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i E: EsoMAKEEFAR AR LR, LY miamp EXFLT LA ARE
FER, ALETHRAKEET LR R AR IAELSTA KRR F BT IE A 4 Wr b b 64575 A A
B TR RAEMIRG > T EFE R AR, L P A8 RT-PCR L RKRARBHHALSTFREF LR
¥ ST 3ARBKEZAR SiPHYA. SiPHYB #» SiPHYC; E#ATEMAZ &Fo#E, FIARA
&% PCRIEARMRTT 3 AMNKRE KR HAEEX AR T8 (polyethylene glycol, PEG) #£ 4
FF. ARFF. BLEBL (abscisic acid, ABA). &%, NaCl Z A 3E A 4 b 6o pLAF M, REH
MiX 3 ANKRE A 160 BT HA R Bz L, BT RERN ST T KR ez, 4REN,

AT T KB SiPHYA. SiPHYB #= SiPHYC @& %% %M X #9 ¢cDNA 53], KE 4 A% 3981, 3 953,
3 764 bp, H ¥ AFE SiPHYB #= SiPHYC B A L eyt k & . AR SiPHYA. SiPHYB #= SiPHYC
Yz A BIRALE, 12K B EF SiPHYB. SiPHYC B REAAEX 69 %0 5% T SiPHYA; 43 8 B &4+
& VT 40 A% SiPHYA. SiPHYB Z A /K-FREKT KB B, BrEAEST KB BRI 4L P LIEER.
SiPHYB #= SiPHYC 3£ Fl*q & PEG #MTF. AR TF. ABA. 5% 4 #A¥Whib; SiPHYA #= SiPHYB
AR 7 Kot f2 3k i, SiPHYC A A5 5 hphitavd iz 42, KT 160 4 5-F M4t Z 0 5 445
RINHA R SiPHYB 5 AT, KB SiPHYA 2R AL RE: 2B F % A M (single nucleotide
polymorphism, SNP) 7 034 5227, SNP7 036 65797°C, F#HIERihfe. 3 mtkg. LB SiPHYC 4
H—A4ESLR T (SNP5 4148239, S#4e 0 Bgadbitdl, KO BERMDEY, SHhEg. K
8938 Aotk B 2 RIR IR RS e . KB BT IR SiPHYA. SiPHYB #= SiPHYC B4 R R 69415 A ,
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Abstract: The responsive patterns of phytochrome gene family members to photoperiod and abiotic
stresses were comparatively analyzed and the favorable natural variation sites of these genes were
identified. This would help understand the mechanism of phytochrome gene family in
photoperiod-regulated growth and development and abiotic stress response. In addition, it may facilitate
the molecular marker assisted selection of key traits in foxtail millet. In this study, we used RT-PCR to
clone three phytochrome genes SiPHYA, SiPHYB and SiPHYC from ultra-late maturity millet landrace
variety ‘Maosu’. After primary bioinformatics analysis, we studied the photoperiod control mode and
the characteristics of these genes in responding to five abiotic stresses including polyethylene glycol
(PEG)-simulated drought, natural drought, abscisic acid (ABA), high temperature and NaCl by
fluorescence quantitative PCR. Finally, we detected the mutation sites of the three genes among
160 foxtail millet materials and performed haplotype analysis to determine the genes’ functional effect.
We found that the cloned cDNA sequences of gene SiPHYA, SiPHYB and SiPHYC were 3 981, 3 953 and
3 764 bp respectively, which contained complete coding regions. Gene SiPHYB and SiPHYC showed
closer evolutionary relationship. Photoperiod regulated all of the three genes, but showed more profound
effects on diurnal expression pattern of SiPHYB, SiPHYC than that of SiPHYA. Under short-day, when
near heading, the expression levels of SiPHYA and SiPHYB were significantly lower than that under
long-day, indicating their roles in suppressing heading of foxtail millet under long-day. SiPHYB and
SiPHYC were responsive to PEG-simulated drought, natural drought, ABA and high temperature stresses
together. SiPHYA and SiPHYB responded differently to salt stress, whereas SiPHYC did not respond to
salt stress. Re-sequencing of 160 foxtail millet materials revealed that SiPHYB was highly conservative.
Two missense mutations of SiPHYA, such as single nucleotide polymorphism (SNP) 7 034 52277 and
SNP7 036 657°7C, led to delaying heading and increasing plant height. One missense mutation of
SiPHYC, such as SNP5 414 823", led to shortening heading under short-day and delaying heading
under long-day, as well as increasing plant height and panicle length regardless of photo-thermal
conditions. Photoperiod showed different regulatory effects on SiPHYA, SiPHYB and SiPHYC. SiPHYB
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and SiPHYC jointly responded to various abiotic stresses except for the salt stress. Compared with the

