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Mapping of a New Quantitative Locus gPRO-19-1 Associated with
Seed Crude Protein Content in Soybean ( Glycine max L. )
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Abstract: Soybean is an economically-important food crop that contains about 40% of grain protein. The soybeans
harvested from China are mainly used for food, and breeding for higher protein content is one of the main targets in
soybean. Exploration of the genes related to soybean protein content and development of molecular markers are thus of great
significance. In this study, a recombinant inbred line population was used by crossing a low protein soybean variety ‘ZH35’
( female parent ) with the high protein accession ‘Tokachi nagaha’ ( male parent ) that was introduced from Japan. With the
Bulked Segregant Analysis ( BSA ) analysis, nine SSR markers that associated to protein content were identified on three
chromosomes, including chromosome 19 where no QTL was previously reported. This QTL ¢PRO-19-1 was allocated using
an inclusive complete interval mapping method ( ICIM-ADD ) to the genetic interval of the molecular markers SSR_19 38
and SSR_19 59. This elite allele, which was derived from ‘Tokachi Nagaha’ , could explain 7.81% and 14.87% of
phenotypic variations in F,,;sand F,, s with the LOD values of 3.43 and 3.98, respectively. The physical interval of gPRO-19-
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1 expanded 385 kb that harbored 36 annotated genes. Collectively, the genetic mapping of the new QTL gPRO-19-1 laid the

foundation for map-based cloning gene and molecular marker assisted breeding for high protein soybean varieties.

Key words: soybean; RIL; protein content; QTL
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o M SRAL AR I 5 RS 2 A S AR
A BT — M EE M 199 R R UL RIL
FER, 2018 4FFl1 2019 4 55 A S RIL #HK F,, 5.
Fy, 1o 1 Bl A b [ AL Bb 24 Be VE DB 2400 52 B Jb ot
ISR B, AR K2 RIL BEARBRE 2 43 9 RI A 1
747K 3 m, 475 0.45 m, BRIE 0.1 m. VU JE 5%
AT, HEAE PR AR o e R R TR
E]REAH S KA — 20 5 A BRIE TR
1.2 EARSENNE

PEBOY A 58 4 1R GFFRL, FIFHAE E Bruker 23
) A 7 AR ST I A 3T 2T AN AN R B 1A A
i, BRI A 3 UK EdE 53 A R OPUS #
P ST A I R R T SRR R A (R B
I3 R I R R AT S it . Rk
i 5 A BRI B 1 I & &, D S BROFIE AR SR
ZHARNEAT S,
1.3 RimEEIE

KA BSA B, 454 i B 35 M ER I By, 5
RS T & SRR R B (199 MR R ), 2=
25 B U AR A BT R ), AR A
T 44% FUIKT 40% R B, 0 o A AR B
5% [P B AR B 2% 10 HR A IR 8 1 (LP) Al 25 1
(HP ) B (£ 1),

40 44
\
\
\
\
|

—_ —_ [3%] N
(=] w [=} wn
T T T T

iR (% ) Frequnency

K

37.5 39.0 40.5 42.0 43.5 45.0 46.5
EAREE (%) Protein content

El1 F,BEEERSENHRMEERMIFERE
Fig.1 F,.,s population protein content distribution and
construction of gene pools screening criteria

*1 HEREANSEERABEKRREARESE
Table 1 Construct low protein and high protein gene pools
for protein content of each strain

¥R A %5 Name {REMA LP || %R %%5 Name R HP
1 39.53 11 44.01
2 36.78 12 4433
3 37.69 13 44.40
4 38.92 14 44.61
5 38.99 15 4475
6 39.16 16 45.43
7 39.36 17 45.43
8 39.55 18 4591
9 39.66 19 46.48
10 39.71 20 47.19
SEH{H Mean 38.94 SF-H{H (Mean ) 4525

LP: Low protein, HP: High protein. The same as below

1.4 EFZH DNA 2B

DL CTAB 7% il & K & DNA. H 3 fif 50~
100 mg M A T 2.0 mL 257 AR 19 2045 T,
RIR G TAATHEALF TR, A 800 uL CTAB,
T 65 CoKIERIT KM 1 h, B 10 min #54) 10K
A 800 pL By & 45, 1R 27, 12000 rpm 5 .0 10 min;
¥ LIEFEREE 1.5 mL B0, A 600 uL S5
fi, 12000 rpm £5.0> 10 min; 3 bW W, A 100%
JioK & 1%, 12000 rpm # .L> 10 min; 3F 100% JG /K
LT A 75% To/K B, 12000 rpm #.L> 10 min,
3+ 75% T /K & WE IS B 1o A 200 pL ddH,0 #F
fift DNA. H 1% 3 B W% %€ e i Uk & I DNA Jit
i, I SR A Ot BE TR I DNA MR, -20 C
A7
1.5 SSRIRICIEERERBETE

