= — . .
7 N 2 Rl % Soybean Science 2021,40(2) :149-158
# hitp://ddkx. haasep. cn DOI.:10. 11861/j. issn. 1000-9841.2021.02. 0149

it
‘_|.|
zlpr

ZEXRESN EEEENEERMEMSE OTLECEER

MNEk, K A8 X, ZFEH AR MK 2, HAH

(MRl K22 ez, #dk KFF 130118)

B OUMERNR A A S AR R 28 S R O R R AL PR, R LR AT 2R T SNP ARG QTL 5 {3 )
32 DX ] PP AT B AP AT AR 45 S BAS (AR 76 S ACARZRAARARIY Fy A3 SRR A BEA 3o 0o 48 ) 00 P i A
TGP PUFE AR AT SNP BRic, M o 8 BE A A2 TRT3 , 25 e IR PR IR D7 AR 11 8 4, SR A2 45 IX TR 9% (CIMD) 92
X FE & (ICIM) 54T QTL ZE A7, IR AR U SNP Fric £ At Y S o (A 4y 3107 B 15 B A 8 QTL Jir 7 f) 4 B IX (1], 1) 1)
Soybase #lI Phytozome ¥4} 2 %} X [MIEATHE 24  TEREFNGH L . 25250 W1 JL3RAG 2 399 D28 Thmic, g T
SEHENT 020.5 M BRCEPFHEE Y 0. 61 M AYBAL IR . CIM LRI 3] 4 4> QTL, Horh 2 A8 1 B B 0%
53 50°A qPro-11-1 1 qPro-11-2,2 ARG & B A 43 5~ qOil-7-1 1 qOil-19-1, TT#kFE N 1. 31% ~21.69% , 1CIM 3L
KrIE] 3 A QTL, Horp 2 AR B L5 70 3 aPro-11-3 Al qPro-14-1, 1 AN I & f 7 45 qOil-16-1, STk Ny
8.41% ~17.83% . ilid FEH R, 7 6 MY BEX ] N 35l 6 51 26,29,6, 1,124 F1 36 />55 i i A V28 il A=
Yo m A R IR IR ARG B T T RN T B R OGRS N AR LAY 6 AL R, S IR
FIOCH) QTL 256 F 7,16 F1 19 S Hefafhk, 5 FH B A wARCH) QTL 2 5IML T 11 fl 14 SHREK, £ 4 ML SR
NAENEEFRAML, qPro-11-2 HI qPro-14-1 i . o

K2R : SNP; 4 14 55 IR 17 5 AL PRI 5 QTL i 407 ; GO TR

Protein and Fat Content QTL Mapping and Gene Annotation Based on
High-density Soybean SNP Genetic Map

LIU Jia-ling, ZHANG Jun, HAN Xiao, LI Xue-ying, YAO Dan, SONG Yang, ZHANG Zhuo, YANG Song-nan
(Agricultural College, Jilin Agricultural University, Changchun 130118, China)

Abstract: In order to construct a high-density genetic map of soybean with significant differences in fat and protein content,
and carry out QTL mapping based on SNP markers and gene annotation within the mapping interval to find new loci, this study
was based on the F, segregation population obtained by crossing Jinong 45 as female parent and Suinong 76 as male parent,
SNP markers were obtained by targeted sequencing genotyping technique to construct a high-density genetic map. Combined
with seed fat and protein content, composite interval mapping ( CIM) method and inclusive composite interval mapping
(ICIM) method were used to map QTL, and the physical interval of QTL was determined according to the chromosome
physical location information provided by SNP markers. Soybase and Phytozome databases were used to mine, annotate and
screen genes in the interval. A total of 2 399 polymorphic molecular markers were obtained, and the genetic maps with
1 020.5 cM of a total map distance and 0. 61 cM of average distance between markers were constructed. A total of 4 QTL were
detected by CIM method, of which 2 protein content loci were qPro-11-1 and qPro-11-2, and 2 fat content loci were qOil-7-1
and qOil-19-1, with a contribution rate of 1. 31% -21.69%. A total of 3 QTL were detected by ICIM method, of which two
protein content loci were qPro-11-3 and gPro-14-1, and one fat content locus was qOil-16-1, with a contribution rate of
8.41% —17.83% . Through gene annotation, 26, 29, 6, 1, 124 and 36 genes related to fat and protein storage, oil
biosynthesis, oil metabolism, fatty acid biosynthesis, seed development and seed germination were screened in 6 physical
intervals, respectively. Among the 6 different loci, adipose QTL was located on chromosomes 7, 16 and 19, and protein QTL
was located on chromosomes 11 and 14, respectively. Pro-11-2 and Pro-11-3 were the same loci located by the two
methods. Four loci were similar to the results of previous loci, and qPro-11-2 and gPro-14-1 were new loci.
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Table 1 Descriptive statistics of fat and protein content of the parents and F, population
FZ
PRI AR 45 AR 76 - -
. . RRME  FME ¥E brezs  BERAH WE W5
Character Jinong 45 Suinong 76
Max. Min. Average SD CV/ % Skew Kurtosis
HEHE &
37.92 46.78 48.27 34.33 40. 11 0.02 6. 04 0.53 0.17
Protein content/ %
Jg s & i
21. 66 16. 86 25.03 18. 28 22.15 0.01 7.35 -0.41 0.31
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Fig. 1