reference genotype, mutation genotypes of SiPHYA and SiPHYC delayed heading and increased plant

height and panicle length.

Keywords: foxtail millet; phytochrome genes; abiotic stress; expression analysis; haplotype
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A OB R A 5T TE A A A 40 e T
(Arabidopsis thaliana L.) F1/KFE (Oryza sativa
L) FECNEA . A. thaliana F 3K 5 FhGEL
OEILH (PHYA-E), HPBET PHYA 7506 T
A, He 4 Mot xERYE TR
RIP1 A, thaliana 5 FhERUE R LR IhEE EREA
& AR A AE— U4, Hh PHYA .
PHYB. PHYC #&F#AEM . 41 PHYB w] LLi#
HMAT R EREMENT 1 (phytochrome-
interacting factor 1, PIF1) )3 44 il il 25 i vt
T8 % (gibberellins, GAs) & B & 15 51%
FiEfe, IR KR B & 5 PHYB
M PHYA 53 e RFLAIIE A LB 4 R 51 19
K UpAEES A, thaliana FhF 18RS, 7E4E1
P J7 0 PHYB WiV 4E, PHYA. PHYC K H
AT L RE T AE, B H AT PHYC
ML, Bx T PHYC, A. thaliana H4% 4 Fh

&: 010-64807509

et RIS 5k 0P PHYB 18 XF
WA ) 0 XoF Al AR W 3B TR #E A H AR
M, YAEIRER SR, A thaliana T JRHIA
A LU TR AR AR AR TS BN ER A0, I 24 T,
XA I A e ) PHYB 5686 K BAER
¥ 4 (phytochrome-interacting factor 4, PIF4) [
SEA AN PIF4 (& N R, ik — 5
) 7AERKRE RS E, ZAFEHEKNE
KRS T FREE = IR T & A s o7, K oy
W8 2500 T Rk PHYB (W 55 5L AR AR
(Gossypium spp. L.) FEFRAH L T A BUAE Bpk
SEERBL. RTAR R LA S AL TR AR B
g4, PHYB  wl DL il D't 5 3% 30 i 1
(suppressor of phyA-105, SPA1)-ZH i AEIEA
# R 25 [ 1 (Constitutive photomorphogenic
proteinl, COP1)-PIF1 JBHA T2 A1k, G4t
B (salt tolerance, STO) ME: %, M= 5
T A. thaliana 3R Wa Fovk (15 1 720

O. sativa SCHUO R EEIN A PHYA . PHYB
PHYC =Fl, H Rz 4065540, i PHYB
ORI E R T R E AN, KH
W EF PHYB i@ o #0 ) 5 3 (early
heading date 1, Ehdl). WAL ZE L (heading
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KB, R TR ) o R R
GULE G SR TR 45 A A e v 4708 A A Rt AR
#6l. PHYB TE O. sativa 644 W38 H b & 4%
EHEEEAEM, PHYB §H) O. sativa 227 1KHT
AALR G W GsE , FEAEWEE AT, A Eb A A
BT R RE 1A BT Tt 4R O. sativa mi5EM
T B iz A (high-affinity K©
transporters, OsHKTs) HFRi5, PRI Na*
P&, HRPTERYE . AR T R B
I . ARG A7 IE RO

