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Abstract; MADS-box gene is an important transcription factor in eukaryote, which is involved in regulating a
number of plant growth and development processes. While there are few studies on MADS-box genes of foxtail millet
during panicle development. In this study, a genome-wide searching of foxtail millet MADS-box genes was
performed in Phytozome 13.0 using sequence similarity search, and 68 foxtail millet MADS-box genes were
screened and identified. The physical chemical property, phylogenetic tree, chromosome location, and expression
profile of these family members were analyzed. Results showed that the members of the SIMADS family were divided
into five subfamilies and unevenly distributed on chromosomes. According to tissue-specific expression patterns, the
expression of most SIMADS genes in spike was higher than that in other tissues. Additionally, transcriptome analysis
of spike in early stage and mature stage was conducted, and several spike differentiation related SIMADS genes
were detected. The study provides important foundation for further revealing the function of MADS-box genes during
foxtail millet inflorescence development.
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Bro IR ZBEE 51 5 T2 NovoMagic Xf 2% 57
FER B AT 9 87 ( https : //magic. novogene. com/
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1.7 &F SiMADS BEEMPLEE PCR RiESH
RAEFEAT 21 MR BT AR A A5 BE T
BB AT, 7 R AL B, - 80 C IR A, R
TRIzol b5 fE Ui F 52 HURE df B4 RNA . SOBE SR &
cDNA, SR JG AT &8 PCR [, AR 3RS IR
17 &1 ( Takara, RRO47A) , 2K GenScript Real -

time PCR 5#)35¢ 11 1. H (https ://www.genscript.com/
ssl—bin/app/primer ) B 11 SiMADS B34 (L3 1),
SR H ABI7500 ¢ 5 & PCR 1 ( Applied Biosystems,
USA) #E 4T PCR BB, $AGE R AR )7 4R 1 A7 35
(95 °C,30s);40 ™1 ¥ (95 C, 155,57 C, 30 s,
72 °C,30 s) JASHATIH 18S RNA, SLHiE T 1 =
UHARES , SRea BRI AR R s 1A 1T
AR 2-AAct, AAct= (Ct HIYEEF -Ct HZ) - (Ct
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Table 1 Primers sequences of qRT-PCR analysis of SiMADS genes

B 25 Phytozome {4/ 22 25 5 nALEIEY G
SiMADS27 Seita.4G093200 TCTCTGTCCTCTGCGACATC TGAGTTGCGTGAGCATCTTG
SiMADS41 Seita.5G160200 GAGAGCTACCACCTGCTGAT CACATCATGGGCAGATTGGG
SiMADS44 Seita.5G303200 CCTGCTGCTTCTCCTCTTCT ACATCTGCTCCACCTTCTCC
SiMADS52 Seita.6G223400 GTCGCGCTCATCATCTTCTC ACACGTGCCTTCAGTTTGAG
SiMADS62 Seita.9G088700 GGGTGAAGATCTGGCTCCAC AGGACCCTGTTGGCATCTTG
185 RNA Seita. 1G066700 AACTGGGTTGATGAAGGTATGG ACCTCCCACCAGCAGAACC

2 ZERHT

2.1 & F MADS-box K&K 5B £ E KB R
ST
AMEFE A P S ALK 2R, 7E Phytozome 13.0
B et HAEE T 68 N4 F MADS KB

By ke i 68 > SIMADS 5% [F -, SIMADS J¥4)
(1) 35 4K B SA251.6 aa, HoH &I IR 7 51 B 1 19 2
SIMADS17, 477 aa, ilii SIMADS68 %, H4761 aa.68
A~ SIMADS 2838 SMART 4 A6 I, #4825 7 FL 5L (1)
MADS {R5FE5HE I, e AMRIHITEL A Protparam X
68 254 F SIMADS & A B (AR X 70t BRI A5l
(P1) BRIt 45 (W3R 2) .

