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Characterizations of Transcriptional and Haplotypic Variations
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Abstract: The heading date of foxtail millet is a key trait that determined the adaptability of varieties, and
dissection of the transcriptional pattern and haplotype variations of key genes are important for promoting
cultivars improvement. In this research, SiGI was identified by genome-wide association study (GWAS) , which
is a key regulator responsible for foxtail millet flowering. The expression profile of SiG/ was analyzed, as well as
subcellular localization of SiGI was performed by using protoplasts. The 24-hour rhythm expression pattern
analysis of SiGI was performed by gqRT-PCR under short-day (10 h light/14 h dark) conditions. Genetic and
haplotypes diversity of SiGI coding and promoter regions were analyzed by using representative 697 millet
varieties, and haplotype morphological effects of SiG/ was also summarized. As a result, a significant correlation
signal was identified at 11062649 bp on chromosome 5, which is closely related to heading date. SiG/ was found
near this locus, whose homologue is A4tGI. SiGI was highly expressed in photoperiod-responsive tissues (roots,
stems, leaves, etc.), and subcellular localization was located in the nucleus, and the expression level was up-

regulated in the evening, showing a 24-hour rhythmic expression pattern. SiG/ exhibits rich polymorphism in
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different foxtail millet varieties, and the relative expression of promoter haplotype Hap-6 was significantly

upregulation by approximately 1.5-flod compared to Hap-3 (P=0.0083). Heading date of Hap-6 containing

varieties were significantly earlier than other haplotypes under 8 environments, and the plant height of Hap-6

containing varieties were significantly reduced under 4 environments. SiG/ haplotype Hap-6 has no obvious

impact on yield, and can be used as the main haplotype for molecular breeding selection.

Key words: genome-wide association analysis; haplotype analysis; rhythmic expression; heading date;
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A E R SRz —1 ALk
SE TR B 35 A KT LA G 1) AR BB A K B B Ry
S TRV LR S e TR R AR B A, ke
SEVEVI R R i A R 2 22—, AHA AR Y
PEFE AL A LR RS A W) R E R e 1
WA o IEAERE , [ N A3 e 3 [ v e
D5 TS T — eyl i T kSR e KR
LR T R AR A D s v A, R T
Ghd7 \Hd3a Ehdl Hdl 555G HEREN > Hh Hdl
1 Hd3a 53 3k $l B % CO (CONSTANS) #1 FT
(FLOWERING LOCUS T) WAL . ZEl g I
HIRETE R IR, th GICGIGANTEA) .CO 1 FT KPR 4H i,
A Py Bl R P i AR U g T BRI AR H IR 19T
AERF A, I H & BUAE LG S GIH CO R FT 3 L
M) 137 S RV 3R 33k 2 BH G 222 V8 1 A - A Y
PSS M2 3i58

EA WF5E & B R I GIGANTEA & —Fh A4
eSS O RS R AR i A0 2
W, 2 5L E Y R R ARG
1 45 o SRR 2 4 Wy RO A5 5 i R a7,
ArGI R 5878 W] U8 S R AN S5U%obE i T A2 1
FUE AT 0 BRI 2 A, ArGIE FERS 515
TE R AR B L R T ¥4 11 ek 45 2 Bl 2B A R v
REEVERS S FE H BB 8 A A — R A
(Brachypodium distachyon (L.) P. Beauv.) ', BdGI
TEFER S5 1 G BE AR fL I e 3R 4R & & A el AF | it
Hb B BAGI IR 5 AR ST 1 —A> GI 73728k 25
TR T ARG IT B TR AL, VLB BdGI &5
T AN B Y RS A R 3 N R 3 5 4 R
IFHIE SRR AL KRG OsGI
—ANER TN HE N, OsGI B 278 AV FBUK RS
FERE H B T B AR ) R 38 T 58 At rb () fi
SATRFIRERE O 5, s 7R ALis s, B TR 2
I (PEG, polyethylene glycol ) ;=4 A5 i3 Wi )
Tif 52 1 , 2B OsGIAE KRGS 25 Wi mi o b HLAT 67 9
TAERM BLAh, AW AEBE S AN IR UE T

