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Characterization and Functional Analysis of SiMYB44 Transcription Factor in
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Abstract: The SiMYB44 gene of MYB family in foxtail millet, which responds to various abiotic stresses, was se-
lected through transcriptome sequencing screening in the early stage. Bioinformatics prediction, subcellular localiza-
tion, yeast transcriptional activation activity analysis, and downsiream element binding experiments were employed
to investigate the basic characteristics of this gene. The bioinformatics prediction results indicated that SIMYB44 en-
codes a protein consisting of 388 amino acids, with a molecular weight of 41.43 kDa and an isoelectric point pl of
4.96. Phylogenetic analysis showed that SIMYB44 was relatively close to OsMYB44, but SIMYB44 was less identi-
cal to homologs other than proteins, which suggested that SIMYB44 markedly differs from other members. Subcellu-
lar localization experiments confirmed that the SIMYB44 protein is expressed in the nucleus. The full-length gene
has transcriptional activation activity and can specifically bind to cis—acting elements containing MBS and AC core
sequences in the promoters of genes, suggesting that SiMYB44 regulates the transcription of certain genes by recog-
nizing these sequences. These results can provide important genetic resources and lay a theoretical foundation for
transgenic breeding of foxtail millet.

Key words: Foxtail millet; Transcription factor; Subcellular localization; Transcriptional activation

Bl P (2- S —4- L H e -6- T N A 3 -1.3,
5— =W ) 2 — A IR FE R A RO O Bt A R
2 T ) R AR O B R IR A B RS R
R, 8z N H T oK /N2 s 5 ) i e
e B FR AR A B RG0SR, B AR R
B A IAE RS 5 B K8 231 d, 3 rh BT R

Y75 B H : 2025-04-08

EE&TE : BIRILA R Q5 H (5202310223039)

e B - 32 MG (2003-) , B3, FE SR AR, M54 1 o 95 U 41
HIAFFT .

BEIESE NI TS, E-mail: sunlifang2013@126.com

BT 5 R SRR, A, 2
AE 0 FH B AR T R S BOHAE B R L X
AAL 2100 FH AL b 2 6 NS s W R K AR A
Yy fa Y, B R, B R R Y B v S e
WO EE AR e 22—,

ITAE R, T XU W) 1 75 5K B AE 16, R
At b X 22 AF B R T K A9 DX T 46 o B 5 A LA,
HURAEY) , Hodh 23 ¥ (Setaria italica L.)VE h—Fh il
ZARNEYY , S & 8 B AL IR D w2
FPAES o BRI, 4% 08 Bl o7 B B, L [R) 5
BN TR, K 3% 22 M A 5 2 4 8 v B A 7 Tt