£2 BFSIMADS EHELMER
Table 2 Physical and chemical properties of foxtail millet SIMADS proteins

EHSRST Phytozome £ 45 45 Wil AR Pl T

SiMADSI1 Seita.1G003500 MIKC 474 8.73 53 182.37
SiMADS2 Seita.1G072200 M3 249 6.14 28 106.88
SiMADS3 Seita.1G077600 Ma 321 5.94 34 216.87
SiMADS4 Seita.1G148200 Ma 146 4.76 16 054.06
SiMADSS Seita.1G183300 My 258 7.72 27 475.54
SiMADS6 Seita.1G209300 MIKC 240 8.85 27 452.00
SiMADS7 Seita.1G272300 Ma 230 8.68 24 236.49
SiMADS8 Seita.1G273400 MIKC 253 8.85 28 806.78
SiMADS9 Seita.1G308200 MIKC 242 9.27 27 639.54
SiMADS10 Seita.1G328500 MIKC 228 5.41 25 442.51
SiMADS11 Seita.2G002300 MIKC 269 9.31 30 852.02
SiMADS12 Seita.2G026600 Ma 393 5.76 43 487.49
SiMADS13 Seita.2G086800 Ma 246 5.64 26 810.52
SiMADS14 Seita.2G115700 Ma 110 4.79 11 964.40
SiMADS15 Seita.2G266600 MIKC 242 9.17 27 794.57
SiMADS16 Seita.2G383000 MIKC 252 9.11 28 527.33
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EHSR Y Phytozome $¥5 4 5 W) AR Pl AT

SiMADS17 Seita.3G055200 MB 477 4.41 51 327.14
SiMADS18 Seita.3G073000 MIKC 288 9.23 32 592.63
SiMADS19 Seita.3G098400 MIKC 264 9.10 29 848.13
SiMADS20 Seita.3G098800 M3 215 9.34 24 664.20
SiMADS21 Seita.3G236800 M3 215 8.45 25 105.48
SiMADS22 Seita.3G280400 Mo 195 10.25 21 217.40
SiMADS23 Seita.3G301600 Ma 156 5.44 17 254.42
SiMADS24 Seita.3G358100 MIKC 244 7.07 27 417.12
SiMADS25 Seita.4G062600 MIKC 227 7.59 26 223.74
SiMADS26 Seita.4G077200 MIKC 222 5.36 24 402.38
SiMADS27 Seita.4G093200 M3 396 4.99 43 215.02
SiMADS28 Seita.4G160200 Ma 232 10.27 25 941.94
SiMADS29 Seita.4G163500 Ma 214 9.59 23 203.68
SiMADS30 Seita.4G177800 Ma 183 7.91 20 081.07
SiMADS31 Seita.4G184600 Ma 169 5.44 18 547.95
SiMADS32 Seita.4G219100 Ma 155 5.11 17 109.35
SiMADS33 Seita.4G238000 Ma 319 5.62 34 272.64
SiMADS34 Seita.4G268200 M3 238 4.97 26 536.93
SiMADS35 Seita.4G277600 MIKC 229 8.74 26 105.50
SiMADS36 Seita.5G033100 My 250 9.61 27 797.64
SiMADS37 Seita.5G036500 MIKC 229 7.73 25 991.50
SiMADS38 Seita.5G101300 MIKC 168 8.90 18 664.72
SiMADS39 Seita.5G 114500 My 249 8.59 27 843.67
SiMADS40 Seita.5G143100 MIKC 257 9.07 29 070.89
SiMADS41 Seita.5G160200 MB 448 5.25 46 645.87
SiMADS42 Seita.5G220600 Ma 183 5.03 20 801.27
SiMADS43 Seita.5G225300 Ma 419 5.89 46 714.93
SiMADS44 Seita.5G303200 M3 196 6.55 22 681.84
SiMADS45 Seita.5G404600 M3 209 7.10 24 211.72
SiMADS46 Seita.5G406700 MIKC 269 9.11 29 894.79
SiMADS47 Seita.5G425300 MB 462 5.11 49 402.20
SiMADS48 Seita.5G432700 MIKC 279 10.58 29 463.69
SiMADS49 Seita.6G013400 M3 225 6.61 25 386.28
SiMADS50 Seita.6G156800 MIKC 233 8.89 26 756.10
SiMADSS1 Seita.6G194800 M3 344 4.58 37 434.77
SiMADS52 Seita.6G223400 MIKC 245 8.75 28 424.34
SiMADS53 Seita.6G223600 MIKC 175 8.97 19 878.67
SiMADS54 Seita.6G223700 MIKC 123 10.13 14 218.33
SiMADSS5 Seita.7G109700 M3 202 7.06 23 293.71
SiMADS56 Seita.7G110000 M3 109 9.94 12 489.72
SiMADS57 Seita.7G125400 MIKC 238 7.72 27 182.97
SiMADS58 Seita.7G210200 MIKC 254 8.59 28 483.13

