E¥154R ACTA AGRONOMICA SINICA 2021, 47(4): 638—649 http://zwxb.chinacrops.org/
ISSN 0496-3490; CN 11-1809/S; CODEN TSHPA9 E-mail: zwxb301@caas.cn

DOI: 10.3724/SP.J.1006.2021.04139
AF SiPRR37 BEXER . IEENMBHMIEL SR A EH BT R
I

FAF Y AT K B ARED EAFD B M KM
TRl OABER' EXT

’

! , 471023;° / , 050035
11 SiPRR37, 4
NaCl ABA PEG Fe 5 , SiPRR37
; 160 SiPRR37
, , SIPRR37 (sequence coding for
amino acids in protein, CDS) 2247 bp, 748 , REC CCT2 , PRR37
) ; , SiPRR37
SiPRR37
34 SiPRR37 1 , 27 ) 22 ),
, , 22 ) 27 ) ; NaCl
as ) SiPRR37 , PEG Fe SiPRR37 , SiPRR37 ABA
SiPRR37 CDS 10  SNP 160 19 , 3 (Hap_7
Hap 10 Hap 19) SiPRR37 , ,
, SiPRR37 ,

; SiPRR37; ; ; ;

Responsive features of SiPRR37 to photoperiod and temperature, abiotic stress
and identification of its favourable allelic variations in foxtail millet (Setaria
italica L.)
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Abstract: In this study, the clock gene SiPRR37 was cloned from the foxtail millet variety Yangu 11, and bioinformatics analysis,
tissue specific expression analysis, diurnal expression patterns analysis under four different photo-thermal combinational condi-
tions and responsive characteristics analysis to five abiotic stresses such as NaCl, ABA, PEG, low temperature and Fe were per-
formed to reveal the mechanisms that SiPRR37 participated in regulating of photo-thermal interaction and coped with abiotic
stresses. Mutation sites of SiPRR37 were detected by re-sequencing of 160 millet materials, which were used for haplotype analy-
sis to explore the effect of SiPRR37 on main agronomic traits. The results showed that the CDS length of SiPRR37 gene was 2247
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bp, which encoded 748 amino acids and contained REC and CCT domains. The phylogenetic analysis based on PRR37 proteins
showed that foxtail millet had the closest relationship with broomcorn millet, sorghum and maize. Promoter prediction analysis
found that various responsive elements to light, temperature, auxin, GA, ABA, MeJA, drought and salt stresses were detected in
promoter region of SiPRR37. The decreasing order of relative expression level of SiPRR37 was root, panicle neck, panicle, parie-
tal leaf, secondary parietal leaf and stem. Under four photo-thermal combinational conditions, SiPRR37 gave only one expression
peak during the light period, and regardless of high temperature (27 ) or low temperature (22 ), the expression peak advanced
under short-day condition compared to long-day condition, regardless of long-day or short-day, the expression peak advanced at
low temperature (22 ) compared to high temperature (27 ). The expression of SiPRR37 was inhibited by NaCl and low tem-
perature (15 ) stresses, induced by PEG-simulated drought stress and Fe stress. SiPRR37 participated in ABA signaling trans-
duction process. The 10 SNPs in CDS region of SiPRR37 divided 160 millet materials into 19 haplotypes, of which Hap 7,
Hap 10 and Hap 19 were favorable haplotypes for improving panicle traits. SiPRR37 exhibited circadian expression, and was
regulated by photoperiod and temperature simultaneously. SiPRR37 participated in the responses of foxtail millet to salt stress,
low temperature stress, drought stress and Fe stress. At the same time, SiPRR37 was correlated with heading stage and multiple