34 I TGS AT SR T SiMYBA4 W FE R4S Ar e D e 44 35

REFRE " HE WA TR EREIEED T
T o PRI, 8 7 0 B R L R 00 ) 4 o R
I NEE,

MY B VE S ##y vh o3 A e ) i — 2R B s R 1
FEHE A A5 DNA 2545 45 #4 38 (DNA-binding do-
main , DBDs )", 1% 25 14 ful £ H: B8 55 S P i 5 T i
FE PR R Bl 7 DX pg AR e R 255, AT i
5 B R 3R KK 2 AR ) A K R E S B ik 3a
N2 . WEFE R, MYB 2 577 CBF £ ik 5 A
F (inducer of CBF expression, ICE ) Fl ¥ # 77 3
(cold regulated gene, COR ) = & J& 1l O AIK I 0 255 1%
e rp CBF B S PR 1~ 1 26 35 7K 7, AT 52 1 A8 49y Tirf
BT AR E T, W3R - (Malus baccata ) Mb-
MYB4 .MbMYB108 Fl MbMYBC1 W] L) i# 7% CBF ¥ iy
30 3 %5 38 AR AR G EE L RD29a . COR15a 1 CBF 45 1y
B s, B v DL A AR TS P I 2R =, DA T 3
SR ) T FE RSO, MYB B2 5 — &R 53U
36 W 57 R R, DAY v TR O AR Y 45 R
Kz A1 fit ( Dendrobium catenatum ) %8 % Mk ( Lirioden-
dron chinense ) f1 2 ¥k 32 ( Pearl millet ) 25 #8 ¥ T 4y
A VE 22 MYB 585 80 B3 A W 7 e i ol 360 P 30 o
R AR ROS 45 J7 23 s A P %o o T A9 i 32 PR
e 538 A0 W38 SR, MY B % s R TEAH
AT BE PR A e 3% 8 4 v k4 T AR T L AR AU
It gk 3k R OK ZmMYB3R K R A Gk 25 R iR b vk
AP BE 1, E 138 X ABA W30 /i 52 AR 0 AR
i T, LR IF AMYB49 35 H i i 1 PODs
SODs Fll LEAs % %45 [ 9 235, s it - Ca™ R R,
WD SRR, O R e R M, DT 4 v T P
SRM, LA A58 o 4 i MY B 5 7% 35 DX A6 A 4
A& BT AR A BN PR o

PRI, A BF 92 L i 9 B AR i e Jolp 38 4% 7 i
0 9 8 FR AT Y B 22 Fh AR A2 W B 38 1 A T
MYB 5 J (K] o #F 55 % 42, R AR A5 B 2% T
DIV 200 JH 7 A7 I R 2 S0 T PR 23 BT AT DNA
S56 TU S R TR I R I S ARV, LU
A5 5470 B A A e D i i A R e R
JF 295 Hie HL il
1 MHE &

1.1 ke

ARWEFE T A A B I 8 T 825,
JAT N\ — R B 45 T 7 A A AR AL
1.2 £MEREWMNS T

i 5 NCBI 3 J2 X 4% 1 SiMYB44 H [ £ 17

Blast J7 81 46 %% , 3 0% 56 P 19 421 R I & 11T 37
SCAF 5 ) ] Expasy—ProtParam £ 2% T 2 73 #r 4% ¥
SiMYB44 & [ Jiz 19 2 Ak % BT, 38 i Cell-PLoc 2.0
TE 2 T H 00 AR 1 € A7 5 FJH DNAMAN 4K {7 i
eSS . A=
13 BTFYHEFRRREEERESH

BT ANE2S MK E =0 — D WIn, RE
MR 25 M REAS 20 U A R S DR A T80 CCH Ik
VLUK T 40 BT SiMYB44 1R 1) 20 2045 S Pk 32
R EIRE N I RAEY ¥ ER R 3RESR .
RNA $2 HUF1 cDNA & B S [ A] ST 48 1 52 56
e, Al H Takara 2y 7 SYBR Green 11 qPCR Master
Mix 32 7] & 3 A7 52 B 22 % %2 i PCR A, 52 5% ik
FEAR A X0 TR AR 0 7 2k 51t db o RV E Y
Ao
1.4 THMEENMFIE

i o (7 Y 2 A PR ) DT (Sacl A1 Xbal ) K
B/ 20k %S T 1Y SiMYB44 4> K CDS #fi A
PANS580-GFP #44 , #% k. K % #T 7 18 Mk DHS o Si-
MYB44 (/) 353K H CaMV 35S J3 2 T 3K 3 o 4% 58 3iF
i 3 T 2H B PAN580-ZmSBP17-GFP F1 PAN580-
GFP (X BE ) 28 R 5% 1k 3] K J5 A 5 4 40 g p,
B S TR 12~16 h, 2R )5 F JH Leica SP8
i G e REEL Y M TR & R~ (E] 8
1.5 BRHEEFESWAE

