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Abstract: The MYB (V-myb Avian myeloblastosis viral Oncogene Homolog) gene family represents one of
the most extensive groups of transcription factors in plants, playing a crucial role in various processes including
plant growth, development, and stress responses. This study utilized Medicago sativa ‘ Pianguan’ to investi-
gate the characteristics of the MsMYB44 gene through methodologies such as gene cloning, bioinformatics
analysis, subcellular localization, and expression pattern analysis. The findings revealed that the MsMYB44
gene of Medicago sativa ‘Pianguan’ comprised 966 base pairs and encoded a total of 321 amino acids. The
MsMYB44 protein exhibited a high degree of homology to the MtMYB44 protein in Medicago truncatula and
was localized within the nucleus. The expression of the MsMYB44 gene was observed in various tissues of
Medicago sativa ‘Pianguan’ across different developmental stages, indicating tissue-specific expression pat-
terns. The MsMYB44 gene was responsive to drought, salt stress, and abscisic acid (ABA) treatment. Under
drought conditions, the relative expression level of MsMYB44 initially increased, subsequently decreased, and
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then increased again, peaking at 12 hours. In response to salt stress, the relative expression level of MsM Y B44
gradually increased after 48 hours, reaching its maximum at 72 hours. Following ABA treatment, the relative
expression level of MsMYB44 peaked at 12 hours and then progressively declined. These findings would pro-
vide a theoretical framework for elucidating the role of the MsM YB44 gene of Medicago sativa in mediating the

abiotic stress response.

Key words: MsMYB44; Medicago sativa ‘ Pianguan’ ; Cloning identification; Subcellular localization; Expres-

sion pattern; Abiotic stress
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acid, ABAD YU E R 2 5 30 45 B 1 8 & 1AL
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Table 1 Amplification primer and sequence

5|4 Primer name

J#%1 Sequence (5'—3")

MYB44-F
MYB44-R
M13-F
M13-R
MYB44-eGFP-F
MYB44-eGFP-R
eGFP-F
eGFP-R
RT-Actin-F
RT-Actin-R
RT-MYB44-F
RT-MYB44-R

ATGGATCGGATCAAAGGTCCAT

TTACGAATCGATTCTGCTAATTCC

GTTGTAAAACGACGGCCAG
CAGGAAACAGCTATGAC

AATTACTATTTACAATTACGGATCATGGATCGGATCAAAGGTCCAT
CAGCTCCTCGCCCTTGCTCACCATCGAATCGATTCTGCTAATTCC

CTCAAGCAATCAAGCATTCTAC
TGTAACTCCTCACCTCTG

CAAAAGATGGCAGATGCTGAGGAT
CATGACACCAGTATGACGAGGTCG

GTTAGTGCTGGTGCTGCTATTCC
TACGCTGGACTCGCTCACATC

1.2.2 MsMYB44 & B 2% eI A B KB R
f Al % B AE AELAR I R, SR FH G AR R VE AR W R
A BR A B RNA $2 B 7] £ 2 0t 5 RNA B 3
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7 W) 2 Byt R R T R UK RS T 6 S AT Ak IR
B aifk P2 W) 5 e B AR pTOPOO001 i 2 IR H &
A DHSa JEAZ 54 i b, 52 95 1 h J5 WA R R A T
50 mg-L TE KT AR M LB B AR R -, 37°C
{5 B K % 12~16 h, Ui & B M 5 58 BE T, B i PCR
YT Je ik A T AR WA BR A WA

1.2.3 MsMYB44 X B A 12 & F 54 FlH
NCBI H' BLAST %} MsMYB44 )% 12§ 51 K 2 it
S TR HEAT X Ay BT, B A AE 2R A b A
SMART, ExPASy, SignalP, SOPMA , SwissModel,
PSORT %5 % MsM Y B44 24 3 fig 41 % & B A6 P i
AR I e VAR ST S R By

1.2.4 T4 Kk #HmE DKW ERN
pTOPOO001-MsMYB44 Jp 5z , K 1 51 %) MYB44-
eGFP-F/R#EATY 38 B 75 45 B K /N1 254 U0 i
4l 18] 0 I 3% 42 PEG100 2 /& (pEarleyGate100 &

