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Development and Validation of KASP Markers for Functional Genes Controlling
Maturity in Vegetable Soybean
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DU Jidao'”" , YUAN Shan>*"

(1. College of Agriculture, Heilongjiang Bayi Agricultural University, Daqing 163319, Heilongjiang, China; 2. Institute of Crop Sciences, Chinese
Academy of Agricultural Sciences, Beijing 100081, China; 3. National Coarse Cereals Engineering Technology Research Center, Daqing 163319,
Heilongjiang, China; 4. National Nanfan Research Institute, Chinese Academy of Agricultural Sciences, Sanya 572000, Heilongjiang, China)

Abstract: To establish an efficient marker-assisted selection system in vegetable soybean, this study targeted variant loci
within key genes regulating maturity and developed seven corresponding Kompetitive Allele-Specific PCR ( KASP) markers,
covering the J, EI-E4, GmPRR3a and GmPRR3b. A total of 290 vegetable soybean accessions representing diverse maturity
groups were phenotyped and genotyped at two ecologically contrasting sites; Changping, Beijing ( long-day temperate
condition) and Sanya, Hainan ( short-day tropical condition). Associations between marker genotypes and maturity-related
traits, including days from emergence to initial flowering ( VE-R1), days to full seed stage ( VE-R6), and days to initial
maturity (VE-R7) were systematically analyzed. Field evaluation revealed that in Beijing, the average days to flowering, full
seed stage and initial maturity were 43.5 +12.5 d, 103.3 £20.9 d and 118.3 +19. 4 d, respectively; in Hainan, the
corresponding values were 29. 1 +2.4 d, 61.3 £4.0 d and 81.2 = 6.7 d, respectively. Genotype-phenotype association
analysis confirmed that all seven KASP markers reliably distinguished homozygous and heterozygous genotypes. Predictive
accuracy for maturity traits varied across developmental stages and environments: accuracy for the first flowering stage ranged
from 52. 1% to 63.4% , while higher accuracy (64.1% to 81.7% ) was observed for the full-seed stage, the critical phase
determining commercial pod quality and yield. Notably, four markers, EI (G/C), E2 (A/T), GmPRR3a (T/A) and
GmPRR3b (C/T), demonstrated particularly strong predictive performance for the full seed stage under Hainan’ s conditions.
Haplotype analysis further clarified the phenotypic effects of major allelic variants: specific alleles, including E1-C, E2-T,
GmPRR3a-A and GmPRR3b-T, were significantly associated with early flowering and early maturity. The functional KASP
marker system established in this study enables early and precise assessment of maturity traits in vegetable soybean, providing
a reliable technical platform for molecular marker-assisted selection and designed breeding.

Keywords: vegetable soybean; maturity; functional marker; Kompetitive Allele-Specific PCR ( KASP) ; Marker-Assisted
Selection (MAS)
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PIA SNP FI InDel 22 5 0 47 BAA5 R4 B
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%} E3 E4 . J X GmPRR3a I, 1% 5 5 JF AL I [A]

A REFEAENT IV 52 2 19 SNP/InDel 1E Jy ¥ 75 1Y KASP
FRigFF A A EEXTE A9 G EE SNP A o5, 1 H
Phytozome %48 %2 T 2% 4% 037 55 R ¥ 300 bp J¥ 31,
FIH] DNAMAN 3 fF it KASP 514, %X KASP
1M 2 ZRAE AR R SRS 1R 1 Sl S 1 A
B2 AU ESI Y S5 a4 B 5 A FAM (5'-
GAAGGTGACCAAGTTCATGCT-3") #1 HEX ( 5'-
GAAGGTCGGAGTCAACGGATT-3") % G bR 25 & 1),
TEHE SNP i /5 100 ~ 150 bp Zb it 514, it
HAEY TRARG B, 5P HHEER 1,

F 1 KASP tRig5 455
Table 1 KASP labeled primer sequences
B ovs| FAM 5149 (5'-3") HEX 5[#1(5'-3") EHLIY(573") Yt A R 2 X 1]
Gene FAM primer(5'-3") HEX primer(5'-3") Common primer(5'-3") Genomic interval
El AAAGGGAGCAGTGTCA AAAGGGAGCAGTGTCA GTTAGAGGCTTCGCATA Chr06 :20 037 874 ~20 038 398
AAAGAAGAC AAAGAAGAG TGGTGGWTT
E2 CCCATCAGAGGCA CCCATCAGAGGCA CTGTTTTGTTCTCTA Chrl0; 47 816 229 ~ 47 837 842
TGTCTTATGA TGTCTTATGT GTGGACTCA
E3 GAACTAATTTCCCTA GAACTAATTTCCCTA GGTCAGGTTGTTGTA Chr19: 49 124 905 ~ 49 131 248
ACTGCTG ACTGCTA GCAGCCACGC
k4 AACAAATTCAGAGATATCA AACAAATTCAGAGATAT GCAGCTTAGTAAAATTC Ch120; 37 454 679 ~ 37 460 433
TACCCATCT CATACCCATCA TTGATGACTCAG
J CATTCTCTGCAGAACA CATTCTCTGCAGAA GGCAACAAAACCTTA Chr04 . 4 071 825 ~ 4 077 231
TTCCATTTT CATTCCATTTA AGCGCAA
GmPRR3a TTGACAATCAGAATGA CTTGACAATCAGAATG GCCCCATTCCCA Chrll: 11 244 963 ~ 11 247 321
TAAATATGGAAAA ATAAATATGGAAAT AAGCTTTT
GmPRR3b CCCATAAAGCTGCA CCATAAAGCTGCA GATACACATTGCGGA Chrl2: 5573 666 ~ 5 588 579
GTAGATCCCT GTAGATCCCC GTTGAGCT