F, population genetic map based on SNP molecular markers



152

K o R

234

®2 FABEREEKRN SNP fRCHERBEEERIT

Table 2 SNP molecular marker number and genetic distance statistical data of the F, population on chromosomes

Refk R

Length of chromosome

Qetiik

Chromosome

SNP 4> FAric 4k
Number of SNP markers

PRAC ] 2

Average distance

NN

Maximum distance

/cM between markers/cM between markers/cM
1 54 57.4 1. 06 5.85
2 143 60. 8 0.43 3.45
3 238 72.5 0.30 20. 34
4 189 37.9 0.20 7.39
5 149 41.0 0.28 2.31
6 109 46.8 0.43 2.96
7 83 42.0 0.51 3.7
8 70 40.8 0.58 4.85
9 106 42.5 0.40 3.79
10 81 56.6 0.70 3.69
11 47 73.7 1.57 25.24
12 145 49.4 0.34 8.74
13 85 40.9 0.48 4.02
14 177 52.7 0.30 8.02
15 170 67.2 0. 40 24.15
16 72 55.1 0.77 6.77
17 180 25.3 0. 14 3.83
18 71 56.7 0.74 4.93
19 203 47.9 0.24 6.59
20 21 53.3 2.54 10.75
ST Total 2399 1020. 5 — —
-4 Mean 120 51.03 0.62 8.07
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Table 3 The position and effect of QTL for seed fat and protein content detected in the F, population by ICIM and CIM
EAE XA FEALIX 5] QTL fi & oy WAEROY
ik Yefa . - i - CUUOBRR s
TL Confidence Mapping interval QTL Additive  Dominant
Method Chromosome R%/% References
interval/cM /bp Position/cM effect effect
CIM  gPro-11-1 11 6.3-9.1 3070668 - 5011653 7.91 5.5201 0.0124 -0.0159 21.69 [22][23]
qPro-11-2 11 11.9-13.6 33237625 -33761671 12.91 7.9631  0.0158 -0.0128 27.30
qOil-7-1 7 22.1-23.9 3780293 —-5414292 22.61 4.3996 -0.0077 —0. 0083 4.13 [22][24]
qOil-19-1 19 10.1-10.5 13420344 - 33678446 10. 31 2.7166  0.0059 0. 0067 1.31 [25][26]
ICIM  gPro-11-3 11 11.50 -13.50 33237625 -33757938 13 6.1495 0.0117 —-0.0084 12.43
qPro-14-1 14 5.50 -6.50 2095056 —2194692 6 3.7433 -0.0111 —-0. 0066 8.41
qOil-16-1 16 18.50 -24.50 26263392 -37149918 21 5.9060 -0.0077 0.0068 17.83 [5][22][27]
Chrl1
8.0 A 5.0 Chr7 B
8.4 4.0 ‘
2 2 Chr2
S 48 S 30155 il
o o : i
B 32,5 f K 20
il ol b
) MM A A i
()LA A\U‘M *\'M U‘W W “ ""’M* 0 AR h»w h 1 Nr«d A mt " il
cM cM
BEHEES Genetic distance BEIEES Genetic distance
6 1 2 3 4567 89 10 11 121314 15 161718 19 20 6 1 2 3 45678910 11 1213 14 15 161718 19 20
. 2| — LOD C . O] —LoD D
§ 4 + FREALE Markers’ position § Al < HRICL B Markers’ position
5 - %% B {E Threshold:2.5 5 %€ B {H Threshold{2.5
Q 3 Q 3¢ ’
o, &
® B 2|
0 e L f - | Wae B PN/
0 200 400 600 800 1000 0 200 400 600 800 1000
FEH 457 B Position in the whole genome FER LA E Position in the whole genome
A 1B 435120 CIM $E3RA5 1 5 26 S AN G D5 & S A 5 1 067 25 C A D 435012 TCIM. 35384516 5 g 0 R 13 5 & B 4 56 1Y
(Y=

A and B were the protein and fat content related loci obtained by CIM method respectively; C and D were the fat and protein content

related loci obtained by ICIM method respectively.