ST 5 AT SIMYB44 85 1119 % Sk TG X B, LA
pMD18-T-SiMY B44 5 KL A 15 i , AR 418 % TR 57 45 14
BT, BT S8, P88 SiMYB44 35 4 K
FAS TR % Bt , I 4 A 3 pGBKT7 2% 4 (1) 41 N7 fifg D)
P A5 o P A I A B 4 R AR S pGBKTT 25 4k
43 90 i Ak B % B B Bk Y2H Gold W, 7£ 30 'CF T
SD/=Trp gl SD/=Trp/-His B R 3~5d a0
W IE LRGN
1.6 DNAZLETHSH

Pl pMD18-T-SiMYB44 i ki Jy 15 Az , § 14 Si-
MYB44 3£ R 4K I35 A 3] pCADT 24k . ¥ B & 4
K ) MBS Fil AC I =X JT 4 K H 58 78 7 1) 4 A
pHIS2 Z A 1| FH F 3554k Y2HGold 41 il . H4 4k
1A7E 30 °C SD/~Trp Ml SD/-Trp/-His/-Ade 55 37 3 |-
B g% 3~5 dJa MBS TR 4 A s
1.7 HESWRSIMER

AR 55 ) ] Excel 2016 % B4 |, 5% J1] Prism
8.0 5 WL 7 22 /3 W AAE I8 o A58 BT 4 51 ) )5 471
FRWEL,



36 P/ | A A S e 504

®1 5l9F

IE R

Table 1 The sequences of primers

& e JF31(5'-3")
Usage Name Sequence
FERT Y SiMYB44-F ATGATGCACGCCTCGCC
SiMYB44-R GACTTAACAGCCAAACGGCCTC
WZ514) Actin—F CCAGTGGACGCACAACAGGTA
Actin—R GGCAGTGGTGGTGAAGGAGTA
NI A PAN-580-SiMYB44-F CCGACTAGTATGCACGCCTCGCCCA

PAN-580-SiMYB44-R
T SR JDF
N-163 R
N-265 R
C-163 F
C-265F
JDR
DNA JT&5 G AD-MYB44 F

AD-MYB44 R

CGCGCTAGCACAGCCAAACGGCCTC
CCGCATATGATGCACGCCTCGCC
CGCGTCGACCTCCACCGCCACCAC
CGCGTCGACAAGGGCCCCTGGAGCC
CCGCATATGGAGCTTCCGCTTGAGCG
CCGCATATGTTATCCTGTCGCACTCCGAC
CGCGTCGACTTAACAGCCAAACGGCCTC
CCGGAATTCATGCACGCCTCGCC

CGCCCCGGGTTAACAGCCAAACGGCCTCG

2 ZR55

21 £WMEBRESW
S N AN TS E AL S ER LS I E
PEAT 8% S A1 qRT-PCR 323K 4381, A 43 55
HH AT R 28 300 8 30 B9 MYB KL [H . 2% Blast
L W 5 8 H A 4l SiMYB44 55 R (S P 4H 1D Ky
SeitalG057400 PR HE 1160 bp , 4i i 388 4~
B RS NN 4.96, 47 T R 41.43

kDa, AEE R B 4772 FAREEAWRED ,
TE Y A% e ek (K 2) o SIMYB44 [R5 4 (1)
FAIEMITH XM R G KT a1 RrR .
DNAMAN £ J37 4] L X} 7, SiMYB44 55 H: At ) F
) MYB % & H B A AR S5 580 RE KT
Hr 2 W, SIMYB44 5 SiMYB77 Fil OsMYB44 H ¥ 41|
AR 43 591 hg 40% F1 25% , 5 HAth oy Fob ) Y826 14
(1 7 31 22 S A K, W SIMYB44 5 HAth /g 51 B
ATl

FR2 BFSIMYB44 E A K E A 45 1% & 40 AR ZE fir 7

Table 2 The physicochemical properties and subcellular location of SiIMYB44 protein in foxtail millet

