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Identification of MADS-box gene family in maize

and their expression pattern analysis

LIU Hongchang, MA Enhui, WANG Cuiling, ZHANG Yanling, CHEN Yushu, LIU Qingqing”

(College of Agriculture, Henan University of Science and Technology, Luoyang, Henan, 471000, China)

Abstract: In this study, we used bioinformatics method to identify MADS-box family members in the whole genome of
maize(Zea mays) backbone inbred line Huangzaosi and maize inbred line B73, and then analyzed their expression
patterns based on the transcriptome data. The results showed that 87 members of MADS-box gene family were identified
in the genome of Huangzaosi, and 84 members were identified in the genome of B73. 113 homologous gene pairs were
found among the members of MADS-box gene family between the two inbred lines, indicating the MADS-box gene
family were evolutionarily conservative between the two inbred lines. The MADS-box genes expressed the least in
microspore and bicellular male gametophyte, while the most in the tassel primordia tissue. Compared to the control, the
expression analysis of under abiotic stress showed that the MADS-box genes were almost down-regulated under cold,
heat, and UV stress, while most of the MADS-box genes were up-regulated under salt, drought stress or the combined
stress of drought and salt. The analysis results of expression pattern suggested that members of MADS-box gene family

were involved in the development and the response to abiotic stress in maize through different regulatory ways.
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1.1 EHEM MADS-box RiEm KL E IR
RANTRPE LA

M MaizeGDB %i #ii /% (https://www.maizegdb.
org/) T AT T K A 22 R B LUy AL K 240 7 91 5.
% (Zm-Huangzaosi-REFERENCE-CAAS_ FIL-1.0
Zm00095aa.1.fa) . & H ¥4 3L (Zm-Huangzaosi—
REFERENCE-CAAS FIL-1.0 Zm00095aa.1.protein.fa)
K B S (Zm-Huangzaosi-REFERENCE-CA
AS FIL-1.0_ Zm00095aa.1.gff3)1?"), M PfamScan 7E
28 B P W uh (http:/pfam-legacy.xfam.org/) 3£ HX
MADS-box Z i K—box 45141 (PF01486) 1 SRF-TF
ZERI(PF00319)1) hmm (4K seed Ao iz
HMMER 3.0 #{4:(http://hmmer.org/), 7F 57 PUFE
R4 ILL K-box Fl SRF-TF e T /K ] JeAs i Sy
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BB T B I R E AT, k2D SR
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MADS-box ZIGEAL G A TE A, RS
K-box . SRF-TF £ aalial, 2 A2k 440 5 i i it
U 5E R R0 MADS-box FG A o