H i X i e 2 8 R BIF S B AR S T —
TE R, HR T G4 1L 5L T Rg 8 S R
ZEAMMN T, FERAEREAPHEY H, Gt
/D%} PHYA. PHYB. PHYC =N 5 756
PRI AR S AR A Y a0 o B VR AR A R ek
BT . KAk, B ETHIBER 2 DL — b
Xt G4 R R R IR AL, B3t
RI7E H AR BRI 28 AR 2RI e M, ARAS IO A
GASFERRIA R, BRI RO E R RN T
S PRI E MG T, AT (Setaria italica L.)
VeI EAE S 2RV EY , HAT ™48 AL R
FERZH/N (20 510 Mb), A= JE A R DL B 5
M EH . mOCERCRER A, FNHAE F 50
SR BURT [ R AR AR, R IREARAR C4
RN LR A AL . Basi Pk DL Rk JR B fsk
TE R A P 3 A B B P ARURS 012022 R F 5 ]
FHTR) 8 v B e R DA b ] 1A B J TR e 2
S. italica RZF B3 FilE SiPHYA . SiPHYB Fl
SiPHYC =GR FRIEA | 3 7O 0E
it PCR R RS A AT 173X 3 A S AEA ]
HTABASAE T LA AR AR A P il S50 S 3=
R ST TIEM A SRR AR S
WEA WS EARE R A FR A
160 1y S. italica ##F 10 PR SR ESE, FIH
T FAG M SiPHYA . SiPHYB F1 SiPHYC 7E
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160 1y S. italica MR HIRZE RIS, HAE
I R R PE, RS EEERE %
KRB R RN, VIR T SiPHYA .
SiPHYB I SiPHYC JtJRIH AR | JEA= Y
T R R ) 22 5 L B o R AR MR A S BE
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1 #H57%
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PDEAEKINAY 160 43 S. italica WIET 2015 4F
2016 4FiELE 2 AFEFMEAE R A SR AR RIE AR
WA AR A TR . AR
3AAFEDEIRIAE (4 M58, B D
K E S0%AH MR AR A R EGE IR (HS), B
BT 10 BRI SRS (PH). M A 5K
(LN)., #iK (PL). #Hl (PD). FHE%L (PBN),
Ri%C (GNB), BE (PW)., Bk EHE (GW)
THRLE (1 000-GW), =R H &4 MER A EAE N
R ZMTEAE, T 3R SRS RO S BT o [ B
F = SR AE L O SR HCEEy S. italica BRUR
FEHZH DNA, 3% Fifg 3835 A Y BE 25 FHA BR A
FI AT EIN R By SNP 7 A5 (T % o
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B4 4 bR, JFEEAJEHEE (8 hJGHE/16 h )
JeHR R RA A K 14 d, BTEAIE TS — . —
A RAEE R A, T 2= B s .

W B3 BRI A T ST R T A
BFELH 10 ecmx10 cm A/NBRI G, B3
40 4L, FAE AR, RIEHAE RN LA EFEHAE
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AbFR 20 7 b4 T4 H BR (9 h J6HR/15 h SRS Ab
B, AP H B AL BRE BREHE] A 6:00-21:00,
i H BB AL PR R ISR R 6:00-15:00, 4403
W2 WAEY¥EL, BPEE N 10 8. kK
Z MG R, BOREZE JUM, SRAERT [A]
JR FIEREIFGG 3 h 2, BRI E A B
3, REMKIUGNSE—. B, HT
Sl = DS S C N o P B vy o VTR
FRRA A 2 IR, DO BF IR AT 55— K
B, SRR 3 h B—IkHE, U 48 h,
RAEMM TGS —. Bk, TR, &
H RS i 38 B R IR IB 40 #T o

