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Localization, Functional Analysis and Breeding Application of GmSWEET39
Gene in High Protein Soybean Germplasm HPCD5
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Abstract: To explore the application value of the high-protein soybean new germplasm HPCD5 and its major quantitative trait
locus (QTL) for seed protein content in variety breeding, this study performed linkage mapping using an F, segregating
population, combined with transcriptome and gene sequence analyses, to identify the major QTL controlling seed protein
content. Furthermore, a recombinant inbred line (RIL) population was constructed, followed by phenotypic and genotypic
characterization to clarify the breeding utilization efficiency of the major QTL. The results indicated that a QTL simultaneously
regulating seed protein content, oil content, and 100-seed weight was detected in the interval of 2. 4-5.7 Mb on soybean
chromosome 15, which contains the gene GmSWEET39 ( GmSWEETI0Oa, Glyma. 15G049200) responsible for these three
traits. Sequence and expression analyses revealed distinct variations in GmSWEET39 between HPCD5 and Nannong Caidou 5,
and the expression level of this gene in the seeds of Nannong Caidou 5 at 30 days after flowering was significantly higher than
that in HPCD5, demonstrating that GmSWEET39 is a key gene controlling seed protein content and other related traits in
HPCDS. Using HPCDS5 as the parent, hybrid combinations were developed with soybean varieties including Nannong 99-6,
Wude, Xudou 14, and Zhonghuang 39, and an RIL population consisting of 334 families was established. Combined analysis
of two-year phenotypic evaluation and genotypic detection of the RIL population identified multiple SNP markers associated
with protein content, oil content, and 100-seed weight in the vicinity of GmSWEET39. Among these markers, the intragenic
SNP marker TZX-94 explained 26. 9% , 29.9% , and 7. 8% of the phenotypic variation for the three traits, respectively,
confirming the stable selective effect of the GmSWEET39 haplotype from HPCDS on soybean protein content, oil content, and
100-seed weight. Additionally, two InDel markers for GmSWEET39 were developed, enriching the molecular marker types of
this gene. This study identified the major genetic locus derived from wild soybean in HPCDS5 that controls seed protein content
and other traits, expanded the allelic variation resources of GmSWEET39, verified its breeding application potential under
multiple genetic backgrounds, and created several new high-protein soybean germplasms. These results provide important
genetic resources and technical support for the molecular breeding of high-protein soybean varieties.
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F1-R1 F1 GTATGATCTGGCGGCCGTAA
R1 AACTCTCACCTTGTTTGCAGGC
F2-R2 F2 GCACCATCTGAACTAGCCCC
R2 CCTATACGCTATTCGCGGCC
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Fig. 1

Phenotypic distribution of protein (A), oil (B) and 100-seed weight ( C) in hybrid

offspring of HPCD5 and Nannongcaidou 5
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Table 2 Differential sequence intervals between HPCDS and Nannongcaidou 5
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Gene number

BAR KA

Start position/bp
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TR 8
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Glyma. 02 69 42742465
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Glyma. 12 30 13372
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Fig.2 Mapping results of protein, oil and 100-seed weight of F, for the cross of HPCD5 and Nannongcaidou 5

ATG

Glyma.15G049200

o — o —
(=3 0 ) S
O [N v —
< \O o) v
0 o~ o~ [
o0 0 o'} o0
o o " on
FRRESS
HPCDS | JAAGTTTCTA ©

3 HPCDS #iEKEE 5 5/ GmSWEET39 EE 55 £ FHH
Fig.3 Analysis of GmSWEET39 gene sequence differences between HPCD5 and Nannongcaidou 5
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HEACRRR T 5 5 M HPCDS 18 TF A6 J5 A [ i ) (47 R0OE 255 B. AR SR T 5 %5 Ml HPCDS 76 JT 46 J5 7 [7] i 39 ¢ bt
GmSWEET39 JERFIAEEH i, DAF. JFEIG KB, " " R P <0. 01 KPA7FE W 25
Note:A. The seed morphology of Nannongcaidou 5 and HPCDS at different stages after flowering; B. The histogram of GmSWEET39

gene expression levels of Nannongcaidou 5 and HPCD5 at different stages after seed flowering. DAF. Days after flowering. ** means

significant difference at P <0.01 level.
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Fig.4 Expression of GmSWEET39 gene in seeds of Nannongcaidou 5 and HPCD5 at different stages after flowering
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Fig.5 Selection effect of SNPs near GmSWEET39 gene on protein (A) ,
oil (B), and 100 seed weight ( C) in hybrid offspring families

R3 ZLAGRREKERTE GnSWEET39 EE K SNP(TZX-94) AEAE M ER TEAR. ABMENENREE
Table 3 Phenotypic values of protein, lipid, and 100-seed weight under different allelic variations
of SNP (TZX-94) in GmSWEET39 gene in hybrid offspring families

s . REH EAA I il o it e
-=n o Offspring Protein content/% Oil content/ % 100-seed weight/g
Cross Type
number 2021 2023 2021 2023 2021 2023
HPCD5 x B4k 99-6 HPCD5 38 48.8 48.0 18.1 18.4 21.3 21.5
HPCDS x Nannong 99-6 % 996 57 45.8 45.3 19.6 19.8 23.6 23.9
X ff « HPCD5 HPCD5 27 49.4 48.6 18.4 18.9 22.6 22.6
Wude x HPCDS Rl 40 46.9 45.6 19.6 20.2 25.3 25.0
#7514 x HPCD5 HPCD5 46 46.7 47.0 18.8 18.9 21.0 23.5
Xudou 14 x HPCDS %W 14 50 45.3 45.0 19.5 20.0 22.3 24.5
i 39 x HPCD5 HPCD5 28 47.9 47.4 18.7 18.9 22.6 24.4
Zhonghuang 39 x HPCDS i 39 33 45.3 44.9 19.8 20.3 23.4 25.3

F¥ e GmSWEET39 FI MG, X HPCD5S Flrd 39 R4 99-6 FITREL 14 ZE M FPIE GmSWEET39 $:[H
KRG 5 SHTE GmSWEET39 JER I MM A B LS AR 2 45 36 3 875 550 13 884 603
InDel BitrFHRic (R 4) , A FAnicki g A0 e Dol e f ki T IX 5 (K 6) o

* 4 GmSWEET39 BEE % R 2 A K InDel 4512
Table 4 InDel markers forGmSWEETS39 gene differential sites

WP IX 38 Sequencing region B YA FK Primers BI¥F31 Primer sequence(5°-3")
3875101 3875101-F GTATGATCTGGCGGCCGTAA
3875101-R AACTCTCACCTTGTTTGCAGGC
3875550 3875550-F GCACCATCTGAACTAGCCCC
3875550-R CCTATACGCTATTCGCGGCC
3876981 3876981-F TGGGGGATGTGATGAGCAAC
3876981-R CTGCTTCCGAGGGGATGTTT
3884603 3884603-F TCTCCTGACAAGTGACTTGACA

3884603-R AAAGGAGAGTGGATATTTGCCT
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3875101

3875550

3876981 3884603

i NZERNA BRI TR 39 AR 99-6 TR 14 RIS 5 51 HPCDS

Note : The materials from left to rightwere Zhonghuang 39, Nannong 99-6, Xudou 14, Nannongcaidou 5, and

HPCDS, respectively.

& 6 InDel £rigHYEEKE

Fig.6 Electrophoresis image of InDel markers
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