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bstract: SQUAMOSA promoter-binding protein (SBP) are a class of plant-specific transcription
factors that play crucial roles in stress responses and plant growth and development by activating or
repressing the transcription of multiple target genes. The SBP gene family encodes transcription
factors involved in plant growth, signal transduction, and various physiological and biochemical
processes. In this study, bioinformatics methods were employed for chromosomal localization,
phylogenetic analysis, and gene structure investigation to identify 22 members of the SBP gene
family in Medicago ruthenica and analyze their expression patterns under drought stress.
Additionally, RT-qPCR was used to validate the expression changes of these genes under drought
stress. The results showed that the MruSBPO6A, MruSBP13D, and MruSBP14 genes were
downregulated under drought stress at different time points and under various concentrations of
mannitol. Conversely, the MruSBP02, MruSBP07, and MruSBP12 genes were significantly (P<0.01)
upregulated under drought stress, suggesting that these genes may play important roles in the
drought response of M. ruthenica. This study provides a theoretical foundation for further
elucidating the functions of M. ruthenica SBP genes and their potential applications in drought-
resistant breeding.
Keywords: drought; transcriptional expression analysis; evolutionary analysis; RT-qPCR
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ATHTEEAC TR, REBRTESC. 4 F S otk GURREN IO A B4 55, T35 )5 A WK 78 4 v
B, FERE AT RIS T 5 T B R ML A AT AR, FEAP AR RGBSR 4d 5, EE
KM 4R 2K &, KA MS EFRIUKEE 4 d, F 2 d BHh— KBTI BEEH
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7F. The Arabidopsis Information Resource (4 B2 21~ 4 17 MNMUFG I+ (4rabidopsis thaliana)
AtSPL & A FFIE A5 51, FIH TBtools-IT & AFRAGFLE Y 22 2646 1 75 5k 5 K ) 2R (4
F. 83 Pfam %4 % (http:/pfam-legacy.xfam.org/) % SBP Z5 #4145 (PF03110) X5
(KB D R B KA (HMMD SO, {8 TBtools-I1 4047, 3845 22 46545 MruSBP 45 #g15k
MR AT . FIFHTELE M 5 Batch CD-Search® AT 85 IR SF M0 AT, 45 R IRIX 22 4%
FA SR 5% . 7F PlantTFDB it C(http://planttfdb.gao-lab.org/) ik T B 15

(Medicago truncatula) 1] SBP R:HFIREHFA, $ZATiR I E4EE T 23 MPEEEHTE SBP

SR FRME AP, LB 1S S5 I [FE S RIRIK A %A MiSPLO1~MtSPLI6.
MruSBP J R AR 5 5 fie He il 1) 95 22 1 7 [R5 3 R i 44 9 MruSBPO01A~MruSBP15P, fdi i
TBtools-II H Protein Pairwise Similarity Matrix 7> HT{£ Ei 7 SBP & H /7 FI 03404 T, 41
i 5 437 fd F Plant-mPLoc1E4T T -
1.2.2 1E%E SBP fEgs etk b E AL
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fdi ] TBtools-IT #AFH ] MCscanX T2/t MruSBP 3K (5 H34F, il MruSBP
BEEIEIT. EHEERE. BHEE CFE 15D | KR (Oryzasativa) FIKE (Glycine
max) 1] SBP B [H 5k 2 [ 3L LR ME X 3. FIF] MEME T HEOU b E 7 SBP 25 11 1 £R~
£FF (Motif) , RAEFEEN 16, REERFHEEREN 6~150. FH TBtools-1I #2HK
MruSBP 3£ 13 2000 bp 8L 551, 7E PlantCARE 3 BUA0 47 3 5 5 IR /E e ft. H
TBtools-II % FiR&E R4 .
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AR FEIE T MruSBP 3R FRIA FI#E
1.2.6 7EE 7S5 RNA #2EU55EH 2 & PCR 747

1 RNA $2HCR R A w6l RNA $RBGAGR &, RNA S sl B RHEA Ak
ft ) SPARKscript IT All-in-one RT SuperMix for gPCR (& gDNA LR F)) o #E S 3™
W IR B UL AT o SR BRIK) cDNA F=¥)42 20 5688 J5 FHAF RT-qPCR 54K . 5]
P i@ Primer3Plus 7E4E T H 5B, R AF &, £ Tag SYBR Green gPCR
Premix X6 (FHHF3E, EG20117M) #E4T RT-qPCR 256, A RMWHE 1 fion, fHHH
B, JFRORER 2 K, FEFARR AR 20 T . MruSBPO1IA~MruSBPIS
F K RT-gPCR 5|95 %1 LA b N 2 3 IRBIMrud CTIN 519 F 51402 2 B
% 1 RT-qPCR X itk &