ARFF B ATC R IR HAK , T 44 8 MsM Y B44 W7 48 il
SEA AR o B FE AL RS R Z S A1 DHSa, Pk
TR BH P B 5 B T 0 AT B AR A T R i IO KL
PEG100-MsMYB44-eGFP, & T —20°C, 4 .
1.2.5 MsMYB44 & & T 28 i & 42 F] JH 7% fil
4 T 20 ki PEG100-MsM YB44-eGFP 5 AR AT #i
A7 25 4 L GV 3101 Hr 4T 55 3%, OD600 K 0. 6~
0. 8 B FH v S 48 0 TR R 9 31 1 A 8 i AR R e R
F R ARG 3R 48 hy B A I LB F 7R
eI R AR BB T AR R eGFP 2815 5 19 4
A B e B R I e

1.2.6 MsMYB44 & ik 6 40 2245 F ML B AE & 4 i ia
R AT K DR AE A R W) AR S B IR RNA
I [ 5 5 cDNA, PL cDNA b #5 My , 2 16 1 75
Action 2K NS, FIH 2T g B E AR AEEY)
Joh 3 Ab FE TR MsM Y B44 5& DR 9 A8 6 35 36 &

1.2.7 42 FARHH] Excel fil SPSS ¥ i#
TRy 2250 M, AL B ) A 25 520 el 0. 057K F
) Duncan 43 8t J7 3% ¥, & J5 # H Origin # 1
fER .
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DL G B 45 cDNA K MR #E 4T PCR Y85, 97
2k A0 E 1 RT s, 1000 bp 26 47 A 4 S vk 4
M, B A RN S MsMYB44 35 R B S1 — 2, 6
Gl FEAT DI o W 25 B 1R 2 TR v A
Y W 5C T MsMYB44 3£ K 4 966 bp, H.
5 B A B9 MM Y B44 3 1R 5 BE AR L, 26 0 ¢ D
¥ H o MsM Y B44 5 7 52 B 3

M 1 2

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

1 ‘453 E7E MsMYB44 {1 PCR ik

PCR clectrophoresis image of M. sativa‘Pianguan’
MYB44

7 :M k2000 DNA Marker; 1,28 MsMYB44 3£ [H

Note: M stands for the 2000 DNA Marker; 1 and 2 represent the

MsMYB44 gene

Fig. 1

GCCGAACT
G R T

1 A ACTATARTCAGAGCCCATGCTCGATT ACAATAGCCAGGCTT
6 TPEEDDTTITIRAHRARTEGNETUWATTIARTLTLS

271 GATRAC GRATCATTGGAACTCTACTTT( GTAAGIGTTCTTCTATTATGATTGATGATTCTGAATCTCCACCGTIGARR
91 DNAIKNEHUWNSTLEKRETCSSIMIDDSESTE EEP?LE

541 GTAGAAACGACGTCGTCTTCCARATCTTCGARATCGAACGATCCTCCAACTTCGTTATCACTCTCACTTCCCGGTGTIGGTGTTGGTGTT
181 VETTSSSKSSESNDEPRERETSLSLSLEPGVYGYVGV

631 GATTCTTCTTCT!
21 DSSsSsEDSNRYVTETPEYVNTTVEEEPR®PP?EPEPEEPRSATIEP

2 CDSHFIIREEHFT

Fig.2 CDS sequence and amino acid sequence

2.2 MsMYB44EBRMEWMEBRFEDH
S H AE MsM Y B44 35 T R 32 HE K 966
bp, 3 4 15 321 A4~ & 3k W, H A g A 25 5
PLNO03091 super family (] 3a) . &5 A 45 #4) 38 i 0 43
B, g5 & B R G B fE MsMYB44 8 A& 24
SANT Z5#) 38, , 43 BIAL T4 4~53 F4HE 56~104 17 %,
LR, HEI < R OC T H 5 MsMYB44 J& T R2R3-MYB
B SR T B (IR 3b) o 2R 1A R R AL 2 M
e H fE MsMYB44 & A 2 TN

