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(1. RN TE 2 B A 2 5 R 2 B, v % vk 03061952, L PG A4 lk K22 A A Bl 222 e, Ll 75 ¥ Hh 030801)

EE:CCoAOMT HEH KB T S-IRH-L-F H 2 MR (SAM) R Itk A BB B G (e R R R AR E K L& A
A IHAEN ARAER T BT RE o A B RS I . ABIFIE LA T 5L DH 4B S BT, %5 SiCCoAOMT HME LBt
I BEAT A W A5 B 5 50 7 B AR A2 W 38 0 B 30 E o S5 2R R I AER T SICCoAOMT K& R K5 vh %08 54>
SiCCoAOMT # A 312g20370 Si4g06670.Si6g06400 .Si6g19790 Fl Si6g 19800, 5E fii T4 2 .4 F1 6 5 Y (o {4, 4 T 2K
FRE e R 2Z R, Wil RE LT N HBA T SiCCoAOMT 3N 5 IR % 7K AE A7 B2 45 04 5] 5 46 P9 & 2
RPN, HL IR — BT Y 18 1853 PR ST 1 570 RIS DR 45 4 i BE AR AL . CCo A OMT = IR G 5 1 54 349, 5 A [R] 174 2 1 4
F 45 M3 (motif 1. motif 2 . motif 4 .motif 5 F1 motif 6) , [A] — M % ¥ b 53 H A7 A LAY motile W =CAE o 44 il o
SiCCoAOMT2 Ml SiCCoAOMT ™ & 41 K & 3¢ Tt mi i (Spl) 48 #1# % (ABRE . CGTCA-motif fil TGACG-
motil) FAEA Y8 (ARE) M T . A F 5K R 0 R Rk M BL R 0 R 3, 8 F A R % CCoAOMT %
) v e % 5 R, B AE TR Sl AL Y 5 5 T 5 KR8 CCoAOMT 22 [A) 47 75 1E B B350 8 o im Ak PR 3 36 36 I 4% 40 17
(WGCNA) & B, SiCCoAOMT2 1 SiCCoAOM T4 H K 73- 1E yellowgreen Bk vp o X E 45 217 2h i 47+ S K TR
Jir 30 b 3, R QR T-PCR X} SiCCoAOMT Z2 1t e I #E 4T R AR 40 K ML, SiICCoAOMT2 1 SiCCoAOMT4 K3k
T R BT 360 3 4% TR 38 173 4 J e R ST e IR 0 B R 22 25 ME (SNPs) AU A /i 2k 75 55 (InDeels ) 3 A )
F R TR, SiCCoAOMTS B R T4 FAFR A A KR T 348 T (107~ B8 & MAPU 0 — & WEM . &5 B AT
AR BT SICCoAOMT 5 W G 4T T RG0S5 th SiCCoAOMT2 Fl SiCCoAOMT4 J2& 45 1 il i
T S FEY I8 A SR SE TN, S A B 3 58 I 28 R A K R R LR 0 TR AR S B A T — s AR B
K 5T CCoOAOMT H R G AR A Wit s R GE it AL ; PRAf Y
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Abstract: The caffeoyl-CoA O-methyltransferase (CCoAOMT) protein family belongs to the S-adenosyl-L-
methionine (SAM )-dependent methyltransferase superfamily. Members of the CCOAOMT family are known to play
key roles in plant lignin synthesis, as well as in growth and development. However, their function in Setaria italica
has not been systematically studied. In this study, members of the SICCoAOMT gene family were identified from

S. italica genomic data, and bioinformatics analysis was conducted. In addition, the expression patterns of these
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genes under abiotic stress were determined. Five SiCCoAOMT genes in the SiICCoAOMT gene family were
identified in the S. italica genome, and were located on chromosomes 2, 4, and 6. The physical and chemical
properties differed among the five encoded putative proteins. In a phylogenetic analysis, the SICCoAOMT genes of
S. italica were divided into two subfamilies with homologous genes from Arabidopsis thaliana, Oryza sativa, and
Setaria viridis. Members of the same subfamily shared high similarity in terms of conserved sequences and gene
structures. All members of the CCoAOMT gene family contained the same conserved protein structure domains
(motif 1, motif 2, motif 4, motif 5, and motif 6) , and members of the same subfamily had similar motifs.
Prediction of cis-acting elements showed that SiCCoAOMTZ and SiCCoAOMT4 contained many elements
responsive to light (Spl) , plant hormones (ABRE, CGTCA-motif, and TGACG-motif) and abiotic stresses
(ARE). Collinearity analysis among S. italica, O. sativa, and S. viridis revealed that the CCoAOMT orthologs in
S. italica and S. wviridis have been subject to neutral selection and purifying selection, and the CCoAOMT orthologs
in S. italica and O. sativa have been subject to positive selection. In a weighted gene co-expression network
analysis, SICCoAOMT2 and SiCCoAOM T4 were grouped in the yellowgreen module. To further verify the roles of
SiCCoAOMT genes in stress responses, seedlings of the cultivar ‘Jingu 21 were subjected to drought and low-
temperature stresses, and the SiICCoAOMT transcript levels were analyzed by qRT —PCR. The results showed that
the transcript levels of SiCCoAOMTZ and SiCCoAOMT4 were significantly up-regulated under both stress
conditions. Based on single nucleotide polymorphism and insertion/deletion genotype information for 360 S. italica
and 38 S. wiridis germplasm resources, haplotype analysis showed that SiICCoAOMT5 was beneficial for the growth
and development of S. italica grains, and contributed to the yield and stress resistance of S. izalica. Overall, this
study systematically characterized the SiCCoAOMT gene family in S. italica, identifying SiCCoAOMTZ and
SiCCoAOMT4 as key genes involved in drought and cold stress responses. These findings provide a foundation for
further exploration of the stress resistance and growth regulation mechanisms of S. italica.