panicle traits, showing certain application potential in high-yield molecular-assisted breeding of foxtail millet.
Keywords: foxtail millet; SiPRR37; photo-thermal combinations; abiotic stress; expression analysis; haplotype
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1 MREAFE ) RNA, PrimeScript II Ist Strand
11 cDNA Synthesis Kit ( ( )
' DNA
SiPRR37 ) cDNA, 3
1 , 10 cDNA
’ ' 1 uL  2xEs Tag MasterMix (Dye) (
160 1 )10 uL 10 pmol L™
1.2 SiPRR37 0.5 uL, ddH,0 20 uL. PCR
NCBI 1 94 5 min; 94 30 s 58
PRR37 mRNA (XM _022824614), 30s 72 905,35 » 72 > min
SiPRR37 3 EasyPure Quick Gel Extraction Kit (
( 1 11 ) PCR ;
10 cmx10 c¢cm pBMI16A ( ),
, , DH5a 5
, Ultrapure RNA Kit ( ( )
*1 HRMENY
Table 1 Specific primers
Primer name Primer sequences (5'-3') Expected fragment size (bp) Purpose
PRR37-1 F: TGACAACGACGAGGACG 1295 SiPRR37
R: CGTTAGCAATCTCCGTGT Cloning SiPRR37
PRR37-2 F: CCATTTGCTGACTCGCCTAC 1586
R: TCCTGTCCCGCCTTGAT
PRR37-3 F: AAGGCTCCAATGGCAGTAG 1267
R: GAACCAGCGAAGGAAGAATC
SiActin F: GGCAAACAGGGAGAAGATGA 229
R: GAGGTTGTCGGTAAGGTCACG Internal reference fluorescence quantification
RtPRR37 F: CACCACTTTCGTCTACCTCTT 91 SiPRR37
R: CTGGCATCTCTTCTAACGG SiPRR37 fluorescence quantification
1.3 SiPRR37 1.4 SiPRR37
SubLoc (http://www. 11 10 cmx10 cm
csbio.sjtu.edu.cn/bioinf/plant-multi) , 115 , 4
; NCBI CDD (http://www.ncbi.nlm. 3 (low temperature
nih.gov/Structure/cdd/wrpsb.cgi) SiPRR37  short day, LTSD, 22 9h /I5h )
; DISPHOS (http://www.dabi. >
temple.edu/disphos/) SiPRR37 , , 3 ,
DNAMAN 5.0 SiPRR37  SiPRR37
NCBI 32 64
PRR37 ., MEGA 6.05 (high temperature short day, HTSD, 27
phytozome (https:/ 9h /I5h ) (low temperature short day,
phytozome.jgi.doe.gov/pz/portal.html) 2 LTSD, 22 9h JI5h ) (high

SiPRR37 49,117,628~49,119,628 bp ,
plantCARE (http://bioinformatics.

psb.ugent.be/webtools/plantcare/html/) SiPRR37

temperature long day, HTLD, 27 1I5h /9h )
(low temperature long day, LTLD, 22
I5h /9h )4 , 16 ,2
,3 24 h 3h 2
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Fig. 1 Electrophoresis results of total RNA extracted from
leaves in Yangu 11

1,2: RNA 1, 2: two tubes of RNA extracted.
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Fig. 2 RT-PCR results of SiPRR37 genes

M: marker DL2000; A: PRR37-1, PRR37-2 ; B: PRR37-3
M: marker DL2000; A: amplified products of PRR37-1 and
PRR37-2; B: amplified product of PRR37-3.
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Fig. 3 Domain analysis of SiPRR37 protein in millet
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Fig. 4 Molecular phylogenetic tree of PRR37 protein
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Table 2 Analysis of cis-acting elements in promoter region of SiPRR37

Regulatory element ~ Core sequence Number Distribution region (bp) Function
LTR CCGAAA 1 658-663
cis-acting element involved in low-temperature responsiveness
G-box CACGTG, 4 123-128, 1870-1879,
TCCACATGGCA, 1103-1108, 1517-1522 cis-acting regulatory element involved in light responsiveness
CACGAC
AE-box AGAAACTT 1 409-416 Part of a light responsive element
Box II CCACGTGGC 1 122-130 Part of a light responsive element
Spl GGGCGG 1 23-28 Light responsive element
3-AF1 binding sitt TAAGAGAGGAA 1 1045-1054 Light responsive element
AuxRR-core GGTCCAT 1 1536-1542
cis-acting regulatory element involved in auxin responsiveness
TGACG-motif TGACG, CGTCA 2 29-33, 1563-1567
cis-acting regulatory element involved in the MeJA-
responsiveness
TATC-box TATCCCA 1 925-931
cis-acting element involved in gibberellin-responsiveness
P-box CCTTTTG 1 1726-1732 Gibberellin-responsive element
Myb-binding site =~ CAACAG 1 1154-1159
Involved in drought, salt dresses responsiveness
DREI1 ACCGAGA 1 342-348
ABRE ACGTG, CACGTG 2 31-35,123-128 ABA
cis-acting element involved in the abscisic acid responsiveness
57 Aa SiPRR37
E 4 2.4 SiPRR37
g ;] SiPRR37 NaCl 24h
% 5 Bb Bb Bb ,
2 cd Cc SiPRR37 ( 7-A);  ABA 2~12 h
: 1‘J I I I SiPRR37 :
0- : : : : : SiPRR37 ABA ( 7-B); PEG
R et s an 2 ,
B S SiPRR37 B EMBEE SHERIESH ; SiPRR37
Fig. 5 Tissue-specific expression analysis of SiPRR37 gene ( 7—C)
0.01  0.05
Values followed by different uppercase and lowercase letters above 15 12 h SiPRR37
the bar represent significant difference at the 0.01 and 0.05 proba- 18 h ,
bility levels, respectively.
: ( 6-A~D) 15 SiPRR37 ( 7-D)
22 ) (27 ), SiPRR37 Fe 24 h 1 h SiPRR37
, 6 h )
, 9h ; ( 7-B),
9h , 12 h SiPRR37 , SiPRR37 ferl

