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NGEANES AN gPRO-19-1 RSN ENT

X 2E N REA T, Bk 4R AR
(M RIT KRR B, WAL 434025 ;7 FREROVBLA BRI RLEFFE T, A5 100081 ;
TP REBAE T, B B 3302005 ¢ SIRTT A AR EBE K GHFFET , B R 150086 )

BE XEAAELBRLRONIZ AR - RAKRLEZOLZTAIZWAMNIAA. AR, BHBAXEXLEARELE
HREER, NHEORERMUEHRFTATEEL, AMAATES o+t RRTAFRA METF,.  5F., T4
A X % (RIL, Recombination Inbred Lines ) B, VA AT #4269 & & R A2 #1428 gPRO-19-1 3 Al xF X 8] M A B w5,
K I Glyma.19¢223300 F£ 5 A F1 A 1 A InDel & % F FF £ 4732 IN-1, Bl BF AR X ] 4 22 A~ SSR AR b fh ik th 5 A~ % Ak
AR, @i E A A A ARG RAETRBKIE, ¥ T AR [ gPRO-19-1 X 384 kb 45 >3 68.03kb, (L35 2B L H 4 /4, L&
Glyma.19g221800 #= Glyma.19g222000 AL B EfF AR A TN A EM I ZN R A ZRF, AR AZREEO LT
AR B 0 B AL R T AT B B AR T A F

KW X2, R4 Tl

Fine Mapping of the Protein-Related Locus gPRO-19-1 in Soybean

LIU Ting-xuan"?, GUO Bing-fu’, LUAN Xiao-yan*, WANG Jun', QIU Li-Juan’
(! College of Agriculture, Yangtze University , HubeiJingzhou 434025 ;* Institute of Crop Sciences , Chinese Academy of Agricultural

Sciences , Beijing 100081 ; *Crops Research Institute of Jiangxi Academy of Agricultural Sciences, Nanchang 330200
“*Soybean Research Institute, Heilongjiang Academy of Agricultural Sciences , Harbin 150086 )

Abstract: Soybean is one of the main sources supplying human dietary protein, and increasing its protein
content is one of major targets in soybean breeding. Identification of the genes modulating the protein content is
of great significance in breeding of soybean varieties with higher protein content. In this study, the F,. ; and F, . ;
recombinant inbred lines ( RIL ) populations derived from Zhonghuang 35 and Tokachi nagaha were applied to delimit
the previously-mapped protein content locus gPRO-19-1. By sequencing the candidate genes in the interval, an InDel
marker in Glyma.19g223300 between parents and five polymorphic markers from 22 SSR markers were developed.
The physical interval harboring gPRO-19-1 was further delimited from 384 kb to 68.03 kb, including four annotated
candidate genes, of which Glyma.19g221800 and Glyma.19g222000 showed extremely significant difference on
transcript level at different stages of seed development. These results provided a basis for future map-based cloning and
molecular marker-assisted breeding of this protein content-related gene in soybean.

Key words: soybean; protein content; fine mapping
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ROEESR . R, $5 R S B A SR I
SRS b L N I O NI R R S N Y OB = =S
A EEM IR L.