CraooHoss6NussOur0S s, 4 F 5 4 34. 69 kDa, 7l 71 i, faf
1) 82 3 1R 5% AT 30 1, i 1 HEL i 19 2 ik iR ik SE A 34
A EIS S SR 8. 90, AR E FE B 61. 32, K W
MsMYB44  F A KEE o 75 IR 45 3R 578
A AT IR G E i MsMYB44 8 11 19 — 4%
S5k O 45 R ORI E B 2 I EE i BEL G
o= WER 8 T AEE {1 i 2 5 H b 219 > 2 R Ak Ak Ak
TR G MRS, HEA TR A EREEN
68.22% , a- W2 JiE 5 LN 29.28% , 4E 1 BE 5t N
2.49% ,JC B-H A (I 3¢) . MsMYB44 & [ ) = %%
55 K6 F B E IR G 2Ae G AT DA G R AR Sy e
SEHEF I IRe, 45 A WA S 2 F X R 3dD .
T SRR B K T 45 R R, MsM Y B44 2 1
34 SR KA Ry — 0. 338, #E Sy SR oK P R CE
3e) . R E AE MYB44 93 4% MIMY B44
(XP_003611666.2) | £ = Mt (Trifolium pratense)
TpMYB44(XP_045812247. 1) JE W &G (Cicer arieti-
num) CaM YB44(XP_004511885. 1) \ B} %i & ( Vicia
sepium) VsMYB44 (XP_058778017.1) . Ml & T
CAbrus precatorius) ApMYB44(XP _027359981. 1) |
B K & (Glycine soja) GsMYB44 (XP_02824405
6. 1> . 91 & (Vigna unguiculata) VuMYB44 (XP _
027914136. 1) \#l ¥ I+ AtMYB44(AED98326. 1) |
K F& (Oryza sativa) OsMYB44 (XP_015612590. 1)
FHEYHMYBA E P HATRS UUR R R R E
Oy HEL ARG A MsMYB44 B 1 53 15
MIMY B44 £ [ &5 B [/ 98 CE 31-3g) , BB “ i ¢ " &
fii MsMYB44 8 1 5 522 B 75 MM YB44 35 1 2K %

2.3 THRMEMEBARMAHEE

Pl PEG100-MsMYB44-eGFP # #H i ki by #
B, 514 e GFP-F /R X & 41 5 i k47 PCR 3§ 3
Y DL R Ty S e . AR A 4, 1R A3 1 PCR
FEWT RN B R SRR T 51 K/ (966 bp) — 3,
HW 25 H A5 & W0, 3% 00 40 i A FE 2 kL
PEG100-MsMYB44-eGFP # #t i 3 .

2.4 MsMYB44 ZE B 1T 40 i 7E i

W5 25 # AR A PEG100-MsM YB44-eGFP & 40 5
B4 B AR AT B G V3101 8652 25 4 A 5 v 55 3143
F O S AR T B L R I A AR ) R
LR AN, &5 R 8RS PEG100-MsM YB44-



1M 2R R A < R O T A MsM Y B44 3% R 5 B ST 200 ik 2 A7 B 3835 43 #p
(@) Queryseq. 125 S0 75 100 125 150 175 200 225 250 275 300 321
Superfanilies PLN03001
(b)
| S - ea.-SA
0 100 200 300
(©) ‘ ‘
| FIN |1 I
I III [l ‘ Hl H | ’HH !IH‘ AT v A A T
| I
50 100 150 200 250 300
(e) ®
MMYB44
ProtScale output for user sequence Wir
20 Hydropath./Kyte qulitt]e 36 MsMYB44
15k lf ¥ M ‘ —— TpMYB44
1ok [ M ‘[ H 14 a«‘H ; 100 CaMYB44
! Ll A Lf { 52
05F |1‘ \[ i H r‘ \» f ‘ ‘ - o VYMYB44
| ‘ i \
g 0 | ;J” A ‘d “T “ ‘{ 1 :l’\“ H! M ApMYB44
3 I (v
;\‘%-0-5- F '}'W }’ f ”k‘ [ -hr i1 “H HI'.U’ 65 GsMYB44
L0 1] (L 'V
R-10f " '[;I'J‘.|l'|Ju“]' ‘ { ‘ ?,‘ L fi 1‘ ‘ "‘f ! ' 74 VuMYB44
\ ! I L[
— RS, | U o | S 1 - - L | H -
1.5 “}J ! t ﬁf l‘ i ' AMYB44
-20F) ' ‘ [ ' OsMYB44
25 1 1 1 1 1
0 50 100 150 200 250 300 —
{3 F Position 0.05
(€] ‘o
MOMYBA MN . TVINRR
AtMYB44 .. ... ...... DRIKGPWSPEED Y
m“ . MN TPITRKEMSSS 4e) 3 ) EED FGNKWATIA
CaMYB44 . MN TTITRKI AFGNKWAT IA|
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HHaw
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Fig. 3 Bioinformatics analysis of M. satziva‘ Pianguan’ MsM Y B44 gene
T (a) B LR AR SF 7 810 2047 5 (b) 26 R4 i 8 11 DR S S5 R k5 (o) 81 R M B0 5 (d) 3 11 = s M TN 5 Ce) 11 538 /K Ak B0
(1) MsMYB44 R K F 43175 (g) MsMY B44 2 1 )5 51 L xt
Note: (a) The amino acid conservative sequence analysis; (b) Gene coding protein conserved domain; (¢) Prediction of protein secondary struc-
ture; (d) Prediction of protein tertiary structure; (e) Prediction of protein hydrophilicity; (f) Phylogenetic analysis of MsMYB44; (g) Sequence
alignment of MsMYB44 protein
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B4 EAHMAEERPCR
Fig.4 Bacterial culture PCR of recombinant vector
T : M 2 2000 DNA Marker; 1 54y 3V 41 il 5 i 7 41 KL% 7 25 58 2 02
P 1 MYB44 R B g 3L, Ry B X iR
Note: M stands for the 2000 DNA Marker; 1 the results of identifica-
tion of recombinant plasmid primers for subcellular localization; 2 is the