FEA D HmAAR  FEFEKEDp  EAKEE 43 FHE/kDa AR HL AEEE R R 7 240 5 i
Length of pro- Molecular Index of stabil-  Subcellular lo-
Gene 1D Protein name Length of gene Isoelectric point
tein weight ity cation
Seita.1G057400  SiMYB44 1160 388 4143 4.96 47.72 K)ot
22 HLAHRUEREDNT B R AR

KA SiMYB44 35 4 20 2 3R 4 5 1k, AR
XA T SIMYB44 FERAEAR (25 I rp Rk | b7
ST ZER A 2 fis , SiMYB44 S RFER T A

R R IA B W S TR 2SR SiMYB44 R X
TN e S Gk M ] REE R TR A F

2.3 TWHRMEL D

WE 3 PR a5t W i g% & 3, R FF
B A 3 119 K AR T A0 AR DAPT Y S B i 4
JELAZ 1) 6 R 2R vy, 485 7 28 AR I X R 2 (5.7
HfE T B2, ) 2 A T A . 40
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A GmMYB73 MACI CRSFLMNVSAVSTEKSSCQVSCVEFSEAEEI LT AMVYNLY RVUSLIBCRI PCGRTAEEI EKYNTSRF i od s

ScMYB3 RCI PGRSCKSCRERVCNGESPCVERRPFTPEELCAAI LAAHARL{EN RVAAIRRLLPCRTENAVENHVNSSLERKLAT r" - AtMYB42
SIMYB77 RCI PGRSGKSCRERVCNCL SPCVERRPFTPEECAAI LAAHAR RVAAIBRLLPGRTENAVENHYNSSLKRKLST —= AtMYB92
ZmMYBI153 RSI PGRSCKSCRLRVCNCLSPCVEHRPFTAEELLCTI LRAHA \ KVATIRRLESCGRTENAI KNHVNSTLERKYYA ”; AtMYB98
SIMYBS2 FAGLSRTGKSCRLRV\NYLRPCVKRCPFTTEEVEI VI KTYCEL{EN SSAIRAKLPGRTENEVENFFH. THLKKHLG | ABAVEIY
OsMYB44 KSVPCRSCKSCRERVCNCLSPCVEHRAFTPEELETI I RAHAKF[EN KVATIRRLLESCRTENAI KNHVNSTLERKCPS % ABAVHEY
AtMYB92 LAGLNRCGKSCRERVTNYLERPLCI KRCRESPCEECTI LNLHSV \ KVSTIENCLPCGRTENEI KNFYNTHLRKKLI Q
HvMYB2 AACLLRCGKSCRLRVANYLRPCLKRCNFTCCECELI I RLHSLL[EN KVSLIBRGCLPCRTENEI KNYVNTHI KRKLLS s6 [ AtMYBOS
ADMYBO4 CLGLRRCSKSCRLRVTNYLRPCI KRCNFTEHEEKM LHLCALL[EN . . RVAAIRS VLPERTENCI KN YNTHLKKKLKK 1 o[~ AMYBSS
ANMMYB42 LACLRRCCKSCRERVTNYLRPCLKRCLESCAEECLVI CLHALL{EN RVSKIBARLPGRTENEI KNHVNTHI KKKLLK L amyB15
ADMYB9S HTGLRRCSKSCRLRVTNYLRPCI KRCNFTEHEEKTI VHLGALL{EN. . . RVAAIR'S YLPERTENCI KN YWNTHLEKKLKK ScMvB3
ZmMYB167  LAGLLRCGKSCRLRVTNYLRPCLKRCLLSTAEECLVI CLHAKL{EN. . = RVSCIBAKLPGRTENEI KNHVNTHI KKKLI K RS o
AtMYBI15 MNYEKPCI KRCNFTKEEECAI I SLHCI \ RVSAIRAKLPGRTENEI KNVVHTHLKKRLED i 1
ADMYB37 KAGLRRCCKSCRERVLNYLRP NI KHCCESEEECRI I FSLFAAIeS . . . RUSIIEAHLPGRTENCI KNYUNTKLRKKLLS [ Simyeas
AtMYB46 NACLCRCCKSCRERVI NYLRPCLKRCAFSPCEELLI I RFHSI L{EN RVSCIRARLPGRTENEI KNFYNSTI KKRLKK i OsmYB44
AtMYBS8 MSCCCLKVLILTI AFL F RVSKIRSKLPCGRTENEI KNVVHTHLEKKRLS S | ZmMYB153
ADMYB63 NECLLRCCKSCRERVI NYERBLLKRCNFTSEEEETI I KLHENY[EN SKIE'SCLPGRTENEI KNVWHTHLRKRLAQ | L — emmyers
SIMYB44 CCGERECESSVKMLRAL SWWNBCLCAWS SPGSERESEVSCGSS SRI{€CCCCCRCRASHAVNAS NPPARGTGRNTCAPPPEPVL oo SIMVBES