2 FRBGZEEMERSE QTL HHER
Fig. 2 The distribution of QTL for protein and fat content detected in the F, population
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Gene ontology biological process descriptions
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Homolog ID in Arabidoposis
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£ BT T RS s M 2R M B T 5

TR ;51 2 R A W i A

cellular cation homeostasis; cysteine biosynthetic process; divalent metal ion transport;

AT5G10180. 1

Glyma. 116238400

glucosinolate biosynthetic process; indoleacetic acid biosynthetic process; sulfate transport;

transmembrane transport ; transport
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Gene 1D Homolog ID in Arabidoposis Gene ontology biological process descriptions

Glyma. 116238500

Glyma. 116239800

AT5G10180. 1

AT4G39850. 1

A A B F RS s R e R A W 6 BT B s A 4 B B TS s A A T R A
T S W R A W 5 IR B s B R ER B B IR 12 s iz
cellular cation homeostasis; cysteine biosynthetic process; divalent metal ion transport;
glucosinolate biosynthetic process; indoleacetic acid biosynthetic process; sulfate transport;
transmembrane transport; transport

RTBEATE A iz RN B ik 25 i S AL Wy B A LI ; 71 B & Y TE IR 955 2R
Rl 1Az ZR MR 2 1 T4 A A A 5 R YRR O S5 W 20 s 0 R AT B 2R T TR Y
FONE 5 3 2 I AT A ; B e 12 5 38 K
fatty-acyl-CoA transport; fatty acid beta-oxidation; peroxisome organization; positive regulation
of seed germination; proteasomal ubiquitin-dependent protein catabolic process; proteasome
core complex assembly; response to misfolded protein ;toxin catabolic process; transmembrane
transport ; transport

AWy e 5 SRR 502 5 AN RER AT 5C S bt

Glyma. 116242900 AT4G40080. 1

biological process; nitrate transport; response to nitrate

SEH R A SRR AL ; 4 H AR 1L

protein autophosphorylation; protein phosphorylation

Glyma. 146029000 AT3G59110. 1

3 3
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P AR 2 1M1 2% R 33 A% R3S B3 1 1 QTL %€ o7, 7
PR QTL A6 5% 2R i) [) s i fi 45 (3L B 5 3% 1) g8t 1%
Frics

Hil, fE R EAFEBED, e 2R TF2
e AN 1 BT A G QTL BE A, 7EAHE5E
F, BEORHREIN R 6 A~ ASTR] i 4 il B 0 AN 25 13 o &
W QTL, Ho 3 A58 & & AHE, 20 318 qOil-
7-1(3780293 — 5414292 bp) . qOil-16-1 (26263392 —
37149918 bp) Hl qOil-19-1 ( 13420344 — 33678446
bp);3 M5 HEA & & MK, 455~ qPro-11-1
(3070668 — 5011653 bp) . qPro-11-2 (33237625 -
33757938 bp) Fl qPro-14-1(2095056 — 2194692 bp) .
JfH ICIM Fi1 CIM P Fh J7 ik 39 7E 11 5 ek K
W T 58EA S \EAMACH QTL, ¥ A RB R 1
T A Y QTL L S5 A5 ikl 21/ QTL/
BEP AT HOAE, 3X 6 > QTL A 4 /> QTL S A
38 A il R AR B ORI IE I 1 B A G Y QTL
LA A R s A0 i bRid el bric X [a] . Horpr, qOil-7-1
JIFAE X Bt 5 Mao 252V Fl Han 45" 52 (57 (49 4 & 1
QTL F—%, I H#% Mao %5 ({IX BE4i 52 6.7 Mb,

