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Abstract: Panicle is crucial for the formation of yield and quality in foxtail millet (Setaria italica), and an ideal
panicle architecture is a desirable target trait for genetic improvement of foxtail millet. The dynamic gene
expression profiles at heading, flowering and grain-filling stages were analyzed in xiaomi, a novel C, model
plant for cereals using RNA sequencing (RNA-Seq) technology. The results show that there were
4 159, 4 254 and 9 243 differentially expressed genes at flowering/heading, grain-filling/flowering and
grain-filling/heading stages, respectively. Among these genes, the phytochrome-related genes, photoperiod
hub (CONSTANS, CO) and florigen FLOWERING LOCUS T (FT) were significantly differentially expressed in
the above three panicle development stages. The expression levels of the genes involved in starch synthesis
and metabolism increased gradually during panicle development. In addition, a large number of unknown
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functional genes were significantly differentially expressed in different panicle development stages, includ-
ing those involved in secondary metabolite biosynthesis, phenylpropanoid biosynthesis, plant—pathogen
interaction, plant hormone signal transduction, fatty acid synthesis, carbohydrate synthesis, and wax met-
abolic pathways. The gene expression dynamics during panicle development was dissected in foxtail mil-
let. We wish this study will lay a foundation for further understanding of the molecular regulation mecha-

nism of panicle development in millet species.
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Table 1 Primers for RT-qPCR

e SPSE TR B/ 515 41(5'—3") R 1A BB (5'—3")
Si9g37480 ATGGCCCGTACCAAGCAAACT GGATCTCACGGAGGGCAACAGT
Si7g09640 AGGAGGACATCTGCGAGGTCATC AAGTAGCCGAGCGGGTTGGG
Si5g03150 TCTAGCACAAAGGAGGGCCTACTC TTCACTTCCTTCTTGCCCATCACG
Si4g06400 TCTGCCTCTGCACCACCATCC GTGCTTGCCGCAGGTGATGAG
Si4g02980 CCTGACCGTGAGCCCCTACTAC GTCCATGCCGTTGACGATACCG

A B %5 H xiaomi kB 445 (Yang%2020), FF.
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Fig. 1 The xiaomi panicles and statistics of panicle length at three developmental stages
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Table 2 Statistics of sequencing data

FEdh THRERB

VLPCH Bt ME—ULRCHE B ZULRCHSe B VLRC IEREM i B VLR B B (R Btk

CS-1 65 690 050 57 466 979 53945218
CS2 57408 110 49 870 439 46 776 299
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GJ-1 66 280 825 55114 156 51007 091
GJ-2 61 736 100 53103 059 49 650 886
GJ-3 81198 183 65 527 846 59 813 869

3521761 26 958 571 26 986 647
3094 140 23374 814 23 401 485
5323 643 37 659 782 37700 143
2 604 049 23739771 23781 712
3162 745 24059 219 24 091 688
3 495 425 30 881 498 30954 253
4107 065 25485720 25521371
3452173 24 806 448 24 844 438
5713977 29 880 949 29932 920

CSE T4, KHE R Y, GIATHEA, 1. 2. 3RE3KRAYFEL, TH.

0.986; H K EER M3 N EWER, PCCI KT
0.905; JF4¢ W KH-1 FIKH-3 ¥ ¥ 8] (1 PCCAH 45 7,
790.960; ¥ it KH-2 5 KH-1F1KH-3 2 [&] [{JPCCHj
%, 70990 250.753410.848 (1&12). R HIX3AN HHI3
AN AR Wy 2 E ST TR A DG Pk B T B AE O, AT REAT
7 S BRI RIK W
2.2 ERFIEEF S S5RT-qPCREIE

TR S WA AR b, JEE4 1592 R RIE
R, Hor FiRELR2 5444, FIREEEL 6154
WS FFAEIIM L, S 6 9874 2 R ik N, H
RIS K2 7334y, FZER4 25440 BERK Y
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CS3 e