Ik, i 32k TBTools 4k f4:(https:/github.com/CJ—
Chen/TBtools/releases) ] Protein Paramter Calc
(ProtParam-based) JI EXT MADS-box ZJ% il 1 i1 7
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Table 1 Physicochemical properties and subcellular localization of members of MADS-box gene family in Huangzaosi
AT WD e WSHTRE SRVLA FRERE I DN
ZmMADS-box!  Zm00095aa011693 272 31092.34 9.16 69.46 74.01 —0.871 A%
ZmMADS-box2  Zm0009522029833 268 30 784.02 9.17 71.83 76.49 —0.871 A%
ZmMADS-box3  Zm000952a025204 255 29 133.19 8.85 50.69 73.88 —0.691 AR
ZmMADS-box4  Zm000952a021528 247 28 163.22 9.14 49.01 77.04 -0.715 MR
ZmMADS-box5 Zm000952a032813 247 2837232 9.45 61.40 80.48 -0.731 AR
ZmMADS-box6  Zm000952a014552 268 30101.94 9.05 48.90 76.23 —0.620 A%
ZmMADS-box7  Zm00095a2005801 240 2733521 8.27 53.99 83.75 —0.568 A%
ZmMADS-box8  Zm000952a021527 241 27340.18 7.06 61.50 82.61 —0.582 A%
ZmMADS-box9 Zm000952a018352 240 27 396.05 8.87 47.57 88.12 —0.677 MR
ZmMADS-box10 Zm000952a025101 240 27 414.99 8.54 47.07 89.75 ~0.683 MR
ZmMADS-box1]  Zm000952a037739 225 25808.18 5.91 57.58 88.89 ~0.643 MR
ZmMADS-box12 Zm000952a010142 243 27 967.75 9.01 47.44 81.07 —0.757 A%
ZmMADS-box13 Zm00095aa031871 244 27 940.74 8.84 42.72 81.15 —0.702 A%
ZmMADS-box14 Zm000952a018806 261 29 736.95 9.00 51.45 74.06 —0.577 A%
ZmMADS-box15 Zm000952a003645 240 27 903.75 8.92 57.57 77.63 -0.807 g1 1263
ZmMADS-box16 Zm000952a040239 264 30 671.55 6.68 54.80 77.54 -0.819 g1 1263
ZmMADS-box17 Zm000952a013819 287 32 176.90 9.20 45.73 85.40 —0.422 g1 1263
ZmMADS-box18 Zm000952a041368 265 29 897.07 8.81 51.87 81.77 —0.533 A%
ZmMADS-box19  Zm00095a2025496 242 27 451.32 9.38 57.64 81.86 —0.655 A%
ZmMADS-box20 Zm00095aa005799 186 21 150.07 5.51 57.32 81.83 —0.576 A%
ZmMADS-box21 Zm000952a011910 278 31321.45 9.40 55.04 66.01 -0.775 g1 1263
ZmMADS-box22 Zm000952a023352 260 29 187.07 6.08 54.52 82.23 —0.530 g1 1203
ZmMADS-box23  Zm000952a000166 228 25940.92 9.21 47.69 74.47 -0.817 g1 1263
ZmMADS-box24 Zm000952a010749 199 22 416.15 533 56.11 75.03 —0.784 A%
ZmMADS-box25  Zm0009522028359 328 37072.38 9.33 61.49 62.50 -0.907 A%
ZmMADS-box26 Zm00095aa040599 232 26 404.25 9.38 48.68 76.90 —0.841 A%
ZmMADS-box27 Zm00095aa027255 227 25841.32 8.95 36.79 73.52 ~0.638 g1 1263
ZmMADS-box28 Zm0009522000848 241 28 007.66 6.12 56.62 86.97 —0.754 g1 126 3
ZmMADS-box29 Zm000952a042696 199 22 880.41 8.44 59.54 93.07 -0.415 g1 12k
ZmMADS-box30 Zm00095aa041204 245 27529.15 8.76 57.20 82.12 —0.600 A%
ZmMADS-box31 Zm00095aa039576 224 25 660.30 9.30 56.04 84.87 —0.780 A%
ZmMADS-box32 Zm00095aa017954 214 2479236 9.46 59.23 83.41 —0.688 A%
ZmMADS-box33 Zm000952a033943 259 29 267.22 9.22 59.36 69.69 -0.708 g1 1263
ZmMADS-box34 Zm000952a026196 221 2514291 6.97 46.08 92.22 -0.335 g1 1263
ZmMADS-box35 Zm000952a017348 227 25487.26 8.30 43.53 88.50 ~0.340 g1 1263
ZmMADS-box36 Zm00095aa037420 276 30172.97 5.54 53.83 80.22 —0.441 g2 106
ZmMADS-box37 Zm00095aa019406 228 25 480.50 5.39 57.90 86.40 —0.643 )10k
ZmMADS-box38 Zm000952a025702 228 25 526.59 5.41 53.71 84.74 —0.676 A%
ZmMADS-box39 Zm000952a030398 116 13 385.35 8.88 54.67 74.05 -0.786 g1 12k
ZmMADS-box40 Zm000952a007970 217 24 503.02 7.70 33.85 97.00 -0.505 g1 1263
ZmMADS-box41 Zm000952a044623 247 27201.63 6.26 61.66 78.54 —0.480 g1 1263
ZmMADS-box42 Zm00095aa027434 234 25960.16 5.19 56.51 85.43 —0.476 A%
ZmMADS-box43 Zm00095aa023673 131 15018.36 9.08 53.09 81.98 —0.530 A%
ZmMADS-box44 Zm0009522027162 237 27 403.63 8.89 56.59 90.55 —0.387 A%
ZmMADS-box45 Zm000952a030055 211 24 756.09 9.60 52.53 88.72 -0.301 g1 1263
ZmMADS-box46  Zm000952a004187 228 26 175.80 8.61 46.06 88.07 —0.626 g1 1263
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AT WA GRHG WAURPRE MR RN B D A
ZmMADS-box47 Zm000952a00064 1 235 26 607.09 7.70 59.76 79.23 -0.688 A%
ZmMADS-box48 Zm000952a2029921 255 29 337.59 8.50 59.95 76.20 —0.563 4%
ZmMADS-box49  Zm00095aa007056 255 29 084.23 8.51 55.07 76.20 —0.564  4NHLA%
ZmMADS-box50 Zm00095aa035051 212 24 697.08 9.00 51.08 73.54 ~0.886 4%
ZmMADS-box51 Zm000952a035075 212 24 877.38 9.39 47.67 74.91 -0.902 4%
ZmMADS-box52 Zm000952a015578 201 22 759.88 7.02 45.35 81.00 -0.635 4%
ZmMADS-box53 Zm000952a036366 210 23911.14 7.74 46.92 82.14 —0.659 4%
ZmMADS-box54 Zm00095aa014571 209 24 062.57 8.43 42.83 86.32 —0.711  4npue%
ZmMADS-box55 Zm00095aa002078 204 23 324.71 9.21 52.66 72.65 —0.658 4%
ZmMADS-box56 Zm00095aa005516 281 31661.19 8.40 53.72 77.01 -0.386 4%
ZmMADS-box57 Zm0009522029601 247 25302.44 6.92 53.97 77.65 —0.150 4%
ZmMADS-box58 Zm000952a003648 118 13 754.62 10.00 74.70 72.80 -0.827 4%
ZmMADS-box59 Zm0009522040992 121 13 153.04 9.54 57.58 78.18 —0.426 A%
ZmMADS-box60 Zm00095aa037385 386 42 417.90 8.09 57.58 76.14 —0.464  ANHLA%
ZmMADS-box61  Zm00095aa028659 391 43 754.74 4.90 52.46 74.55 -0.368 4%
ZmMADS-box62  Zm00095aa031524 279 32159.14 8.24 51.99 82.47 0372 4fe%
ZmMADS-box63  Zm000952a014300 166 18 501.70 8.85 50.16 71.87 -0.778  #HMIE%
ZmMADS-box64 Zm000952a012365 174 19 566.86 9.40 56.94 71.32 -0.847 4%
ZmMADS-box65 Zm000952a031085 272 30 964.34 8.34 57.68 82.10 -0.426 A%
ZmMADS-box66 Zm00095aa030335 269 28 749.41 8.76 48.95 73.98 —0.405  4NHLA%
ZmMADS-box67 Zm00095aa041736 252 27 878.01 9.74 45.11 68.85 —0.449  4NHLA%
ZmMADS-box68 Zm00095aa029972 331 38 100.65 6.33 50.11 82.78 -0.355 4Nz
ZmMADS-box69 Zm000952a021406 358 40 949.90 5.78 51.39 83.10 -0.233 4%
ZmMADS-box70 Zm000952a016507 439 48 647.73 6.11 51.96 78.02 -0.478 A%
ZmMADS-box71 Zm000952a022016 275 29 666.92 7.13 50.41 75.64 -0.397 4%
ZmMADS-box72  Zm00095aa024499 285 30288.81 8.39 46.24 86.67 —0.184 4%
ZmMADS-box73  Zm00095aa028608 303 32152.28 6.45 44.50 70.53 0273  4NfA%
ZmMADS-box74 Zm00095aa030336 291 30 689.75 435 53.99 65.77 —0.370  4NHA%
ZmMADS-box75 Zm000952a011564 192 20 981.03 10.50 76.82 87.45 —0.446 A%
ZmMADS-box76 Zm000952a033037 383 42 525.77 10.01 51.42 92.90 —0.099  ZHffAZ | HLRiA
ZmMADS-box77 Zm000952a038668 467 52770.82 9.22 50.86 91.99 -0.387  ZHMIR%
ZmMADS-box78 Zm00095aa038484 246 2713431 1033 46.27 88.05 —0.437  4NHA%
ZmMADS-box79 Zm00095aa043854 234 26 586.30 7.14 65.16 85.47 —0.726  4NHLA%
ZmMADS-box80 Zm00095aa035973 470 50 698.24 8.48 69.72 63.98 —0.609  4NHLA%
ZmMADS-box81 Zm000952a043832 457 49 006.25 6.96 70.73 63.24 -0.583 4%
ZmMADS-box82 Zm0009522029907 391 42 006.24 6.68 76.93 77.93 -0.576  ZHMIEx
ZmMADS-box83 Zm000952a042089 316 34 174.72 5.81 56.53 101.61 -0.129 4%
ZmMADS-box84 Zm000952a016675 247 27 532.50 9.31 53.00 78.22 -0.616 4%
ZmMADS-box85 Zm00095aa034233 451 47 876.98 453 37.60 65.65 ~0.369 4%
ZmMADS-box86 Zm00095aa010648 462 48 883.50 542 34.60 66.54 —0.370  4NHA%
ZmMADS-box87 Zm00095aa027843 194 20 596.71 9.83 62.86 88.04 —0.037  4NHLA%
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DA Ma, MB. My, M8, MIKC 4 5 /NEj#% .
Hrpr, MIKC WAL B 8 5022 (59 1Y) s MPB
ARG /D(14Y) ;)8 T Ma W41 ZmMADS-box79
K5 Mo fGHAR S 51 RAE—4L
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Fig.1 Phylogenetic tree of MADS-box gene family in Huangzaosi