Key words: Setaria italica; CCoAOMT gene family; abiotic stress; phylogenetic evolution; haplotype

CCoAOMT (caffeoyl-CoA O-methyltransferase) 5 FH & % J& T S-Af H -L- 51 & 8 (SAM) MK 8 M 3L 54 7%
it HC 3 A G R 52K R o I PR 46 B A (caffeoyl-CoA ) 3-F2 KEA 5 Y FY e Ak B 07 ™, B B A 8 v K i &
F09 A 0 L, DT 484 5 A ) 25 ML SR B 0 45 A Y 5 4 0 B M it A DA T K O3B i SR R 2T T
PR = B B A BT LR Y, [ 1989 4F Kuhnl 5 Pakusch BN 43 SIAZESH B N (Dawucus carota) FER 5 ( Petroselinum
crispum) BT AU T & B CCoAOMT 1% ¥ LK™ % 3 I T REATF 5% % 25 TR A : Schmitt 87 F 1991 4F ¢ Ik 76 B
FE R CCoAOMT 1) cDNA B B A7 5 i Heohfig . 19944 Ye &7 1 H ¥ (Zinnia elegans) & T 5~10 Fh
CCoAOMT, iy 3£ T CCoAOMT Z 5 ML W) R Bt & (09 A= W) & o BR b ik A8 9 4b , 1% 0 9% (Arabidopsis
thaliana)" """ JKFG (Oryza sativa)"" M) B ¥ (Setaria viridis)"* % 5k ( Corchorus capsularis)"" 2 H 9y o Je J5 K& B
T LM CCoAOMT L . N, #t 3% (Beta vulgaris) BoCCoAOMT % P 1T L) 452 w25 VE W (4 40 52 IR £ 4 k0 ok
(Zea mays) ZmCCoAOMT £ e T i P 8 2 s 3h i 3 v LUK RS OsCCoAOMT M | 35 3835 3
Bl CCoAOMT i ffi A 5t 38 45 LG hn , AR Xof -1 5+ 70 6 i 55 A= W W3

B (Setaria italica) Hy “AF AR AFMEY) , #IH T 3 B &0 ik, th i B R i feimok ™ . H B e 2
s R B W G T AR R IR L A g AR L IR B b B PR AR XA AE T AR I R
B F I N A B A DO A TR R TS W R B W R R (AR R, 2R R B LY
N R | v N T S 1 T o e[y e R R 7 X e 2 T A B 11 UL 01 e v DA S (S5
FL 58 B DR AL B 2 AR A, A T 2R LA ORG 1] (249 515 Mb) , it AE B AR 4 5 L PR R B 0 S 4 21 i
BGEAR T xiaomi” FHEE C MW 85 0O & REME 5 B0 3845 08 01, O g BT R AR B0 0B ) B ik TR 4 4 4t T H AR
B A BIF 50 3 5 )b 722 o AT AT
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3 FE b 7 AR Ml IX 32 K 0 5 e 5 A s A e SN S I AR U (R IR . CCoAOMT B PR 55 A A W 4t
W B AR C 8T 2 RE L B H TS T SiCCoAOMT BB 588 /0 AXAERT 5 1) B SevirCCoAOMT B Bk 45 4%
F SiCCoOAOMT M2 T ZGE AR ™ . AW THE T 2B Y E R T SiCCoAOMT ZIR IR 5L B A M R K
i A ST HEAT 5 W) Rl R A L ER 43T CCoAOM T ZRIGAE R A B AN ] B AL C 5 5 RGBT SiICCoAOMT Kt
B 45 KRR AR DN RE ZRE M, 45 A qRT-PCR ¥ UE SiCCoAOMT 7 AE A= 9 W38 R 1) 30 25 38 3R AR X 3 1 i A3 PR 3t
F 3K M 4% 73 i (weighted gene co-expression network analysis, WGCNA )4 # T 85 £ 35 SiCCoAOMT F [H iy L 3%
IR 4% i HH AR R e A A R DR R R R IR O X L HEAT B R AT, RS T SiCCoAOMT e I K 1) 43
TREE 5 P P4 W 45, S AR TP F Fhrb i i — 20 pF o0 28 A B 07 xR JE R T | ki) AR AR A N PR
P, X ff e DX IO £ 22 4 H A 2 S 5L
1 MHBE5FE
1.1 SiCCoAOMT ¥ B K3k mx i 09 % T B ALY 5 HF