5 Han 257 52 7 (49 X BR7E 7 5 Y 8 1A 4559602 -
5414292 bp b FE A ; qPro-11-1 FrfE X B 5 Mao %1%
1 Brummer 252 5 (o7 (4 2R 1 A8 QTL Y X BE
HITEA, = HEAXIEE 11 S0k 4260934 -
5114461 bp 4b; qOil-16-1 7 £i7 X [A] & — A F& 5 19
QTL {7 5, 73 B AE Wang 2 Mao 25 Lee %517
SE LI & AR E QTL 45 5 bt 3, H T 45 X IR
i F 16 S fa K 30404629 — 31474289 bp 4k ; qOil-
19-1 U] 5 Fasoula %) 5 Kim %7 fpFHhr il 43 &
it QL {37 45 5 7 DX oA, L HE DXV 15 g 6
BEERGG/NY 1.5 Mb,, eAh, TEAME 5T H A I 31 7Y
qPro-11-2 .qPro-14-1 FIr7E Y X B A 2 & e AH OGSk
- oRAG AH 6L 5 B3R, BT qPro-11-2 qPro-14-1
JB T R B 5

THRE PN ZE S B, 5 2 (A B O A A
QTL X B £%&5 T H A MMz i T A
T SRR 1 f O LR T R X e i 2 5
TORPREIE SRE AR 11 0 AH AR It 38 [, (E A Rl SRR
T it — gk, IF H qPro-11-2 7£ P i J5 vk
THITTER R KT 12% , BA & 209 76 R A
{8, 2 I v H AR A M S AT IR A AT, LA R K
ST B E PR AL S SO 0 2 FARIE, I AR
e R ) v [ B R A

4 & it

ARG 2B A Z (B8 VRN 7 & 2 B 3
ZSP A R A2 F, o B HER, R SNP 43
FHRICHE T ME R 1 020.5 M FRic bl 7 5E
0.61 cM iR, RHE A X EIE R (CIM)
58 & X AR E 2 (ICIM) #£ 47 QTL & i, CIM 7453k



158

234

R ) 4 A4~ QTL, H 148 2 4S8 (A 5 F1 2 AN
J 57 555 ICIML 3 Lk 31 3 A~ QTL, Horp 145 2 4
AN A1 AR A5, H qPro-11-2 il qPro-11-3
SN R ek A O ] KA W <2y =g VA< N e N N I K AVA
“JP%%QEH?7wﬂM97”@¢EEQ“
T 11 1 14 SYeath, 4 A0S S5 E N S
AL, qPro-11-2 il qPro-14-1 SNy fii v S M

P=)

=0

¥z

AHOCHI AN B QTL X F 225 THEE R
A G R

(1]

[10]

[11]

[12]

[13]

Nichols D M, Glover K D, Carlson S R, et al. Fine mapping of a
seed protein QTL on soybean linkage group I and its correlated
effects on agronomic traits[ J]. Crop Science, 2006, 46(2) ; 834-
839.

Hurburgh C R. Long-term soybean composition patterns and their
effect on processing[ J]. Journal of the American Oil Chemists’
Society, 1994, 71(12) ; 1425-1427.

Li Z, Orf ] H, Bajjalieh N, et al. QTL for seed protein and amino
acids in the Benning x Danbaekkong soybean population [ J].
Theoretical & Applied Genetics International Journal of Breeding
Research & Cell Genetics, 2015, 128(5) : 839-850.

Wang J, Chen P, Wang D, et al. Identification and mapping of
stable QTL for protein content in soybean seeds[J]. Molecular
Breeding, 2015, 35(3): 92.
Burton J W. Quantitative genetics:
breeding [ M |// Wilcox J R. ed.
2nd

Results relevant to soybean
Soybeans
ASA, CSSA,

Improvement

producution, and uses, edn. and SSSA,
Madison, 1987 211-242.

Wilcox ] R. Increasing seed protein in soybean with eight cycles of
Crop Science, 1998, 38(6) ; 1536-1540.

Wang X, Jiang G L, Green M, et al. Identification and validation

recurrent selection[ J].

of quantitative trait loci for seed yield, oil and protein contents in
two recombinant inbred line populations of soybean[ J]. Molecular
Genetics & Genomics, 2014, 289(5) : 935-949.

Zhang Y H, Liu M F, He J B, et al. Marker-assisted breeding for
transgressive seed protein content in soybean [ Glycine max (L. )
Merr. 1 [J]. 2015, 128 (6):
1061-1072.

Jun T H,Van K, Kim M Y, et al. Association analysis using SSR
markers to find QTL for seed protein content in soybean [ J].
Euphytica, 2008, 162(2): 179-191.