2.3 HBEM MADS-box RikEE LM (RTLEH

R B shFIRAE R it

Xof 7 F) ) 5 LI MADS-box  F A, B 1) ik
Rghty . PRFES A T At AT fifk, R B 87
AL ER S A G 0 (CDS), B IR 3 K 4B
FAAERIFX (UTR); 13 388 F Ma MY Typel
R TN, i Typell 5t 245 F A
FAM, 2 KRB MIEHELEWERBE;
MADS-box ZZE G AL E] 14 S5k, %
A TG A AE T I G5 s L, 3
H1, MADS_MEF2_like, K-box iX 2 N5 AES
W R B CR %, &£ MADS MEF2 like 7l
K-box Z5 I 7E £k A 38 F B LU ) MADS-box
KRR RS, B Typelli i 5k H AL & 5% 2 fh
SEFER, AL AR Typell B H Typel i 5t

[
9gx0q-SAVINWZ —

[ ZmMADS-boy gy

C ZmMADSboxdT

i

‘ ;‘ ——ZmMADS-box36

| —]

f— | [~ ZmMADS-boxss
/ ~ —

"~ ZmMADS

Typer
KC)

(M

BN MADS-box RIixEG L B

FORAF, Typellil bt AT e HAT AR I A= P T RE
1M Typeli 53 HLA I BE FT REBE 204k .

J TR0 MADS-box MG T RES
FIEDiAE, SEFER B )G shF IS E R C Rk
A5 0. 255 8R, EFF I MADS-box
KW GG s FRAefE 13 Floolk, Hpsh5
AR, BRI ORI R XA
FA L B BRI 2 5 R A R 2R 1G5 7 1 oo
BORi L, MiEE GC [ rab B ICHE . BiVEmRMIA
NG R ER O E o g e
WA AT 3 A 1 S — = T A I 2L
87 MR T ZmMADS—box86 M EAE T
RN S B i 2, Pl 7 B, B 13 4
ZmMADS-box2, ZmMADS-box7. ZmMADS-box16.
ZmMADS-box46., ZmMADS-box80, ZmMADS-box81
PIAE TR D, R 2 Shtaibm



16 R A K222 R (A SRBL22 ) http://xb.hunau.edu.cn

2024 4 12 H

g, Hrh, ZmMADS-box2 [EAE e
w0, A1 A PRSI HENE L)Y MADS-box
KGR 5L A fe S 580 Bt . bréa e, i

SO FRTFAE B e 5kt ; HAA 2R 30
T A FH oA R G0 1 B T e 22 A 4y 1R
W, fEZREYmEYREEN, B8 —-HZE
VS TETIRE

2.4 |EP MADS-box ZKikE R EIEMLE T4

Y RP0 MADS-box Z A Gk 728 [ HAE
M2 T(& 2), S55R BN, B ZmMADS-box56.

ZmMADS-box38

ZmMADS-box73 . ZmMADS-box77. ZmMADS-box82
X 4 > Mo WG AE FBLB OR 5 HA AR 1 A BAE
Hb, HAt ZmMADS-box [ Z [AIEHA AR RLEE
IHEAE. o, 8T Mo IR ZmMADS-box81
EHHHAZEN S B ARZ N EAE, HElZEN
£ ZmMADS-box FCEMN 51 S 5 2R A Wiz
PP R R A AR, A S EAER G I
Z 5 [Rl—A B R sl a N Z5E . Ak,
R BT Typelsk Typell () F17E H A M 4%
AN BRI .