7 [ 22 7K Fe Bfls o0 (hitps s //www . ricedata. en/) K &R & i 18 B K OsCCoAOMT ZJE N B AE 5 % 7
5, N MDSi % 4 J% (http: //foxtail-millet. biocloud. net/home) #F 17 ¥ 51 [ ¥ & %F (E-value<<10") , I T #
“xiaomi’ K& A 41 F1 i B SCPE o AE Plam B0 2 45 % CCoAOMT #& 117 41 19 HMM 4§ iE 3C £ (PF01596) , i i
TBtools (v 1. 127)"*5%t * xiaomi” & 17 I FE AT [R5 Lo X, 78 28 114008 P8 v 53-8 7 10 AR L) 25 X (Expect=10) . i
o [R]85 SR A HMM 25 51, 25 4 SiCCoAOMT H K 5 i 5t , FIHT SMART (http: //smart. embl. de/) #l Pfam
(http://pfam. xfam. org/ ) FH i A7 85 1 OR SF 25 ¥ 300 B , 265 5 % A [R] R <7 2385 40 3800 JE 1A

M Phytozome ¥ 2 (https: //phytozome-next. jgi. doe. gov) H1 T~ 2% K A S & 5 FN 40 g ¥ 110 3k PR 21 A
BRI MEGA 11(v 11.0. 13) 3% 45 F KR ) R HORHLL R I (19 CCoAOM T B AT 215 51 LX), R i
HIEE M ERGE KB
1.2 SiCCoAOMT R #% & 5 A B £ # motif oA L& 3h T IR X AR A 7T B3k 250H 547

fifi F1 MEME (https://meme-suite. org/meme/tools/meme) T. B XF 2 F . #h B I% 7K &% Al M) 2 %0 1
CCoAOMT # 1 ¥ 8 #E47 motif 23 #r . F F CELLO (v 2.5) ™ #E 47 30 41 g & 42 7 . F F TBtools 1 % Gene
Structure View (advanced) ) e #E1T HE AR LR 57 56 )3 Rl 5L R 285 4 T A4k o

R 8 F 1y 51 1R % 05 F B UiF 2000 bp, #F H [ 4% 3] PlantCARE 445 % (https: //bioinformatics. psb. ugent.
be/webtools/plantcare/html/) , %} 4 ¥ A FG I+ K B FM B 72 CCoAOMT 15 )3 2+ WA F oe 4k 247 3 B o
X g5 AT S L iE 0 R (4. 1. 2) 58 (https: //www. r-project. org/) ¥ HAE o443 2 Fn vl #i 4k . ) H
TBtools 11 One Step MCScanX T.HX 4 F i B FEAKFE Y CCoAOMT & [T FN AT L Ze S R b . IFAH
JH dnaSP 6 B AF i+ A A 2 R R0 K e i) e e ok R DRxE 1 Al [a] SO 4 3 (K,) 5 ) SO 3 R (KL, o BT i B s )
(K./K.)

1.3 WGCNA 5 # # 3 4F SiCCoAOMT R %A B 3 K ik M %

A 3 IR 46 36 315 9 4% 43 A (weighted gene co-expression network analysis, WGCNA ) J& — Fh 40 1 2 A4 FE A 3k
PRI Yy i o ARWFIER AR A Fh 8 48 217, 5 8 P08 Al xiaomi” X L, 4081 B 4 217 A xiaomi”
AR HLUR R BB SiCCoAOMT B i 3R ik JF IR R 4. 1. 2 8 2 i PR ET AR 9 55 TR e A B e A7 SR 2

FIH R B WGCNA 251 B 6 R A8 8 2 B9 FEAS , H helust BRI RE A RS IF 30 08 & BEFE A, 2 )5 H oA 2K pick
Soft Threshold #f & & 1& # 4K H{H (power) , 14 HEAF A Jo REE 0 28 43 A (4 FE DR I 2% ik 7 6 PR 22 T) AH OGPk power
U, K TOM FE P4 RS R I R 73 I PRI 1 55 SiCCoAOMT 2 P B B
1.4 5F SiCCoAOMT R % A B 3F A& 2 Wi 0 F ik 48 X 55 A7 & B ik

2024 4E 10 7, LA 217 il b RE o 7 Ffr AR 35 6 5, & T 1 TR 3% FR AR (BIC-300, th [ B ) h i 5
R 46 016 ho I /8 h FA s IR 25 °C M X 80% o Ki IR R — OB HUK S — S &% F 40 i, 0 0l i A7
FTRI20% (w/v)E 4 8 6000(polyethylene glycol 6000, PEG-6000) JFIMKIHE (4 C)ALHE, 7B AEALHE0.3.6.12
24 hisf R AW 7, B AL I [R] S 3R AE W) A W AR5 A8 T — 80 CUkAf -
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FIH AN SE 0 ik 6 BN BURE RN A 19 T A 21 JE 3K SR RLRE &, JE 17 80 RNA $& B, I 17 2 5%
AR cDNA. ffi F§ NCBI (https://www. ncbi. nlm. nih. gov/) M ¥4 H1 ) Primer-BLAST T. L& 519, A& F
Actin7 B RAE RN Z 3 (K 1), H HiScript IITI U+ One Step qRT-PCR Probe 5X Master Mix (i M %8 ) i 57 &5 ,
4T qRT-PCR. R FEJF Ny : 95 CHUAE P 2 min; 95 ‘CAE M 10 s, 58 ‘CiR k 10 5,72 “CHEff 50 s, 40 M . B4
FEAS BB 3P & ] 2 "1 SiCCoAOM T B AR XS R ik &, I R 22 81