Tablel RT-qPCR reaction system

Hor (A
2xSYBR Green qPCR Premix 7 uL
ddHz20 1 uL
cDNA 1 uL
LS 0.5uL
ek 0.5uL

# 2 RT-qPCR 3|4

Table2 Primers for RT-qPCR

F 4R EmRGIH (5°-37) KIa 5 (5°-37)

Gene name Primer forward sequence (5°-3”) Primer reverse sequence (5°-37)
MruSBP0I4 CGGAAAAGCTGAAGTAAGACGT CCCATCTGAAAGGTCGGAACA
MruSBP02 CAAGCCCCACTCCCTCATAC AATCCAGCTGGTTGCAAGGG
MruSBP064A  TCTTAGCTCCTCGAAAGATTACC CTCAGATATCCTGTTGCACTGC
MruSBP06C  CGTGTGAAGATGATGCAACCA TCCGGAGAGTGCAAGAAGAA

MruSBP07 GAGTTGCCTAAAAGATGTGACCA ACTCGTTAACCCTCCCATGATG



MruSBP12 CACTACCTTTGAGATTGGAAATGC GGAATATATACAGAACTTCCGGCG

MruSBPI13C  GTCAAGCATCAACAACAGTCCA AGAGTCACTGAGTTATCGTTTTCG
MruSBP13D  GCATCAACAACAGTCCAACACA ACTCCCAGAAGAATGGAAGAGT
MruSBP14 CACTGGGAATTGAGCTAATGCA GAGCCTACAAAAGGGGTTCCA
MruACTIN  ATCCAGGCTGTCCTCTCCCT ACGAAGGATGGCATGTGGGA

1.3 AR

i ] Excel 2021 84Xt i35 #4715, F GraphPad Prism 9.5.0.730 #0447 51K
EVIE bR sRINSR
2 R4
2.1 #H7TE SBP EEFKEH K&

MruSBP F D] ) A A S5 A0 R0 4 SV 4 0 5 A3 45 SR 81 136 3. 22 4> MruSBP £ A & 5
FRACEAE 54~1014 28], 5r F R 112457.54 Da, /M2 6223.11 Da; HRZEH S AE
5.85~9.24 i}, Jth 8 /4> SBP tEAMPILEH AU/NT 7, HENRMEER, HAR 14 ME
FRT 7, HEANWMEER . EEAFRE RBOYTE 40 LLE, BPAATaEE A . MruSBP HE
JIg 17 RABAE 38.25~91.04 2 [8), HIRISEKIE CRAKMAENT 00 o LG E A7 T 25 2R
W, 124 MruSBP EAM TAIMEZ L, 10 4> MruSBP £& (47 T 41t f4n i L.

* 3 LHETE SBP HERFKIRR A B R

Table3 Physicochemical Properties of the M. ruthenica SBP Gene Family Members

FHSEAY %X 1D RAEERE e Slig AEERH BWRE  HKE V.48 € o7
Protein Number of  Molecular Instability Aliphatic Subcellular
Gene ID pl Hydropathicity

name amino acid/aa weight/Da index index localization
MruSBPOIA  MruT004533.1 1003 111461.2 5.88 52.54 77.56 -0.476 4 %
MruSBPO1B  MruT048412.1 1003 111646.46 5.92 53.11 77.95 -0.476 4l A%
MruSBP02  MruT015941.1 434 48125.33 8.52 59.83 53.29 -0.831 A%, AR
MruSBP03  MruT022735.1 143 17070.72 7.04 107.63 38.25 -1.553 4l A%
MruSBP04  MruT022736.1 122 14471.13 5.98 92.76 60 -1.067 A%, 4R
MruSBP05 ~ MruT010279.1 170 19505.67 8.23 81.5 47.59 -1.076 A, AR5
MruSBPO6A  MruT036366.1 54 6223.11 9.1 40.54 64.81 -0.667 Y A%



MruSBP06B

MruSBP06C

MruSBP07

MruSBP08

MruSBP09

MruSBP10A

MruSBP10B

MruSBP11

MruSBP12

MruSBP13A

MruSBP13B

MruSBP13C

MruSBP13D

MruSBP14

MruSBP15

MruT009392.1 526 57318.24 6.56 50.82 65.57 -0.586 M,

MruT043846.1 455 50606.36 6.39 53.94 66.81 -0.507 N A%
MruT007686.1 743 83330.73 6.34 49.27 91.04 -0.204 AfIAZ,
MruT039559.1 329 36343.74 8.75 68.82 45.14 -0.903 N A%
MruT003275.1 347 38305.6 8.79 62.7 54.47 -0.666 A%,
MruT023661.1 390 44070.38 8.77 54.56 6131 -0.655 A%,
MruT023660.1 256 29196.16 8.94 57.22 75 -0.545 4%
MruT023662.1 373 41896.54 7.09 56.89 62.47 -0.691 A%,
MruT038960.1 1003 110910.9 5.85 47.18 81.14 -0.404 4%
MruT024701.1 389 4335281 8.3 56.79 50.1 -0.837 N A%
MruT016945.1 376 41717.48 6.73 56.7 65.56 -0.661 4%
MruT035166.1 364 40649.54 8.73 53.45 60.52 -0.813 A%,
MruT035167.1 364 40649.54 8.73 53.45 60.52 -0.813 A%,
MruT001666.1 1014 112457.54 7.33 53.07 71.89 -0.517 4 %
MruT037762.1 339 36797.5 9.24 62.37 52.09 -0.756 YN A%

