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Evolution of the flowering time gene CONSTA NS in a photoperiod pathway
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Abstract: CONSTANS (CO), an essential element for monitoring the duration of a day and an important gene
responding to photoperiod regulation, can transform light and biological clock signals into flowering signals, as
well as activate the expression of downstream genes (FT), which induces plant flowering. However, their evolu-
tionary history and patterns have not been examined systematically. In this study, a total of 14 species, whose
whole-genomes have been sequenced, were selected. Then, via the analyses of bioinformatics, the CO family
was studied in regards to exon-intron structure, gene duplication, and differential expression. Results showed
159 members in the CO family. For each plant species, the CO family existed in the form of multiple copies.
Almost every copy contained 2 to 4 exons indicating diversity in the evolution process. The synteny analysis
showed that expansion of duplicate genes in the CO family was related to genome duplication. In addition, the
gene differential expression analysis showed that CO members were expressed in roots, flag leaves, flowers, and
seeds of rice (Oryza sativa). Especially, OsCO3 was up-regulated in the process of floral development; whereas,
the expression of OsCO7 was down-regulated. This suggested that members of the CO gene family played dif-
ferent roles in rice. [Ch, 5 fig. 25 ref.]

Key words: botany; CO; CO family; phylogenetic; synteny analysis; gene duplication

CONSTANS(CO) PR 2 AE Py v O A A W45 g 22 5L I8, 7 T A W ph i s i 42 B, BB IE AR T il
JFAESER SOCT F1 FT, e =R Y T AE . PUTTERILL 45" ¥ SE7E U M T Arabidopsis thaliana 7} £ H
CO KW, k5% PCR(RT-PCR) A 2| CO FEFIAEML ANt 33k, ONOUCHI % 2% fE MBS Brassica oler-
acea £ M%7 35S (Cauliflower mosaic virus 35S, CaMV 358)fEh 4 CO(35S:CO) Ak W 9t & ¥, CO

Wi 91 2018-01-25; f&[al F 9. 2018-06-04

FEGIUH : WL ARG B I H (LY18C150002) 5 [ 58 A AR B2 ik 42 U5 B 50T H (31470682, 31670682) ;

= Vi 1] 2% 3 1Rt B (FX2015040)

TEH T I, A EY R EEPIE. E-mail: 970473846@qq.com, {5 1EH : #A %, @, Wi,

MNF Y 25T . E-mail: youjunhuang@163.com




8 LN /N NI S 2019 42 H 20 H

HESVER A ORI UM, R R, CO fEG ik B B A T AW e B A
AR WAL R Z 0], v S A NP IR G S o MR AT CO JEH i Rk o VR, CO B %
IR R AR LB AR RUER R AR, R W] CO B 1 A6 PR D FF AR ] 5 (H R R 45 78 A 6] B 53 TR OF A — 2,
1tk COL1 F1 COL2 XA HRIFALET R B A 7™, it F3k COLY W BT ALIER , {H COLY 65 5878 {4
R H BN R HAE, UL COLY AEPH] CO LN =B =T AEm 0], [W 8} T FT 1933k K
PN AE R B AR 75 A8 D), COL3 TE L I W TE A d i i iE R4, (R b AR ZE K AE @ R AL &, JF
AT H BRI AL 2R . IWIESRE, CO LN L2 F N e A7, iR+ 1 CO Kk
H 1T AR, KEE Oryza sativa A4 16 A~ 51, H #5532 Brassica napus W78 [ 5] 4 4~ CO AR
B, B CO ZKM A M I REAFAE W] i 22 5 o B 4G Vidds vinifera 1) VoCOL1 F BEAE 2R IR o 72 v i
YER, FWZIEES 5, 6 2R R R A5 4R Blp IF bt 2k KB Chlamydomonas rein-
hardii 1) CrCO 2RI FAERAL, G55 KB LI: CrCO X 3E ¥y i G BRI 20 M 43 24 5 D fig
HEM CO A2 F AWy b ] e A DR A58 1 IE M & " . KZE Hordeum vulgare ) HvCO1 F1 Hdl 5K 5 CO
RGO R EGE, W LGRS HoFT1 5 3 REZ TS, (AR IE R e I P 5 2R % D AR IT co
RAFR I R IR A AR Ipomoea nil 1) PnCO LR v A2 SE A I 4L, B 22 55 Lolium perenne (1) LpCO W] LA
HAML R IT co AR IR AL R AL, 3K Beta vulgaris 1) BvCO1 0] LUE S IT co-2 S 75 14 1) e 16
R R Glycine max 1) GmCO9 LW & F , 550 F 1 A V)AL, B R Populus iri-
chocarpa () PrCO fR AR RREEATIFAE , o w] PR M Ak 1 AR AN 28 0 267 AR E5E LA 14 A4S B 4800 7 1 4
RO RS AR, W AEYE R TER, NIRRT 4t RRELE . RRERRESIE3I DT
T CO ZKIGEMTE, RIS 505 51 1 T8 7E 2 se 42 AR 40 o