SIMADS59 Seita.7G235900 Md 245 9.27 28 009.05
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SiMADS60 Seita.8G182900 My 208 6.21 22 047.11
SiMADS61 Seita.8G220800 M3 369 6.20 40 939.99
SiMADS62 Seita.9G088700 MIKC 246 6.45 27 878.75
SIMADS63 Seita.9G088900 MIKC 249 9.33 28 473.64
SiIMADS64 Seita.9G270800 My 409 5.18 43 788.65
SiMADS65 Seita.9G342700 MIKC 225 9.60 25 623.42
SiMADS66 Seita.9G393900 Mo 238 5.60 26 569.08
SIMADS67 Seita.9G513900 MIKC 228 8.47 25 626.13
SiMADS68 Seita.9G561000 MIKC 61 10.65 6 973.20
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Fig.1 Chromosome distribution of SiMADS genes in foxtail millet
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Fig. 2 Phylogenetic relationships of foxtail millet SIMADS proteins
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Fig. 4 Heatmap analysis of SIMADS genes expression during foxtail millet spike development

T AL EFRFILE L, T ERRE R T

2.6 &F SIMADS EEHIR=RIZE

RT3 U SR 2 A v T R BEMILEE 5
3, B & SIMADS27 . SiMADS4L . SiMADS44 .
SiMADSS52 F1 SiMADS62 , Rl FH%¢ 65 i PCR, X iX 4
TEAR T &) 2 R B A 2 Al v e Gk i L 2R A7 o
Bro BRI 5 B AE 4 A AN b A b i R 36
AR T AEAR A nf ) R 38 i, o SiMADS44 Fi
SiMADS62 F£ 4% 1 4 B i 3R 3k £ 5 T 2R, T
SiMADSA41 F1 SiMADSS52 TE 4 BN sl Fd i () 2 58 1
WAHHEZS (WK S), 85855 iy 458
— 350, UEBH T S A I B T AR

3 W 1w

MADS-box K251 Z WY A4 KA F 2, 5
HHTN IEE 24 2R T T %™ b e

PAREIT KRS RN R A ) S0 T 107 .75
57 AN F WS AR IR A S0 A LR R
(BLAST) , X4 FHRF AT 2K R, LEH T
68 MSiMADS HE[H , JRAERFIEEKZ (515 Mb) K
TR A IEE 2 (123 Mb) , & T MADS-box A
SE(68) /INT AU ST (107) TRl FE 7K A F0 — R S A
L 4H (466 Mb F1 260 Mb) 43 BiI# K T2 B I+
MY BEEPIZH (123 Mb) |, 177 7K 8 Al —F8 A0 A% 5 1) MADS-
box FEKEL (75 #1 57) #/NFHIFE ST (107) . WFR KA
PR ST ST 1 % MADS-box 3 PR 77 76 Rk BL ]
ZH0CT TR ECT ST 1 8 MADS-box 5K 1
BE(61) RTARTHAUKAE 1 5 MADS-box 3 [H %t
(25 fi132)

BB R, 44 &, ©E AR Y5
AR F AR T S SRR T, i
TPV R, TUEZ P EAREZ, R

&
it



58 4 #H

&

& % %21 %

MAEARIT/INK AZ B a4, s — BT T
BET,AFESBRANARAER Hp—4F
BRI R T 7= AL, — A P
HTE0.6~0.8 kg, MYETUTHE S AT~ 2T T
VEBRMEEAL S, AT T SR E GO R,
BF R MR R R 12k 50 40 A N
16, 97 HARF R b A AR B 4 = A58 4K,
ANVEE B AR SR b R AREEAS Y A
AR HCR RS B S8 F = m B VI OG, H BLif
S ST HE T A& MADS-box 3 K 1Y T 8 X%
TFHRES T2 EENE L, I THREEST