AtMYB46

T (A)SIMYB44 55 HAb R I 4R 11 (% 22 T LE 3 5 (B) SiIMYB44 55 A 7 9y [F] V5 28 11 38 42 & 1 4
Notes: (A ) Multiple alignments of SiMYB44 with homologous proteins.(B)Phylogenetic relationships of SiMYB44 with orthologs in other
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Fig. 2 Tissue specific expression analysis of SiMYB44 in
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. 1 Multiple alignments and phylogenetic relationships of SiMYB44 with orthologs in other plants.
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PLRFAE 5 0 MYB 28 % 5% PR 7 1y 1L 78 7 A A 5K
HH—3K
2.4 SIMYB4M4 B RHEFEMES M

R HRGE SIMYB44 J& 15 H A 5 s P0G 06 1k, 1%
HBE P 4 KA A B pGBKT7 244K i GAL4 (GALA-
BD) 25 & 45t 88 . % B 4 44K pGBKT7-SiMYB44
F 25 B AR pGBKTT 43 50l % Ak W Bk Y2H 4i Jl J5 &
P, W #F 0T DL TE SD/=Trp & £k 15 35 56 A2 0%
IE A AR K/ T T, 28 BTGRP 0 0R 2 © i o)

Marged

H GFP S (98645 11 s DAPL D 47, 6= T Ik AL -2 S 03| e (4 P43 s Bright 9 137 €113 s Marged S5 W14 11 GFP 145
Note: GFP, green fluorescence protein images; DAPI, 4’, 6—diamidino—2—phenylindole (DAPI) stained images; Bright, brightfield images; Merged,

merged brightfield and GFP images.
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Fig. 3 Subcellular location of SiMYB44 in the maize cells
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Kigedt b, A & A #4184k pGBKT7-SiMYB44
1 Y2H 40 i BE % 1F 5 A= 1, 32 B SIMYB44 fig 0% 14

I His 4 75 5 PR B0 2 205 DA THT {0l 19 B 240 i 7 e = 28
FR A FR kB A, B SIMY B44 76 7 B o B A
e SRE R PE(1F 4) o
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SaII m _

Ndel

1 163 265
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1 163
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1
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m
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163 388
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T B AR B B R T 7 (6 5 pBD A B P % R
Note: Numbers indicate amino acid positions; Transformants carrying the empty pGBKT7 plasmid (pBD) were used as a negative control.

4 SIMYB44 ZEBEKMIMARE R BROFERHFFESNT
Fig. 4 Analysis of the transcriptional activation capacity of the full-length or partially deleted SiMYB44 in yeast.