KH-1 0.4
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Fig. 2 Pearson correlation coefficients of the
nine samples
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064003 DX 9 15— A~ £ 15 Blg 410 1) 5/ B -1 ¢ 47/LTP
K )i 85 F A /& (protease inhibitor/seed storage/LTP
family protein precursor), {EVE 5 HHF 1k & i 5, Sidg-
029803 [K g iy — N UkL 45 & e 8 & il (granule
bound starch synthase), & B8 V€ ¥ & Bl 1 0 g 3L
[, TERESR N RIE B d . RT-qPCRESE kW, 44
FFM BRSNS RA SN AR A E R,
AEER KL BHEHR SN FER -5, BRFEAR
[ Fe R I A R R (] 3-C~F) o

BB M R B, — L A AR G R 7R3 A
R BB ZE RRIK, WA CEF B RA
(PHYTOCHROME A, Si9g11420). S8t 2 AH 5%
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Silg03830F1Si3g08620) ¢ J& Wi 1% (AR 41 COE
(Silg07180. Silg23650. Si2g41970. Sidgl0360.
Si4g18240. Si7gl6720 M 8i9g11970), VL N /% A¥ &
KL FT (Sidg07330 1 Sidgl7010)4% . — L 5 g ¥
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Fig. 3 Gene expression analysis during panicle development in foxtail millet
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Table 3 Differential expressed genes during the three panicle development stages in foxtail millet
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Si0g01230 -4.11 AR5
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Fig. 4 Expression trend analysis of differentially expressed genes during panicle development
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(GO:0043086). £ [ 1% % 1. (GO:0006468). 4
HAEAR 55 K 4 21(GO:0045229) . 41 i B 14 16 (GO:
0042545). Bk K A6 & P A i 72 (GO:0005975) #
I EE 75 (GO:0044092) 55 GO % H B 18 B
L T INRE A 8841 GO H 234 L 41 ]
LA A B A B, A S A I TR B M (GO:
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4 ESFTEEFEKEGCEEKH
Table 4 KEGG classification terms of differential expression genes

7= S RIR I KEGG#& % FEPREL Ofl
FEACHA /A A UAEARH P AL 1k 196 (867) 4.46x107"
i3IS 29 (46) 4.71x10™"
U@ 264 (1 496) 1.08x107"
A BRI A R 19 (30) 2.27x107°
SRR AL AT IR BRI 40 (122) 6.42x10°"
RNEIAEWEDE IR 65 (263) 3.40x107"
A -993 i B FLAE 55 (208) 3.40x107
TR %) W I TR A 46 17 (50) 9.29x10™
R A AR 10 (22) 1.70x107°
WL 2B P A D ik 13 (36) 2.68x10°
FESE I UAEARI P AL 5 1k 305 (867) 7.83x107%
A& 449 (1 496) 8.58x10**
KNRBNAEEDE R 120 (263) 1.02x107"
S W LW AR 23 (38) 3.96x10°
TN R RE R PRI AR 42 (102) 6.54x10°°
FA S BRI A R 18 (30) 7.61x10°
JIHE R W T T e A 25 (50) 8.66x10°
SN RIAZ T B AR 47 (122) 9.56x10°°
i8S 23 (46) 1.61x10™*
B, TORBE R R AL A 14 (23) 4.53%x107*
FE SR A A AR A A 370 (867) 1.32x107"
(AL B 568 (1 496) 1.85x107
B BRI A R 25 (30) 2.78x107"
RNRREDAED A K 119 (263) 7.93x10°
AR R e 31 (46) 1.25x10°°
MY ERGE SR 111 (260) 8.74x10°°
AR AZ A R 60 (122) 1.72x10°°
A H AR 48 (92) 2.18x107°
B-Z AL IR AR 20 (32) 9.23x10™*
N R RE R PR AR 47 (102) 1.47x10°°

B F AW RA, KERI B S EEMIOMKEGGEE ., wF 2ARE R FERABEAE, LRK—2, 5 AHEE
BREFREGERLKE, FE5 N AT RB A FIZRZEGLBE KA ; R5~TF.