FIFHA S50 25 AR A7 B A A AR R 0 A B R 4 1 Y
872 XF SSR By A SEA LA T £ AP I , e
A ST 2SI SSR 51, JEHE s
H AR A 2 M, SRR TR, T EE
BRI

PCR JZ W A& 2 4 20 uL, H: v DNA B Hz 5 uL
(20 ng/uL ), 10 x Easy Taq Buffer 2 pL, 2.5 mmol/L
dNTPs 1.5 uL, Easy Taq [ ( 5U/uL ) 0.3 uL,
2 pmol/L SSR 5| # (1E I Inl 51 ¥ 1R & )3 uL,
ddH,0 8.2 pL. PCR Jz I 2 J¥ 4 95 C Tl 42 1
5 min, 95 CZE 1 30's,55 Ci &k 30's, 72 CIEAfi
30 s, R 35 WK, )5 72 CHEM 5 min, 4 CI#FE.
PCR F=¥)H il A 6 x loading buffer 5 uL, 95 CA:PE
3 min, 28N fE LA VKKIEEYIP EHERH,

FITH 6% 75 1 2 TR A 1 12 FiL Dk 5 e R PRI 8
LA 35 7 Bl S LA E S A K540
ik R — B LR R B 22 A B e R
H, Bl SRR ANTE B By <=7
1.6 FEBSZITHHT

# F] Microsoft Excel 2013 #1 SPSS19.0 43 # £+
W KAA e/ IME CTI5 PR 2 T R AR
ZBURURE G 22550, F FH Minitab16 22 i 25 7 &
A3 B R RO 55 0 A0 DX ] P g b 12 35 R 78 5
B R T2 50T
1.7 QTL EfL

FIFH QTL IciMapping4.1 FA4:H () Map 27 it
T A% AL 2, A BIP D RE 1 58 4% X [ VE 1A
XK GE ARG R TN
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EARRF, s F,, #tHNEARSENH
2SRRI R F S 25 AR K A B A
T A B & EETE 2018 4E 1 2019 4F 2 [R5 4B AR /N, H
, H R 35 AR AR T T 8050 40.31%
F139.25% , 7% S FE R 1.06%; A< i 79 4 2 1
J S B0 B K 46.21% FI 44.47% , 75 S iR
H 1.74%., i 35 AR Z B B AR
WA I HAEPAE ) T & AR e feue , R
H i 35 A Bk i o R IR RS
an A I G AE R G AR TS QTL & AL AHIAR ) %
AL X 2 ADSEARATAE Y RIL BEAK 199 Mk R0 E
FiE R AEFMAR(E2), WERTTLIE M, F,, s #f

2.1

TR 5 B 1 A8 5 08 R 36.639%0~47.18% , “F- 1
ﬁy‘] 41.94%,“}7’%%%&5‘7 4~81%3 Fz; 16 ﬁ1¢%ﬁﬁﬁ/ﬁ’\
078 SR K 34.78%~44.87% , V- Y50 H 40.36%,
A RN 6.49%. 2 MHARKIFFE R B I,
Lt 5 ) () RT3 1 72 A 25 0 5 EU A BT AS ],
Fhh RN FAE MR AL TR, FIH KS-
B, e 35 R 2 AN AR BRI SR R
YA TIEAS AR SR, Hh i 35 AR Fy, 5 A
F,. ¢ BEUR, P H4Y 514 0.787.,0.848 , AL IEA P (K1Y
KT 0.05, R BPICHEAREE 15T & 2501 R IER S
A CE 2), W HFEA & &) QTL .

2 AR S ARG RO 0.393, 24k
B IEARDG X R A PRI L o A
R AR 25 5% (AR A AR AR AL R A — 3,

®2 REAREARELABXFZHEZEORSEFRITON
Table 2  Statistical analysis of protein content in two generations of parents recombinant inbred lines
i 35 ZH35 K SSCY HALAZR
N SR + AR IR + B Recombinant inbred lines
Year/Environment (%) (%) TR = b (%) ERRE(%) fife
Mean £ SD Mean + SD Mean + SD cr Kurtosis Skewness
2018/ b5t 40.31 +£0.53 46.21 £0.61 41.94 £2.02 4.81 -0.26 0.09
2019/ 4t 39.25+0.81 44.47 + 1.01 40.36 +2.26 6.49 -0.41 -0.27
ZH35
251 s 25F —
20 || S 20F ™\
e 5 ZH35
21sf B IS
gor — SSCY S 1of SSCY
% 5+ 7 5:1 50
0 wﬂ’% ! ! ! ! ! 1 | | | | |
37.5 39.0 40.5 42.0 43.5 45.0 46.5 36 38 40 42 44