TEVFZ R EF R E SR A ARk T
TIZgE o KGR A A R — A L g
PR, SZas AL A EREE P 2 3L R R s AL FL A
HAE 2R R T D S L P — B AR K G4 T
AW IE RS . A 2022 4F, Soybase ( https: //
www.soybase.org ) UIE E A T 241 N5 K G E
15 2 B A5G 1Y QTLs, £ 20 2k e ik ¥4 43
i, Csanadi 25" F F F, BEARTE 54 AS 6] 1) 31 53
TR 4 S E A S EA XN S, 2 50T
551.6.7 F19 5 e A b, Warrington 455 F
1 B R 5 R B P BT R AL A RIL A
ME] 4458 A& R QTL, Kb 20 5 44
PR B9 S AT AR R 55% B9 AYAE S . Pandurangan
2O VR I EE A 52 RO R R A R RS T QTL
ENL B A RS R QTL ENITE 4 &4k |-, 1
HOTE 6 SR B IX B/ R 122 kb, 7E 20 5 3
a4 I IX ) 5/ h 22 Mb, Zhang %5 R 4
H 28 RBFARY S 2] 1 A58 & AR QTL
DL LTS 14 YR, R T 12.4% HRTIAR
o BRPRILZEN? R 26 E 2R B FF K 5 Charleston
R 504ty 4 A 22 R, R 2] 5 S5k
I 2 A 56 B QTL v 4, 43 v T4 8,10, 19 Al
20 S YA, R B R AV AR 5.16%~14.29% 2.
B, 26438, B2 AR G S A QTL i
SRS 19 S YL (R BB R D, Hop L 4
BT A R T 2 I T e A
TEACH QTL, £ 19 S Ytk L W
A Jun 28V FIHT LD BEAT SCIEE A7, S KT
FHE 1 QTL, 7655 19 5 Y e R LA I £ P 451
Lu % B 19 SYeafk B s 1 AN E A RS
it QTL, W HEIX (3] K224 19.8 Mb, Hil, 5 K&
5 2R LA DG B SE R A Dbl se B, LL AN Fliege 45
VLB IR cqSeedprotein-003 QTL 1 i sk AKX Fh 45 11
SN I Glyma.20G85100 FER 4R %) CCT
SERIRAR (1 P A G R R A SRR AT B b
F K24 2% (98 R 5 . Wang 2070 % 8 — %
SWEET [d] ¥ %& [ GmSWEET10a #1 GmSWEETI0b
ER S Y R 2 07 T % A8, vl AR i e s
PSR i o A NN == g = D e

ASHEFE VARG 2 AR5 19 5 e ik i R

Ji &t QTL B v 45 gPRO-19-1 N 3Eati "™ i i v
T 35 F KA Y Fy.16 5 F,.;;RIL BEAAR B
gPRO-19-1 1) 5E {5 X 1] i 384kb 45 /] E 68.03 kb,
XAl NF 4 RSN, 1z M R E s H M
KA TE ke DRERFIE S o F A il B R 4L 5
2%,
1 #MREFZE
1.1 R

AHIEGE A IR 1 5 b B 35 A 2 1 BT
TLR O i Ny T A R N DN TP U £ A T
RILs A, 2020 4F, 76 16 g — 0 PR AE F,. o BE AR,
B 193 R R 5 2021 4, TR0 B P FE Fy. 0 HE
S 173 MRFR . JEA S RIL BEAR A RE 2R 53531
FiAE 147, 47K 2 m, 478 0.45 m, ¥kHEE 0.1 m. A
BHREA TR 5 A Bbk
12 REPE

P 12T 25 56 B AT R0 AR T 1 R 7
Bruker 23 7] A= 77 19 {37 A28 45 21 A8 615 G
KGHEAFTE &, B RF 4 3 ) FHE R
ZHRREN RS, B RAREAR S RE S
BRI BT A w0 (. A OPUS Bk
AR TR OSSR . [l SPSS 26
AR A S RIL BEAR R BB S T R S 1,
AR MR AE IR T 1948 53 R T34 (E A 06
1.3 DNA 2EUK SSR #RiCHIERE

1 2% i () CTAB 31 $2 BUSE AR DL KE, . 6.
F,.,; RIL Bf /& i DNA. & £ %) 22 {7 X 8] gPRO-
19-1 NI#) 22 XF SSR ARict (£ 1), H Fifiik E A Z
[ Z S PEARIE . PCR BV AZR A 25 pL, AL 45
2 x Rapid Taq Master Mix 12.5 pL ., ddH,0 9.5 uL .5
7 (10 umol ) 1.0 uL 1 DNA (70 ng/uL ) 1.0 uL, 2
MAEEFM 95 °C 5min, 95 °C 155,60 °C 155,72 °C 15,
34 MIEFR, 72 °C 5 min, 4 CI-1T .
1.4 Indel fRiEAKXREEE

HIIESS 19 S e ik e i 8 1 MERA RS
TS gPRO-19-1,%F X [a] N IE R B A5 9748,
Phytozome ( https: //phytozome-next.jgi.doe.gov/ )
TE 2k W 3l 345 2 K% 41, Primer3 844 3531 4F
ST R AR YR Yk & b E AR
v B2 B AE Y B 2= 00 58 B R TR — I