ZmMADS-box36

JoNs \* NN
ZmMADS=box86 I\
SN
X \\ Py \

\ &ey:

@\
ZmMADS-box51

<

ZmMADS-box65

ZmMADS-box84

ZmMADSfbox66\ &
@ \ZmMADs—— box74— &

ZmMADS-box67

Q'\ ZmMA_Ds—box4

SN M ZmMADS-box39

box31

=\ \

ZmMADS-box8

ZmMADS-box78

ZmMADS-box72 \_ o
ZMADS-box83 'ZmMADS-box70

ZmMADS-box82

@ ZmMADS-box56

\
\
ZmMADS*box55 ;
ZmMADS-box46
S\ ZmMADS-boxd0 ) o 8
—

4

NN ZmMADS-box29
ZmMADS-bOX35 a

£ N ZmMADS-box34

¥ »
S ZmMADSfbon!Z

ZmMADS ,_——‘-4
=]
e ZmMADS-box73

@

ZmMADS-box61 'mMADS-box59

ZmMADS-box63
Se ZmMADS-box60
S-Boxs1 ‘
—

ZmMAD:!

@

|
@ ZmMADS-box42

\
\ /%) ZmMADS-box7
ZmMADS-box85

6 ZmMADS-box64

ZmMADS-box53
a ZmMADS-box52

ZmMADS-box69
ZmMADS-box§7~"
ZmMADS-box75

ZmMADS-box76

2 EHEP MADS-box RikER EIEMLE

Fig.2 Protein interaction network of MADS-box gene family in Huangzaosi

25 HEHE[IMADS-box ik R EMEN KR 24
EREXZREMLLMEDTLER

H LY 87 4~ MADS-box FKI AL 5t A 84 M1E
FK 10 FRPEIA FISA 5G] 3), ZmMADS-box4l |
ZmMADS-box79. ZmMADS-box81 iX 3 4Nt %
FE N BRI EAROIE . 5 7 SRR F oA
FIFENHR %, HP 8 4~ ZmMADS-box i 5 5 R
oA s TAESS 8. 10 ARYLafA oA i I 0

J TR KT MADS-box 7[R L R 44541
KRR, T T I, S5 4)3RH,
HHLPULY 87 > MADS-box .51 Fhdt & 31 23 LA
XF, BRES 10 SRGetafRah, ALl b ST
TEAE, WY MADS-box A B3 177E Z U K
TEL. Horr, 7E55 8 SRYtafAi [ I R A K
TR AR 1.5 ARGk BRI lEoR R E .
AN, BT SRR R AR R A by A iy 52l
TE[R]— Ytk b ICEE R Al B



% 50 55 6 M XNEMHEE K MADS-box F [H 5Kk 1Y % 58 MK ik 17

s
2
2 E S-b b S-b
—= A . s ZmMADS-boxd ZmMADS-box79 5 ——ZmMADS-box81
-ZmMADS-Box70 , 2
—ZmMADS-box ADS-hospo—ZmMADS -fo ADS oo 2
s RIS zmviavs fosnSNABS FEsmraps fod <ZmNAB RN smnaaps tovso 5
ZmMADS-oxio ZmMADS (vm 3
; {—ZmMADS boxt o307
- ZnMADS bov |—zmwaDs:-boxts F—zmhaaDs hovr |-gmy - onH-ZmMADS - box30
L zmnaans hosbs i
—ZmMADS-box18
B ADS-boxit0 e —ZmMADS- boxss
-
2
ZmMADS-box78
=
© ZmMADS -box67
= —ZmMADS-boxi4 =N S
{—ZmMADS-boxs5 ~ b —ZmMADS-pox27 = [ [ ZmMADS-pox77
—ZmMADS-box32—ZmMADS- box22 ¢ *
- AmMADS o 2= ZmMADS DO ) i s bovk N [—ZzmMADS-boxs3
| = = ZmMADS-pox6s
< =
= @) f=—7mMADS-box30
[ ZmMADS-poxs? ~ZmMADBS ox3
< bl [—ZmMADS-boxd3
= & {—ZmMADS-box29
[} o : .
. |—{—ZmMADS-box25—ZmMADS-box2
{—ZmMADS-boxh [ | [I—
" R E—ZmMADS-bocr3
s [—ZmMADS-box MMADSPOL MADS- box 3—ZmMADS-box0
2 T
23 e IbzmvaDs st
. |—ZmMADS-boxs3
| rnans- it ZmMADS b4 [LJ—zmmaps [ —2zmMADS-box26
ZmMADS-box72
—ZmMADS-poy]
L —ZmMADS-box
~ZMADS- Pox34—ZmMADS- box37 ZmMADS-bov76
2 f—zmMADS-box15 |—ZmMADS-box10
g FRMABSBHEmniaps-boxt2 L ZmMADS -box3
|—ZmMADS -box19
ZmMADS-borks [—ZmMADS-box3s
[ ZmMADS-boNIE 7V ADS -box2—ZmMADS-hoxs2 U
2 ZmMADS-boxts
F—7mMADS-bowrs
—= I ZMABS oY
{—ZmMADS-boxss
F<ZmMADS-box20
SZRMABS B
=
L=
g
L=
2

3 HEFEM MADS-box Hik AL EF T EM

Fig.3 Chromosomal distribution of members of MADS-box gene family in Huangzaosi

Eg

[F°

ZmMADS-box33 |

roq-SAVZ

ZmMADS-box21

S50 25 0

4 H#HERE[H MADS-box ik thER
Fig.4 Collinearity analysis result of MADS-box gene family in Huangzaosi
KT MADS-box FIEMAFAEARFEARASE 4> MADS-box ZIEM 5L , HRHZZ MK 5L AE# .Y
FHP o2 5, RN K-box F1 SRF-TF Z5#5x 55 B73 iX 2 4 A A R BIFLLAMEEA T o0 0 45 R (K]
FKRAKLR B73 T aLNAYE, HUEs 84 5)FM, MADS-box FHEM AL 2 K H LR