0016705). 1 1k 1% £ (G0O:0003824).  H fiii 48 Flg i
P (GO:0004497). Il £ 2 45 5 (GO:0020037). [
141 70135 1 (GO:0004857) 11 7 bl 455 s 4% Wil 0 1k
(GO:0046527)%5GO % H ‘& S M2 i var; 44 75
5301 /NGO% H &34 b 4 ) 3 7] & 45 2
P, H I 4 4 3 9.(GO:0031988) . 41 ifl )i 3 i
(GO:0031410). = Ji i 74 (GO:0048046) . 4 Jitd B
(GO:0005618). 1 4} [X (GO:0005576) F1 Jifi fiE () [

EHM(GO:0046658)55GO% H & R E I H -
3 Wi

BFRERE R AR AR, JFE.
TEE 22 SO RN R A 5 4N I 3, o BT 34N B 4 ) e
TEAK BB K. A7 F) FIRNA-Seq
HARKN 17X =AW 2 R R & IR, Y1545
TN T TR B SRR IE R R IA S B L
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RS FHEH/HMTBHIE RN EMIEIE,. S FIREMLERLE 5 GOKE
Table 5 GO terms enrichment for biological processes, molecular function, and cellular component of flowering

stage/heading stage

Difie sk GO%H JE R Of
EXVbun GO:0043086, {4y 1 £ 17 58 (174) 2.33x107°
GO:0044092, 731 T RE fIf 1y 60 (185) 2.33x107°
GO:0006468, & B, 245 (1 428) 1.67x107
GO:0071554, 4l BEZH 2804 H) R AR 95 (449) 1.67x10°*
GO:0006026, 285 SR 4 73 AR L 72 12 (20) 2.09x10™*
Ve Rikid GO:0004553, K fift g iE L, 7K 4B REHEAL 54 122 (439) 2.60x10"
GO:0016798, 7K fife gy M, 1 FH T Hh Sl 131 (493) 4.95%x107"
GO:0030599, H AR HE BT 36 (76) 1.81x107"°
GO:0003824, {40 3EM: 1626 (11 234) 439x10°*
GO:0016746, 574 IE M, AL A: 94 (381) 1.80x1077
il iy GO:0016023, 4HffIJR . fHL: 4T 948 (4 403) 1.21x10™
GO:0031410, i A JiR FEiL 948 (4 404) 1.21x107
GO:0031988, fELE A TFEi 948 (4 411) 2.13x107%
G0:0031982, #ify 948 (4 416) 3.20x10™%
GO:0005576, Jfi#h X 195 (693) 2.05x10°7

TR RS, AR g REASHER, R EHRERFRABEMEL; ROATR.

R6 ERH/FALHEEMNENTE, S5 FINREMUALESTCGORKE
Table 6 GO Terms enrichment for biological processes, molecular function, and cellular component of filling

stage/flowering stage

Dhfesr 2k GO% H LR #L Ofa
AVt GO:0044092, 73T ThRE LT 81 (185) 3.17x10°°
GO:0043086, {4475 1 15 77 (174) 3.17x10°*
GO:0007018, &z z) 39 (65) 3.17x10°®
GO:0006928, 4 it B V. 2 i 2H 53 1132 3)) 44 (81) 1.31x107
GO:0045229, HMHFEIR L5 A L LT 103 (268) 2.68x107
Panm )i GO:0016705, Ak I J5 Ve, 5 H TR Ak, 192 (521) 3.03x10"
o TS G BUE
GO:0004553, 7K file s M, K EATHE R &4 165 (439) 2.03x10™"
GO:0016798, KRG M, 1 F T HE 176 (493) 3.92x107"°
GO:0003777, T Hikiash 38 (58) 4.00x107"°
GO:0008017, T 45 & 47 (84) 2.96x107°
A 2H 55 GO:0031988, 4l & FE 1341 (4 411) 2.23x107
G0:0031982, FE 1342 (4 416) 2.23x10°%
GO:0031410, 4 Jin )57 FEi0 1 338 (4 404) 2.91x107*
GO:0016023, 2 AR . s 3 1337 (4 403) 3.50x10
GO:0005576, Jifa X 277 (693) 7.07x10°77
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Table 7 GO Terms enrichment for biological processes, molecular function, and cellular component of filling
stage/heading stage

Difesr2k GO%H JE R %L Off

LWt A GO:0007018, A iE 5 52(65) 8.62x10°™
GO:0006928, 4H 5 V.21 25 53 1732 3)) 56 (81) 1.75x107"°
GO:0009719, P51 )8 Sz o 419 (1 090) 6.36x10
GO:0009725, 3 N2 404 (1 046) 6.36x10°
GO:0080167, karrikinfij i 81 (152) 2.33x10”