NG
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£1 %7 qPRO-19-1 FT /A SSR #RiE
Table 1 Identification of SSR markers for gPRO-19-1
GlL/E S EM 514 A EIEY
Primer name Forward primer (5’ -3' ) Reverse primer (5’ -3’ )
SSR_19 1438 TCGATTATGCCATGTTGCAC CAATTGTACCCACGTCTTGTTT
SSR_19 1439 GGATTTTTCGATGTCGCAGT GCAAAACACGTCGTTAATTAGG
SSR_19_1440 GGCTCAGAAATTTGGAGAAGG TAGTGCATTAGGCTCCCACC
SSR_19_1441 CGCTACCCTGCTTCTTCACT AAATTTTTCCTGCCGTGTTG
SSR_19 1442 TCCTTTCAAACATTGAAGCAAA AATTTAGTCCGCTTTAATATGTTTCT
SSR 19 1443 ATATGGATACCCCTCCCGAC AACTCTTTTTGGCTTCTCGATTT
SSR 19 1444 AAATAGAGCACAAGTGTCGCA AATAAAAGGTGCCCATGCAG
SSR 19 1445 TGAACAAAAATAAAAATGCAATCAA AAAATAACCTCTCATCAACCATCA
SSR 19 1446 TGATGGTTGATGAGAGGTTATTTT TGGGAGAATCAAATTACAATAATACA
SSR 19 1447 CACAATATAATTGAGAGACACTTTCAT CCCAAGTTTTCATTGTCTCAA
SSR 19 1448 TCGATGTGGACGACAGATTC TCTGCAGCACAAACTCATCA
SSR 19 1449 GGCACGCTTTTATCCATGTT AGATCTAAGAGCGCCACCAA
SSR 19 1450 GCTCGTCCGTACACTTCACA CAACAAACCAGAAACGGTCC
SSR 19 1451 TCCACAAAAGTCTACATATTGAAAAA GACGCAATAATTTGAGCGTGT
SSR 19 1452 TGACACATTCTGAAACGGATG GTAGCATTTAAATTAAGGCAAAAGA
SSR 19 1453 TCCGTAAAAGCTGCATGTTG ACCCCTTCAAGCTCACAGAA
SSR 19 1454 CAGAGGCGGACTTAGAATGG TTCGTTGACTCGGTATTCCA
SSR_19 1455 TAAGTCTCATAGGTCGGCGT TGGAGTACGAGGAACGTAATAGG
SSR_19 1456 TATGGCCCGAAAATAACGAA CGCATATGACAAGGAAGCAA
SSR 19 1457 GACGTTAATGCCGCAGTTTT TTTTGATTTATACCAAACCTTAACAAA
SSR_19 1458 TGCAAGGTGGTCATTTGAAG TCTCACGAAACCAACAGTCAA
SSR_19 1459 TCCAACCCTAATCTGTCCTGTT GAGAAGGTTTTGCTACGCCA

FEPIIN s 25 SRR W, B Glyma. 19223300 TE
SEAS ARG I ) 14> InDel 728 5037 5, M 48748 S o7 5
W05 InDel B FRIC IN-1 BS54, PCR A i
R Z R 25 L, fi$5 2 x Rapid Taq Master Mix 12.5 pL .
ddH,0 9.5 pL. b F 51 ¥ (10 pmol ) 45 1 uL F
DNA (70 ng/uL )1 pLo JZWARF: 95 °C 3 min, 95 °C
155,58 °C 155,72 °C 15 s, 35 Mfi#F; 72 °C 5 min,
4 CO-AE. FH 1.5% BrBEWHEERE B KK AR iC IN-1
HOE/RS: RS
1.5 QTL TE{L R & iEE E i

i QTL ICIMapping4.1 4K {4 X} & [ i & & iF
T QTL &7, SR F I 7 2 76 4% IX (] 1 i (ICIM-
ADD ), % 1000 Y HES1 1 & LOD 1A, >4 5L Bris
() LOD X F LOD B{ERT, 5t HAFTE 1 4> QTL,
A 2 7 X (] ) B A5 1) SoyBase (https: /www.
soybase.org/ ) FRAGFHE PRI
1.6 WHEE PCR A