18 R A K222 R (A SRBL22 ) http://xb.hunau.edu.cn

2024 4 12 H

A 113 AILLRILEXF, Hr 65 M IEFEXTER S
Y PR AR B HAT SRS 2R 5 10 S tafk b
BIEAE BARE AR RN, 26 1. 5 S afk By
BAEA SR R %, 8 X 55 8. 10 S 4
Ak A7 BARE SRR B, ol 5 6 IEAb,

Chrl Chr2 Chr3 Chr4

WU B73 BZ%0 MADS-box 1t ak 5 [l 477
[ A SE 2, 3] MADS—box F I B & 75 2 .0y
5 B73 X 2 A4~ A3 R AR & H bR AR R AT,
TEJG LT MADS—box JEF B il . ik K IIRERFSY
il AR S

Chr5 Chr6 Chr7 Chr8 Chr9 Chrl10
D C D C D

B

\;

J7
7

\ W /A
L u

B73 ¢ D ¢ D

D

D

Chrl Chr2 Chr3 Chr4

D C D
Chrs Chr6 Chr7 Chr8 Chr9 Chr10

5 ®EREM5 B73 B MADS-box ikt M 2 H4ER
Fig.5 Collinearity analysis result of MADS-box gene family between Huangzaosi and B73

2.6 B73 MADS-box ik RLBLAFIERIEES

BRIXER D TLER

HJ T % MADS-box KGR T KL T
DL BT i A PER, BEECE K B SR BT3
EL A A B RE W T AE AR Sl 2 AR A W s Ab B R
TR R R SR B E N ER, W EK
MADS-box ZZJG LI I RIRB X0 b . L5 R
IR, MADS-box HENTEREFEE P A B Fry#RIE
(Bl 6-A), TEXGANMEL ., fERYRL . BUALENT . BURZHE
PERCFIA 4 DGR RRFR IR >,
o RS 7 AR R R (A R A = 1.5
f85), A Zm00001eb250710 . Zm00001eb260590 .
Zm00001eb272490 55 ; FE AR P LS RIE B RAA
44, F4E Zm00001eb411130, Zm00001eb102450.,
Zm00001eb233110 . Zm00001eb349070 , I |
Zm00001eb233110 FERAINT b i fe i, 0 1.79 £5;
WA PNE 5 MEEEERSE, U
Zm00001eb041650 . Zm00001eb165510 . Zm00001eb-
245070, Zm00001eb317770. Zm00001eb382780; A%
MR IR 4 MEHRREWER, B
Zm00001eb057560 . Zm00001eb174000 . Zm00001eb-
253580 . Zm00001eb187330, Forhr, Zm00001eb174000
FERAIART R BN 1.68 4%, {H AR HA 4 N2HZH
PR RR A, R RO Rk R Y
ERBIRZ, N 15 4>, W Zm00001eb409460 .
Zm00001eb078540. Zm00001eb080670 25, FHor,
A 13 DR R RRE, MRS

Ak 17 R5ULE, TAEEA 4 NSRRI
BAR . HENAERRF LM & F o R oKk MADS-box
RRZDE®EFREN TS ST, ARG
TR B B OO T i A A /0
MADS-box SPEAIAFGES HEKIHER BT

YA A BT B KM AL AP
ISR BN, AT XEA, At
MADS-box N Z LA FiE (KB 6By, Hh
Zm00001eb054620 . Zm00001eb167270 . Zm0000Ieb-
259760, Zm00001eb303660. Zm00001eb357980 I, 5
AR PRI =2 ), BAEER A
TR RN, FIHIX 5 AR I E ORI
BElhiam Ngte . T EPE T, MADS-box FEIH
Z UL FIRRIE N E, H Zm00001eb411130 HHAH
XA EIMGEGE 2.43 £, £ MADS-box %
WRR 53 2 W LA IE R NS 5T R s, 78
FTRIIHEEWNAT, 24 MADS-box FEHARNT %
ISR FIE, Hod, Zm00001eb2794400 FEH Y
AN AR B 2.47 5. ML TXTRRLL, 75T Fak
ERIE T MADS—box LR FRk 3 T, (HAER
AT AR EVE, BRI R LUK TR T8
— 38 A AL 2 5 A e e B i AR . 7E
B EAMERINA TS, 24 MADS-box FEN A
XIRIBETHBZES, [CH /DI AR &
B3 P, PRSI, ERH MADS-box &
FEAN R AR A it T AR RI R AL
Z5hanE,



F 5055 6

XA %E oK MADS—box K 57 1 1 % 1

&Iy S Wiy 19

Zm00001eb001670  Fi{xt ik
Zm00001eb006480 .72 00
Zm00001eb008690
Zmooooiebososoo @150
Zm00001eb041650 @ -1.00
Zm00001eb057540 O -0.50
Zm00001eb057560 O 050
Zm00001eb409460 © 100
Zm00001¢b411130 @5
Zm00001eb423130
Zmoovoteorosso @20
Zm00001eb078540
Zm00001eb080670
Zm00001eb102450
Zm00001eb118120
Zm00001¢b120710
Zm00001eb124790
Zm00001¢b138380
Zm00001eb143080
Zm00001eb145460
Zm00001b145660
Zm00001eb154380
Zm00001eb165510
Zm00001eb174000
Zm00001¢b183200
Zm00001eb187330
Zm00001¢b193790
Zm00001eb214740
Zm00001¢b214750
Zm00001eb233110
Zm00001¢b245070
Zm00001eb250710
Zm00001eb253580
Zm00001eb255670
Zm00001eb260590
Zm00001¢b272490
Zm00001eb274330
Zm00001eb279440
Zm00001eb284010
Zm00001¢b286420
Zm00001eb298680
Zm00001b317770
Zm00001eb327040
Zm00001¢b338060
Zm00001eb344240
Zm00001eb349070
Zm00001¢b361790
Zm00001eb372610
Zm00001¢b372960
Zm00001eb375830
Zm00001¢b382780
Zm00001eb393670
Zm00001¢b400120
Zm00001eb403750