%1 qRT-PCR 3|#¥ 57!
Table 1 qRT-PCR primer sequences

FE [N 44 FX Gene name #5514 Forward primer (5'—3") T #5149 Reverse primer (3'—5)

SiActin7

SiCCoAOMTI1
SiCCoAOMT2
SiCCoAOMTS3
SiCCoAOMTH4

SiCCoAOMTS

AGGGCTGTCTTCCCGAGTAT
TGATCCATCCGAATCGCCAG
TCGGGTTCGACTTGGAATGG
GGCAGCCCTGCTTCACATTA
GCGAGTACTACGAGATCGGC

GGTGCGCCAAGCCTAAACTG

ATGGCTCACACCATCACCAG

CACCGAGCACGGAGATTGAT
TCCACAGCGTGTTGTCGTAG
TGAATCGCAATGCGGCAATC
GACGTCCAGACGGAATGGAA

GGCGTTCAAGGGACGGTACT

1.5 AR 54

JEF W I 5E T AT 360 4 4% R 38 14 M) SR8 BB T B R Y B AT R 2 A M (SNPs) Fitdd A /i 2 245 5 (InDels)
FHBAE B S F SiCCoAOMT1~5 1 F 4 IX 2000 bp , i i CandiHap #4: #8417 545 8 43 #r o
2 #REHH
2.1 5F SiCCoAOMT F % & R %% % & %t 4L 5 #7

1 5K R A o R 2 B HRGE B9 K A8 OsCCoAOMT R 1 LOC_0s08g38910°" , ¥ Hidi: Jy Fh 1 ¢ %1, 5
‘xiaomi’ % K 40 blast £ 51 F %t . WA Plam %48 5 ) H HMM (PF01596) k5% CCoAOMT AH 4 A F 51, i v Hh 4
T CCoAOMT 37 1) L A, Ho 4 5 blast He X5 20 (1 36 X . 3 5 Swiss-Prot Ml SMART 04 J22 X 3 46 3 K]
B PR SE S5 M3 AT EE XS 08T, K LS AR it E H & H CCoAOMT 38, (Swiss-Prot: Q43095) o x40 % 514>
B CCoAOMT 3 H Ho 43 il w44 SiCCoAOMT1~5,

BB T SiCCoOAOMTHH 5 7T AL T .6 DK FEM 6 N1 B F A CCoAOMT R ERGE L FM(E 1),
RIE CCoOAOMT HEH RGN RGEH MK TR . MIERG L EF R, X L8 A BRI 5 124K T
2.2 BT SiCCoOAOMT 7 #% FAC YT 547 e G AR T A B3k bk 57

BRI KRS R B RA F AP F Y CCoAOMT 5 16 45 11 #E 4T AL E 5T K2 W 40 i 5 61 /3 BT (%2 2) . 5
M F SiCCOAOMT FER B T2 4 M6 hEk E(R2), Hdh, 6 5 R_EKkTMimkE, 731
SiCCoAOMT B 5t o Yt 0 4K 5 i % W], SiCCoAOMT % W 5y 16 & 1 4% 0 1K W 3 0 #n , 5 M) BB
SevirCCoAOMT 3 N AE Je A AR b 1 43 A5 2L 76 6 5 e A fK |, SiCCoAOMT A4 Lt SevirCCoAOMT 2 14~
IR T SiCCoAOMT 3 [H 9 % 75 (i BEAL M B & 3, SICCoAOMT 2B H 1 202~544 A~ KL BR 7% B4 1, 7 1
H (molecular weight, MW) 24 22591. 96~58335. 97 Da, #l i 55 H 5 (pI) My 4. 93~9. 01, A Fa & F8 B My 26. 21~
50. 34(F 2) . 3l i W 40l 5 7 T, 54 SiCCoAOMT 8 58 A T -4k 4 i i, HA SiICCoAOMT3 W] fEA§
FET PR,

AT SiCCoAOMT JF 3 5K F A Jé s AT b X J 3L k43 #r , R I SiCCoAOMT1~4 3£ 5K F M 2
B CCoAOMT B 7 B AT F 2k vk 5 &, AU SiCCoAOMTS 5K A8 M B A L H A LR (K 2), Hrp
SiCCoAOMTI1 F1 SiCCoAOMT4 RN TE KRG SR H CCoAOMT G A 24 R REN . E—H BT
IKFE R B R CCoAOMT Fe 2 M FE R X1 K/ KAE (£ 3) , R BLA T 5 4 J2 7 e 28 ok 6 DR G 1 KL/ K K 43