ST E 7 PCR 73152 50k H PerfectStart®
Green qPCR SuperMix (+Dye 1) ik #] &, H ABI
PRISM 7300 %% 5& & X #% i#f 17 qRT-PCR 4" 3,

PCR i [ W 1K Z& Sk 20 pL, £2 45 PerfectStart® Green
gPCR SuperMix (+Dye I) 10 uL,ddH,0 7.2 uL. | Tt
51497 (10 pmol ) £ 0.4 uL 1 ¢cDNA 2 uL, qRT-PCR 2
TR : 95 °C 305,94 °C 55,58 °C 155,72 °C 105,
40 MIEH; 72 °C 31's, 4 CUR-AF. (3 GmActin /EH
I % % A (F: 5-CGGTGGTTCTATCTTGGCATC-3;
R: 5-GTCTTTCGCTTCAATAACCCTA-3 ), i & fg
PEFERIARXS FR3B 7K.
1.7 HIBRSITHH

FI ] Microsoft Excel 2016 Fl1 SPSS 26 4341 RIL
PR A & 2 i KAE 5/ ME P8 bR 2 AR
JE U EEFNAR S 2 S B GraphPad 31473t
A7 X 6] P InDel FRict IN-1 44 58 5 0 % 7 14 4 1
JR SRS . LA EE 35 AR AR BT R3
(LRI ) R4 (B 32 1 ) RS (4R R 1) . R6 (8 kL
1) F RS (HCAI ) S MK, fi ] GmActin fE R
% HH (F: 5-CGGTGGTTCTATCTTGGCATC-3;
R:5-GTCTTTCGCTTCAATAACCCTA-3), fl f&
T2 35 DR XoF 7 i (27T Dy ke A R DR ) A o

PELy i g8
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2 ERERWH

21 ¥AKRILB#HEEARESESH

TE 2020 4, i 35 P B & i 38.86%,
A R B T R 44.70%; 7E 2021 4F
B35 S R S N 35.59%, Bk K
il 42.70%, EARZIAEE A& EEREK,
THRMHMEA SRS THE35(£2), F,.#f
TREE & B 1A SV B I 36.379%~46.64% Z.[H],

®2 PERARELAREABXRZFEEARSERITOM

SEI(E A 41.04% , 28 R ECHN 5.00%; F, .\, BEIREE
F T 1 (0 AR 53 [ 7E 33.25%0~43.82% 2 [6], -
YA N 37.79%, 8 5% R K 5.37% . Hd F,. ¢ F
Fy. ., BRI 193 A1 173 SRR BER SR (IR
SRR (B 1), HRIET X F,. 6 Ml
F,. 1, RIL FROACER 1 5T & B EA TAH SR AT MR &R
BN 0.27, P<O.01, A1 @AM (E 2), tha&2
AIAL, HEE 35 AT R R T A 2R AR, 2
AN T BRI B T i T 35,

Table 2 Statistical analysis of protein content in two generation parents and recombinant inbred line populations