@000000@0o@000000Q@000000@O0O@O0C0O° 0O

00000000@00°200000000Q000@c0@°@®0000000000@000 - @o0@O0@@O ©

%%’.ooo.cooooooo.oo...oo.oOOOOOOOOO..OOOOOOoOOOOOOOOOOO°

g
72,
4,
%+ 0@0000000000000000000

A

‘/;7
% 0:000°00 - 000°0°000000°0000@°00°000000000°0000°@°000000 ~

% 00 0@00@00000@000@0°0000@000@0@O@OO-000000:0000000QO00@O

%

/

N
2

%,

A 5 MADS-box FiEM G ML 1k ; B MY %Kik

& 6 W®&@m%ﬁ&ﬁﬁﬂ

Fig. 6 Tissue expression and abiotic stress expression analysis result of MADS-box gene family members

3 HFHig5iig

TR T A A FR B DU A BOK
FSCETIR, ERNBENHT . R & A1 RERE N LT
FEOT A AERUR A HES IS, LT 2E061F 2019 4F
SERL T B R R AL I PR, B A
PSR R BIRAT, Ao P 2 E SR 5K
TGRS 5 K 3 Fe SRR AE R T BE . MADS-box %

,
/ﬁ?no. ©000000@0@000°Q0000000@O0O0@O00@0 0000000000000 0000000000000000Q@o@>-0QO00 200000 W
000000000000 @o@00Q000@@c00000000@00000Q:°2000 000000000 0@000°:00000000@O000000

%4)

Zm00001eb001670  Hixt ikt
Zm00001eb006450 @y, o,
Zm00001b008690 ’
Zm00001b036340
Zm00001eb036590  @-150
Zm00001eb036630 @ ~1.00
Zm00001eb041650 o .50
Zm00001eb054620 o
Zm00001b057540
Zmooooiebos7sso O M
@ 1.50
@200
@250

- 0@0@°00
0000000

Q0o

Zm00001eb409460
Zm00001eb411130
Zm00001eb417540
Zm00001eb423130
Zm00001eb070890
Zm00001eb078540
Zm00001eb080670
Zm00001eb102450
Zm00001eb107600
Zm00001eb117090
Zm00001eb118120
Zm00001eb120710
Zm00001eb124790
Zm00001eb126480
Zm00001eb143080
Zm00001eb145040
Zm00001eb145460
Zm00001eb145660
Zm00001eb154380
Zm00001eb165510
Zm00001eb167270
Zm00001eb174000
Zm00001eb176500
Zm00001eb183200
Zm00001eb187330
Zm00001eb193790
Zm00001eb214740
Zm00001eb214750
Zm00001eb243490
Zm00001eb245070
Zm00001eb250710
Zm00001eb253580
Zm00001e¢b255670
Zm00001eb259760
Zm00001eb260590
Zm00001eb272490
Zm00001eb274330
Zm00001eb279440
Zm00001eb284010
Zm00001eb286420
Zm00001eb296470
Zm00001eb299490
Zm00001eb299640
Zm00001eb303440
Zm00001eb303660
Zm00001eb303670
Zm00001eb317770
Zm00001eb327040
Zm00001eb338060
Zm00001eb340810
Zm00001eb344240
Zm00001eb349060
Zm00001eb349070
Zm00001eb357980
Zm00001eb361790
Zm00001eb372610
Zm00001eb372960
Zm00001eb375760
Zm00001eb375780
Zm00001eb375800
Zm00001eb375830
Zm00001eb382780
Zm00001eb393670
Zm00001eb397040
Zm00001eb400120
Zm00001eb403750
Zm00001eb438150

0000000000000000°:00000000°00000000000Q°000°20000QO0D00000O0
©c00000@0000 -00000000@@°c000000000000@00C0C000Q0CQ°00@°000Q00°000Q0@0°00000000000000

@OOOOOOcOOOOOOO.oo.oooooooo.oaoooooooo.oooooo.o0OO0.000.000ooOOOOOoOOOOOOOOOOO
%,
“’J@oooOOOOOOOOOOOoooooocooooooo.oo..ooooOOOOOoooooOQOOoooooo.ooooooooooooo®oo.oo

27ooooooooooo~

% ©0@ - 0@O@@®O ° 0@0000000000000:0 Q00000 -@000-0@O0000@0+:-00000000000@000-00@000@00
%

’(&Oooooooo-OOOoooOoooOcooooooonooo‘oOo00.0.000000000oooooooooOooooo.~

B RAFEMIE TIE DGR

JERESEN R — AN EEMRE, HAT 2
e, EARBMEIEHYREENERER . ST NE
FHIOL, PR A AR R AOTER . TR SRS
%Eﬁ%%i%%ﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁm%$ﬁ

XY K B73 3% 2 Aok A3E R4
EP MADS-box FiGM AT HE, X T ffE KA
MADS-box FJG M 01 531 LS fEA Yo ie A

FERSL, WA HE— R AR TR Pl A K




20 R A K222 R (A SRBL22 ) http://xb.hunau.edu.cn

2024 4 12 H

R MG S IS MADS-box FEPIEAIEHE 4%

A FE AR B 5 4 [R] R O K R U Y
MADS-box ZIEL 153K 5 AR, MIKC 5
RECEIRZ, H 59 1~ MB BV EUR R, 14
ZmMADS-box41 . ZmMADS-box79 . ZmMADS-box81
S et | RS NN = RV N v il i s ety U B 3 S
FEANBHERISERE, IS 3 AR5 A AR A 1
WHEATANE S H 8T . 87 4> ZmMADS-box & 1 H4%
TN 5 AE A0 A () 5 SR 5 H SR R T Ie v
XL 5K BRI R —; 1 Ma
MR T ZmMADS-box76 4k [R]IFFIN R 37 75
gk b, WS HA R R T AE DI RE . LA,
KB T Mo WIER AL ZmMADS-box79 7E £ K A
LEEFRIY MADS-box FIGEH RS LB HIFAR
B A Mo SRR R EAE R —4b, RORIAE L
RS R A AR S, FEOLYIRERETAL s R,
TEJG L5 P Al X% ZmMADS-box79 &5 GTE