IEAh 25 °C . 14 hJGHR/10 h 2RISR 4
PERFIER 70 4% B AR 1 2 v - HA B 4 51 i
17 ABA (100 pmol/L). =it (42°C). PEG (20%)
R4 52 . NaCl (250 mmol/L) F1 4R T S
Lb¥E, Hoep PEG Al NaCl 30 S256 % FH K B3,
Fr B 32 WA 1/2 Hoagland B 387, XN
25 CH£ 1/2 Hoagland H:FF P IE# 4K A4
Hi; ARTE . ABA i DL K il 8 b 3 52
IR RN SR Bk, ABA SR FH - T 8 i Ab
i, ERA PR AR 42 CHEFRFIEAT, X
MO 25 CEFFE L PIEHEARKNA M 1T 4 Fib
AL BRI AEAL RS 0.5, 1, 2, 4, 6. 8, 10,
12 h BTGRP o, H AR T S AE PO - 1 457 1 g
K, BEKIGHIEE 1. 3. 5. 7 KA B BURL AR T03H
PRI, T EORE i T O 68 2% I D AE AN (] iy
AT BT, R BT a0 b B A b
10 F, XFHEE 10 Z.
1.2 SiPHYA. SiPHYB 1 SiPHYC £ A &Y
REREVMEEZSM

i 13 Ki 2 phytozome (https://phytozome.jgi.
doe.gov/pz/portal.html) ki1 S. italica 3 H 21

&: 010-64807509

BRI IR1S SiPHYA (5 5% 5 : Seita.9G113600) |
SiPHYB (& 55 : Seita.9G427800) . SiPHYC (%
S5 Seita.9G089700) FEA FAIfEE . Ll 3 A4
BEDN B S A1 DAl , i ] DNAMAN 7.0
RN RTIY (GR Do AR K
Ultrapure RNA Kit $#2HH A & RNA, A TaKaRa
/] PrimeScript I 1st Strand cDNA Synthesis
Kit 25556 i —4% cDNA (L1 1 % QT 5]
AR B st il & 51 ) LLATAR cDNA i
Bl , SR 23 B e B W AR A 5 A 58 8 g S X FY
SRS, BARSh M 25051919 1 H Ak A b
[B/F41, PCR FWAE) Y . 94 C 5 min; 94 C
30s,58 C40s,72 C 80s, 4t 34 MFFF; 72 C
5 min, S RG] H B EE D Wi 41 #E 1 T 4
3 R Touch Down PCR K, 94 °C 5 min;
94 'C 40 s, 65-56 C 40 s, 72 C 1 min, 3t
34 MEH (65 C 4 MEH, 62 C 8 MEFR,
59 C 18 AMEHF, )5 56 C 4 MFEFF); 72 C
5 min, 4 CORAF. B9 14 Waife)n 5
A YA F Y pTOPO-TA #idk, WL KM
FF# (Escherichia coli) DHSo J&32 254000, #k
TEPH PR M WOR A TAY TR (Bl BRhAR
A, o BieAs 7 5 3R T DF 4 3R A5 58 B B ]
cDNA ¥4,

FHAELL BT Scan Prosite (https://prosite.
expasy.org/scanprosite/) . Cell-PLoc (http://www.
csbio.sjtu.edu.cn/bioinf/plant/) 435Il 5 I & 1 5t
() Of ~F 45 4 3R 48 Jf o2 2 5 R NCBI
BLASTp #2/¥ (http://blast.ncbi.nlm.nih.gov/Blast.
cgi) [RIEIH 2R Z. mays. S. bicolor. O. sativa .
A. thaliana WG RIERE D FH,
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SiPHYA. SiPHYB #1 SiPHYC ERRiE 51
R 1.2 DRI AL B B3

X: cjb@im.ac.cn



1934 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

x1 KHREAAEY

Table 1 Primers used in this study

Name Sequence (5'—3")

Reverse transcription primers

QT CCAGTGAGCAGAGTGACGAGGACTCGAGCTCAAGCT ;7
Qo0 CCAGTGAGCAGAGTGACG
Ql GAGGACTCGAGCTCAAGC

M primers
M-PHYA F-GGCAACTGGTTGTCTGG; R-TTCCTTATTCTCCTCCTCA
M-PHYB F-CTCGCTGCTCAACCCGCTAT; R-TCGCCAGGACAGGCAAACC
M-PHYC F-CGAGGTTCGTTCCTTTCC; R-GCTGTTTACAGTTCTGGGTGC