EHEFTE® (%) Protein content

FEAREE (%) Protein content

2 B RE(ENE KRR (A )EARSERESH

Fig.2 Frequency distribution of protein content in F,, 5( left ). F,, ( right ) strains

2.2 Al BSA iEfRIE &AM SSR #RiE

FIH] 872 XF SSR 514 1 2k A rh #5 35 -1 ik
Kt SE R 41 DNA, L0k 7 AR (1) BT 2381
[ SSR 7 £ 316 4™, 7 fifi & SSR v/ s &L 2L 11 36.2%
(1 3), FHTE H Y SSR Fric 4 #1 & FH mIk <3k A
", %2 9 > SSR ARICAFFEZE 5, 46 3 T YL
24N (32 3), MK 1.2 Mb; 18 S YL Ak 4 4>, AH
ik 3 Mb; 19 SYefafhk 3 4~ (& 4), HIH K 1.2 Mb,
Hrp, 3 SYuniAk (SSR 03 75 Fil SSR_03 48 ) fii T

Aif A (Sat 304 Fl Satt549 ) & E A XA ™5 18 5
Yo A FRic (SSR 18 77 HI SSR_18 48) S Hi A (
AW734137 Fll Satt610 ) B E 7 X [0 A 4y E&
DX ] B2 Ry 440 kb; 19 5 YL ik pRiC (SSR_19_27
FSSR_19_98 ) X [H] AR WARIE . KL, #—27E 19
SR EFRIC (SSR_19 27 F1 SSR_19 98 ) it
VEPEFE 43 T HGERY SSR ARic! 7, FRTE A )
112 8RS BE , 4558 25 A~ 280 SSR R,
2R 58.1%,
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B 60
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50 H
& | HSSRbRIC
8 40 Total SSR markers
530
p= W £5H:SSRERIE
g 20 Polymorphic SSR markers
10
i

0

1 23 45 6 7 8 9 10111213 141516 17 18 19 20
YufafAk Chromosomes

B3 KE 20 FFEETHIE SSR FRC 2K ZHMERIEE

Fig.3  Screening SSR markers and polymorphism markers on 20 chromosomes

®3  BSAEMEZINERRSEMEXIRE

Table 3  Protein content related markers screened by BSA method

FRATEA 1 TR AL A Y
i efa ik YyE Parental genotype Pool genotype P34
Markers Chr. Location i 35 N A ot it References
ZH35 SSCY LP HP

SSR_03 75 3 37631393 A B H B [18]
SSR_03_48 3 38834802 A B H B [18]
SSR_18_77 18 3162724 A B H B [19]
SSR_18 95 18 5348281 A B H B [19]
SSR_18_16 18 5702492 A B H B [19]
SSR_18 48 18 6169553 A B H B [19]
SSR_19 27 19 47167467 A B A B -
SSR_19 94 19 48338071 A B A B -
SSR_19 98 19 48389366 A B A B -

- RILARGE

—: No reference was found

SSR_19_27 SSR_19_94 SSR_19_98

1P 3552 H IR 3 EE A AR ; 4. MEAZ R
1:ZH35, 2: Tokachi nagaha, 3 : Low protein strains pool, 4: High protein strains pool
4 34 SSRARZTE 19 SRBMFEARFEK DNA REHER S
Fig.4 Polymorphism of three SSR markers between parent and progeny DNA pools on chromosome 19
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%) 22 4~ SSR A1 ik 43 B RIL Bf {4 3 A A4, 25 5 2R
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Icimapping4. Imap 2 J5° 14 £ 3t 1% 1% 8114 1% , Bip ¢
JPE QTL 912 27K F- 4 0.05, #E47 1000 A4
iz BARTS QTL W 1Y LOD BIE , A FH 58 & X jal fE
KL AL 1 & i QTL. 45 REW]L Fy, 5. Fy, 6
A B 1Y B8 40500y 2.5 F1 1.8, B A 1 o & i
QTL ENiAESrTHric SSR_19 38 1 SSR_19 59 2
6 (& 5), 4 M gPRO-19-1, IX 6] & i f 384 kb,
4536 A A, Hod, F,, s BE K LOD A 4 3.43
(2 4), 0 fif BE 19 22 BUAR 5508 Oy 7.81% , IR0
5 —0.56, F, . BEMAR LOD {fJy 3.98, 1l il Bt (1) 2 50
A5 SR 14.87% , IR R —0.84, WIAREE i
T it QTL gPRO-19-1 JPERN 4 E , W1 A
FARFEEDE A TREAEA T KM,