MADS-box FKIEEE A2, Typel Al Typell
B 22 (R AR R 5 R ELA 0 2 2 5 DRSPS ALY
£k KW MADS-box #EbH T 8 ZWAEINEE ; i
KYER T Es R B/, B0 MADS-box
KI5 EEEem N . el B AT Kbl
SelE AR, 35 DA A R0,
EEEAEME SRR, #F0 MADS-box
G JLF- A B 1 ) 3 EL A 55 ) R EAE
FH, H. TypellZE& 4 A% 5 18] A B AT ¢ 22 385388 22 H Typel
12, FH] MADS-box & [ 8] AT G o HAEIE s
AL S 5P A AR I R EThRE.
W, BT Ma WAL B ZmMADS-box81 1 7E
A F AR LG P TR E R A, s T RE
FEZ IR

AWF5E K IN, MADS-box Fik M, 51 AE i B0 5
B73 iX 2 ANFOK F A8 R RIAHRURE @ H AR
57, PHIEEERE K A58 &R B73 B A5
Y2, X MADS-box Fik 51 AE £ KT AER &
U AR YIINE T PR B 70T . 45
W, FEEK S MIFEA AL T, (UAERE S
KZH MADS-box FEE M B L #Feik, e 4
AR FRIEARTRE X 2K MADS-box Z0i5 i 5t
B L 2 St R BT 45 SR 6 B MADS-box %
R B 2 5 FORTFAEA AL U0 k& M IFAERR
XFEK MADS-box FIEAL G AEARAHaa B 3R

KGR N , MADS-box FI R b e R A T
24 FiZk, Hh Zm00001eb054620 %5 5 NEEH
FHXFRIAR R ZY B, HE G S AN G058 51 AR b
PR o Rk B R R R . TR
AT, KEZEUK MADS-box F I 51 S A w2
kR DR, mEA R EH OsMADS26
FEPRE i S SRR R R B, SR [R] S
FliZ ] MADS-box ZEJG AL AE R bka Z5 44 T i
e A AR, TR EHBE S ELHET,
Zm00001eb2794400 K&[FZeik 534 b PR — Jpipies s )
FU L, BREAMNE T EKRm R ALE R 22k
TE . PREE MR AL BT, FEHAN RS R
R IR ECE AR Ak . FoKH MADS-box FK% Y 51
FI BRI TS AESE MADS-box JE[RI
i 2 5 F ORI A A 10 & B T AR A 30 5%
TERINZE, X ORI BZ IR T RIS A% e biast i W AH 56
R TR

ZE PR, AR E KT TAKRE RIS
JLH A % ES] 87 1> MADS-box ZEM L, TEE
KHBALFR B73 HEEFNIZFE R 84 4>, HFIY
5 B73 HAZ A& MADS-box ZEJi i 57 AL ARAT
MADS-box ZKEM S5 F Kk B L FEHAE
AN E A EEAE Py a0 55 R DL 2 RS [] 5 9 1 ML
Z5RaRNE, ISR %K
WEIERAE FoRTFAE . AR A b8 55 7 T 1Y D R
PLTIAF SRS

EEPEE

[1] HUJ, CHANG XJ, ZHANGY, etal. The pineapple
MADS-box gene family and the evolution of early
monocot flower[J]. Scientific Reports, 2021, 11(1): 849.

[2] MOUYF, YUANCL, SUNQX, etal. MIKC-type
MADS-box transcription factor gene family in peanut:
Genome-wide characterization and expression analysis
under abiotic stress[J]. Frontiers in Plant Science, 2022,
13: 980933.

[3] WANGYS, ZHANGIJL, HUZL, etal. Genome-wide
analysis of the MADS-box transcription factor family in
Solanum lycopersicum[J] . International Journal of
Molecular Sciences, 2019, 20(12): 2961.

[4] GAN Z C, WU X X, BIAHOMBA S A M, et al.
Genome-wide identification, evolution, and expression
characterization of the pepper(Capsicum spp.) MADS-box
gene family[J]. Genes, 2022, 13(11): 2047.

[5] ZHAO W, ZHANGLL, XUZS, etal. Genome-wide
analysis of MADS-Box genes in foxtail millet(Setaria



55 50 557 6 4]

XA F oK MADS-box K [ 815 1 4 5 S Rk o Hr 21

[7]

[14]

[15]

[16]

[20]

italica L.) and functional assessment of the role of
SiMADSS51 in the drought stress response[J]. Frontiers in
Plant Science, 2021, 12: 659474.

SHAOZW, HEMH, ZENG Z P, etal. Genome-wide
identification and expression analysis of the MADS-box

gene family in sweet potato[lpomoea batatas(L.) Lam][J].

Frontiers in Genetics, 2021, 12: 750137.
DAIYS, WANGY, ZENGLW, etal

transcriptomic insights into the evolution and divergence

Genomic and

of MIKC-type MADS-box genes in Carica papayal[J].
International Journal of Molecular Sciences, 2023,
24(18): 14039.
FEME, PREE, ERH.
FISEE GFRIK T[],
2897-2913.

FRIE, KA, WM, 4. HEENISE MADS-box
FERI KGR %8 5 RG], A4, 2017,
52(6): 699-712.

