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Characterizations of Transcriptional and Haplotypic Variations of SiGI/

in Foxtail Millet
YAO Qi'?, ZHI Hui?, MENG Qiang?, YUAN Di?, ZHANG Bin!, DIAO Xianmin!, JIA Guanqing'?

(\College of Agriculture, Shanxi Agricultural University, Jinzhong 030801 :
2nstitute of Crop Sciences, Chinese Academy of Agricultural Sciences, Beijing 100081)

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, SiG/
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 SiG/ was performed by qRT-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 SiGI was also summarized. As a result, a significant correlation signal was identified at 11,062,649 bp on
chromosome 5, which is closely related to heading date. SiG/ was found near this locus, whose homologue is AtG/. 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. SiGI exhibits rich polymorphism in
different foxtail millet varieties, and the relative expression of promoter haplotype Hp-6 was significantly upregulation by
approximately 1.5-flod compared to Hp-3 (P=0.0083). Heading date of Hp-6 containing varieties were significantly earlier than other
haplotypes under 8 environments, and the plant height of Hp-6 containing varieties were significantly reduced under 4 environments.

SiGI haplotype Hp-6 has no obvious impact on yield, and can be used as the main haplotype for molecular breeding selection.
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Table 1 The reagents used in this experiment

AR SR RIS

Reagents Name Full name and item number

[&] 95 ¥ 20§ Homologous recombinase Phanta ® Max Super-Fidelity DNA Ploymerase (Vazyme #P505)
RNA #2HURAF & RNA Extraction Kit TransZol Up (Lot#010707)

eI € FE i Fluorescence quantitative enzyme Realtime PCR Super mix SYBR green with anti-Taq (Cat No.MF013-01)
SR & Reverse reagent kit PrimeScriptTM II 1st Strand cDNA Synthesis Kit (Cat#6210A)
PCR /% %[ PCR reaction enzyme Primer STAR® HS DNA Polymerase with GC Buffer (Cat#R044A)

KOD-FX (KFX-101) (Lot#2205004)
FEP AL IRF & Product purification kit FastPure Gel DNA Extraction Mini Kit(Cat#DC301-01)

BN R 77 & Plasmid Small Extraction Medium Volume Kit FastPure Plasmid Mini Kit(Cat#DC201-01)

1.3 MRERREIPE

A FERT I 4 TR 2RI AR IR BT S RO AR (805 FEUR R DA B bt ) W&, E4E
R SRS R e R DU AR, ERE AR R PR K A — B 3-5 AN B BRIEAT I &, BT
BIE R T AL o BT A R BB AR S0 b e O B O 2K B, A R AL D BRI A
M R
1.4 I8 %
1.4.1 £ERFBXKIH

SRR ARSI () A 6 DR AL SRR AT %, Xt 2012 48 1L P A JEUAA R Sl AR S M08 33047 23 A b B

JITASE D B0 7R 3 0 358 A 5 R B0l B 2k T L R A B TR U (48 R PRIV R SO TR 3R -
https://phytozome.jgi.doe.gov/pz/portal.html)

142 H£YEREDR
iH31d Photozyme %#% % (https: //phytozome-next.jgi.doe.gov/) 3KEX SiGI (Seita.5G129500) W& H ¥4,

22 2 NCBI( https://www.ncbi.nlm.nih.gov/ )47 BLAST, 3RfF/KFE. /N @R, v Wk, 8
AR EAFY M FEIEEA TS, BEE 3 AN MEGA 6 Hii17 Z 7 5 L X,  Jf F H 48 #% 9%
(Neighbor-joining) % R 4t &K B HEALM (Bootstrap {8 ¥ & N 1000). RHE Lescot 22 NI L7, LA SiGI


https://phytozome.jgi.doe.gov/pz/portal.html

3 2000 bp /E R EN T, 83T Plant CARE %54 P o) 12 32 K HEAT I 200 FH T 40 #r
1.4.3 FTKEAP KA ERL
Z M8k 2 D5k, X SiGI I 25 4 R IB R BT 0 M nT 44k, &5 3 DR 7R . BA Ci846

JSCFAI R 1) cDNA YRR, R HIEA I E A N S i 51 Rl 519 (3% 2), G54 SRMRARUSIAN 7k ERO%E
752K 35S 1SIGI - GFP V40 i 58 3 B LA L2 75 PR IE o SR A R 2 N D188 Spel A1 Xbal XA
PUC-N 3ifi A, ) FH 17 V0 280 2L Il e 3 [ A 45 81 ey B R B S BB DI Ak, #4938 35811 SiGI @ GFP [ 31 411 ffd 5
DrE A . B CiB46 Ab TS R 2-3 1, RIS AL v it i LGUAR R, 7R = IR AR P RIS A