5 35 B 3 W Ol 2E 3] 2026 4F

199

o
s &
N S
% = g ¢ S
~ N
3 ¢ &g & ¢
o o = o N <
e - £ & § s
< = o §° S & &
ke 3 @ NS X
£ > %z ¥ § & ¥
&), ) ®, B N ¥ LU O N
% C % o O Y & N
ge % & 2 O » ¥ 0O R
= O% % = % PN @3’5
s, o
CCoy ) o>

OsCCoAOMT6 (0s09230360)

~ o,
SevirCCodOMT (Sevir ¢ 6204900, 5CCoAOMT2(0s08g05790)

"SevirCCod0p sy .
\919@ “, 3 (SeV1r,6G056900)
$\6% Q® ’YO
NS w2 s,
O 4 q;;)o % ")(&.
o = 7
o S AC) s,
Sv ,5\ -ie S=9 \%} 00)
Y ¥ = ‘E"} = 0}
0 3 2288 S g2
> NS QL = $4
GY 5 S = = = @
& ¢ 3% % %
0 3 §3 5 = >,
& &« E 3 RZY

& Y 3 3 ©

5 § £ % 5

i $ £ 3 %

s § 3 7
2 = e 68
[%?N HE AL b5 R Tree scale + :

Bl BF WEF KENARE CCOAOMTRIEEBREXR

Fig. 1 Phylogenetic relationships of the CCoAOMT family proteins in S. italica, A. thaliana, O. sativa and S. viridis

#iE T 1,8 & SiCCoAOMT3 5 Sevir. 6G056900 1) K,/K A /N T 1 (K,/K,=0.725) . X i B 48 7 Fl 0 |2 %%
CCoAOMT 3 B\ v P BE 5 (14 [R] B, 38 A7 7E 24k e 45, i 1] g & i CCoA OM T -like (32D CCoAOMT ) 3 g
N4 (B2 £l SiCCoAOMT [IPL ¥ g 155 T SevirCCoAOMT ., 4 T 5 /K RE IR R %t 19 K/K > 1, 35
WA FK R 2Z 0] A TE BE BN, SiCCoAOMT A] BEHEAL 1 L OsCCoAOMT B3 [ ¥5 35 1) 47t 336 77 160 ) g,

BT o T2 ARS8 a4 .
2.3 B5F SiCCoAOMT R W 45 M Fa ik F 5 5] 5 H7

X AFF A ST KRS AR R B CCoAOMT it 35 R 25 ¥ 345 0 A, 45 R KW CCoAOM T FE R 413, & 4~9
MHNEF L 3~8 AN NEF(E 3A) . M RSFIFI A, 4 YA T CCoAOMT B, B2 ¥ 41 & motif 1. motif 2.,
motif 4 . motif 5 Fl motif 6 (& 3B) ., H IR IF ArCCoAOMT4 & 45 1 motif £ 2> (6 4~) . 5 Hifh 5 52 AH 1L,

SICCoAOMTS 2 A FF 4 B B K . @3 X4 N A g CCoAOMT % B A4 57 1% 5 43 ¥ %& B, motif 1. motif 2.

motif 4~6 7 CCoAOMT Z G T2 4345 , 4 W) P [R] — W % ) CCoAOMT A 52 B motifl 2 s 2 A AR .
2.4 BF SiCCoAOMT R % 2B 3h T XAF A 7T AE TR

B B OF KRR R B CCoAOMT K Ja 8 F 1y 51 & I % 1% F L i 2000 bp, ¥ H I 1% 5
PlantC ARE #4072 , #E47 J5 35 7 A FHOCAFE 23 B o %k 435 50 pE A7 0 16 4% B, 1 R O%F HAE FH e 44 43 2 el
b, LB 55 4% F SiCCoAOMT K& R A8 A= Wy R AR A= Wy Wl 300 (9 0 285 KA ) i R AR S nT il (B 4) . & F
SiCCoAOMT 5 W 5% ) Ty GE e 1 T A4 A 4% - DAY A K & & oo : ACE . Box 4.G-box . GATA-motif, Sp1.
TCCC-motif, A-box.CAT-box.G-Box.I-box. ATCT-motif. AE-box .G T1-motif. RY-element. TCT-motif & ; H
e, 6 R IC 2 G-box 7£ SiCCoAOMT2 Fl SiCCoAOMT4 W 53 A 88 2, SiCCoAOMT2 v (1) 6 Wi )i o6 14 Sp1 43 #i
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K2 4THEY CCoAOMTERREHBEAELMER
Table 2 Physicochemical properties of CCoAOMT family proteins encoded by the genes of four plant species