i 35 Kt HH AR
GGy ) R TATHC + FRHEE (%) THIEC + BRI (%) Recombinant inbred lines
Year/Environment ZH35 SSCY SEREC + AR (%) BRERE (%) [E35:% it JE
Mean + SD Mean + SD Mean + SD cv Kurtosis ~ Skewness
2020 Epd 38.86 +0.91 44.70 + 0.56 41.04+0.16 5.00 -0.627 0.119
2020 Hainan
2021 bt 35.59 £ 0.40 42.07 £0.51 37.79 £ 0.15 5.37 -0.092 0.243
2021 Beijing
ZH35: '1# 35; SSCY: Tk T
ZH35: Zhonghuang 35; SSCY : Tokachi nagaha; the same as below
Assl Wi3s zH3s | PIEKE SSCY I BEF Population
o a8 Fa:6
8 461
s S \ * %%
o X
[en) \JF;’/“- % 42! —
g 5:39”:) 40F .' r=0.27
: =g
e L
= (3)6 ﬁ-. L
) 36 38 40 42 44 46 48
Fy . 1FHEEAR S ® (%)
F, . 16 population protein content
37.50 40.00 42.50 45.00 47.50 =
EHFTEE (%) Protein content < % 48 461
B 25| H1#35 ZH35 K sscy M #{4 Population ~ ; 46~ aar
i 2 44F ., ~ 42 -
4o 2 oo ® <
- B §42— L S Jﬂ;géto—
o o > N o
% 0 £§40— u;{osi‘?‘ ) %%38_
g 5 % Eagl “oMilas 361
- Q. 0% o
=~ S Om36r 7L W . 34+
— l.\l (\;0 1 1 1 o | 1 1 1 0 I |
N w36 38 40 42 44546 48 34 36 38 40 42 44 46
R 10 Fy . (BEEEAETE (%) Fy . AR ARS & (%)
% F; : 16 population protein content F, . 17 population protein content
X
=

W

02.00 34.00 36.00 38.00  40.00  42.00  44.00
EAFEE (%) Protein content
A:Fy RERE BT S B F . BRI TS 200 A
A': Distribution of protein content of F 2 : 16 population;
B: Distribution of protein content of F 2 : 17 population
B 1 ZH35/SSCY EHBAXRKFEARM
EARSERYS L
Fig.1 Distribution of protein content phenotype of ZH35/
ZH13 RIL population and parents

sk IR P<0.01 K- &SR

**% means significant at the P<0.01 level

2 F.s 5 F,.,RIL BEAEBREERXES T
Fig.2 Correlation analysis of protein content between
F,. s and F, ., RIL populations

2.2 Indel fREAEZSEE

B BH 2 A ) R B 35 A K v Ak e
4 48 RIL BEARTE SR 19 5 e Ak b A 8 1 A4~
5T & 8 AH SC 1 B 67 s (gPRO-19-1), IX ] P 3
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23 %

A 36 A FHEDH L 0 DX T] PN S R R AT Y, K B
Glyma.19g223300 1% 1 1 4~ InDel 48 5 i JH,
B 35 A X T b A I O T 16 A B A,
# 35 PCR P2 ) K )% o} 169 bp, + Mk K i 2 oy
153 bp, HH Phytozome ( https: /phytozome-next.jgi.

R 3 InDel #Ri25|¥FFI R PCR =K E

doe.gov/ ) F# % InDel A8 57 25741, FH Primer3
B 31T mDel A0 IN-1 AR S VES 91 (£ 3),
BEA, 1T 1.5% BB s e 5 v Uk 45 22 Fnic IN-1 75
B35 5z R Sk (IR 3), AT LA e

Table3 InDel marker primer sequence and length of parental PCR product

B JE (bp ) Product size

348 iF 117314 SR 1514
Primer name Forward primer ( 5" -3' ) Reverse primer (5’ -3 ) T3S R
ZH35 SSCY
IN-1 ACTTAAGGAGTTATAGATAATTTCA AAAGTGGTCTATAAAAATCTGCTCT 169 153
M ZH35 SSCY Z A5k SSR Aric TR B A 5] FLAA T
2000bp BT 19 5 > SSRARIC 2 E Fy. o6 5 F,. o BEMRSE R,
1000bp - SSR FRic Fl InDel 71 14 3k P R BcHie 45 5 2 A T &
750bp —_ T RABE , F ICIMapping4.1 B4 137 K 5.8 H R
500bp g PHEADE QTL, 4% 1 1 MR iR M B & & QTL
250bp A 7 85 (& 4), gPRO-19-1 [X [i] K /Ny 68.03 kb, £ T
e L FRiC SSR 19 1443 | SSR_19 1447 Z [a], IX [a] 4 41,
1006y i T AR, Horp F,  BHA LOD {20 213 (55 4),

ZH35: H# 35; SSCY : Tkt
ZH35: Zhonghuang 35; SSCY : Tokachi nagaha; M: Marker
3 InDel #Ri2 IN-1 £ ZH35 1 SSCY [ E
Fig.3 InDel marker IN-1 to identify ZH35 and
SSCY glue maps