R FFFIF 40%PEG 55 i kL, FEEREETFE 14-20 h, TEE0OEI R A BV T MG AT AR K.
=2 Si6l MR ENE R BN 59

Table 2 SiGI subcellular localization vector and detection primers

Bk ElEvEp i ElEzlE2 ]l P
Vector Primer name Primer sequence (5'-3") Product length (bp)
GFP-N i 1A 580-5G129500F GCCCAGATCAACTAGTATGTCAGCTTCAAATGA 3512
GFP-N terminal vector GAAGTGG

580-5G129500R TCGAGACGTCTCTAGAGCAAGGGAGGGGGCA

GCC

K 514 PAN580-Test-F ATGACGCACAATCCCACTATCC 4400
Detection primers PANS580-Test-R AAGACCGGCAACAGGATTCAAT

1.4.4 RIETEDH
SRR ARAR GOSN (73, RBOCHUR A T iR Ci846, W H A T4 H4F (10 h J6[E/14 h IS

TR:FE 2, AT HE 24 R BURE (70 00 B H 7: 00) RERE 2 h BURE— (BUHL B354y, JREURE 13 K.
HEEUREAR S RNA 5% cDNA, #7288 PCR G E 3 AEW%EE), i 3k 3. FIH 2

TOACUNTRRSHEL 13 ANIHA] A SiGT BIAER ek, I HBE AT R R IA T
3 3 SiGI W EE PCR 549F1AE 549

Table 3 SiGI fluorescence quantitative PCR primers and internal reference primers

i/ GIE/EZ S Gl T
Product Primer name Primer sequence(5'-3") Product length(bp)
SiGI WG E =TI 5G-2-F AAGTGCCGTCTATCACCCAC 111

SiGI fluorescence quantitative primers 5G-2-R GGGGGTTATGTGTCCGTTGT

M2 %A Cullin Cullin-F TATGGGTCATCAACAGCTTGTC 112
Internal Reference Gene Cullin Cullin-R GTAGTCCCTCGTGATGAGATCC
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Fig.1 GWAS analysis of SiG/
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Table 4 Annotation of candidate gene
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Seita.5G128800 AT4G05497 RNI-like superfamily protein

Seita.5G128900 AT3G22440 FRIGIDA-like protein
Seita.5G129000 AT5G26830 IR R t(RNA £
Seita.5G129100 N/A TIhREIERE N/A
Seita.5G129200 AT2G25735 KA A (unknown protein)
Seita.5G129500 AT2G36960 TSL WA EAEEA 1
Seita.5G 129400 AT5G64780 RHE RS E UCP009193
Seita.5G129500 ATI1G22770 (A1GD) gigantea protein (GI)
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GI homologous gene SiGI(Seita.5G129500) is marked in red font
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A: SiGIAZIT X _LilF 2000 bp IR (E TG B: SIGI VRS A ARG R K 454 .
A: Analysis of 2000 bp homeopathic elements upstream of the SiGI promoter region;B: SiGI homologous protein phylogenetic tree and gene structure & 2 SiGI
BBz FXIRRAER T4 R EE L X EIRE A R Gt
Fig.2 Analysis of cis acting elements in the promoter region of SiG/ and phylogenetic tree of homologous proteins in the gene coding

region
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A: : Tissue-specific expression analysis of SiG/ : a:Leaves in three-leaf stage; b: Roots in three-leaf stage; c: Leaves in shooting stage; d:Roots in shooting stage;



e: Stems in shooting stage; f: Leaf in booting stage; g:Stems in booting stage; h:SAM in booting stage; i: Pollen in flowering stage; h:Milking seed in mature
stage; i: Hard seed in mature stage. B: Subcellular localization of SiGI, the RFP field shows RFP signals of nuclear localization signal peptide, bar=5um

3 SiGI BIHLRHF R FRIR ST R L AR E (L

Fig.3 Tissue-specific expression analysis and subcellular localization of SiG/
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00 MK A i, HAE 17: 00 By RIS FIA B EME (RIZ5%6 10 h J5); BEJG 6 h R FRIA R 20E R (17:
00-23: 00D, KHER 1: 00 BEIZEEF JLFARE . XA A LLEEWEE 24 h kB, DL L
o F AR AT R IB A