=
[=]
S

14.0

FEA B ARSCHY LA, %o 8 0 30 ) 4 s ( 4 ) A
BT AR (AR ) AT T R SR R A B, 4
KIA 30 4~ MADS & K78 4 T %)) 3 RN i s il rp 22
ik H 4 M EFEFEP AR E R, 6 MK
TERCARR A B R R A=, J) NI E B PCR 41
M & BH, SIMADSA44 F1 SiMADS62 1E 4% F 4§ Bl il Fe ik
T RCAEE (WA 4) AR fRi B — TS
F SiMADS34 (A SCH SiMADS62 ) 3 R I 5 45 R A
R EAERSFr=m L > # SiMADS44 A]
REAT— TS HRESEETNER, FEH#E—
(D RESIE

mogE B
12.0

10.0
8.0

6.0

AR R ILE

4.0

2.0

SiMADS27 SiMADS41

|
|
sl sl0 sl I sl sl I

SiMADS44

g W g

SiMADSS2 SiMADS62

B 5 541%FSIMADS EEZEARRAELAMRIEDH

Fig.5 Expression analysis of five SIMADS genes in different tissues

SR EE R M R E RN, WS EFNAFHY 18S RNA.

272 3k ( References )

[1]FOLTER S D, ANGENENT G G. Trans meets cis in MADS
science[ J]. Trends in Plant Science, 2006, 11(5):224-
231. DOI: 10.1016/].tplants.2006.03.008.

[2]SMACZNIAK C, IMMINK R G, ANGENENT G C, et al.
Developmental and evolutionary diversity of plant MADS-do-
main factors; Insights from recent studies[ J|. Development,
2012, 139; 3081-3098. DOI: 10.1242/dev.074674.

[3]BECKER A, THEIBEN G. The major clades of MADS-box
genes and their role in the development and evolution of flow-
ering plants [ J |. Molecular Phylogenetics and Evolution,
2003, 29.464-489. DOI. 10.1016/51055-7903( 03 ) 00207
-0.

[4]SAEDLER H,BECKER A, WINTER K U, et al. MADS-box
genes are involved in floral development and evolution[ J].
Acta Biochimica Polonica, 2001, 48. 351-358.

[5]PARENICOVA L, DE FOLTER S, KIEFFER M, et al. Mo-

lecular and phylogenetic analyses of the complete MADS-box
transcription factor family in Arabidopsis: new openings to the
MADS world[J]. Plant Cell, 2003, 15: 1538-1551.DOI.
10.1105/tpc.011544.

[6]ARORA R,AGARWAL P, RAY S, et al. MADS-box gene
family in rice: genome-wide identification, organization and
expression profiling during reproductive development and
stress[ J ]. BMC Genomics, 2007, 8(1); 242. DOI. 10.
1186/1471-2164-8-242.

[7]WEI B, ZHANG R, GUO J, et al. Genome-wide analysis of
the MADS-box gene family in Brachypodium distachyon[ J].
PLoS One, 2014, 9(1):e84781. DOI. 10.1371/journal.
pone.0084781.

[8]JIAN M, YANG Y, LUO W, et al. Genome-wide identifica-
tion and analysis of the MADS-box gene family in bread
wheat ( Triticum aestivum L.) [ J]. PLoS One, 2017,12(7) .
€0181443.DOI: 10.1371/journal.pone.0181443.

[9]LESEBERG C H, LI A, KANG H, et al. Genome-wide
analysis of the MADS-box gene family in Populus trichocarpa



EH L, % AT MADS-box J K 55 1) 4 8 FIZR K 40 59

[J]. Gene,2006, 378 84—94. DOI. 10.1016/j.gene.2006.
05.022.

[10]WANG Y, ZHANG J, HU Z, et al. Genome-wide analysis
of the MADS-box transcription factor family in solanum
lycopersicum[ J]. The International Journal of Molecular
Sciences, 2019, 20 ( 12 ). 2961. DOI. 10. 3390/
1jms20122961.

