSR markers. The results showed that the ratio of pod shattering (PS), the
number of pod curling (NPC) and the ratio of hard seededness (HSN) were not fitful for normal distribution,
but had continuous variation. Eleven linkage groups were constructed using 111 SSR markers with a total length
of 3813.5 ¢cM and 34.35 cM for intervals. A total of 19 QTLs were detected for PS and NPC in 2021 and 13 were
detected in 2022. Two QTLs were repeatedly detected to be related with the NPC and 3 were with PS. There were
4 QTLs that related with the hard seededness and the one on LG11 were also repeatedly detected with PS in 2021
and 2022, and NPC in 2022. The present results provided insights for fine mapping of these domesticate-related
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traits and investigating the functional mechanisms.
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Table 1 The statistics of number of pod curling and shattering within RIL population of adzuki bean

R PR FHE SO /IMA brifE22 63553 i S FE(%)
Year Traits Mean Max. Min. SD Kurtosis Skewness cv
2021 EyEedlliEA 1.40 4.75 0 1.48 -1.38 0.40 105.34
JEJEZE (%) 41.13 100 0 37.95 -1.5 0.21 92.28
2022 SE R A5 ) 1.17 4.75 0 1.28 -1.11 0.53 109.97
JEFER (%) 29.88 100 0 38.22 -0.7 0.92 127.91
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Fig. 1 Distribution of number of pod curling within RIL population of adzuki bean
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Fig. 2 Distribution of ratio of pod shattering within RIL population of adzuki bean
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Fig.4 The distribution of ratio of hard seededness of lines
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Table 2 Information of linkage groups of adzuki bean based on SSR markers
R Frig A4 K (eM) FRic I 2 (eM)
Linkage groups Number of markers Length Interal between maker
LGl 16 629.0 39.3
LG2 11 497.4 452
LG3 7 126.3 18.0
LG4 9 358.8 39.9
LG5 12 374.3 31.2
LG6 8 263.0 32.9
LG7 10 403.6 40.4
LG8 10 240.0 24.0
LG9 16 591.1 36.9
LG10 160.0 20.0
LG11 4 170.0 42.5
LGI LG2 LG4 LGS LG6
(cM) (cM) (cM) (cM) (cM)
0.0 —~— mbS 0.0 —— mb62 0.0 ——mb15 0.0 ——mb79 0.0 —(— mbs1
P | E e 26.6 ———mb73
65.8 —|——mb1 61.4 ——mb71 667 — mb7s 546 ——— mb24
833 —{1—mbi6
vos||-mo  m9s—{-mow e
' M6 mE0 g || ombrz o K mies
181.4 ~L1-mb77 T T
s | 12T a7 Tmrs 58T N s
- 236.0 ——— mb13 2248 ——Mb18 5345 ———mb20
260.5 —|_|-mb7 aale] 2684~ |-mb100 2630 —f—mb25
5736 1 mba Gl s 267.2 mb17 oo i m m
e
3179—{—mbS0 3155 — 1 mb5s et e
3839TmMbS2  a451 {1 mben
/67 -mbs4 Lo T e 3BJ——mb70 i
396 6 ——— mb3
4235 ——— mb11
448 4 ——— mb51
4740 —{— mb53
494.9 ——— mb55 4974 ———mb9
520.3 ——— mb5&
628.9 —\—'— mb43
LG7 LG8 LG9 LG10 LG11
(cM) (eM) (cM) (M) M)
0o mb3s (c
0.0 ——mb26 e e 0.0 —5—mb32 412 mbos 00 mbas
509 mbos 74 mi36
673 4 mp1oa 10.5;} mb37 395 mb34
649 ——— mbac 725 lzé mb9 E—; 4 mﬁ
94.4 ——— mb76 765 - mb1G5 827 ——1— mb2d i e
1275~ mb111
1472 ~|_|- mbd3 143.0 ——— mb27 149.3 ~ - mb108 1471 mb46
1565 [~mb88 1646 ——— mb28 161.8 ———mb110 160.0 mb44 1697 mb47
s pEL 199.5 —-1— mb112
2336 ~.|_|- mbg7 2915 —1 mb1os
2476—{{-mbe2 2396~ mbgs
WO || E— 2857 ——mb109
341.0 —-—mbd4 357.5~) | -mbao
3618 [~mb3g
L. 417.9 —-—mbi07
a17.9—Hmoaa mbet
5223 ——mb102
5011 ———mb33
B5 /NESSRiEfLFEHIE