: SiPRR37 fer3  ferd 3 ,
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Fig. 6 Expression characteristics of SiPRR37 gene under different photo-thermal combinational treatments

A: SiPRR37 ; B: SiPRR37 ; C: SiPRR37
; Dt SiPRR37 1 6:00-21:00 , 0:00-6:00 21:00-0:00 ; :
6:00-15:00 ,0:00-6:00  15:00-0:00 LTSD: ; LTLD: ; HTSD: ; HTLD:
0.01  0.05

A: the effect of different photoperiods on SiPRR37 gene under low temperature condition; B: the effect of different temperatures on SiPRR37
gene under short-day condition; C: the effect of different temperatures on SiPRR37 gene under long-day condition; D: the effect of different
photoperiods on SiPRR37 gene under high temperature condition. Long day: 6:00-21:00 light, 0:00—6:00 and 21:00-0:00 dark; Short day:
6:00-15:00 light, 0:00-6:00 and 15:00-0:00 dark. LTSD: low temperature short day; LTLD: low temperature long day; HTSD: high tempera-
ture short day; HTLD: high temperature long day. Different uppercase and lowercase letters above the bar represent significant difference at
the 0.01 and 0.05 probability levels, respectively.

A B CK
CK ; a
. 8 ABA treatment

m NaCl treatment A

A

[ VE R N
>
NoWw s
>

Relative expression level

59 = CK (25°C)
® |5°C treatment

Relative expression level

Time (h) ' Time (h)

(B 7



4 : SiPRR37 645

jes]

10 a CK

A A T EDTA-Fe treatment
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Fig. 7 Response of SiPRR37 gene to abiotic stresses in millet
A: ; B: ABA ; C: PEG ; D: ; E: 0.01 0.05

A: salt stress; B: ABA osmotic stress; C: PEG simulated drought stress; D: low-temperature stress; E: iron stress. Different uppercase and
lowercase letters above the bars represent significant difference at the 0.01 and 0.05 probability levels, respectively.

2.5 SiPRR37 it
160 14,343 bp
SiPRR37 , 978 bp 5 11 SiPRR37
2247 bp 10,440 bp CO OsPRR37 SbPRR37
678 bp 3’ SiPRR37 ; CCT PRR
, 7 6 [3,13,16,37] PRR37
160 47 , OsPRR37 SbPRR37 SiPRR37
SNPs, 10  SNPs, 8 , , ,
80% ( 3) ,
SiPRR37 10 SNP B OsPRR37
, 19 , 160 ,
19 , ,
Hap 1, 84 , 581, ShPRR37
52.5%; 8 (Hap 3 Hap 4 Hap 8 Hap 10 [, TaPRR37
Hap 12 Hap 17 Hap 18 Hap 19) 1 (381 PRR37
, 5% ( 2) 19 ,
, Hap 19 , SiPRR37
( 8-A,C,D,F H); Hap 10 PRR37 [2:5-6,17.38.40]
(  8-B,E, G); Hap 7 SiPRR37 ShPRR37 OsPRR37
( 8-H) , ,

# 3 SiPRR37 EFH7E 160 143 & F 1 sh & 2] 89 SNP i =2
Table 3 SNP loci of SiPRR37 gene detected in 160 millet materials

5! 3!
Parameter 5" UTR Exon region Intron region 3" UTR Full length
Sequence length (bp) 978 2247 10,440 678 14,343
SNP Number of SNPs 6 10 31 0 47

SNP SNP frequency (bp SNP™) 163 2247 336.77 0 305.17
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