S primers
S-A-5 F-CCCGCTATATTATGCGTACTTGC; R-AGCAAGCTTGTAAGACTGCAAAG
S-PHYA F-TGTACGGCGATGGTATTCGG; R-TGATCTGGCAGCAATGTGGT
S-PHYB F-ATGGCGTCGGGCAGCCGC; R-AATCATTCGCACCCGGTTCT
S-PHYC F-ATTTGCTCCTGTTCCCCTCG; R-GATGTGCCTCTCCTTTGCCT
S-Z-PHYB-3' CCAGCGGAAAATGGCTGGGT
S-Z-PHYC-3' TGTGGCCAGCCCAGAGCTTC

Fluorescence quantitative PCR primers
q-PHYA F-AACAGTGCATTAGCCGGTGA; R-TCCGGTGACAACACCATCTG
q-PHYB F-GAAGTTGTTGCTGAGTGCCG; R-AATCATTCGCACCCGGTTCT
g-PHYC F-TTCGTTCCTTTCCCGCTA; R-ATGTGCCTCTCCTTTGCCT
g-SiActin F-GGCAAACAGGGAGAAGATGA; R-GAGGTTGTCGGTAAGGTCACG

RNA & B —4% cDNA, LI cDNA W,
i3 1 q &IV 194 15 H bR R B, actin
SIY NS I dctin F5 5 A B, ER
PCR ¥ fH TaKaRa [ TB Green™ Premix Ex
Tag™ TG 6. e BEGRFA &b i 8 FH LA
KW PCR 7, IR 0 : 95 °C 30s;
95 °C 30's, 60 'C 30 s, It 40 MFEIR, R 2724¢
T ETF AR R A . SCRE 3 R
&2, F Excel 2016 i brifE 2 IHAER
1.4 SiPHYA. SiPHYB 1 SiPHYC & RF{®
TR

W HEHE R SiPHYA . SiPHYB il SiPHYC 1E
S. italica FER A P IHALE A B, ) 160 15y S. italica
BERLE N FE 3RS ) SNP s Hh HR BRI Y
SNP, 43T EEA N & F | 4h B 756 X 3k SNP
SrATENL, R 3 MBS PRk s
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FERrp ST AR B | B AR | R AT
1R G SNP 8, KERIEAEERA AL
SNP, | dnasp 5 BT RAE R 04T, Fit
T BAG AL 1 SRR, TR A MR M
FH Excel 2016 Z:Hil#IE K, H SPSS 19.0 k4
PEA T BRLAE FR [R] 25 P bR 22 S S 25 1k A0 H0T

2 BEREAW

2.1 ‘EF’ SiPHYA. SiPHYB #1 SiPHYC
ERNEEREMEEESH

FI BT BT 0 L DR R 5 5 |0 R R 43 B 4
BEPART 3 AFEEBIAR N B, A I
R4 3 e Be 2 e I AT PR, RIS e
SiPHYA . SiPHYB ., SiPHYC 5% 4% X ) cDNA
55, KB4 524 3 981 bp.3 953 bp Fl 3 764 bp,
Hodr g s X BE 43531 A 3 396 bp . 3 507 bp LA
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R REE 1935

3 408 bp (GeneBank & 55404 k. OL743527 .
OL743528 F OL743529). &4 i %1,
SiPHYA .SiPHYB #l SiPHYC ¥J {4 GAF .PAS .
HisKA . HATPase_C Z5t93, FrPL 25540,
SiPHYA Fl SiPHYC i85 —~ PAC 4558, &
BN WA BT PAS gitskdnE (B 1). L4
SENL T &% B SiPHYA | SiPHYB £ SiPHYC
ENLT AT (3R 2).