Fig.5 Linkage groups of adzuki bean based on SSR markers
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R3 AREEMENBES/NEIERERIEREHEMEX QTLs

Table 3 QTLs related with pod shattering in adzuki bean under different environments

w1 o QLAH R i trew  Lopgi g
Year Traits QTL name Linkage group Interval Positon LOD value variation explained
2021 JEFER Qurps-1.1 1 mb5~mbl 34 7.18 1.79
Qvrps-1.2 1 mb3~mb51* 429 5.44 1.75
Quvrps-1.3 1 mb56~mb43* 577 7.63 1.79
Qvrps-1.4 3 mb64~mb14 28 5.51 1.78
Qvrps-1.5 5 mb23~mb74 335 6.50 1.78
Qvrps-1.6 7 mb26~mb90* 28 4.37 1.73
Qvrps-1.7 7 mb76~mb93 122 6.45 1.77
Qurps-1.8 7 mb87~mb92* 212 7.67 1.74
Qurps-1.9 7 mb94~mb35* 367 5.62 1.76
Qvrps-1.10 11 mb34~mb46* 106 7.05 1.78
B sdiiE e Qvnpe-1.1 1 mb56~mb43* 576 7.03 1.56
Qvnpe-1.2 4 mb16~mb69 116 20.92 2.40
Qvnpe-1.3 4 mb17~mb70 325 26.55 2.41
Qvnpc-1.4 6 mb83~mb25 225 22.12 2.40
Qvnpe-1.5 7 mb26~mb90* 31 2191 2.40
Qvnpce-1.6 7 mb87~mb92* 215 21.34 2.40
Qvnpe-1.7 7 mb94~mb35* 372 21.89 2.40
Qvnpe-1.8 8 mb28~mb97 201 23.52 2.40
Qvnpc-1.9 9 mb39~mb49 394 21.02 2.40
2022 HEFER Qurps-2.1 1 mb56~mb43* 567 6.68 470
Qvrps-2.2 2 mb13~mb57 262 7.69 4.69
Qvrps-2.3 7 mb94~mb35* 366 14.07 5.45
Qvrps-2.4 9 mb32~mb29 46 7.26 4.71
Qvrps-2.5 11 mb34~mb46* 91 8.31 4.68
P&k Qvnpc-2.1 1 mb1~mb2 98 11.15 3.43
Qvnpc-2.2 1 mb3~mb51* 427 14.26 3.42
Qvnpc-2.3 1 mb56~mb43* 576 13.13 3.43
Qvnpc-2.4 2 mb59~mb10 85 11.35 3.43
Qvnpc-2.5 7 mb87~mb92* 215 16.40 3.44
Qvnpc-2.6 9 mb32~mb29* 48 13.55 3.43
Qvnpc-2.7 9 mb102~mb33 562 12.89 3.43
Qvnpc-2.8 10 mb45~mb44 114 13.00 3.44
Qvnpc-2.9 11 mb34~mb46* 83 14.87 3.44

F ANy M 33 e ST YR BT S A B A X R] . veps BIVINEZREER vape RIVING 23845 e 4 R R
* means the interval has been repeatedly detected for vrps and vnpc between years. vrps means ratio of pod shattering in Vigna angularis, vnpc

means number of pod curling in V. angularis; The same as below
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Table 4 information of QTLs related with hard seededness of adzuki bean

gk . . FITTIRA (%)
e iR QTL 4Fk {31 (cM) FRIC B LOD i DU
. . Phenotypic variation
Linkage group QTL name Positon Interval LOD value .
explained
5 Qvrhs-1 342 mb23~mb74 8.13 2.84
8 Qvrhs-2 203 mb28~mb97 5.15 2.78
9 Qvrhs-3 326 mb109~mb30 5.52 2.78
11 Qvrhs-4 98 mb34~mb46 5.08 2.80
vrhs RI/NGAPRCAESEEE ;R A]
vrhs means ratio of hard seededness in Vigna angularis; The same as below
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Fig. 6 QTLs repeatedly detected within hard seededness, ratio of pod shattering and number of curl of pod in adzuki bean
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Attached listl Basic Information for 112 SSR primer pairs

