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Identification and Expression Analysis of Proline Accumulation
Related Gene Families in Soybean under Drought Stress
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Abstract: Proline is a ubiquitous osmotic regulator that plays an important role in plant growth and
development as well as signaling pathways in response to drought stress. P5CS, 8-OAT, P5CR, ProDH, P5SCDH
and ProT are the key enzymes that affect proline accumulation in plants. However, the members of the gene
families related to proline accumulation in soybean remained to be systemically investigated. In this study, seven
GmP5CS, two GmOAT, two GmP5CR,, five GmProDH , three GmP5CDH and six GmProT genes were identified
and found to be unevenly distributed on 12 of 20 soybean chromosomes, showing 16 pairs of fragment duplication
events. The phylogenetic analysis showed that the soybean proline accumulation-related gene families were
classified into different evolutionary branches, while within each branch a conservation on functional structure

and motifs was observed. Analysis of cis-acting elements in these gene families revealed contained cis-acting

WisEHA: 2022-03-28  fEEIHHA: 2022-07-01 ML HAEEA: 2022-07-29
URL: https: //doi.org/10.13430/j.cnki.jpgr.20220328003
F—VEBEWFIT T 1) 5 T84 2%, E-mail : shangchenghuil 998@163.com
SEEVER R, WHIE 7 ] AR 25144, E-mail: baiyan789@163.com
AL, WS 8] AP 5% % , E-mail : kaku3008@126.com
EEWE : BEE A5 H (2021YFD1201103 ); [F5¢ H AR 454 (31972507 ); BRI AP0 A BFTHAE4: ( HSDSSCX2021-104 )
Foundation projects: National Key Research and Development Program of China ( 2021YFD1201103 ) : National Natural Science Foundation of
China ( 31972507 ): Graduate Innovation Fund of Harbin Normal University ( HSDSSCX2021-104 )



1794 oW o fF o W R 23 4%

elements that were reported associating with response to stress and plant hormones. Analysis of transcriptional
profiles under drought stress treatment showed that the proline anabolism-related gene family members ( GmP5CS,
GmOAT, GmP5CR ) were significantly up-regulated 24 hours post treatment, the most proline catabolism-related
gene family members ( GmProDH, GmP5CDH ) were down-regulated, and the expression levels of proline
transport-related gene family members ( GmProT ) were significantly up-regulated. Especially, GmP5CS5,
GmOATI, GmProT2, GmProT4 and GmProDH3-5 genes may play key roles in proline accumulation under
drought stress. Moreover, the PSCS and OAT activity of soybean seedlings, which was significantly increased
along with the increase of drought stress time, positively correlated with proline accumulation. The ProDH
activity was significantly decreased along with the increase of drought stress time, and was negatively correlated
with the accumulation of proline. Collectively, this study provided information for further analyzing the functions
of soybean proline accumulation-related family genes in response to drought stress.
Key words: Glycine max; proline accumulation related gene families; drought stress; gene expression
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Table 1 Basic information of proline accumulation related gene families in soybean
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GmP5CS7 Glyma.18G188000 18 720 20 6.70 78.38 1 5T
GmOATI Glyma.05G141900 5 469 11 8.10 51.43 ST
GmOAT? Glyma.08G097800 8 467 10 7.08 51.18 NN
GmP5CRI Glyma.03G129100 3 274 7 7.91 28.64 2 i1 It
GmP5CR?2 Glyma.19G131500 19 274 7 7.92 28.56 41 5t
GmProDHI Glyma.08G255900 8 494 4 7.67 54.54 TR
GmProDH? Glyma.13G049700 13 495 4 7.63 5431 Sy TALN
GmProDH3 Glyma.18G278900 18 489 4 7.26 54.00 IR
GmProDH4 Glyma.19G042900 19 500 4 8.06 55.05 R IREN
GmProDHS Glyma.19G043000 19 498 4 7.19 54.75 R TRLN
GmP5CDHI Glyma.05G029100 5 542 15 6.08 60.10 Sy AL
GmP5CDH2  Glyma.05G029200 5 554 16 7.23 61.44 IR
GmP5SCDH3  Glyma.17G097800 17 553 16 6.50 61.23 LRl
GmProTI Glyma.02G253200 2 433 7 8.18 47.28 el
GmProT?2 Glyma.05G043000 5 450 8 9.36 51.10 2
GmProT3 Glyma.05G043100 5 450 8 9.34 50.94 A
GmProT4 Glyma.11G226000 11 444 7 9.12 49.10 A | o R SRR
GmProT5 Glyma.14G063200 14 435 7 8.99 47.64 el
GmProT6 Glyma.18G031300 18 443 7 8.95 48.81 ARAGLAE | o R A




6 4 B BUER A - R PR AR CHE R 5 R T A3t Sk o B 1797

22 REXESW R R R BT S R R AR 1 P 9 L (R R

R TR I RR IR BRGEEE SR EFEW (K 1), P5CS Fl ProDH FER G545
B DL RS & BAFAE, FIH MEGAT 5F 2 SR, Wi 1% 2 4051354 3.4 4> GmP5CS
MR B AR BN T KT B BEREEE M K, 3.2 GmProDH R, [F]— IV N I B SE %

A: GmP5CS RN ; B: GmOAT 3N F 3 C: GmPSCR FENF 5 s D: GmProDH RN 5% ; E: GmPSCDH 3N ; F: GmProT RN ik
A: GmP5CS gene family; B: GmOAT gene family; C: GmP5CR gene family; D: GmProDH gene family; E: GmP5CDH gene family; F: GmProT gene family
B 1 XEMEMYTHHSERRZHEXERRKRZSEHLR

Fig.1 Phylogenetic tree of proline accumulation related gene families in soybean and other species
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Fig.2 Gene structure of proline accumulation related
gene family members in soybean
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Fig.3 Conserved domain of soybean proline accumulation related gene families
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