FEH £ B = K Sy AP AEE TR R V. 2 e 7 ot
Gene name Gene ID Protein length Molecular Isoelectric point  Instability Subcellular localization
(aa) weight (Da) index
SiCCoAOMT] Si2g25370 242 25798. 61 5.04 33.80  Ml&t{Ak Chloroplast
SiCCoAOMT? Sidg06670 265 29517. 68 5.24 26.54  4HafE Cytoplasmic
SiCCoAOMT3 Si6g06400 295 32293. 69 9.01 50. 34 244 Chloroplast, Z&ki{& Mitochondrion
SiCCoAOMTA Si6g19790 202 22591. 96 5.26 26.21 45 Cytoplasmic
SiCCoAOMT5 Si6g19800 544 58335. 97 4.93 48.70  #HMIF Cytoplasmic, H4#{A Chloroplast
AtCCoAOMTI ATIG24735 291 33157. 44 6.89 31.20 4 Cytoplasmic
AtCCoAOMT?2 ATIG67980 232 26114. 06 5.16 20.45  4iffJ5 Cytoplasmic
AtCCoAOMT3 ATIG67990 233 26350. 49 5.25 19.47  40Hfi Cytoplasmic
AtCCoAOMT4 AT3G61990 290 32168. 92 5.23 41.90 -4 Chloroplast, 48 4% Nucleus
AtCCoAOMT5 AT3G62000 352 39671.76 9.05 38.35  4iMat% Nucleus
AtCCoAOMT6 AT4G26220 232 25945. 79 5.37 36.58  4HJfu)i Cytoplasmic
AtCCoAOMT7 AT4G34050 286 32473.04 5.81 39.11 4 5 Cytoplasmic
OsCCoAOMT]I LOC_Os06g06980 260 28847. 77 5.21 27.11  4uffJi Cytoplasmic
OsCCoAOMT?2 LOC_0s08g05790 317 34307. 55 9.08 36.74  M&{A Chloroplast
OsCCoAOMT3 LOC_0s08g38900 252 27771. 74 5.11 29.60  4ifffF Cytoplasmic
OsCCoAOMT4 LOC_0s08g38910 292 31897. 36 5.34 43.26  4UffIJ% Cytoplasmic
OsCCoAOMTS5 LOC_0s08g38920 234 25883. 49 5.57 29.56  #HJfJT Cytoplasmic, M%4¢{A& Chloroplast
OsCCoAOMT6 LOC_0509¢30360 258 27132.08 5. 09 34.32 i1l 5t Cytoplasmic, M-4¢{A& Chloroplast
SevirCCoAOMTI  Sevir. 2G259200 242 25798. 61 5.04 33.80  BI&{AK Chloroplast
SevirCCoOAOMT2  Sevir. 4G059400 265 29544. 71 5.24 25.82  4UJfJi Cytoplasmic
SevirCCoAOMT3 Sevir. 6G056900 297 32568. 99 9.01 49.82 244 Chloroplast, kL& Mitochondrion
SevirCCoAOMT4  Sevir. 6G204900 246 27324. 29 5.09 31.64  4ifa)i Cytoplasmic
SevirCCoOAOMTS5 — Sevir. 6G205000 245 26808. 57 5.17 29.79  4HJfJ5 Cytoplasmic
SevirCCoAOMTG6  Sevir. 6G205100 309 33724.22 6.27 47.54 244 Chloroplast, kL& Mitochondrion
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Fig.2 Synteny of CCoAOMT family genes among millet, rice, and foxtail millet
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Tj}ﬂ@ﬁ%‘fi ﬁ)& XTEWin( (B 2% 2);%%2)% Table 3 K,/K, values of syntenic gene pairs for CCoAOMT in
% T ﬁ: ABRE (% ]3 ﬂ}ﬁ % I ) CGTCA millet, rice, and foxtail millet calculated

E QNN : = — /ﬁ' -

[F 95 [ [ BRI R SO
motif ﬂsﬂ TGACG-mon( § 5 % %ﬁ @ﬁ Eﬁ EE u[lﬁ,] @ ) S Homologous gene }ﬁ%% %?ﬁ% }ﬁ%/ﬁ])‘({%‘
GARE-motif ( Z 5 75 % R Wi )il ) . TGA-element il (K) (K,)  #(K/K)
AuxRR- core( é% l:j/jzk% []I'] ) TCA- element( 74% l:J‘7J( SiCCoAOMTI-LOC_Os08g38900 0. 3068 0. 3415 1. 113103

*51 S 1] i ':F' ABRE . CGTCA-motif #l TGACG- SiCCoAOMTI-LOC_Os09¢30360  0.0515  0.1322 2. 566990

SiCCoAOMT1-Sevir. 2259200 1. 3027 1. 3657 1.048361
motif £ SiCCoAOMT2 Fl SiCCoAOMT4 1 43 7 o e
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4 ) =l b i 5 Sy
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S 3) AR A W AR W A 2 T AE TR (S 5% SiCCoAOMT3-Sevir. 6G056900 2.1684  1.5731  0.725466
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A Z T LLAE IR B K S SRR AR A
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SiCCoAOMT4-Sevir. 6G204900 1.7213 1. 6205 0.941440

K,: Nonsynonymous substitution rate; K : Synonymous substitution
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F’: EE HE E E'Z ?%*E % ﬁ'f; fEﬁ /ﬁﬂ: % ':F' EI/\] /;‘E 7[’? ° rate; K,/K,: The ratio of nonsynonymous to synonymous substitution rates.
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Fig.3 Structural of the CCoAOMT family genes in millet, arabidopsis, rice, and foxtail millet