Relative expression

Sampling time

U0 SME [ 1 438 0 %0 RGBS A1 BE (72 00-17: 00D, S5 0f BB BEIF [A] BE (17: 00—7: 00D
The white part of top bar frame represents the time of light (7: 00-17: 00), the black part of top bar frame represents the time of dark(17: 00-7: 00)
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Fig.4 Rhythm expression pattern of SiG/ in short day

2.5 SiGI %HEERFIEESTMRIRIER TH 2
XF 697 Iy 1 iR I SiGI 3[R ) H )i 81 X AR AL 3047 b, 45 RAHE 64 4~ SNP 47 55 F1 6 4™ Indel

P75 L 70 MRS A, S84 T 16 RS AL, HE 5 Fh 3 A5 A Hp-1. Hp-2. Hp-3. Hp-4 1 Hp-6 (|4
5). TERTAMEHNGID XA T, HAFFE—NER S SNP Az s, B 460A/C (Serl54Arg), TE 5 FpZHAL
A A5 Hp-6 5 H A B BUAE 24T SAFEAE 2 5 o AN T3 RGRAS X, JE3h T XAFEFEE R FENL, Hp-6
5 HAR AT A LE 2 A SNP Al Indel 25 (6, iR 1), BLHA SiGI M FOK T AT RE I AF1E 22 5. Horh,

Hp-3 Al Hp-6 P> H A5 22 (8] AR A8 LN £ 5, 3EA74E 31 A SNP A1 4 4 indel, IE7-IX PN B R )



RN AT REMAAEZE R AT 5 DN E BRI [ ) T3H4T TR, R I A I8 e ma =0 FH oo
f (AGAAACAA, GGGCGG) fAE AN RARNL . A s+ EiiF 1511 bp. B 1768 bp 4b), HiZIEK K] Hp-6
I3 R 5T AR RUE IR P AL S BAEAE R, DI Z 3 R ] BE 52 6 B 704 11 25 57175 S5 AT S MR 281 il
A,

Seita.5G129500

Hp- 10

Hp-12

B Cultivar
O Landrace
B Wild

SiGI 45X FJA 3 F X B A5 84 Network B, ANE) B FA RS A5 Y, (B A9 TR AR R 7 B A 200 i 0, 25 [ A U BB BE 20 (e 2R AR AN R B A5 Y 1

RAFG IR, R LML SRR —RRAE . Cultivar NI F, Landrace R ZF, Wild NEF AR, A AR ZFE NS T WA, BFAEH

FFREMEL. HAr, GRBEEEN EES AN Hp-1 CREEFEURR ) 499), Hp-2 (RERUNZA 85). Hp-3 (HREAUNAN 61). Hp-4 CHRERNZE
N 45) Fil Hp-6 CBAfERUATIR 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. Cultivar is a cultivated species, Landrace is a farmhouse species, and Wild is a wild species. Both cultivar and
landrace species are millet varieties, while the wild species are materials from Setaria. Among them, the main haplotypes with phenotype data are Hp-1
(haplotype frequency 499), Hp-2 (haplotype frequency 85), Hp-3 (haplotype frequency 61), Hp-4 (haplotype frequency 45), and Hp-6 (haplotype frequency 7).
5 SiGI wIBX KB FXBFRITEXR

Fig.5 Relationships between SiGI haplotypes detected in coding region and promoter region
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2.6 BERMREYN
SiGI AL TR bR, AR DU BRI E AN (B 7. B 8), SUREIR, BR 2019 FEHH

JE 78 Hp-2 HHhAE AN Hp-6 BIHhFE 2 (8 J0 B3 2 5 4h,  Hofh 7 N3A88 N8 Hp-1. Hp-2+ Hp-3 A1 Hp-4 4
RELIHR 251 T Hp-6 (K 7TAD . TR REEY LR KT, BIL/EDE 70 h 3-A T SiGI ) Hp-3 #1 Hp-6
PR AR AAE & ANERE NN I A S2ma b AT 1 b o 7R 8 MR T, Hp-3 BIAEIHSL Hp-6 3%
FIEIR, WP 3 NIEET 70 A FEIREIR 21, 15 M 13 K, HR 2 AR T2 3I5EIR 1745 10 K, i 2 3
BN P IREIR 7 M8 R, LARAERR BT 1 NI RFIIEIR 1 16 K. %7 Hp-3 HA45 A Hp-6 Ffh 1Y
TEGAS X FJE 31 XAEE 2 AR AL mi 3L 85, HEW SiGIAE 8 NSRS AR M ) 5. 35 22 5= el s X R )i 20
FIX A L[ g o PRI H ) Hp-3 B 5 BURRI AN Hp-6 Sf5 BUM RLEAT SiGE ik B AHEERA b7, 45
RN, Hp-3 RiEEMLT Hp-6, FIF T 1.5 % (P=0.0083) (& 7B), TMiflfEA NI FI%ER T4 12 K (K
7C).

