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Genome-wide identification of the RALF gene family in Medicago sativa
and expression analysis under salt stress
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Abstract: Rapid alkalinization factor (RALF) is a class of small peptides that play crucial roles in plant growth,
development, and stress response. To investigate key genes involved in salt stress response, we identified members of the
RALF gene family in the whole genome of Medicago sativa and analyzed their response characteristics under salt stress.

Through whole-genome BLAST analysis, we identified nine

WS B 89 .2024-11-27 RALF genes in M. sativa. The encoded proteins ranged

ELTE . NS [R5 4 T H (2022MS03034) ; [ 5% [ AR from 59 to 128 amino acids in length. Their isoelectric
AT H (32060066) ; 52T [ 14 DX ALY 56 858 A 10 5 4% points clustered between 5.13 and 5.41. All exhibited hy-

T WA TR R S 2R & H ( BR221021) drophobic properties. These genes were distributed across
TEERAN: TEA(1999-) , 5B NS A Wi+ #7587 1) Al six chromosomes, with two pairs exhibiting collinearity.
YoY% . (E-mail ) 3041706586@ qq.com Phylogenetic analysis grouped these genes into four sub-

BIEE % AL, (E-mail) alp_yangqi@ imau.edu.cn groups, and all members retained the conserved motifl and
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motif2. Furthermore, promoter analysis revealed that most MsRALF genes contained cis-regulatory elements associated with

plant growth, development, and stress response. Under salt stress, MsRALFI, MsRALF2 and MsRALF3 expression initially

decreased but subsequently increased, peaking at 7 d, while MsRALF6 declined, then increased, and finally decreased,
reaching maximal expression at 3 d. MsRALF4, MsRALF5, MsRALF7, MsRALF8 and MsRALF9 all peaked immediately on

day O of salt exposure. These findings suggest that the nine MsRALF genes identified in M. sativa may be involved in the

plant’ s response to salt stress, with their expression being regulated by salt stress conditions.
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Figshare %03 )% ( https : //info. figshare.com/) "' . Ky
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www.arabidopsis. org/ ) U5 E TP 3RS T 39 > RALF
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Table 1 Primers used in this study

BN 2 i 8 S A SRR T 1S 39 MU T RALF
HHARERTI, RS EE (N WERGEKE
B , Bootstrap Rz Ik F 1 000K, #ARG I+ RALF &
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(http ;//meme-suite.org/tools/ meme ) #E17 H ¥ 4347,
FfiH MEGALL B R4 k7M., i
TBtools 25 I Al AL HT 45 2R .

1.2.3 &amaHhmal  fHH7EL T H SOPMA
(https ://npsa-prabi.ib-cp.fr) X} 9 4~ MsRALF & [
IR AR s mmum

1.2.4 iR XAE R A 24T AL E T B 4
FRHLY A~ RALF ZEN R bR 5 L 172 0001 H H4f
(781, ] TBools AR B AR PR U B 1~ L i
2 000 bp #J CDS J¥ 41, B0 E J5 1% % Plant CARE
( http ://bioinformatics. psb. ugent. be/webtools/plant-
care/html/ ) |, Ui 126 ) i 25 SR 913 13 TBtools #E47 7] 41
o

1.2.5 ¥ EHE & RNA #23  fii ] TIANGEN &
RNA S U 77 & $% 18 #1142 B0 RNA, R
TaKaRa % 518050 &34 cDNA 51,

1.2.6 AR H5H  LUEILETE cDNA 9HAR,
HFEH RN S35 K (MsEIF4A) 519 L3 1, I
RZ (20 wL) ;5 pL #ifi cDNA,0. 8 wL 514 (H &
710 pmol/L), TB Green ® Premix Ex Taq™ ( Tli
RNaseH Plus) 10 wL,ddH,0 #F% 20 wL, PCR )i
FEIF N .94 °C T 30 5,94 CAEME S 5,60 CiR sk
155,72 CIEH 10 5,45 DAI, H PR R IK 2 iE
127

B A R85 (5'—3") Bl 519)(5'—3")
MsRALF1 ATAGAAGAAACCTAGCTGAAGGCAAA TCCACAACCATAATAAGAATCTCCAATA
MsRALF2 CTGTCAATGTTATCGGTAATCCTGC CCACGGCACCTTTCTTCTGTCT
MsRALF3 GTTGTGTTCCTTAGTGCTCTTTTGATT ACAGCCTCTCCGATATGTGTTTG
MsRALF4 ATATGGTTCCTTGTGATAGACCTGGT AAGTGTTGATTTCTTGACTTTGAGCA
MsRALFS5 TGCAGTGGTTCCATAGCTGAATG TCAGAAATGTATCTCCTTTGCTCC
MsRALF6 AGAAGAAAATGAAATGTTGATGGATTC AGGGTTAGCCTGACCTCTGTCG
MsRALF7 CAACACCAACTTGCCAAGGC GCTAGGATACGCCGGTGAGAC
MsRALF8 CAGGCGTATCTTAGCAACGACCA AAGCACCACGGCGAGAACAA
MsRALF9 TGTCACTTTCATCATCCTCCACC ACTCAGTTTCATCTTCATCTCCGC
MsEIF4A AAAAGGTGTTGCTATCAACTTCGTC ACATTTGAAGGCAGTTCCTCTACG
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Table 2 Results of the identification of MsRALF genes in Medicago sativa

G2 1
M 1D F K 24 R

e XA TFE FKERTHE EERFIIKE (a)
MsG0280010744.01.T01 MsRALF1 5.41 14 572.03 0.762 59
MsG0280010774.01.T01 MsRALF2 5.34 18 587.68 0.806 76
MsG0280010775.01.T01 MsRALF3 5.34 18 587.68 0.806 74
MsG0380016143.01.T01 MsRALF4 5.37 22 654.71 0.665 93
MsG0480019461.01.T01 MsRALFS5 5.13 23 124.16 0.590 94
MsG0680034224.01.T01 MsRALF6 5.31 22 899.59 0.755 91
MsG0780041290.01.TO1 MsRALF7 5.22 30 159.36 0.896 118
MsG0780041533.01.T01 MsRALFS8 5.28 26 358.46 0.781 106
MsG0880047048.01.T01 MsRALF9 5.21 32 088.28 0.761 128
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Fig.1 Chromosomal localization of MsRALF genes
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Table 3 Non-synonymous substitution rate, synonymous substitu

tion rate and their ratio in MsRALF genes

SRR 5 AAFEMRTEIT (B 4), Hip,
motifl Fl motif2 3£ F7E 9 4~ MsRALF & (A 48 77
1, motif4 {¥E MsRALF2 & (4 fll MsRALF3 & (4
g PRI FRHRE
MsRALF7/MsRALFS 0.369 456 328 - -
MsRALF7/MsRALF9 0.431 937 817 1.647 918 433
MsRALF8/ MsRALF9 0.332 827 494

0.262 111 163

A1, MsRALF4 MsRALF5 MsRALF7 MsRALFS8
1243244072 0.267 708 893

MsRALF9 NZERH motifl .motif2 .motif3 F1 motif5 4 >
FEFP AN,

2.3 Y£WHETE MsRALF EF R/ L
S E TE MsRALF 5 PR 57 55 2 -1 T 0 #r

FIH SOPMA [ 33 T Al 43 Bt MsRALF & K] 9
O A sk, 25 3R R, MsRALF 25 (1) —

PEERGAITE 4 Fh AT, o-WRTE | IE 155 | B F R
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Fig.3 Evolutionary analysis of the RALF gene family in Medicago sativa and Arabidopsis thaliana
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