siEMR EiEsHIFEAIG -3 ) TSI -3" )
SSR maker Forward  primer  sequence Reverse primer
(5" -3 ) sequence(5’ -3' )
mb1l CATCTTCCTCACCTGCATTC TTTGGTGAAGATGACAGCCC
mb2 GATTGCTTTTAGCAGAGGGC GAAGAAACCCATCTCGATCC
mb3 GTGAGGTAGCTATGTAGCAC ACTGGACCGACAAGAGTAAG
mb4 ACTATGCAGAAAGACGCTCC GGCTCTCTCTTTCTCCATTC
mb5 TATAGAGAGGCGAGAAAGGG AGGGAAACTCAGAACACGTG
mb6 TAGTCAACCGTTACTATGCC CGAGAAAAATGAATCTCCCC
mb7 AGCGAGTGGTGTTAGGGAAG CGCCAAATCTGCACCAGTTG
mb8 GGGTGATCTTCCCCAAAATCG GACAAATTCTCTGATGCCATTCC
mb9 GCAGCAACGCACAGTTTCATGG  GCAAAACTTTTCACCGGTACGACC
mb10 TCAGCAATCACTCATGTGGG TGGGACAAACCTCATGGTTG
mb11l GATTGCTTTTAGCAGAGGGC GAAGAAACCCATCTCGATCC
mb12 GGCAGAATCGTACAAGTG GTCAGATTCTCGCTTGCATG
mb13 GGTGCTAACGTTGGAAACTGAG  CACTCCATTCTGAGGATCAATCC
mb14 ATCAACTGAGGAGCATCATCGA  CAACATTTCAACCTTGGGACAG
mb15 GCAGCTTCACATGCATAGTAC GAACTTAACTTGGGTTGTCTGC
mb16 CCCAACCAAAGCGTTTTG CTTCTAGACTCTGAGCACTG
mb1l7 CAGGTATTGTGCAGAGAGAC TGCACCCAAAAGCTGTAAGC