1.5 EBEESBESHESHITHT
KASP FEPR 53R >R ] HiGeno 2 x Probe Mix A

WA (BRI ARAR ), KA 384

FLAREAT KASP 438U [ N7, Bl s oy 44 2R B AR
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Mix A F1 0. 07 pL IB&

319,

I H QuantStudio?

Flex {¥ #8317 PCR ¥ $#.95 C #2514 10 min;95 °C

20 5,61 ~55 CHAEIR KIEM 40 s(10 MEIR,
FHEIAFE 0.6 °C) ;95 CAEMHE 20 5,55 CiR K ZEfH
40 s(30 MEFR) 337 CAEE 1 min FFEEEEEE

FFH TagMan Genotyper Software 132 H%¢ Y615 =
AR, L KASP 7r BRI, A Excel 1
SPSS 22. 0 & AVECHE F1EE R R ECHE I R 47 40 G
PE 3T AL PR
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] 725 S 22BN 0. 08% ~0.29% , Tl bL s i) 4 725 5 2R
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Location-growth stage

Location-growth stage

Location-growth stage

T ca. JURCE S RINEE R =LA T T AR5 b. JUnt B FIE R = %0 T WORCIN ] 5 . b5t B -F AR =
TSR T RIFARTE], BJ-RL. AU B PRI FR5E T AL 8] SY-R1. ¥ B = WA H FR 45~ FFAE T[] ; BJ-R6. Jb 5t
B F R EREE T PR IR 18] 5 SY-R6. R = SEAREREE T ok R 18] 5 BJ-R7. J65¢ B S RO EREE T 4 B[] ; SY-R7.

R = R REPR 5 T R ]

Note:a. Days to flowering in Changping ( Beijing) and Sanya (Hainan) ; b. Days to full seed filling in Changping

( Beijing) and Sanya ( Hainan) ; c. Days to initial maturity in Changping ( Beijing) and Sanya ( Hainan). BJ-R1 and SY-

RI1 represent the days from VE to Rl in Changping ( Beijing) and Sanya ( Hainan), respectively; BJ-R6 and SY-R6

represent the days from to VE to R6 in Changping ( Beijing) and Sanya ( Hainan), respectively; BJ-R7 and SY-R7

represent the days from to VE to R7 in Changping ( Beijing) and Sanya ( Hainan) , respectively.
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The days to flowering, full seed filling and initial maturity for vegetable soybean

accessions in two environments
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Table 2 Maturity phenotypes of 290 vegetable soybean accessions in Beijing and Hainan

Hb S LGN He/ME R FHE b2 R 353 AL F Y

Location Trait Min/d Max/d Average/d SD Skew Kurt CV/ %
JET Beijing FEACHT[E] 27.5 89.0 43.5 12.5 2.075 4.170 0.29
Tz s ] 72.3 170.4 103.3 20.9 0.579 -0.408 20.26

1320 i) 86.8 170.8 118.3 19.4 0.776 0.056 16.37

3R Hainan FEAEAT ] 22.4 33.4 29.1 2.4 -0.670 0.401 0.08
TS [ 56.6 74.4 61.3 4.7 0.469 -0.499 7.67

WA ] 67.6 94.2 81.2 6.7 0.347 -0.471 8.23
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2.2 BEERLSH AR EE RN B SRR S A IR UE T X S 5 R AR

At SoyOmics FHE 2 40 AT 7 A 158 JE X )5 471
280, 2R BN, 7 NIRRT B SNP I
InDel 28 53, 3 T8 i 2 A~ AN [F) A8 B0 (3% 3 R0 Bff
F2), kil 4y i E1-Hapl (20037917-G) & 2 B 4E
ifii Hap2 (20037917-C) F B0 B & F AL (MR 2)

SEHREAT IR P ODI68, R J5 20
PEOCHE SNP V81 I & T REPE KASP bric #2847
FEIS IR IE 5 EOR S, R T E i sE 2
S SRR, R RN SE R B A B B0 4
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Table 3 Haplotype composition and phenotypic effects of genes associated with maturity

L B RZ B EIVAATES AR AR
Gene SNPs InDels Haplotypes Phenotypes
EI 2 3 2 Hap2-519E , Hapl -#4E
E2 375 77 10 Hapl -4k, Hap2-Hf. 1€
E3 100 30 10 Hap2-F-9E , Hap6-#.1E
E4 50 18 3 Hap3-F4E , Hap2-Mi {1
J 93 19 5 Hap2-5.4k, Hap5-#. 4t
GmPRR3a 46 6 6 Hap4-F-4E , Hap6-#. 16
GmPRR3b 194 52 4 Hap4 596, Hap2-#. 46

T RBVRF P P i L/ B AL T p SRR T8 (Hap ) A3 80 28 i A v A Ab B, K5 S0 (1 2 0 A T 4 B 1) O 22, 5701 3808 L P 3 FF B I ]

T RN HP T BT RN

Note: The classification of early/late flowering in phenotypic traits was derived from the standardized haplotype analysis data. Original values were

converted into deviations from the average, where negative values indicate earlier flowering than the average, and positive values indicate later flowering

than average.