result of amplifying the M YB44 fragment, which is a positive control

eGFP Jo kL i) A 5 HO7E 40 A% N 8o g 658 0, %
B MsM Y B44 85 22 0 T 40 i 2 9 (R S)

2.5 MsMYB44EBRRIEERX 5

S 5O E B PCR &5 R Wow , I 567 B 7 Ak
T 6] A= 5 I3 i MsM Y B44 3 PR AE R[] 38 67 1
i FIk L H R EA T 25 (E 6a-60 . fF 40 H
W, MsMYB44 3R TE M Rk i i fE2E
Tk AR, #HAGEIME , MsMYB44 5 M & 3%

P Marker 3@ 3111

GFP Marker

35S: MYB44: GFP

BT REZR AR MYB44F 40 2k
35S: GFP

WL PRI I
Chloroplast

ik WA 23 R A AR AR, R A R R 0 AE R R A
IR R, 78 O A R A AR Rk R RS R
R W AE A h R E R IR
MsMYB44 5 K7 A6 m Rk fEE mp R R 5
ZIE HEAGE WA, MsMYB44 3 [N 2 254k 5 &
M Rk . N AT LUE H MsMYB44 55 K )\ &)
W RIS R RIE, HRBEA
Btk . MR AT MsMYB44 32 Rl fg LA 1
i fg , AW 5K M T AE A [ FE AR Y Wy an Ak 3R
MsMYB44 Je R AT Rk i, R BN, TR
bR ABA Ab B Y BB 5 MsM YB44 3 33k, I
e o B 306 R 45 0k A . T R BN, MsM Y B44
FEHE WA X R GRS B E MR T
BOHPI2hWRBEERES T 72hREREP
<<0.05) (& 7a) o #8643 0~24 h, MsMYB44
B Y A Gk = W B A Ak (HFE 24~72 h &
KRB LT (R Th) . ABAKET,
MsMYB44 3R A X Rk 2 8% AR TR
S, 12 h i RIXER &S HRFS T 0 hP<
0.05) , 1M Ji K 45 Ak 3415} (8] (1) ZE K MsM Y B44 55 [
MM X FRIR T E2 I T REBERE 70, D EgERE
W] MsMYB44 J K 7] 68 2 5 45 i OC & 45 X T+
52 3h CABA b BE A IR B

Wi AN

El5 MsMYB44 % B I 4 i 7E i
Fig.5 Subcellular localization of MsMYB44 protein

3 it

3.1 MYBMEFREFHENLMER

MY B #% 5% A G 2 i3 JE AR ST 1 DNA 45 &
F1, &4 MYDB 45 #4358, A8 0% T2 Bl 82 - 7% /- 18 i
(Helix-turn-helix, HTH) &5 #4 , M 107 7 #f 45 & 40 5
A2 Grune 2 &R LMY B 45 #9318 5 SANT 4544 K

FRY, A MLIIEE™ . AT W2 B3 ok
D v B MsM Y B44 5L B 47 DR ¥ 25 14 3553 A 4 30
MsMYB44 48 H 19 N i & A 29> SANT Z5 k950, A
HTH # &, 5 15§ I+ AIMYB44™" i 7 (Solanum
melongena) SmM Y B44™" [l MM GAM Y B44-" %5 %%
sf PR 7 5 BT B g A ) R I BT S M AL, B e T
R2R3-MYB £ # W 7 . & 1 it — & B o
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