mb18

mb19

mb20

mb21

mb22

mb23

mb24

mb25

mb26

mb27

mb28

mb29

mb30

mb31

mb32

mb33

mb34

mb35

mb36

mb37

mb38

mb39

CACCGCTGTCCATTGAAGTATTA

CCTCAAGTGGGGTTACC

GCTCTCCATGAATGGAGTTG

GGCTCATTGTACCACTGGATAT

GGGTGTAATCCGTCAGAGGC

CTTGAGAACCAACTCGAACTTC

CTTTCAAAATAATGTTGAGGCATA

CAATAAGCAATCTGTGGAGAG

CCTTTTTCTTCCTACCCTCTACC

TGAGGGAATGGGAGAGAGGC

CTGTTACGGCACCTGGAAAG

AGGAATGTGAGATTTG

CATCTTCCTCACCTGCATTC

CACGTTGGAGGAAGTGACGC

GATGAGCCGAATTCGGTGTC

GAAGGGAATGAAAATGAAACCC

CACAGTGGTTTGGGCAACAG

GAAGAAGAACCCTACCACAG

GAGTTCAGGAAGCTATTGTCA

CAAGGAAAAGTTGACTGCTT

TAAGTGTACGTCTTCGGGTT

CATCTTCCTCACCTGCATTC

TCTTAGAGTGCCCTGTGAGATTG

GGTCAACCTCATTCTCCC

TCATTCATTCACCCCTCC

ATGCCTCCTTTCAGGTGATTGT

CTTCCCCCTCTTCCGTTCTC

GGGAAATCGAAGAGGGACAG

CAATACATAAATAACCTTTTCTGC

CTGCAGGAAACTTGGAATTGC

CACCACCTAGCTGTTGCTAG

TCCGCAGATAGAGGCTCACG

GCAGAGACACACCTTAACCTTG

AATCGCTTCAAGGTCAAGCC

TTTGGTGAAGATGACAGCCC

CATCGGCCACCACAGAACCA

CTGCTTCACCTCGTGACC

GTTCAATCCATTCAGTCTCC

TCAGAGGTTCCCATTTCCCG

CACCAAAAACGTTCCCTCAG

CAAGGAAAAGTTGACTGCTT

GTACGGCGTCAATATCTTTT

CGGAAAAAGATGAAGAGATG

TTTGGTGAAGATGACAGCCC




mb40

mb4l

mb42

mb43

mb44

mb45

mb46

mb47

mb48

mb49

mb50

mb51

mb52

mb53

mb54

mb55

mb56

mb57

mb58

mb59

mb60

TAAGTGTACGTCTTCGGGTT

GCAGAATTTTAGCCACCGAG

GATCGAATTCAACACCATCT

AATTGCTCTCGAACCAGCTC

CTTTCTTTGTCATGGTCGAT

CCCTTTACTTGTTGTGGTGT

CATAAAAATGGAGTGGAGGA

CTATGCTGACCAGAAAGAGG

GTTCTCTCTCTCATAGCTTCTT

AAAGAGATTGGAACAGCTCA

CGTGTGTACCCTCACTTACA

CATATCATCAAAATCCACCC

ACTTTTCGAAGCACATCCTA

ATAGAATCCTCCCGAAACAT

GGGTGGTCTTCATAAACAGA

TTAATGACGAGGTAGAGGGA

TCGACCATCCGAGTATTTTA

TTTAGCTCGTGAATCCAACT

TGTCAGTGTCAAATCACGTT

CAGGTCAGGTGATTATTTCA

CTACCCTTTTGAGAAAGCAA

CGGAAAAAGATGAAGAGATG

AAAGGATGCGAGAGTGTAGC

GTGCACCACTTTTCAACATA

GGTGTACAAGTGTGTGCAAG

TCAGGAGAACCCAAACATAC

TTATTATGGAATGGACCAGG

ATAGCGGGAAGTAGAAAAGA

TTCTGGGTTGTTATGGTTTC

ATGTCGGTTCTATTTGGATG

GGGTACTTTGCTAACCCTTT

TGAGGACAAGGTCACTCTTT

GGGAGAAGAACATTCTCATA

AAAGAAGTTCCTTACGCCT

GTTATACATCGAGTCATAGAGC

AGTTCCCTGATTTTCCAGTT

TTTCTAGAAGCATGAAAGGC

ATAGTTACGGACGGTCTTGA

TATGGTCTTAACCGAAAACG

TAAGACGGTGAGTCACAACA

GGGATAGGAGACAACTATTTCA

GGGTTGAGTGATGTTTTGAT




mb61l

mb62

mb63

mb64

mb65

mb66

mb67

mb68

mb69

mb70

mb71

mb72

mb73

mb74

mb75

mb76

mb77

mb78

mb79

mb80

mb81l

mb82

ATGCCCTTGATTGGAAAC

GCTCAACTTTCTCCAAACAC

AGACAATGTTTATGCTGGAC

AGTCATCGATTAAGCAGCAT

ATGTTTTCCCCACTTTCTCT

AACTTCAACAACGAGGAAGA