23 XKEEHRESEMHEX QTL WIEHEL

T 7 ) 8 11 o 7 ST gPRO-19-1, 47 T
F7iC BARCSOYSSR 19 1438 11 BARCSOYSSR 19 1459
Z Ja], X ] K /N A 384 Kb, 1 — A5 43 M A A5
gPRO-19-1, 345 X [6] N JF & 1) Indel Fric IN-1 F1 £
A1k SSR FRiC#E T E L. FHHF & BbRic IN-1 %558
Fy.16 5 Fy. oy BERIERIAL [RIEHS gPRO-19-1 1X ] N 1Y)
22 X} SSR FRic /AT B AR (8] 22 A4, JLAe i 21 8 4~ £
APE SSR AR, 43 W & SSR 19 1442 SSR 19 1443,
SSR 19 1447 .SSR 19 1449 SSR 19 1450,
SSR 19 1451,SSR_19 1455 1 SSR_19 1459, M 8 >

AT i B 1 I AS By 6.23%, INPERL N R —0.53,
F,. ., AR LOD {8 K 3.96, 0] fif B¢ (1) 3 Bl A St 2k
10.45% , AR K —0.66.,

0.00 = SSR_19_1442

1148 =———————— SSR_19 1443

1-61-04db

2091 e _— SSR_19_1447

22.55 =~ SSR_19_1450
23.24 =" IN-]

25.35 = SSR 19 1459

Fy.16 55 Fy.pp RIL BERE (LR — X ]

The F,. s and F,.,; RIL populations are located in the same interval
4 RIL #&E 19 SEEAEMNEBREE QTL
Fig.4 RIL populations map protein content QTLs
on chromosome 19

R4 TEXEEEEEM F,. M F,., HEEARESE QTL MR BERMEMSE

Table4 Chromosome locations and parameters of QTL for protein content of ICIM model F,. ,; and F, ., populations

IS ZefipRic AipRic LOD fH RAVEFF (%) TR
Population Left marker Right marker LOD value PVE Additive effect
| SO SSR_19 1443 SSR_19 1447 2.13 6.23 -0.53
Fy.5 SSR_19_1443 SSR_19_1447 3.96 10.45 -0.66
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24 REEAREMXERIEERSH

by i — 20 W E A FE R, H QRT-PCR 4% R A6
7 {57 X ) PRy 5 R AE X6 8 38 i, 49 B FLAE 3 35
A B R & 2R K kB D 6 EE R3 (27~
42 mg) \R4(95.1~114.9 mg ) \R5(200~250 mg ) .
R6(250.1~300 mg ) Al R8 (>350 mg ) 5 4~ ] i1y %
k25 (ES5) TEEARN T2 & F I BRA
M3 Glyma.19g221900 F1 Glyma.19g222100 33k ;
SR Glyma.19g221800 TE 55 A 1 & A & F WA

FEIR  AFFH NS 2235 B A0 H AR AR, Forp K A R3
FIRS AR LR IE, 4 Al e AT A JE A, 2 —,
FEfOK A F IR —Fk &R AR A A LR EE A58
LT R EA RS e — 2 At
AR, Z PR B R K BE Glyma. 19222000
FE T 35 T Bk R R3 R4\ R6 FI R8 2
() P 2 8 F A S A b 3 22 S, b B 35 7E R3 M
R4 Frl i 235, nT BB 76 XA B 7 28 BT 46
FE,

A
40 M35 ZH3S | K sscY
* %k
35 r
g 30r
8 4 25F sk
X & [
o] L *
£: ™ ]
BE 15
2 10F e
"l L
0
R3 R4 R5 R6 R8
od=Liig ]
Developmental period
B
- ™ 11535 ZH35 | K Sscy
* %k
14 r r
g 12r
1 2 101
K & .k
"5 sr = ¥
.;(’ ? N * %k
BZZ o ok o
) 1
& 4
2 =
0
R3 R4 R5 R6 RS
KB B

Developmental period

A F B 43R Glyma. 19221800 F1 Glyma.19g222000 (HAHXTFE ki , T8, )7 25 4R T E bR IR 2
* RERTE P<<0.05 /KFHA AR, = AER1E P<<0.01 /KFHA M2