T T S48 47 SR, MY B B 5 5 5 #6) 3 A7
TE T SIMYB44 2E 110 163~265 MR B K. N
1y E SIMYB44 1 1) 3 SR J0E 25 10 3, B 4 A ik
J By 4% A pGBKTT7 # 4k I 55 4k Y2H 40 it . T
BHRACRY AT 7R R 756 ARG b A K, S5 #5 A1 N-
265 .C-163 F1 C-265 F B Y EE AN A [R] , #5417 Si-
MYB44 N-163 J B 1) I B A i 7F ki 5 15 R Ot

(SD/-Trp-His) B4, S5 2RFEH, C-163 Fy Bov 1
5 SIMY B44 (1) 5% s i e ) A HEAE .
2.5 SIMYB44 % & 1) DNA TTH#

W& 5 fir s, ¥ SiMYB44 £ [H 58 3] pGADT7
o, [FEPRE MYB 285 58 300 19 DNA .0
J¥ 51 MBS F1 AC K2 FCAH N 9 5€ 48 I8 44 (mbs F11 ac)
A 4 WG 43 9 50 B B pHIS2 2% 4k H , L5 b

A MBS box -AATTCTAACTGTAACTGTAACTGA-
mbs box -AATTCTACTTGTACTTGTACTTGA-
AC rich -AATTCACCAACTACCAACTACCAACTA-
ac rich -AATTCACCAGATACCAGATACCAGATA-
B SD/T/L SD/-T-L-H+30mM-AT
100 107 10% 104 105 100 107 10° 104 10°

pGADT7-MYB44/pHis2-p53 (MRS Ik
pGADT7-MY Bd4/pHis2 m e [ | L sl
pGADT7-MYB44/pHis2-MBS box m _
pGADT7-MYB44/pHis2-mbs box m BE =y
PGADT7-MYB44/pHis2-AC rich [ I o & o v o
pGADT7-MYB44/pHis2-ac rich m _

TE A MBS #1 AC %0 7 51 I ZE 45 7 81 5 B O SIMYB44 5 DNA JT 4 45 £ 1) 198 B 9 2% 22 5 55 5 pS3His2/pGADT7-pS3 Sy BH 1 %) 7 5
pHis2/pGADT7-ZmSBP17 Hy B L% i
Notes: A, Sequences of the WT and mutated MBS and AC cis—elements; B, Yeast one—hybrid assays displaying the binding ability of SIMYB44
binds to MBS and AC cis—element; p5S3His2/pGADT7-p53: positive controls; pHis2/pGADT7-ZmSBP17: negative controls.
E5 SiMYB445MBSHACZLFIIMES
Fig. 5 SiMYB44 binds to MBS and AC core sequences
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BB AZ A5 4 & B, R 98 48 1) MBS Bl AC 143
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KA 8+ .
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( Panicum virgatum ) PsMYB106 & [F 7] I 25 34 58 5l
B8 J1, DT AR 2 ) R R AR BIE S UE S
SiMYB44 J [F 1, J2 % sk B0TE -, JF B C-163 Lk N-
163 HA T 5 1 300G Be 7, 40 AT B 7E 5 5T
N H e P AR .

WEFE & B, i s 738 i 5 5 3 X 8 7 o
(49 5T 2 FH T A4 45 5 R 11 DR A 3R 38 AR 28
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A5 MBS B 0 JF 9N o454, 5 5 38 it iy 220
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BWER TSR T ER - EAACT
145505 (A HE BpIMYB46 FE R n] 503N B 3 T & F
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G (E5) , R BIAS [R] AR 0 R U8 /9 MY B S8 16 1l 53 7]
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A3 T2 3 PR AT A R 2 B AR Y W 3 TS B s 4
VER , 75 Bk — 20 B 50 25 8 1 2 TR 0 28 AF A W
SELONEECTIN I
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T B R W 38 A e S 2 D Y M qRT—

PCR 3K 50 BT, 43 5 HH 0 285 306 155 360 1) MY B I
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fith 388 M2 HLTR , 43 4 41.43 kDa, 5 HL 15 pl
4.96, 5 OsMYB44 11 13 51 #H L 1 18 25% . I 4 Jifd
FEANL s, Ho G % AR e AL T AR A% , B A
R HL A e SR U TR P BB U2 R R 5 MBS FTAC JT
P26 o DRSS R A T o bl R hr v i S ] & il
P AL Y S R IR S B AR
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