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Research Progress on Protein and Oil Contents of Soybean Seeds
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Abstract: As one of the most important crops in the world, soybean provides more than 71% and 21% of the
global consumption of vegetative protein and oil, respectively. As the increasing of population and the demand for
soybean consumption, the genetic improvement of soybean quality has become more importance under the limited
arable land area and yield per unit area. The research progress of the two important quality traits of soybean seed
protein and oil contents was reviewed, the key enzymes and transcription factors controlling soybean protein and
oil synthesis, and the interactions among different factors were summarized. The molecular regulatory network of
soybean protein and oil synthesis was mapped according to the key enzymes and transcription factors in the
pathway of protein and oil anabolic regulation. In addition, the current bottlenecks in soybean seed protein and oil
improvement and the potential breeding strategies were discussed for providing understandings for the genetic
improvement of soybean seed protein and oil.

Key words: Protein content; Oil content; Key enzyme; Transcriptional factor; QTL; GWAS
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Fig. 1 Transcriptional regulatory modules of soybean oil synthesis
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Table 1 Major regulatory factors that control seed oil content
IR R T Z 5zt g SCHR
Regulatory factor Pathway Function Reference
GmbZIP123 HEZ % Sugar transport G55 REEHZ R U BE L /LS Bind sucrose transporter and cell wall invertase [26]
GmDof4 FAs &1 FAs synthesis i% ACCase Activate ACCase [17]
GmDofl1 Wi LACS Activate LACS [17]
GmMYB73 TAGs 413 TAGs assemble 5 GL3 il EGL3 H.fff Interaction with GL3 and EGL3 [18]
GmLEC2a 23k TAGs HI4 A Improve TAGs synthesis [19]
GmWRIla WA R Lipids synthesis — ##3h fIg & ARG R TR IA [25]
GmZF351 Controll expression of transcription factors related to lipid synthesis 28]
GmZF392 [29]
GmNFYA ik GmZF392 #1 GmZF351 3% Improve expression of GmZF392 and GmZF351 [29]
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Fig. 2 Transcriptional regulatory module of soybean protein synthesis
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HE 10 AT S i IE B A AHSC ) QTLs, 384y
% E 55 AN SR E R ST A5 9 B AH ¢ 10
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% ) 4 L R 20 O¢ BE A 5% (genome-wide  association
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ERHEAER . Gqoil20 & 1 MR EN QTL, 5
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Table 2 Major regulatory factors that control seed proteins
LEEY)] iteUSER b i SCHR
Species Regulatory factor Pathway Function Reference
KE. Glycine max GmSWEET10 WA SO B A BEG R F 51T RO FO 5 i Affect sugar  [41-43]
Sugar allocation transport from maternal seed coat to offspring embryo
MWFITT Arabidopsis thaliana QQsS B BB 5 NF-YC4 HAE [44]
C, N allocation Interaction with NF-YC4
K& G max GmRab5a fif 580 2K 2 A Z: 5580 1 R B IS [45]
KT G max GmVPS9b Storage protein transport Involved in golgi transport of storage protein [45]
#BITT 4. thaliana FUS3 iR A A R R 5 A2S3, CRC Kik [50]
WEET A thaliana LEC1 Storage protein synthesis Affect expression of 41253, CRC [52]
’ and accumulation
HARETT A. thaliana LEC2 [50]
HAREFT A. thaliana ABI3 [50]
K& G max AK-HSDH AR AR IR SR M Z LR B [49]
Affect synthesis of amino acids of aspartate family
%K. Phaseolus vulgaris ROM1 LR S0E R T PVALF #5$t [53]
Antagonistic to transcription activator PvALF
U IT A. thaliana RGA-LIKE3 5 ABI3 L35 Activate with ABI3 [54]
HURITT A. thaliana MYC2, MYC3, MYC4 5 IAZ hRIRAEE AR R [55]
Co-regulation of protein accumulation with JAZ
K& G max MGL B E R s F BRI IR R [46]
Protein quality Affect methionine accumulation
K& G max ATPS N RERAE AR S & [47]

Affect methionine and cysteine content

R 1) 5 K A IR A O QTLs 43714 248 i
327N, AT 20 Gk L (http://www.soybase.
org, 2022-07) (% 3). KEMFHEHMHKH QTLs {7
T2 6. 9. 18 120 Stk L%, Hr, 220
SR ERE AMEKH QTL 5 GWAS QTL % H
B %, Bl iR 65% R AAR R0, K g Fpr
HABAI S QTLs A2 F 28 5. 15, 184 19 F120 54
ik g%, Hd, 8515, 18 F1 19 Sy taik i
QTL #H¥I N 23 4~

5 iR
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