A and B are the relative expression levels of the genes Genel and Gene3 , respectively.The black variance bar represents the standard error ( SEM ) of

the mean value., * correlation is significant at the P<< 0.05 level, ** Correlation is significant at the P< 0.01 level

B 5 EARENEREEEEMFARLXERANENREE

Fig.5 Relative expression levels of candidate genes in the mapping interval at different developmental stages of seeds

3 g
3 AEZARFENEWER

R 1 FUR TR A B EIR 52 2 3K P
] [ A B85 0 % 2 1 2 A AR i, L
Ve RRGRE 0 A A R Co,

VR R 2 A S S EREE N X R R R
RUARS WESE 8 — 52 7R PR N EE R 38 B
VERITF, & A KRS E A A PR > it
HAAR G, 2021 45 (6-8 A ) VK B £k
627.4 mm, 435I 55 AR [ 39 AL AR TR £ 70%
H160% , M3l 20 4R 4 2, HoPal 63.8% 119
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A = 23 %

MR T 7 H, 8 ARKE BT, (A1
WAERI R 2 20% , [R] S R RN A FR AR ZR A A VKBS o
6 L BRI R RR A, % 2021 4F RIL #HAR T
FEAUIT , TR B P 5P i B o oA T 3 2217
15, X P B 1E 45 0 IS b AR %, BF T
S5 R R IR B 2R 0 i TG, R
FHRL TR R . FEARDESE T, T AR R E
Hi AR S XA SR 25 57, 3R AR S RIL R
TEA—ENER, HF,.  MF, ,RILFILEA
JF S A e R Bk 0.27, P<0.01, BB B B & A
Kbk
32 KEEEHMRK QTL EHMALA

i Soybase %X #f& J%£ ( https: //www.soybase.org )
Giit, S REHEATEREAHLH QTL A 241 4>, %6
19 SR F R & it QTL A58 H i HAR
FAE S, Herb, Lu 2805 52 A 195 (R & & QTL
ok, KT /N A 19.80 Mb, B i B 11 36 760 A 5 3%
M 5.9%. Diers 25" 2 3 (8 11 5T i QTL /]y,
X TE] RNy 482 kb, A fif e i R A 530k 5.90%
Tajuddin %% 75 WA FRBE A6 00 51 1 A3 3 %
i QTL 174, K/NK 2.0 Mb, Mao 2 ZE AN AN
[ PR T, o 6 2 > B 5 3 i QTL o a5, X
] A/ INFH 2524 3.7 Mb, Jun 250 F SEHE 43 BT 4
KEEATRTEITEN, FESE 19 5k
14> QTL, ] fiff B¢ 1) 3= L AR 53 % 16%, 5 Diers
ST R IR — B, ARBESOR R FUT A QTL
(gPRO19-1 )13 5 Hy 384 kb 4i/N4 68.03 kb, 42 H il
5519 S gL e o7 X [[] fi /NP QTL, /T Mansur
20T Jun 2T HRIE B9 QTL Kl A/, A i 2
1 S H B & QTL,
33 fREERETN

R SoyBase ( https: //www.soybase.org/ ) £ 15
4 LR DIRETRE (£ 5), % Glyma.19g221800
RILT R RIGE A, LT B T Z WA 2%
EH, 25 A B R AN, MiEfyERK kT, It
LA Y 3 07 T A T A o,
JUTTJ5 il ] DA I 90 R 0 465 98 TR 2 i B i, O
HAA R T KRG HE A &&=, &
Glyma.19g221900 % 5 1= K 23006 W45 538 1, 7
AR ERK AT, KW Glyma.19g222000 )&
F Hairy/E (spl ) % 19 56 s il 7, 2 550k
Bt R St B SR AR K R A AR
YE . 3 ] Glyma.19g222100 J& T SNF7 & 11 i
K, FE S 590 8 H B2 i, 7T BE S R

RKEFEAR S E, HEWEK Glyma.19g221800 il
Glyma.19g222100 W] &5 K 5.8 11 & BEAH OG5
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