FIFH FEAS R RS0 A. thaliana 1) AtPHYA
(XP_020870255.1). AtPHYB (P14713.1) 1 AtPHYC
(P14714.1) FEHFH], O. sativa B OsPHYA
(A2XLG5.2), OsPHYB (A2XFW2.2)F1 OsPHYC

M ZmPHYC (GRMZM2G057935) & [1/¥41,
S. bicolor B SbPHYA (P93526.1). SbPHYB
(P93527.2) #1 SbPHYC (P93528.1) & 41,
MIAWFFE RS S. italica SIPHYA . SiPHYB #l
SiPHYC HAFAIIMWESFRELER, 45
KW, Frf 5 YA PHYA Sl T —AN ik
k4337, 1 PHYB #1 PHYC 3 [F A7 T 55— Ak
65337, E— PHYB Ml PHYC JEL KR
G, BN PHYA b Rz (K 2).
22 AEXBEBEHET S. italica £ HE
SiPHYA. SiPHYB %0 SiPHYC BRFRIED
5 SiPHYA . SiPHYB . SiPHYC H.A HH1{M

(Q10CQ8.1) HEJFH, Z mays ) ZmPHYA  BIFBFES, HAARRIAE 3N RFEBE T %R 3:00
(GRMZM2G157727). ZmPHYB (GRMZM2G092174) & H BR&F ik i T4 H BN, H A mfE
A
— B BE >
0 100 200 300 400 500 600 1 000 1100
B
— GAF B E } E}Tasu o
0 100 200 300 400 500 0 700 800 1 000 1100
C
= GAF B 'j j ii } !TPascu:
0 100 200 300 400 500 600 1 000 1100
1 SiPHYA. SiPHYB #A SiPHYC & 8 £ #3571
Figure 1 Functional domain prediction of SiPHYA, SiPHYB and SiPHYC proteins. (A) SiPHYA. (B)

SiPHYB. (C) SiPHYC.

F 2 SiPHYA. SiPHYB # SiPHYC & H KT 4
B 7E 4L 90

Table 2  Subcellular localization prediction of
SiPHYA, SiPHYB and SiPHYC proteins

Protein name

Prediction result

SiPHYA Nucleus
SiPHYB Nucleus
SiPHYC Nucleus

&: 010-64807509

R HBAMHTITREEYS TKHRK, RN
—ECFIAMAE . ER H BRI 3 AR
BERR 6:00 JERAFFIRETH I 1 /MR IE
%, Bt B R4 12:00 B 6 h YERE IS R A
FFREA , (HAE B4 15:00 JGHIRSE SR SiPHYA A)3
AeApi R F k&, M SiPHYB. SiPHYC FRikfe
G BTt RS ARSI 3 A SRR R RBR T
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98 ShPHYB

100

100

A SiPHYB
OsPHYB

AtPHYB

AtPHYC

OsPHYC
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100

A SiPHYC

100 ShPHYC

AtPHYA

OsPHYA
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99 ShPHYA

B2 EF PHYA. PHYB #1 PHYC R EBRFIMENRZL SN
Figure 2 Phylogenetic tree based on PHYA, PHYB, and PHYC protein sequences.

VI 3:00 B, HAR it B) A B m R ik K
-, H SiPHYA. SiPHYB 1EEEI 6 h (21:00) H
S A smERIkIE, W SiPHYC 55 ANk #EA
I 7E RS 3 h (18:00) HiBl., KHBEAMAHRRE
6:00 JERETFIRET 3 NIEFE A —EFRikE, H
SiPHYA [ T AECIREE WA (21:00) HEL 13
KU TR = 3:00 84 1 kg, i SiPHYB .,
SiPHYC 1EJGCIR G ] (15:00 & 21:00) FiAHH
SRR, KR SiPHYA 157, G481V Foy
Mol U B, SE R A5 0 SiPHYA \SiPHYB |
SiPHYC W33k 5 , ¥ 52 W0 338 16 H B A B[] A
BH, SiPHYA TEK . J H BT Rab A 1
AR, BRTRKHBESE -RBE (%R 3:00)
AHEEE H R (R 6:00) 4271 3 h 113 ; SiPHYB .
SiPHYC & . 0 H &AM T RBBA2ZFEK,
SiPHYB K H R T 2B Hh e H ft$e
i, SiPHYC A H BT 2 DFRIBIGEAH K
H BTN 1Ak g, SWIDG R XT SiPHYB |
SiPHYC R FRIR 5 29 T~ SiPHYA (K 3)
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23 ARAXEBHEZHET S. italica
SiPHYA.SiPHYB %1 SiPHYC A~ [5) % & B #f