A B IT OKFE RS AT CCoAOMT FK ik 3k 1 45 ) Gene structures of the CCoAOMT family in arabidopsis, rice, foxtail millet, and millet; B:
I OKFE R ST CCoAOMT Fik & R SF 1y 51 I 25 #4 38% Conserved motifs and domains of the CCoAOMT family genes across arabidopsis,

rice, foxtail millet, and millet.
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B, M 2L & A SiCCoAOMT R R 8, & 3L 54> SiCCoAOMT 53 Aii 78 blue . yellow il yellowgreen £
i, il it Cytoscape (v 3.10. 2) , %} blue . yellow l yellowgreen # He £ 47 % 4 il # Ak . i HUAS F SiCCoAOMT %
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yellow B H A 4% .0 3 K 2 SiCCoAOMTS , blue BEH I B0 FE K SiCCoAOMT L, 3B L & 54 5 5
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Fig. 4 Cis-acting element analysis of CCoAOMT family gene promoters in millet, arabidopsis, rice, and foxtail millet

ACE: Y6 Jif JG f Cis-acting element involved in light responsiveness; Box 4: £ 5F 5 Wi Jif £52 ¥t Part of a conserved DNA module involved in light
responsiveness; G-box: JGMR I G £ Cis-acting regulatory element involved in light responsiveness; GATA-motif: Y6 # GATA 3 ¥ Light-responsive
GATA transcription factor binding site; Spl: J&Mi i Spl 454 13 4% Light-responsive Spl transcription factor binding site; TCCC-motif: J&Mi i TCCC
3 JF Cis-acting element involved in light responsiveness; A-box/I-box: JG ¥ % A/I & Light-responsive A-box/I-box binding factor recognition site;
CAT-box: Jmi L CAT #& Cis-acting regulatory element related to light response; ATCT-motif: 6 i ATCT 3 J¥ Cis-acting element involved in
light responsiveness; AE-box: Y18 AE £ Light-responsive AE-box binding factor recognition site; GT1-motif: YW i GT1 3 J¥ Light-responsive
GT]1 transcription factor binding site; RY-element: it 745 53 ¥ i ¥4 JC £ Seed-specific regulatory element; TCT-motif: ¥ 5 & i# % J¢ £F Phloem-
specific regulatory element; ABRE : it 7% 82 W i #H 5¢ 7E F JC#F Cis-acting element involved in the abscisic acid responsiveness; CGTCA-motif: 2 # i
P8 i 7 G {4 Cis-acting regulatory element involved in methyl jasmonate-responsiveness; TGACG-motif: 2 #i i H i Wi i JC /4 Cis-acting regulatory
element involved in MeJA-responsiveness; GARE-motif: 7k % % M i JC f Gibberellin-responsive element; TGA-element: 4+ 2 M )i J6 £ Auxin-
responsive element; AuxRR-core: /=& 2 M i # 0> G} Core sequence of auxin response element; TCA-element: /K45 & i N JG /4 Cis-acting element
involved in salicylic acid responsiveness; LTR: X i i i JC {4 Low-temperature responsive element; ARE: K % Wi i JC {4 Anaerobic induction
responsive element; MBS: T 555 MYB 4545 {7 4 MYB binding site involved in drought-inducibility ; TC-rich repeats: [ 5 k301 0 3 JC {4 Defense
and stress responsive element. chs-CMAla: £ H il & i 26 P I8 ¥ 82 e Cis-acting element involved in light responsiveness for chalcone synthase
expression; GA-motif: 7% % Wi i JC £ Gibberellin-responsive element; MRE: 4 J& B F Wi Jif JC 4 Metal ion responsive element; P-box: 7% % i i
Jtff Gibberellin-responsive element; WUN-motif: $54jj i )i 7¢ 4 W ound-responsive element.

LISy B8 A3 580 HE A P 200 2H 2L IR i s B9 AR 22 S (GO : 0009611) , ¥iE SiCCoAOMT WY i I M, fi 1k A
ﬁﬁ?ék%é\ﬁi;ﬁﬁSiCCoAOMT4?EZ‘2jI_$§§IJéH1H@$ZEP(G():0005634),ﬁéﬂcEﬁ%U\SAM%%@J*Jﬁ?(GO:
0008757) , SiCCoAOMT2 F1 SiCCoA OM T4 3 [d] 58 W X A i 2 A4 & B 4% . SiCCoAOMTS A7 16 F 2 ki ik
1 (GO:0005739) , T LA AE 41 i B P B i 48900 (GO - 0016023) , 2 5 4 J& B T 5512 , il B Bl AL A B & A 0, 78
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Fig. 5 Local network diagrams of millet CCoAOMT family-related genes

A yellowgreen 5t SiCCoAOMT #H 5 3t B X 4% 8] Gene network diagram of millet CCoAOMT family genes in the yellowgreen module; B: yellow %
H SiCCoAOMT #K %& H M 2% ] Gene network diagram of millet CCoAOMT family genes in the yellow module; C: blue FEt SiCCoAOMT #1535 [H
% £ [l Gene network diagram of millet CCoAOMT family genes in the blue module. ZT (& 7~ 4% 00 3 R 48 (8 KR G Sk IR T, S R R e e 56 7, i
22w Hofth 3% 33 B A B9 H R 3k FE . Red nodes represent core genes, orange nodes represent transcription factors, green nodes represent candidate

genes, and blue nodes indicate other highly co-expressed genes.
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Fig. 6 Expression profiles of SiCCoAOMT family members in millet across different developmental stages and tissues

