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Identification and Functional Analysis of Aluminum-Activated
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Abstract: Fresh flavor is the key factor of the taste quality of vegetable soybean, and its formation is closely
related to the organic acids. It is of great practical significance to analyze the synthesis mechanism of organic
acids in quality improvement of vegetable soybean. In this study, the soybean hairy root system was used to
explore the functions of candidate genes GmALMTS, GmIF7GTS5 and GmAP, which are significantly related to
malic acid content, in regulating malic acid content. The transcripts of GmALMTS gene and the content of malic
acid in GmALMTS-OE hairy roots were significantly higher than those in control hairy roots without inserts,
while the content of malic acid in GmIF7GT5 and GmAP transformed hairy roots had no significant change.In
view of the reported malic acid transport function of ALMT family genes, it is speculated that GmALMTS gene in
soybean may have a similar function and play an important role in regulating malic acid content. In order to
verify whether the change of malic acid content in GmALMTS-OE hairy roots is caused by the change of
GmALMTS gene expression, this study overexpressed GmALMTS gene in Arabidopsis thaliana by dipping flower

method. Similar to the results of malic acid determination in positive hairy roots, overexpression of GmALMTS
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significantly increased the malic acid content in seeds of T, transgenic Arabidopsis thaliana. These results

approved that soybean GmALMTS gene had biological function in regulating malic acid content, which enriched

the theoretical research of soybean organic acid and provided reference value for high-quality breeding of

vegetable soybean.
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Table 1

Primers constructed from plant overexpression vectors
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Primer name

S1WFE(5-3")

Primer sequence (5'-3")

GmALMTS-OE-F
GmALMTS8-OE-R
GmIF7GT5-OE-F

GmIF7GT5-OE-R
GmAP-OE-F

GmAP-OE-R

CGGAGCTAGCTCTAGAATGGAAATGGCAATGGCTGAT
TGCTCACCATGGATCCTTCTGCTCCACGAGTAGGT
CGGAGCTAGCTCTAGAATGAAAGAAGCTGTAGTTTTC
TGCTCACCATGGATCCACTGACACACACTTTGTCTC
CGGAGCTAGCTCTAGAATGCGGGGTGGTGTTTCCCTG

TGCTCACCATGGATCCCAAAAATTGGCACTCCATG
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Table 2 Primers for the determination of candidate gene
expression in hairy root of soybean

EIE7 AN P H(5'-3")

Primer name Primer sequence (5'-3')
GmALMTS8-qRT-F CCATCGGTTCGAGTCCTGTT
GmALMTS8-qRT-R GGCGACGGTTCCTTATGCTA

GmIF7GT5-qRT-F GTGCTGGGGTGCCCATGATAGCATG

GmIF7GT5-gRT-R CGATTCCATCAACTCCCTAA
GmAP-qRT-F GAATTGGATGGGCCGATTAT
GmAP-qRT-R GAAAGTGCCTATGTGGGAGC
Tubulin-F CACCTCTGTTGGCATTGCAC
Tubulin-R ACAGTGTAGTGTCCCCTTGC
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Table 3 Primers for the determination of candidate gene
expression in hairy root of Arabidopsis thaliana

SIYF5(5-3")

Primer sequence (5'-3')

ElE s

Primer name

GmALMTS-qRT-F TATTTCCCTGAACTTTCCCTCTG

GmALMTS-qRT-R TAGGCTTCATAATCATGTCACCC
AtTUB-F GTTCTCGATGTTGTTCGTAAG

AtTUB-R TGTAAGGCTCAACCACAGTAT
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FENZH DNA, JE47 PCR A , 25 R w7, e 2 R Btk
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gqRT-PCR 25 1 /R, 5 25 6 M L, 7
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BERM(E2AB.C).
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HRH IR & ol 112.8 pglg, B35 Tas N IR E
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OE il GmAP-OE B MR AR v 302 B R 5 o5 F1 25 48000 BR
BRI T R EEER (K 2D) . i Eikg
HEW GmALMTS W] Re2: 53 R ES R IR 5 1t (1)
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A:GmALMTS-OE ,M:DL2000 Marker; B: GmIF7GT5-OE ,M:DL5000 Marker; C: GmAP-OE,M:DL5000 Marker; 1 : 25 25 %} 18 ; 2~4 . FHPETEARKR
1: Negative control;2-4: Positive clones
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Fig. 1 Identification of transgenic positive hairy roots of soybean
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Fig. 2 Gene expression and malic acid content of candidate genes in positive hairy roots
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OE-2 OE-3 OE4 OE-5

«—1961 bp

M:DL2000 Marker; +: pCAMBIA1305-GmALMTS J5Uh ; —: 43 %t B ; OE-1~5: GmALMTS B s T A 5 BEBAME SR T bk 5=
+: Positive control, pPCAMBIA1305-GmALMTS plasmid; —: Negative control, blank control; OE-1-OE-5: Different GmALMTS transgenic
Arabidopsis thaliana
3 T,REEBRLETT GmALMTS EE ) PCR
Fig. 3 PCR analysis of GmALMTS transgenic Arabidopsis thaliana from T, transgenic lines
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A': Relative expression levels of wild type Arabidopsis Thaliana and GmALMTS overexpressed Arabidopsis Thaliana, 1-3: Expression levels of
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Eg 3F
= 8
QIR
Bo 2r
® s
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B 1
]_
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GmALMTS in T, transgenic Arabidopsis Thaliana; B: Malic acid content in seeds of Arabidopsis thaliana, WT: Wild type, 1: T, transgenic plant;

*indicated significant difference at P <0.05
4 TRIEGmALMTS X EREE S EHIRZIN
Fig. 4 Effect of overexpression of GmALMTS on malic acid content
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