RikoHh
T K H ML 2 H RS, B 5 =i
B UM B OR TR, A H IR

KHBEFR 4 M —-BERMBE, SiPHYA .
SiPHYB. SiPHYC 7 =W Z=-L ¥R
H R R T H A RES, e H B
N L hEE, SiPHYA FRik ]
B, AKHBERAEHE S FREA R,
SiPHYB JUM MK HEEX XA EHEE &S THEH
M, 5 SiPHYC % H BRERREA S TR H I
(K 4), )BT H B8 S, italica A HEE 374 K3,
oK H BN SiPHYA. SiPHYB 35351k %t
AR 2] THRIVER, W SiPHYC RAIRES K H
M8 S. italica fHFEIEIR L B2 A K,
2.4 . italica E X SiPHYA. SiPHYB #0
SiPHYC TEiEE B R G T RIZ DR
FEXTAY T PEG P ARFERY 12 h iy, A
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Figure 3 The circadian expression of phytochrome genes of millet under different photoperiod treatments.
SD: short-day; LD: long-day. Values followed by different uppercase letters and lowercase letters above the
bar represent significant difference at the 0.01 and 0.05 probability level, respectively.
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Figure 4 Expression pattern of phytochrome genes at different leaf stages of millet under different
photoperiod conditions. SD: short-day; LD: long-day. Values followed by different uppercase letters and
lowercase letters above the bar represent significant difference at the 0.01 and 0.05 probability level,

respectively, the same as follows.
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Figure 5 Expression rules of three phytochrome genes under PEG stress. Values followed by different
uppercase letters and lowercase letters above the bar represent significant difference at the 0.01 and 0.05
probability level, respectively, the same as follows.
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Figure 6 Expression patterns of three phytochorome genes under natural drought stress. Values followed by
different uppercase letters and lowercase letters above the bar represent significant difference at the 0.01 and
0.05 probability level, respectively, the same as follows.
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Figure 7 Expression patterns of three phytochrome genes under salt stress. Values followed by different
uppercase letters and lowercase letters above the bar represent significant difference at the 0.01 and 0.05
probability level, respectively, the same as follows.
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Figure 8 Expression patterns of three phytochrome genes under ABA stress. Values followed by different
uppercase letters and lowercase letters above the bar represent significant difference at the 0.01 and 0.05
probability level, respectively, the same as follows.
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Figure 9 Expression patterns of three phytochrome genes under high-temperature stress. Values followed
by different uppercase letters and lowercase letters above the bar represent significant difference at the 0.01
and 0.05 probability level, respectively, the same as follows.

BRI A (7), HiKGE SiPHYB, LA 3
12 4~ SNP, fufiN & FRAE (6). LXERLE (3)
S LRAE (3) 3 Fh2T, SiPHYC R 7F A i e
A AU E] 4 4~ SNP, fHE NS FREE (1),
B SURAE (3) PIRNEAY (3R 3) WFoE 45 AL Ui,
SiPHYA {R~FPE R 25, FEb b B rh R AR T W
M IhRe sk, 1 SiPHYB ., SiPHYC {5

FIH SiPHYA 5L N 1Y 343 30 Bl PE i &
1EF%) SNP 37 £ F1 59 /N5 L8 AE SNP o7 5 A7
FAERLI T, WIBRAFAE 2B NS S, italica Bt
Ak, LRI F) 2 B HLAE RS hapA (CC/GG) . hapB
(TT/CC), FH P-4 L 287E SNP (SNP7 034 5227
F1 SNP7 036 65797 7=z F ] SiPHYB A&l
FHY 3 AN LA SNP i 5 HEF T 245 134T,
RITCEi G R AT AR R A JIBRZ2 A MR
HSZILF A —FPpfERL: hapA (AA/CC/GG);
FIH] SiPHYC K F] By 3 45 L2718 SNP A7 45,
(SNP5 414 068“7°, SNP5 414 82397  SNP5
415366" %) PHATHGERIT, HBR I A ARG
HAG IS 3 FhEAfERL . hapA (CC/GG/TT). hapB
(CC/GG/GG) il hapC (CC/TT/TT), Jiits SiPHYA
W& SiPHYC, T3 DR RUAE 54 A ot A oF