AATAGAATGGCCCTAACACA

TTCGTACCTTTATCGGTCAT

ACTGGCTAACCTACAAACCA

CGTTAGTCTAAAAATGGAGTGG

CAGCACCAACACACTCTAAA

ATGGTGTGAGCATTTTAACC

GCAGCTTCACATGCATAGTAC

GGATGACTCAAGCGGTAGTA

CTGACACTACGCAATAGATCA

CAGCAACAAGACATGGAGTG

GAGGTGAGCAAGAGTTTCTG

CATGTTCATGTTTGCGTAAG

CAGAACACAAAAGGGTTCTCG

GGAGAGTGCGTGTAATTTTC

CAAATGACAGACCAACCTTT

GTCGTTTCCGGAAACTGTTC

CTATGTCCATGAAAATGAGC

ATAGGATTCTCTGGTGGGAT

CAAATCCCACTTCTGACATT

CGTACGTAATTTCCCTGAAC

CCACATCATCTTACTAATGCAC

TGGTTAGCTTTTCTTGGGTA

CCGCATGTGAACACATATAA

ACGAACCATGAGTGGTGTAT

CAAATCTCAAAGTCCCACAT

GATGGAAATGTTAGACCTCG

CTACACGCCTCAGGAAATAC

CACCCAATTGAGGTATTGTT

GAACTTAACTTGGGTTGTCTGC

GTGTTGGGCTCAATTGTTT

ACCTTGATCAAACAAAGCC

GGTGACCACTTAGACAGAC

ACCTACATGGCGTAAGAAAG

GTGACCTGACCTCCTAATGA

GTGGATTCACTCGCTTCC

TCTGTGGAGATGCATAATGA

AAGGGTGCATGGAATCTTA

GATCCGAACCTCTTTCTGC




mb83

mb84

mb85

mb86

mb87

mb88

mb89

mb90

mb9l

mb92

mb93

mb94

mb95

mb96

mb97

mb98

mb99

mb100

mb101

mb102

mb103

mb104

CACAGTGTGAAGAGTTTGTTTC

CCCGTAGTTACATATCTTCTTG

ACACAGCCACATACAAAACA

TCTTCACTTTCTCGCTTCTC

TCTGACACCAAATATGGCTA

CCCTAAAATAAGCTGTCCCT

CTTGAGAACCAACTCGAACTTC

ATCTTCCCCAAATATGACCT

AAGAACGGAGTTGAGAAACA

TTGACAGGAAAATAACCTGC

GAAGGGAATGAAAATGAAACCC

TTTCCAGAGTCGGTTATCTC

GGCTGAAGGTGATGACAGAAG

CTTAATGGGAAGAATTGGTG

CACTGGGATTAAACATTTCC

TACAATTGAAAGGAGCTGGT

AGAAGCAGCAAACAATATCC

GGGTGTAATCCGTCAGAGGC

GGCTCATTGTACCACTGGATAT

AGCCAAAGAGGTCTAAGGATA

TGACTCACATTTCCATCCTT

TCTCTCTTTCTCTCCAGCAG

CATGACGTATCAATCAACTG

CTTGTATCCCATGCAACTTT

GTCGTCATGCATAACAAGTG

TACTCCAGAAAGTTGTTGGG

CCATGTGAAAAACTGATTGG

GGGGGAAACAAGAAACATA

GGGAAATCGAAGAGGGACAG

TTCGCATGAGAGGTGTAACT

CTGTTGCTGTGGCTATGG

TGCGGATCTTTTCTATATGC

GTTCAATCCATTCAGTCTCC

TAGAAGGAAAAACTCGAGCA

GGCACTGGTTTTCTAAGGTTGTTG

TTTGATCTGTCTAGTTGCCA

CTCGGATGTATCCTACTTCG

GCGGGTTTTTGTTATAGTGT

GTTTGTCTCTGCTCAAGTCC

CTTCCCCCTCTTCCGTTCTC

ATGCCTCCTTTCAGGTGATTGT

GGATTCAGCTTCCGTAGAAT

CGTGGAAAATGTTGACCATA

AGGACTCGGAGACTGTGTAA




mb105

mb106

mb107

mb108

mb109

mb110

mb111

mb112

GACCTTTATTCCCACACAAA

TTATTAGATTGGGTGAAGGC

CCGAATGCTAAGAAAACCTA

TGTTGGTATAAAAGGGTGCT

AAGCTGGTTTTGTGAGATTG

AGGTTTATGGACTCATTCGT

CAAAATCCTGCTTTTCTCAC

TTGTCTCACTTCAGTTTGGA

GCCAATTCTCTACGTTTAGG

CCCAAAGTTCATCCAAAGAT

GATTTCAACTCCAAAACTGC

ATATACGCGAAGAAGGTTCA

TCATAGGATTACCATTGGCT

GTTTTGTGTTCTGACAGGGT

CATGTGAAACCACAAGAGAA

AGGCTGATCACAAAAAGACA
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