SiGI A5 AITE 4 ANFREE T bk 22 573 R B A 4 7R (1 8AD, 2011 4RI g 22 PRI 5 AN SR %5 4]
FHERGHEZESR, 2011 FILFEKIE. 2018 FEH1 2019 4E¥H il & P4 Hp-1. Hp-2. Hp-3 il Hp-4
W E ST Hp-6. SiGI 545 AL (1) 32 Fo E RN 32 Ao J1 A 8 Al 45 S 7 (&1 8B+ C), Hp-4 1 Hp-6 P~ B Y
£ 2017 SRS 55 M /R K AR E AT 2019 45 H i € U ) AR S N3R5 N B R E 25, Hp-6 5 HoAth
FARE AR oA 6 ANPRIE N A I AR AR A I



150 100+ a
b
= o S ~ b
80 b a
s T 100] @ 23
=3 a a 8 =
C 2 = O 604
% E b =z £
s+ E -
E E‘) é c § E‘) 40
%5 50 A =
| g 50 N‘ -g
: ] - O
== ST 20
(o}
0- -t
o
& & o o o
80+ 80+
ab
2o |ab gz
& 2 60 ab & = 604
£3 a g3 b a
<3 b ¢ <37 ab
S E S E ¢
S E 404 % L S E 4
S oo S o
T £ = £
% '3
= S 204 = S 201
ST ST
L e s s -t
NoNYD NoVoD
U S ~29> eﬂso € XK ‘z&} Qﬂg’
%%k
B 2.5r 1 C 150
2.0
5 @ 100}
= =
# 150 =
[ ~
3 :
s g
o o0
€ 10 £
.ot =
3 3
= ==l
0.5
0.0 L
> © 0
X X

1504

g =
52
S b
Z 3 100l
E:100 b a ab
S E
1o 50
- =
:!‘J
S =
04—
N bl
&
1504
- bo . a
55 ab d
c S
= T 1004 %
27
==
S e
v‘_E
504
® 3
cQ
«Q T
e
NS N S
EUBE S S SR
*
1

1504
5
g _ b b a
g2 b
o [+
€3 100
= 3
s £
sE
=5 sl
T S
I\Iz:
<>
(o}
ol
LN S
AR LN U
2004
ab
% % 150 a a
23 be .
_—
2 E %
S = 1004 Q
S e
uI_E
a T
S £ sod
QT
—————
& &
L1 Hp-3
= Hp-6

A: SiGI 57N FIPR BB A B A 0 (697 M hABIAEIE); B: SiGI B 3h TS RN RIEEAMHT, P=0.0083; C: SiGI J& 5T 5457 Sk

WM. *: A P<0.05 KTIEREF %R, (Hp-3 B4 Ci0162. Ci0203. Ci0227. Ci0230. Ci0779,

Ci0892)

Hp-6 tL3E Ci0085. Ci0841. Ci0851. Ci0862.

A:Box plot of SiGI associated with Heading Time in different environments(697 pieces of heading date data); B: Relative expression analysis of SiG/ promoter

haplotypes, P=0.0083; C: Analysis of Haploid Association Heading date in SiG/ Promoter. *: Reach a significant difference at P<<0.05. (Hp-3: Ci0162.Ci0203.
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Fig.7 Haploid typing and transcriptional analysis of SiG/ promoter region
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A:Box plot of SiGI associated with Plant height in different environments(701 plant height data);B;Box plot of SiGI associated with Main spike weight in



different environments(286 main spike weight data); C:Box plot of SiGI associated with Main spike grain weight in different environments(292 main spike grain
weight).
& 8 SiGI B R4y BRI K ERFRE
Fig.8 SiGI promoter region haplotype associated phenotype
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Table 1:Haploid variation in the SiGI promoter region
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