FMeEE, T, M, 4. #EFEY MADS-box
LRI HERE[I]. =T, 2019(7): 94-96.
. K5 MADS-box Kk GmAP3 JEFTERK T
HIZHREMTD]. KF: EALOl S, 2022
Wotts, EEE, PRIEHE, 55 B MADS-box £:[H 5
TR S8 R ZRIRAIT[I]. AR K2k (A SRR
), 2023, 49(5): 558-566.

LIWH, WANG D X, HONG X K, et al. Identification
and validation of new MADS-box homologous genes in
Plant Cell Reports, 2023,

M [ARAKIMADS box H:H
AW TR, 2023, 39(7):

3010 rice pan-genomel[J].
42(6): 975-988.

MA J, YANG Y J, LUO W, et al
identification and analysis of the MADS-box gene family
in bread wheat(Triticum aestivum L.)[J]. PLoS One,
2017, 12(7): e0181443.

TANG N, CAOZY, WUPY, etal
identification, interaction of the MADS-box proteins in

Genome-wide

Genome-wide

Zanthoxylum armatum and functional characterization of
ZaMADSS80 in floral development[J]. Frontiers in Plant
Science, 2022, 13. 1038828.

LICH, SONGW, LUOYF, etal. The HuangZaoSi
maize genome provides insights into genomic variation
and improvement history of maize[J]. Molecular Plant,
2019, 12(3): 402-409.

BAIK, BFME, sKgR, % ERETALRHE
PO AIRIRTE [J]. AR BEUR 241, 2021, 22(1): 1-6.
HBB. 1K MADS-box FENIWFHAE 5 K IL 5575
FOGHEIRI R ST [D]. #0: #M K2, 2020.
LIX X,YUB, WU Q, et al. OsMADS23 phosphorylated
by SAPK9 confers drought and salt tolerance by
regulating ABA biosynthesis in rice[J]. PLoS Genetics,
2021, 17(8): e1009699.

YULH, WUJ, ZHANG Z S, et al. Arabidopsis MADS-

(21]

[22]

(23]

(24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

box transcription factor AGL21 acts as environmental
surveillance of seed germination by regulating ABIS
expression[J]. Molecular Plant, 2017, 10(6): 834-845.
ZHAO P X, MIAO Z Q, ZHANGJ, etal. Arabidopsis
MADS-box factor AGL16 negatively regulates drought
resistance via stomatal density and stomatal movement[J].

Journal of Experimental Botany , 2020, 71(19):
6092-6106.
MA L L, WANG C, HU Y, et al. GWAS and

transcriptome analysis reveal MADS26 involved in seed
germination ability in maize[J]. Theoretical and Applied
Genetics, 2022, 135(5): 1717-1730.

WU IJR, LAWIT SJ, WEERS B, etal. Overexpression
of zmm28 increases maize grain yield in the field[J].
Proceedings of the National Academy of Sciences of the
United States of America, 2019, 116(47): 23850-23858.
DONG Q, WANG F, KONG J J, et al. Functional
analysis of ZmMADSIa reveals its role in regulating
starch biosynthesis in maize endosperm[J]. Scientific
Reports, 2019, 9(1): 3253.

LOU H, HUANG Y T, ZHU Z J, et al. Cloning and
expression analysis of onion(4//lium cepa L.) MADS-box
genes and regulation mechanism of cytoplasmic male

sterility[J] . Biochemical Genetics , 2023, 61(5):
2116-2134.
ZHAOY, LUJY, HUB, ectal. Cloning and functional

analysis of ZmMADS42 gene in maize[J]. GM Crops &
Food, 2024, 15(1): 105-117.

S, AT, Sk, 45 0K DREB R 1
KRR I N U 55 0T [9]. T R A2 4 (H
KB AR), 2022, 48(3): 270-281.

XUE Y J, MA L, WANG H T, et al. The MADS
transcription factor GhFYF is involved in abiotic stress
responses in upland cotton(Gossypium hirsutum L.)[J].
Gene, 2022, 815: 146138.

LAl D L, YAN J, HE A L, et al.

identification, phylogenetic and expression pattern analysis

Genome-wide

of MADS-box family genes in foxtail millet(Setaria
italica)[J]. Scientific Reports, 2022, 12(1): 4979.
Wewibe , 2325, AR, 4% HEY) MADS-box F%5t
K ¥Z SRR LY Ia PR ). TPl
iz, 2018, 30(5): 73-79.

CASTELAN-MUNOZ N, HERRERA J, CAJERO-
SANCHEZ W, et al. MADS-box genes are key components
of genetic regulatory networks involved in abiotic stress
and plastic developmental responses in plants[J]. Frontiers
in Plant Science, 2019, 10: 853.

WAEGR I AR
FELpiE: Ay IE



	1　材料与方法
	1.1　黄早四MADS–box家族成员的鉴定及理化性质和亚细胞定位分析
	1.2 黄早四MADS–box家族系统发育分析
	1.3 黄早四MADS–box家族基因结构、保守结构域及启动子顺式作用元件分析
	1.4 黄早四MADS–box家族蛋白互作网络预测
	1.5 黄早四MADS–box家族成员染色体定位及2个玉米自交系间的共线性分析
	1.6 B73 MADS–box家族成员的组织表达及非生物胁迫表达模式分析
	2　结果与分析
	2.1　黄早四MADS–box家族成员鉴定、理化性质及亚细胞定位
	2.2　黄早四MADS–box基因家族的系统发育分析结果
	2.3　黄早四MADS–box家族基因结构、保守结构域及启动子顺式作用元件
	2.4　黄早四MADS–box家族蛋白互作网络分析
	2.5　黄早四MADS–box家族成员染色体定位及2个玉米自交系间的共线性分析结果
	2.6　B73 MADS–box家族成员组织表达及非生物胁迫表达模式分析结果
	3　结论与讨论