GIZE FAShREAEAEAR ST PE > fE R, E2 AR
IF GIRYRIEIE N, HAUK RS OsGI AT MBI oh g, E2
IIIRETE R FEOTIE ARk

HH, LRI Sk A GIE DR R A 0 AR A K
JE R B O e AT ] GILEE R AE RS
FAEY b ) R U SR A S B0 i AN B L a0
alsE 2 A= W) B R E R SE AR AE Y S R 2 R0
PSR PR R AR IAEY T, R Y R AT
it R 174 B L [R] RS 48 - (Setaria italica (L.)
Beauv. ) J2 e I 3k [ 19 R A R )3 il & 4
Y, AR B A AT R g & SR b T AR
Mo REMWAFRIREE , C 450 T HArR
YRR S R ) AR5 8 2o 4 3 PR 2 SCHR A AT
07 355 R B A S A, E— 2 e A 5
BFFEH SiGL IR 28 3k 40 7 6
g g S 5 L R PR TR A SR O AR R
T R AT S TR
FPA) 38 T B AR
1 #MREFZ
1.1 iKgesrt

HE He S WP 55 6l T 1ILPE IR (201148) |
L PG A5 (2012 4F (2013 4F ) il g 42 BH (2011 4 |
20164F) CHIRETH (20184 2019 4F ) Fl By V155 5%
05 7R (2017 48 ) 8 AR IR BT T 4% 1 19 697 173 Ji 72k
199,701 3 bk 5 286 £ 3 B EE AN 292 o FE FEORT EE 4K
Wi o AHIETT T 4 T4 Z AR AR 3 (7% 1 Fl S
R R AR T N B B v )0 T P R
R 20K, R R A 2 Rk T Rk ) 2R
EigiIECEvib A
12 2EFEAXBEITREMERZEST

2 WA SR ARARAEDS BT P ) 4 25 DR AL DG B 4B
2,6 2012 45 1L PE A SRR R Sl AR A B 1 7 B
REFRR SR PR A 4 MLM B TROE 2, T
FIF R KA Y gqman 5¢ B R RO BRS04 . T fifi
FH B B0 Y P 3 s A4 S5 A B R 2 S FE g kA



1554 Mo ow fE

O ¥ iR 25 4

ORI SR O e S TSR B W L i S
Phytozome %% #i& /& (https://phytozome. jgi. doe. gov/
pz/portal.html/) .

i 31} Photozyme $iC4is 2 3K X SiGI (Seita. 5G 1295
00) W) 1 77 41, 3 28 2 NCBI (https : //www. ncbi.
nlm.nih.gov/) 1 7 BLAST X, A5 /K FG | = 3 4
FAST BB | R A R S5 AN [ A (] 2 1
J¥51, B BE S A B MEGA 6 i T 2751 Hext, 3
FI AR 3% (N-J, neighbor-joining ) 4 1 2 4 4 & ik
AL, Bootstrap {H 1% & 4 1000, HEHE Lescot 252 )
W55 )59, LA SiGI 137 2000 bp 11 A 2, il a3 4
& £ Plant Care (http://bioinformatics. psb. ugent. be/
webtools/plantcare/html/) X i J PR 4 7 i X4 FH oo
1538
1.3 RiEHH KL 2HAR E i

Z RIS Gk X SiGHAI 23 IR s
SEVESA T S AT AL . 45 F Ci846 J&— iUk
i, T H AL Pl bR PRI 0.2 g 22
FEnt B, $2 E RNA $2 B0 & (TransZol Up, bt
a1 sk & (PrimeScript TMII 1st