A SiCCoOAOMT ZJE IR A 7E 4% 217 (JG21) Al * xiaomi” (XM) A [7] L BURI & & i) 1) 238 8% (JG21 R XM 23 590 40 4% 23 Fl 6 S AL ZUR30]) o The
expression profiles of SiCCoAOMT gene family members in different tissues and developmental stages of ‘Jingu 21” (JG21) and ‘xiaomi’ (XM) (JG21
and XM included 23 and 6 tissue stages, respectively). JG21.G3: F F#j & 3 d Seed germination 3-days; JG21.T1L2: P i — .0 #A %)) ¥ One-tip-two-
leaf stage seedlings; JG21.Ah2: #li# 2 d J§ 2~3 J T M 2—3 top leaves after 2 days of heading; JG21.N: # 3% ] # %l Panicle necks at filling stage;
JG21.F: #EHR WK Flag leaves at filling stage; JG21.Fsh: {# 3 i i I 4§ Flag leafl sheaths at filling stage; JG21.J2: 3% S3 (98] — 15 25 4T The
second stems from the top of S3 at the filling stage; JG21.D4Y : {# %% 1] 8] P4 i Leal-top-fourth at filling stage; JG21.D4sh: %% 91 8] pU i -5 Leal-
sheath-top-fourth at filling stage; JG21.R: # K I 4R Roots at filling stage; JG21.P1: #] 4 43 % 43 fL ] /N Bl Spikelets at primary branch differentiation
stage; JG21.P3: 2 3 9443 k% 4 AL W] /N Spikelets at the third branch differentiation stage; JG21.PS2: ## 3 1] S2 /Nf# Spikelets of S2 at filling stage;
JG21.PS4: i 4 0] S4 /N Spikelets of S4 at filling stage; JG21.S1~JG21.S5: 3 W] S1~S5 ¥ Hi Grains of S1—S5 at filling stage; JG21.AM30: A%
#1430 d #F 87 Grains of 30-days-after-maturation; JG21.AM60: AL# 60 d ¥7#i Seeds of 60-days-aflter-maturation; JG21.1LV: S3 0 ik Leaf veins of S3;
JG21.M: S3#im A Mesophyll of S3; XM.LW3: 3 A fy1 A 3-week leaves; XM.L2: i F# 31 {8] 1 The second leaves from the top at heading stage
XM.Ah2: #ili#4 2 d Ji7 /) 4 Panicles 2 days after heading; XM.PP: $Z ¥ ] & #4# Panicles at pollination stage; XM.P: i X ] #4# Spikes at filling stage;
XM.S: #3122 Stems at filling stage. B: SiCCoAOMT & PUFFBL#E 3% S3 I 1 59 qRT-PCR ¥&41F . qRT-PCR validation of SiCCoAOMT gene at S3

stage of grain filling.
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Fig. 7 Expression patterns of SiCCoAOMT gene family in response to abiotic stress

A: TR T SiCCoAOMT F 15 il 51 B 4% 35 185 30 Expression patterns of SiCCoAOMT gene family under drought stress; B: fif i i 38 F
SiCCoAOMT Z 5 A b2 1 #2155 28 Expression patterns of SiCCoAOMT gene family under low temperature stress.
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i 1 XA F SiCCoAOMT B A B4y BT, 42 48 i asi i A AR 48 57 2R A % 3 VA 7E SiCCoAOMT3 il
SiCCoAOMTS mAF1E B FH M F 2 F (K 8) . SICCoAOMTS3 ¥ ,Hap 1 .Hap 3 Fl Hap 4 5% % £ [N 4 — 5 (
8A) ; Hap 2 Fl Hap 5 5 £ 4939166 bp &b & 4= A/C 722 53 , 7£ 4939482 F1 4940070 bp &b %& 4= C/T 728 5 (& 8C)
SiCCoAOMT5 " ,Hap 1 fil Hap 3 522 B [H 20 — S (&1 8B) , Hap 2 Fl Hap 57F 31085051, 31085052 1 31091199
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Fig. 8 SiCCoAOMT gene dominant haplotype

A SiCCoAOMTS3 %t X B 4% 4 56 26 €] Boxplot of SiCCoAOMTS3 gene’ s haplotype; B: SiCCoAOMTS5 % X B 4% %4 4 £k |8 Boxplot of SiCCoAOMTS
gene’s haplotype; C: SiCCoAOMT3 K& R 5 A% YA i (- T2 20 A 20 40 3 B A 8 & ) Haplotype sites of the SiCCoAOMT3 gene (the data on the top
side were the number of samples haplotype contained) ; D: SiCCoAOMT5 3 [ 5145 # i} 41 Haplotype sites of the SiCCoAOMT5 gene. AN [Fl/NG F4F
Fon 5 B3 (P<<0.05) Different lowercase letters indicate significant differences (P<<0.05).
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