Ma J Q, Huang L, Ma C L, et al. Large-scale SNP discovery and

genotyping for constructing a high-density genetic map of tea plant

Theoretical & Applied Genetics,

using specific-locus amplified fragment sequencing ( SLAF-seq )
[J]. PLoS One, 2015, 10(2) : €0121093.
Liebhard R, Koller B, Gianfranceschi L,

et al. Creating a

saturated reference map for the apple ( Malus x Domestica
Borkh. ) genome[ J]. Theoretical & Applied Genetics, 2003, 106
(8): 1497-1508.

Qi Z M, Huang L., Zhu R S, et al. A high-density genetic map for
soybean based on specific length amplified fragment sequencing
[J]. PLoS One, 2014, 9(8) . el04871.

REIA . R W BE S A SRR LR S8 5 IR G & 4 B i
iR &t QTLID]. Jbxt: WhELVFRE, 2017. (Zhu M Y.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

Identification of quantitative trait loci controlling oil concentration
and fatty acid components with backcross introgression lines in
soybean[ D].
2017.)

Carpentieri-Pipolo V,

Beijing: Chinese Academy of Agricultural Sciences,

Pipolo A E, Abdel-Haleem H, et al.

Identification of QTLs associated with limited leaf hydraulic

conductance in soybean [ J ]. Euphytica, 2012, 186 (3):
679-686.
Pathan S M, Vuong T, Clark K, et al. Genetic mapping and

confirmation of quantitative trait loci for seed protein and oil
contents and seed weight in soybean[ J]. Crop Science, 2013, 53
(3): 765-774.

Sonah H, O'Donoughue L. S, Cober E, et al. Identification of loci
governing eight agronomic traits using a GBS-GWAS approach and
validation by QTL mapping in soya bean[ J]. Plant Biotechnology
Journal, 2014, 13(2) . 211-221.

Hyten D L, Pantalone V R, Sams C E, et al. Seed quality QTL in
a prominent soybean population [ J]. Theoretical & Applied
Genetics, 2004, 109(3) : 552-561.

A, SRIERR, O, S R RREA K SR MR 4
QTL EMLHFFE[J]. W EHCRHMEY 4, 2020(5) : 796-806.
(Sheng Y H, Zhang Y R, Dai Y N, et al. QTL mapping of fatty
acids in different F, populations in soybean[J]. Chinese Journal
of Oil Crops, 2002(5) : 796-806. )

Zhang W K, Wang Y J, Luo G Z, et al.

agronomic traits on the soybean ( Glycine max L. Merr. ) genetic

QTL mapping of ten

map and their association with EST markers[ J]. Theoretical and
Applied Genetics, 2004, 108(6) : 1131-1139.

Warrington C V, Abdel-Haleem H, Hyten D L, QTL for
seed protein and amino acids in the Benning x Danbaekkong

2015,

et al.
soybean population[ J]. Theoretical & Applied Genetics,
128(5) : 839-850.

Wang X, Jiang G L, Green M, et al. Identification and validation
of quantitative trait loci for seed yield, oil and protein contents in
two recombinant inbred line populations of soybean[ J]. Molecular
Genetics & Genomics, 2014, 289(5) ; 935-949.

Mao T T, Jiang Z F, Han Y P, et al. Identification of quantitative
trait loci underlying seed protein and oil contents of soybean across
multi-genetic backgrounds and environments| J]. Plant Breeding,
2013, 132(6) : 630-641.

Han Y P, Teng W, Wang Y, et al. Unconditional and conditional
QTL underlying the genetic interrelationships between soybean
seed isoflavone, and protein or oil contents[ J].
2015, 134(3) : 300-309.

Brummer E C, Graef G L, Orf J, et al. Mapping QTL for seed
protein and oil content in eight soybean populations [ J].
1997, 37(2) : 370-378.

Fasoula V A, Harris D K, Roger B H. Validation and designation
of quantitative trait loci for seed protein, seed oil, and seed weight
Crop Science, 2004, 44 (4) .

Plant Breeding,

Crop

Science,

from two soybean populations[ J].
1218-1225.

Kim H K, KimY C, Kim ST, et al. Analysis of quantitative trait
loci ( QTLs) for seed size and fatty acid composition using
recombinant inbred lines in soybean[ J]. Journal of Life Science,
2010, 20(8) : 1186-1192.

Lee S H, Bailey M A, Mian M A R, et al. RFLP loci associated
with soybean seed protein and oil content across populations and
locations[ J]. Theoretical and Applied Genetics, 1996, 93(5-6) .
649-657.