[11]LIU J, ZHANG J, ZHANG ], et al. Genome-wide analysis
of banana MADS-box family closely related to fruit develop-
ment and ripening [ J ]. Scientific Reports, 2017, 7(1):
3467. DOI:10.1038/s41598-017-03897~-1.

[12]MENG D, CAO Y, CHEN T, et al. Evolution and func-
tional divergence of MADS-box genes in Pyrus[ J]. Scientif-
ic Reports, 2019, 9 (1):1266. DOI. 10. 1038/s41598 -
018-37897-6.

[13]ZHANG X, FATIMA M, ZHOU P, et al. Analysis of
MADS-box genes revealed modified flowering gene network
and diurnal expression in pineapple [ J ]. BMC Genomics.
2020, 21(1):8. DOI;10.1186/s12864-019-6421-7.

[ 14]KRIZEK B A, FLETCHER J C. Molecular mechanisms of
flower development: an armchair guide[ J]. Nature Reviews
Genetics, 2005, 6. 688-698. DOI. 10.1038/nrgl675.

[15]LIU C,TEO Z W, BI Y, et al. A conserved genetic path-
way determines inforescence architecture in Arabidopsis and
rice[ J ]. Developmental Cell, 2013, 24 (6) ;612 - 622.
DOI; 10.1016/j.devcel.2013.02.013.

[16] YOSHIDA A, SASAO M, YASUNO N, et al. TAWAWAL,
a regulator of rice inflorescence architecture, functions
through the suppression of meristem phase transition[ J].
Proceedings of the National Academy of Sciences, 2013,
110(2) :767-772. DOI; 10.1073/pnas.1216151110.

[17]LI P,ZHANG Q, HE D,et al. AGAMOUS-LIKE67 cooper-
ates with the histone mark reader EBS to modulate seed ger-

mination under high temperature [ J ]. Plant Physiology,

2020,184.529-545. DOI: 10.1104/pp.20.00056.

[18]WU R, WANG T, WARREN B, et al. Kiwifruit SVP2
controls developmental and drought-stress pathways [ J ].
Plant Molecular Biology, 2017, 96:. 233 —244. doi. 10.
1007/s11103-017-0688-3.

[19]JIA J, ZHAO P, CHENG L. et al. MADS-box family genes
in sheepgrass and their involvement in abiotic stress
responses| J]. BMC Plant Biology, 2018,18:42. DOI; 10.
1186/512870-018-1259-8.

[20]DIAO X M. China’s grain industry and industrial technology
system [ M ]. Beijing; China’s Agricultural Science and
Technology Press, 2011.

[21]ZHANG G,LIU X, QUAN Z, et al. Genome sequence of
foxtail millet ( Setaria italica) provide sinsights into grasse
volutionand biofuel potential [ J ]. Nature Biotechnology,
2012, 30(6) : 549-554. DOI. 10.1038/nbt.2195.

[22]BENNETZEN J L., SCHMUTZ J, WANG H, et al
Reference genome sequence of the model plant Setaria[ J].
Nature Biotechnology, 2012, 30(6): 555-561. DOI. 10.
1038/nbt.2196.

[23]JIA G, HUANG X, ZHI H, et al. A haplotype map of
genomic variations and genome-wide association studies of
agronomic traits in foxtail millet ( Setaria italica) [ J].
Nature Genettic, 2013, 45. 957-961. DOI. 10.1038/ng.
2673.

[24]PENSIERO J F, VEDETTI A C, Inflorescence typology in
Setaria P. Beauv, Feddes
Repertorium, 2001, 112: 371 -385. DOI. 10. 1002/ fedr.
4921120508.

[25]HUSSIN S, WANG H, TANG S, et al. SIMADS34, an

( Poaceae, Paniceae) [J].

E-class MADS-box transcription factor, regulates inflores-
cence architecture and grain yield in Setaria italic [ J].
Plant Molecular Biology, 2021, 105 (4/5): 419 —434.
DOI:10.1007/s11103-020-01097-6.