A5

A5

A5

ot

o

o

A5

2.2 MruSBP ZER Gk 8 fL 5 i

WAL B 7 Y K FE S A MruSBP RO BERE R, ShlmE, SRR 1 A
PET RHBLBIG AR 11 MruSBPOIB BEH Ab, HARFTAT SBP 5 5 F bk 25 1) 31 AH B ¥ G ok
g E (8 1) o X214 SBP BERIEAL B etk LA AN 2], £ chr5 B chr6 L 3EAH 7
Ao fE chrd Fl chr7 B AiAE 21 SBP £, 354 6 ANF1 5 /N, fE chrl Al chr2 B4 3
A~ SBP £, chr3 M chr8 L3545 2 A SBP FEK . [FIN, o] LAFE BIFE MruSBPO3 I MruSBP04
2 [8), MruSBP10A~ MruSBP10B F MruSBP11 2 |8]UA K MruSBP13C ! MruSBP13D 2 [H#}

RAEBRBER (B D .



Bl 1 TEETE SBP BN R Ak EKSAR
Fig.1 The Chromosomal Distribution of M. ruthenica SBP Genes.
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AT SBP SR R, AR AR B IT. HEREEECLETER 51 %
SBP FAIME R G R EW (K 2) « REFIIHENTH (G1~GT) , AR AHEZFIR
Ko B 1ARAEEZ, A 15 MEG. MruSBP FIEIERERTA KR a 0, S
TR IF AtSPL FIGHERI B UM OC. RE 6V 2 R G 3 i B e i B 52, R E 4
JEVIFNLE SBP R St A B m sy P o — 80y SR T8 1 7 R IR 5 D0 R T Rk IR B g 4
i (i G74D .
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Fig.2 Phylogenetic tree of M. ruthenica, A. thaliana and M. truncatula

2.4 TS SBP ERFRRTFET. EHEEHHT

ARSI E A SBP LN EEMHEAT /0HT, RIAEE 5 i) MruSBP 35 DX 52 Jik 572 425 1) 2
SEK, AMETM 2~10 DA, & TN 1~9 A, X527 BT Fe kSR [ s34,

NS AR 7R MruSBP £ [ I Z5 A RFE, A SEERff | MEME T B X {6 Ef& SBP &
TRAFIFEAT /00 (B 3D, B2 —ILEE B 15 4> Motif fR5FEEF (Motif 01~15) o f6H
i SBP FEARSF R F M Hras B 3 FE SBP st IN TR F IR RLK B /T 15 2%
Motif 01, Motif 02 fiz TFEX H N 3y, JUFLEFTA SBP ZER b 70, HEMIHJy SBP fR+}
ZEFIK. Motif 05. Motif 07. Motif 09 Motif 10, Motif 12 1 Motif 14 & W41 G2 H A )
P BT, SR T S AL, G3. G5 1 67 WA S A IEARTEF M e A
IRFIERC — B0 R I HE PP AT RETE I 2H RS S PETh R RS BRIA AR i 1 3 R 58 FIA B AR
XK



B3 ETE SBP KIEKEAMNMRGZKFRER (A  RFEF (B) MERSEHSHT (O
Fig.3 Phylogenetic relationships (A) , conserved Motifs (B) , and gene structure (C) analysis of the

M. ruthenica SBP family proteins

2.5 EETE SBP £ H Kk H FER R T

W TE MruSBP JE IR 2 18] ) i A= ) DR B 57, ARSIzt 1 FH 4 1 7 ik K] 28 0 12 22 1 73
M) MruSBP 7 55, TRINZE R KW, MruSBP SEIF0E 5 W BREE (B 4) o ixsbgh jiag,
TEEFE ) SBP BERAE H F I — e R o d 5k, ST ZAFE T MruSBP Wik

HiE— R MruSBP R KRN RGK E , LRI E KRS K5
T MRS EAEE T 1 5 AN FVRE (B 5) « fEEE SR SR . AT
PLRE TR ARG 10 R PR R X 8000 908 41, 26, 25, 14 F15 4. BHILAT L, fEE 7 5 KEH
SBP HERERZG R R, HERFEE R NEICHE L, [, EE1E 5K SBP HE K2R
C ST 3 su