http://journals.im.ac.cn/cjben

B R RN LSRR S o (TR LNS B i GRS S A ]
A SEIFAE T EC B K H R bR Y b = s
BT AEAN AR A AR 2 AR R, R
B AR AR TR 26 d, MAEW FE & FHEER 2 76 d,
FE MRS 08 AN R 58 LA o BT IR 5% 2 3R,
SiPHYA. SiPHYB 7 B3>\, JUMH K H 8%
RS H R, SRR R KA
HE SR A7 2 308 791 o 0z i Al 5 PR 471 A8 S5 A58 7
Pl B3R A h R T EEAER

T SiPHYB JE R A il 3] 4l 5 58 A8 2
R, X B H M SiPHYA . SiPHYC (BRI
N o XF SiPHYA JEPRUEUL, WA . WSHHT . &
A 3 EIRIAE hapB AR (HS) Fvk s
(PH) ¥R #E & T hapA, HRGH . WHTIA
FIR AT hapB (ERES LR % = T hapA, TM7E
M YT R85 hapB (9S50 & IKF hapA,
Ui SNP7 034 522" Fil SNP7 036 6579~}
B SCGEAERE S, italica PRisy . TR AIRRAD 203y
FRAE R, ER AR S R R Ve A A2
IR ST R, XA EC (PBN) B9/E A2 6
HEESM (K 10A), SiPHYC Y hapC 1EHE R
VL FREE A /N T hapA . hapB, ¥FH. AL



BE FATFAHERERNEAHY . FEEMIHBINAIFER X BEATRUREE 1941

% 3 SiPHYA. SiPHYB 1 SiPHYC 7£ 160 1 S. italica 1 #3} ¥ SNP 975
Table 3 Distribution of SNPs in SiPHYA, SiPHYB and SiPHYC from 160 S. italica materials
Gene No. of total No. of SNP in SNP type and number in exons

name SNP introns Nonsense mutation  Missense mutation Premature termination =~ UTR
SiPHYA 163 32 62 59 3 7
SiPHYB 12 6 3 3 0

SiPHYC 4 1 0 3 0 0

A 180r

O hapA HhapB

Measured value

(3] = (o))
(=] (=} (=}
T T T

o
o
o
o
o
>
W

ad aa ga

rz@ &) \\“ Qrz@ oD X\\@ Qrz»“ Q,&\") \\& S &P X\\‘& Q@& Q,o?)

(b@o@“@@\@ & %“0‘) & %&o @“% S\\&
® »© ST L T
\S Q;\ AV QA\V
V® N
N QQQ
Traits A

A O hapA ™ hapB M hapC

u
o
o

Measured value

D A2 o) AN \ AP RREN ) \ N\
(\f&(‘ (}Q‘?o > \\\raﬁ‘ ,ﬁ\% B \(\‘35‘ ‘15\% @’\(\fa*‘ & \\"‘ \‘\r&(‘ '&\"a \\(‘ \(@S‘ RUIRS \ %\«a“ {\%

3 LS 5§
\é%g&\) \353 q&% ° 6*\ \e‘\i o° Q}?\ \A‘i\ \po \}* Qe@ \p Q\» ® \/\30 ® \\‘i\ f\
W

\%&9\ 0‘9 \\\‘\
\“’\\\:& o° 6\\4
\QQQ’

Traits

10 SiPHYA. SiPHYC B {5 53 4

Figure 10 Haplotype effect analysis of SiPHYA and SiPHYC. HS: heading stage. (A) SiPHYA. (B) SiPHYC.
GW: grain weight. PH: plant height. LN: leaf number. PL: panicle length. PD: panicle diameter. PBN: panicle
branch number. 1000-GW: 1000-grain weight. Values followed by different uppercase letters and lowercase
letters above the bar represent significant difference at the 0.01 and 0.05 probability level, respectively, the
same as follows.
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