1 M5 &

1.1 RS R A 38R BE it 12

MAE W) 3 R 41 504G Phytozome (http://www.phytozome.net) i~ 2 H it 13 DR g 3L W4l 74 . FEH
J57 K%k I 2 5 77 3] (coding sequence, CDS), 7p 5CHBESEAEY | Fh, HEEHEY | M, SRS 1 Fh, 97
TPy O Fb (I H REAEY . L H B H P PRI & 3 R, LATCHIlAR Amborella trichopoda 1 ¥ 51 4)
FIXTRE . AN 1 B (BB = 42 Picea abies ), HAHN T 51K JE T http://congenie.org,

Bg ik 2 DM PFAM 8 [ BB 72 3515 CO 454 30 e 1 /R 1] A5 A4 (PF06203 1 PFO0643 )
AR RS, 152 B G877 T Windows - 5 BRI A4 1L 14 44> 1) i 42 ik R 4 22 MR e 971 1 A 3t 5
e . @A HMMER #4429 hmmsearch 2%, BRINZ A AF T 76 A 588 178 3F 17 BLASTP 48 %%
i 5 5 45 A E-value <0.01 (98 (4 5 51 /E ) CO Rk [R I H H . @¥% &3k CO J£ iy CDS J¥ 31l i
BLASTN (et , 7643 AR T 5 iR, 3515 CO fe gtk b e e M5 B . @FE PFAM & 4
s AN SMART 2 1 5085008 2 F X048 245 2 Y B A [w] 6 e 18 56 AR L B e 9 A7 48 e, AR AN & CO
(PF06203 FI PFO0643 ) 45 4 3k i) Z A MR 7 571 o DAL 58 A AP0l CO G0 T A1 Il 5% ) 2 7E
12 ZFIIETMMREAZELE D

Al MUSCLE (9 8RNSO AT 3R (U5 2 P 9 EE X 345 4l MEGA 7.0 X6 58 1 3 ) 3 1 50T 51044
RGN A5 0 AR R (NT) 5 B B B SR FTVAI A 1E 5 25 57 5 2 B8040 1) Ak 38R T3 70
BRs RGUKH ST R SEPER IR A bootstrap 23 #7, ] 1 000 (k&K .
1.3 SMEF-RNEFIIH

FIFHTEZ A AT GSDS(Gene Structure Display Server) Hp4 CO ZE15 M 1 1Y CDS Fe g FIEE 41, o3 #r
CO FEILH WML F- N & FHILAI T, 858 REKT /T, HRI CO TEILH S5 Ry S L
1.4 HZEMSH

FFAE ¥ £ H 40 PGDD %44 % (http://chibba.agtec.uga.edu/duplication/ ) 8 2% Y & (& g dL2e vk A B,
AT EA I CO FEH I TEX BE, 58 CO KA R A B2 (1) AH BBk &R Atk L 72
1.5 kg CO RXRERMWRIES

R 14 DY Fh ) E BRAZ R 7 51 808E B (NCBI,  https://www.ncebi.nlm.nih.gov/) , & 3K ¢ F 58 &



%36 B 1 U BRSS © SE A a4 AR S S LRl CONSTANS 9 AL AL 9

Y SR AR e o sE B o T GEO %4l 4 (GSES6463) N 2K 8 8 A AN [l i I AN [R] R A (FE 28 . 4E
JFAERT RN . JF LG BYTEM: © JFAERTAOAR . JFAEJE AOAR . RISGEAFN T L B T R A 2L SR A
Bds (RNA-seq) o % s 2 B 220 R ) FPKM ARAEAL S5 i B . DK 9 0, e SOKF- B i 23 B CO K
TEAS TR IS 53 AEAE A2 7 AAE TR SO A8 i R 284k, TR E AT TR BB E M2 DI BE