1 SiGITHaE MK qRT-PCREX5| 41

Strand cDNA Synthesis Kit, TaKaRa) 1ji B 45 fit) 2 1%
XA A T RNA SR UG 53, LAAS 3 5256 i 75 1)
cDNA, DI Ci846 LA 1 1) cDNA AR , %
T 41 B 28 7 N i AR 519 Kk 51 9 (= 1) .
PCR J Wi 14 % 4 : 12.5 pL Primer STAR® HS DNA
Polymerase with GC Buffer(TaKaRa), 1.0 pL 1E[7] 5]
¥1,1.0 uL 5215147, 1.0 uL DNA #i4,9.5 uL H,0.
PCR Y H4FEIT A : 95 CHIE M 3 min; 95°CAEM: 15 s,
T2°CIR K 155, 72°CIEAH 5 s/kb, 35 RAGFF 3 72 CHIIE
JEAH S min, G5G SRMOMREE S RIK R SV
## 35S :: SiGI: GFP 114 37 40 Jfd 2 47 2844 LA K2 175 5 ot
Kigeik o SR FHER AP N VI Spe 11 Xba 18U )
PUC-N 3t % & , | i [A] i 22 41 /¥ (Phanta® Max
Super-Fidelity DNA Ploymerase, i &% 7 ME e A= Rk
A B ) 42 DA 2 i S D8 R B R D) 282
1A, #3358 :: SiGI: GFP 1Y 40 Jif 5 r 344 . Bt
Ci846 AbF R PR E 2 ~ 3, AL L
(R LG RE R A R A T SRR AR AT R
FH40% PEG 5ok, B i35 5% 14~20 h, 7EROHE
RE DR T WSS AT IRA A

Table 1 SiGI subcellular localization vector and qRT-PCR related primers
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Fig.1 GWAS analysis of SiGI
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Seita.5G129500 AT1G22770(AtGI) Gigantea protein (GI)
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A': Analysis of 2000 bp cis-acting elements upstream of the SiG/ promoter region;

B: SiGI homologous protein phylogenetic tree and gene structure
2 SiGI FBRHFRIRKIERTHS T REERFBX EIREB RGH AR

Fig.2 Analysis of cis-acting elements in the promoter region of SiGI and phylogenetic tree of

homologous proteins in the gene coding region
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A': Tissue-specific expression analysis of SiG/ : B: Subcellular localization of SiGI, the RFP field shows RFP signals of nuclear localization signal

peptide, bar=5pum; GFP: Green fluorescent protein; RFP: Red fluorescent protein
3 SiGI MR AR R K 5 1 B I 4B R RE i

Fig.3 Tissue-specific expression analysis and subcellular localization of SiG/
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The white and black parts of the top bar correspond to the light(7:00-
17:00)and dark (17:00-7:00) time periods , respectively
B4 SiGI 38 B &M 24 hHERIZEX S

Fig.4 Rhythm expression pattern of SiG/ in short day
P& A S UL, Hap-6 5 AR G R/ /E 21> SNP
Al Indel 75 53 (14 6, ¥ L https://doi. org/10.13430j.

cnki.jpgr. 20231130001, fff 5% 1), B SiGI %% 55K
Rl RefAAE 225 . b Hap-3 Fil Hap-6 P> FRA5 7Y

Hap-10

Hap-16 ap-9

Hap-7

SiGI 4 [X K et 3 X BAE Y Network ], AN[a] [ A [R) A5 5 (681 1 T AR X6 1, A 28 Pl 40 5 18 ol A OIS WG L, 21 8 2 ARSI
ARERI SRR, ek LML AR R . Horh A R AVEI (14 £ 43 R Hap-1 (AR REUIIR A 499) |
Hap-2 (A5 R A 85) \Hap-3 (BAAETUAGIR Jy 61) \Hap-4 (BAAETUSRIR g 45 ) Fil Hap-6 (B TRUARR N 7)

SiGI haplotype network diagram of coding region and promoter region, different circles represent different haplotypes, the area of the circle is
proportional to the number of species contained in the corresponding haplotype, the red connecting lines represent the mutation steps of different
haplotypes, and the red circles on the connecting lines dots represent a mutation. Among them, the main haplotypes with phenotype data are Hap-1
(haplotype frequency is 499), Hap-2 (haplotype frequency is 85), Hap-3 (haplotype frequency is 61), Hap-4 (haplotype frequency is 45), and
Hap-6 (haplotype frequency is 7)

E5 SiGI HmBEEEHFREBRUTEXR
Fig.5 Relationships between SiGI haplotypes detected in coding region and promoter region
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Table 1:Haploid variation in the SiGI promoter region
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