2.3 KASP tRiZgF %

i 176 1 76 PR PR v 5 AR SR Ok 7
¥t SNP 7 45, 43 1) & SNP-Chr06 : 20037917 ( EI .
C/G) .SNP-Chr10:47822651 (E2: A/T) .SNP-Chrl9:

49128522 ( E3:G/A) SNP-Chr20:37455369 (E4:T/A)
Fl SNP-Chi04: 4076620 ( J: T/A ). SNP-Chrll:
11246268 ( GmPRR3a: A/T) . SNP-Chrl2: 5587110
(GmPRR3b:T/C) (£ 4) .
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Table 4 Polymorphic loci of genes related to soybean maturity and corresponding phenotypes

XoF g o J5 45 ) XoF g A 5 45
. L PEAEAIE EXTRA SR PG IE I X R
FHEH SNP i & A Number of X Number of
K Dominant Relative B Recessive Relative
Gene SNP site corresponding corresponding
Allele allele phenotype  Allele allele phenotype
accessions/ ™ accessions/ >
El 20037917 G 3 El Wik C 287 el At
E2 47822651 A 57 E2 b T 233 2 Lyia
E3 49128522 A 2 E3 ipia G 288 €3 KAk
E4 37455369 A 1 E4 Wik T 288 e4 Lvia
J 4076620 A 1 J ik T 289 i Mtk
GmPRR3a 11246268 T 39 PRR3a Wik A 190 prr3a Rk
GmPRR3b 5587110 C 33 PRR3b b T 226 prr3b R

FER AP RIZE IR B, A Rt 4 R4S 135 el
SER S RUME ST DA T WA AR I 1Y 43 B ) 2
I7E 98.8% LI |, Hirh E2 1 E3 FRicik 3] 100% ,
El Y5 GmPRR3a #id 99.5% ,E4 ] X GmPRR3b ]
1£98.8% L (#£5),

PR A -RAVTOIN MR R o A ik — 2D R R
AR AR ICFE A Rl PR 85 (b nt FifE e ) T R BLAF

FEZE S T AL b e X i R (] R Frg om0 ofE:
B3 e T I AE I ], Horh E3 A7 SR IC 7 6 R
[ A AL 5 (81. 7% ) FVIEF 1 (72. 8% ) ARG T 0N i
iR R MR , GmPRR3a 137 S ARICAETF AL I ] b
SUREE T TN e s (63.4% ) JEL 5 J AL sbR
TCAETT A B[R]V g PR BT T 100 00 v 0 3 g = (39K
62.1% ,%425) .
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x5 FXAXKELEEFHMEXERE KASP ireH B 5REHSBEIMHERHE
Table 5 Accuracy of KASP marker genotyping and phenotyping for maturity-related genes in vegetable soybean

KASP - B
ST RATO % Genotype-phenotype accuracy/ %
FEN KASP

Gene genotyping
prediction FFALHT ] FEAEHTIH] TS i) TR S ] I ] BRI} ]
e/~ (ALELVE~R)  (#®,VE~R1) (Jt5,VE~R6) (WM, VE~R6) (JLi,VE~R7) (¥R, VE~R7)

El 99.6 57.6 62.1 81.4 72.4 71.7 63.8
E2 100 52.1 55.2 70.3 64.1 84.1 56.2
E3 100 57.2 61.7 81.7 72.8 71.4 64.8
E4 98.9 54.1 60.3 76.2 67.6 67.6 60.3
J 98.9 54.8 62.1 78.6 69.7 69.3 63.8
GmPRR3a 99.5 63.4 52.1 78.6 70.3 70.7 65.9
GmPRR3b 98.8 58.3 54.1 73.8 69.3 70.0 63.4

2.4 XAXRELEFHAHEXER KASP FRiZHI R A FFAE BT A 2 {E (42.8 +11.7 d) BEFR T GG !
BEXT S4B WA G B HHTIRC T &, N (43.5 £12.9 d) IR TP {E (87,1 £20.9 d) 3%
7 Mk bnic ik 4 DS BISORIE R ARG BT GG AI(88.2 £26.7 d) , WA TAIFI{E (103.3 +
TFIREAHT, HA 3 MRICHY A BIZE BRI IE 3. 2101 d) BER-T GG #1(105.4 +22.1 d) (& 2b
E1 Zit X5 44 DL (Chi06:20037917) G B C 1Y o) o TEICEUAIE R FEE T im0 %t FF AL [R] (74 5 0]
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