S UiRE GO:0003777, 1 ikigz) 47 (58) 6.51x107"
GO:0008017, & 45 & 58 (84) 4.01x10™"
GO:0015631, MEHE AL A 60 (90) 1.13x107"°
GO:0016757, $EA5RF G 1, FFe pE L 306 (737) 1.15x107"°
GO:0016705, SA M g B 14, 7 T 227 (521) 4.42x107"
TR, 5SS A BRI

4 f 4 5 GO:0031988, fiE4E & it 1 605 (4 411) 7.16x10°°
G0:0031982, FEifI 1606 (4 416) 7.16x10°%
GO:0031410, #Jil i Ji ZE31 1601 (4 404) 8.64x107°
GO:0016023, ZHffI i . sk % 1 600 (4 403) 8.96x10*
G0:0005576, fi4hX 313 (693) 4.48x107"

AR 2 2 R D A B E R, H TR
AR O . A RIZ OB KA,
FEERAKE N LSRRI A COZERF LA
T AR F FTH R G TE BT AR 1 22 7 R IA(3R3).
XL P e S M AT LR A L, BB TAS
&M AL O R AN A R E
TEMBOKNEY. BEOR. B, BRI
YimE, Fd KA &I & 5 B2 N T4.61%, E
MR E BT N1 %, AR, Bk 4
VERY B B ] (Si4g02980) T VA I VE R & K
FER(Si0g16430) VEXn #E Im) 2 [ KL (K (Si1g09890)
o-VE B B R 2 1 L R (Si3202050) . W /e ¥ B iR
il 3 [K] (Si4g07100) 57 & ¥y i 1 5% [ (Si6g21130)
2 BE 491 K5 Bl 25 [R] (Si7g02800) F1 e 4 &5 it 3 52 A
(Si9g40320)7E I AR A & 18 % TH = (BI2-F AR
3), KELFLREA TR IS EEEM, mTae
SRR EFE M. MKEGGE 445 REW, Ik
AR KRR EY) . BRIIR. PERY .
I RS EY RS 5/ THEKE N
Eas

WHYBER, AEK R, KA. AR

it V& TR S AE R A R B It R e A W ) A
.o KRS, KR ABAREE KILAXT K AR
A2 Ji T BUKAE A B O AR k2> (K omatsu
552001). 4 53 54 23 5 E R AT AR HEATRLEE 2 1)
TH A NG NN R R B, AE VE SR S B E SR AT R
RS A] . 7K RE R B HE [ GRAIN NUMBERI (GNI)
P R 20 0 oy SRR SR AL B, PR ARG R 3Rk B S5 T
2 ik RL™ B (Ashikarig$2005). 2% T EUK H 5]
AR N IR LA KR e E . i RER
RGN A B, MEMK B ERAER
HWONRE, X RS A KRN REERLKE
SRR PR A K DL SR R B R A A G
RN FERARER G R i E R E
BHIE . 7K FE SBP-box 5 Ik % 5% [K - SPLO /E £l
KA I FEH I 0w v KPR IARE R, D Re sk
2 3 BT Sy /) A A i 5 S R A AR T T R 4R
A2 (Wang%52018). seilr, 30 IRIR @4 &k A+
MADS-box#% 5% [K-7-SIMADS 341 4% — 24 A F 1F)
H, ZERRE G — R BB, FHEE AR
(Hussin%52021). FATH AR I T HiAEH JFIE
IR IR 304 803/ % s [ - 22 e 3R 1A, B 5 MADS-
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box. WRKY. MYBFIAP2%:, E NI REK B T
TR 22 Jp R IE e s R 1 B D Re ¥ A F T b 45 1 1
KB WSR2

B2, B THERE R — MR RER, %2
B2 B BB, FRERIRE R
SO 5 DR 1k B 24 IR TT O JiT 45 7 1k N 4 R UK
BB NPt H . Kokl LLA H CRISPR/
Cas9 3k K| 4 45 57 A AE xiaomi T HIF 773X 6 56 PR f) Ty
A, TRANIE N B R 5 T L
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