R4 F s MF,, HEEAEARESE QTL I EMSH

B R 22 %

0.00 SSR_73

1.28 SSR_88

128 SSR_84

394 SSR_09

7.45 SSR 24

11.97 SSR68

1371 SSR™72

1457 SSR74

1457 SSR_65

2059 SSR_15

2493 SSR737

2538 SSR742

2582 SSR_45

2964 SSR 64

2.8 SSR76

2046 SSR798

7697 SSR62

7831 SSR_59

8014 SSR 38

8156 SSR750

8203 ssea7 || ¢
82.97 SSR 44 qen

— F,,s BEER QTL EfiX 8]
— QTL mapping interval of F,, 5 protein ctontent
— o BAFE R QTL ENLXIH)

—— QTL mapping interval of F,, ¢ protein content

E5 thE3sFf+HMKMRILEEFR, MF,  &EXE 19
SHBEEEMEBREE QTL ¢PRO-19-1
Fig.5 The protein content of QTL gPRO-19-1 in soybean
chromosome 19 was determined by F,. sand F,. ,; of ZH35
and SSCY RIL populations

Table4 Chromosome locations and parameters associated with the quantitative loci ( QTL ) of protein contents in the F,, 5

and F,, 4
AL Jefa ik Fric I [l LoD FHVBAR (%) Pl 2o
Population Chr. Marker interval PVE Additive effective
Fy. 15 19 SSR_19_38-SSR_19_59 343 7.81 -0.56
Fa. 16 19 SSR_19 38-SSR_19_59 3.98 14.87 -0.84

2.4 ¢qPRO-19-1 i EWiHFIEERESEARS
ENEREST

Hitl Fy, s M Fy, o BEIARTE gPRO-19-1 158 fi b
i SSR_19 38 FI SSR 19 59 K& A #1 ) Jz #& 14 it
Gk, Fy s BEMR R, 7E SSR_19 38 fi7 i, HAY
35 FHFA(A) WA 100 4, B A & = Ak
T 36.63%~46.10% , F- ¥4l 41.38%; HA |
PER LR (B) M)A 83 4, iR & 4
Ak 36 N 38.97%~46.48% , “F- Y81 Jy 42.54%., 1F
SSR_19_59 i i, A 2 35 FLH AL (A) AR
106 4>, B T AR R R 36.63%~46.10%,
IR 41.44% ; HAG T RER ISR A (B) ()5 18
A 824, M i & AR VE [ R 38.979%0~46.48%,
BN 42.47%. F,, o BEAR T, 7E SSR_19_38 fif
MOHEAREISEFMA) MERE 644, &

1 1 A8 Ak Y B 35.78%~44.59% , V- 4 80N
39.55%; HA TR F AL (B ) B 49 4,
M B AR BN 35.37%~44.87% , - H 51
hy 41.36%. 1E SSR_19 59 fvi fi, B A v #5 35 3t
HAELCA) G ACA 66 4, 8 & AL iE N
34.78%~44.63%, V- 150N 39.66%; HA T K
EHEA(B) WIERAE 47 4, EA &AL [
K 35.37%~44.87% ,“F-34%0R 41.29% ., H RiEFHXF
PSR iDL (A) FNIER A (B ) K 11 o ok
1275 Fo s BRI (18 6 ), 7E SSR_19_38
A7 5, P A 9 0.00018, 7E SSR_19 59 i 5, P (N
0.0013, F,, ¢ BE4R H1 (18 7), 7 SSR_19 38 i 44,
P18 J 1x107°, £ SSR 19 59 i s, Pl 7 5.6 x
107, 2 ANHAR 2 A7 A5 2 35 PR A 1) 25 P4 R
AN B EES



11 BPHFRAE : K E A S EHLA gPRO-19-1 IEA 145

E >0 Wilcoxon, p=0.00018
g
g P
Q
g "1
= RY AR
S8 et
N Sogt .
i Piee e fre
4 40 o WL, oy
Hg\’ . .."-
a0 %o
8 '
AA BB
(n=100) (n=83)
FEE A Genotype

E 30 Wilcoxon, P=0.0013
=
S
(=]
) ‘ . ]
S 45 S
E .'--.‘.{ e
53 TR
~ -;,.:‘ :-_-‘
@ e
& R
&
o e
26 "
AA BB
(n=106) (n=82)
LAY Genotype

Bl 6 F,, Bk gPRO-19-1 FMIFRIE SSR_19_38( % ). SSR_19_59( A ) AR ERENEARSEN T REFEHEZNR
Fig.6 The protein content distribution and significant differences of SSR_19 38 ( left ) and SSR_19 59 ( right ) markers on
both sides of gPRO-19-1 in F,, 5 population were tested
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Fig.7 The protein content distribution and significant differences of SSR_19 38 ( left ) and SSR_19 59 ( right ) markers on
both sides of gPRO-19-1 in F,,; population were tested
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