B4 BT SBP ERRAEARRAFAERE

Fig.4 Schematic diagram of the syntenic relationships of SBP genes in M. ruthenica
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Fig.5 Synteny analysis of SBP genes between M. ruthenica and five other plant species

2.6 FEETE SBP & F KRIRAAEH oo

ARSRIG XS AL E HE SBP JE PN SR 3R 31717 2000 bp FRaliE T 08 (& 6) , FII28ERA%
SLI¥] TATA A1 CAAT AP HABMIAAE I Teit o ARSein B 4 MR N TTr:, B K
BRWA L TCAE BT BRI TCAF « FRAR FF BRI NI RE RN T, s — 53
EENNE el kb SOk r R 7 B L v SN R LA L vy SN S L Ve BN N
FRICIE SCMARITT . FEFTA MruSBP F KR 31 X I, 506 R NAH R AE et
HER%E . MruSBP09. MruSBPI11. MruSBP134. MruSBPI14 F1 MruSBP15 " & HiL AR M B
Jel, XL N ] REMALISIE T R A BUE SR SAIRER . BLAh, £ MruSBPOS IR BT
DX sl e I 5 SRR SR AL S ) AR OB P A R A e



B 6 1EERE SBP KA R B3I TR ik

Fig.6 Analysis of cis-acting elements in promoters of SBP family members in M. ruthenica

2.7 TRMnE T EERRE S
NHTF R MruSBP JEHFIL/KF B, ARSI T R PR (11
EEMRARIEL TR 0dy 5d. 7d. 9d IS EIRIAT 44, HidEid TBtools-11 # i
AT R WA T MruSBP FERFIE I (B 7D, FEET RIS iRIE A, 7TLLE 2] MruSBP
R KA ML, IFRTmEEE5 TR ENSERE, Kb FRiifemkiif 8 b
(MruSBP03+ MruSBP04 MruSBP06A. MruSBP06B MruSBP0S8. MruSBP13C~ MruSBP13D
I MruSBP15) , T RJGmEFRIEE 94 (MruSBP0IA. MruSBP02. MruSBP07 MruSBP09-

MruSBP104. MruSBP10B. MruSBPI11. MruSBPI12 Fl MruSBP14) .



& 7 MruSBP BRI ELET- R TFRIREIT

Fig.7 Expression analysis of MruSBP genes under continuous drought treatment

2.8 RT-qPCR 43#7

Nk — B IAE MruSBP fEE 5 (1hy 3h + 6h. 12h A1 24h) FRIRIERN, At
Wk 9 M2 TEMEESH MuSBP 3K (MruSBP0OIA. MruSBP02. MruSBPOG6A -
MruSBP06C MruSBP07+ MruSBP12. MruSBP13C« MruSBP134 F1 MruSBP14) i#1T RT-gPCR
UGAE, SR 8 fin. SRR, FHERIFTE MruSBP 3R 75T 5 i 110 1) 52 2R [ 2
RIS . MruSBPOIA+ MruSBP06A . MruSBPO6C+ MruSBP07 . MruSBP12. MruSBP13D Fl
MruSBP14 5 RNA-Seq B4l HIES —3, 11 MruSBP02 1 MruSBP13C Sk RIIERIA &
T B, EEPTEMNE T, MruSBP06A. MruSBPI3D Kl MruSBP14 )3k i
ZFFE (P<0.01) , 45I#E3h. 3h Al 6 h B IA R/ ME. % EFTR, RT-qPCR SEfH K%
£ MruSBP FE R R0 RNA-Seq 734 R —2.

NIRFE MruSBP F:RHIE ST RIEE KR, ALkt bk 9 M2 +FEhiailsn

MruSBP 3: K, WAFRWE HHEEE (50 mmol/L. 100 mmol/L. 200 mmol/L+ 300 mmol/L. 400



mmol/L) 5 5 I S2s6 A1 R #E4T RT-qPCR BiE, 450K 9 . S8R BN, fEARFRKE
HEmEE T, MruSBP06A. MruSBPI13D R MruSBPI14 FikE B EHIL (P<0.01) , X5

ANEIS A S E SRR (&1 8) —3, HARIER BRI — @R R i

B 8 TEETE SBP RN TFEA [ i 1A T 52 T iR IEAE A

Fig.8 Analysis of the expression patterns of M. ruthenica SBP genes under drought stress at different time

points
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The data represent the mean values of three biological replicates. ‘*’ indicate significant differences between the

current data and the control (CK) : P<0.05 (*) is considered very significant. and P<0.01 (**) is considered extremely

significant; similarly for the following tables.
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Fig. 9 Analysis of the expression patterns of M. ruthenica SBP genes under mannitol treatment at different

concentrations
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