2 HEREAMN

21 COXRMBRARMERE

R 14 AR B O R R CO MG, JEAEE ) 159 DA CO S5y & B BUF 51 . 4
REW: COFUZEINWEFAETHY T, SUARNHR -3, BIlHERZHYMERT, %
W25 NMRER G o HRAESHE N Daucus carota, /)N ST HE EE Physcomitrella patens, 3¢ . Phaseolus
vulgaris, &7 Solanum lycopersicum, ¥ JK Cucumis sativus FIVEEJFR Ricinus communis #, 435 % 23] 18,
15, 13, 13, 12 f1 10 DL fE/hZ, Toilfs FEH Selaginella moellendorffii v, W LB T 5, 5 Fl 4
A CO BN F R o = A2 A b 48 DU b, TR 3 It .
2.2 CO xik#L s

i AR I VA X5 2 14 D 159 4~ CO AT
IR R G R B AR . 2R TR R e (1]
)AL, Y CO FIGAE AL b A 2%, Kk
] — 1% 28 B 0 b ik A R RE SRS AE [R) — b Ak A b o R4
SRR AR, PEIRCERR B v HLAS AR E 1Y 3 AN K T
(4 lf 45 4 Bl, B2 1 B3) fENJGLEM5E CO FEH )
BERIHESE . Horb B1 R 2 > B-box Z5HF 1 4
CCT 5t 5; B2 WK HE & 1 4 B-box Z5#50, 1 4
CCT Z5 kg3 fn 1 A Frda 2ty s B3 WK 1 4> B-box
S5FIHN 1 A4~ CCT 4538
23 HNEFMINEBEFHLH

CO ZJG O A P 2544 (] 2) o, 25 i)
CO B AEAE 2~4 DAN I+, A — 50 N 3 Y
S-SR R B BE AR B, D X L el i
CO JE A ZB M 1 2 ) 9 R 4 6 R BT, [ A BB K BRI Y CO IR B bRIC , 560 1E )7
50T CO MBI RS MM WA T it . Rty , 00 AIIRIC, =) R b
Bl WHEPHRZHERE 240408 F, 1 MRS EASCMIENERR. AEBERFA R Y
Fi B2 WK MR R CO SEH & 4 A4 5T B 1 CO Rk AZAALTH
3 ANEG T, BHFRAEI L0, 0, 27 Ha, Figure 1 Phylogenetic tree of CO family members
B3 WK EAR B E A, 2800 CO SR ERH 2 A48+, #aah 4 Mo eT, BdaHs, anCr
CO3 F:IH, MUK K, B RIAAAE 14 DHMEFM 13 AW EF, IRITE R G F 0 3 CrCo3
A ST R AR, BFSTIR KB, CO JERAL S RE AN 0 NS 7, RUISME TS AT RETE CO
SR R A — o BAER, AR B4 AT S IR AT LOA K 2B B2 ook i) CO B A L &
ez 7m CO HEAM RN Z —.
24 CO XKk RELZMEDHT

XPHARE T . SRS, BERR 3 AW CO S5 1 ik R A ) < 4 () B 5 T LA R AG I CO e [R] 5 1% v 35t 1%
22 ¢ [A] A3 22 RARL I, 1 7 s ABE 2, €O G0 14 18 B T A Ay ik e ik PRI RIF 98 T A s G AR DX B 1) 3 1A T o
Jeta g i ot (B 3, B 4)RW], 4RZE0W CO FEFTE KL AL b Z R A0 1, AUHE DB 208 )
ERIR A FE R 5 R RO A Y 366 PR A2 ol R v BB A CO FE I FIR ) b AL AR vh i s BB M o, Lk
PP T A B, BAREIT . S SR B BRI e IR DX I () A7 7 S B HLORSF Rk v . da &1 3 RN 4 W . DR
Ir CO IR AE R I L Ve Xt fe 2 A7 22 X JE [R5 38 LRI B RR N AR A7 A ) 2 I L Ve o0, 9 4 Po-




10

LR AN S NI S S

2019 £ 2 J1 20 H

AmCO1
AtCOL3
AtCOL4
AtCOLS
CsCOl
CsCO2
CsCO3
CsCO4
DcCO1
DcCO2
DcCOS5
GmCO1
GmCO2
GmCO3
GmCO4
GmCO5
GmCO6
PaCOl
PpCO1
PpCO2
PpCO3
PvCOI
PvCO2
PvCO4
ReCOI
RecCO2
ReCO3
Sicol
Sicoz2
SICO3
SICO4
SICO5
SmCO1
AtCOL14
AtCOL1S
CsCOs5
DcCO8
GmCO14
GmCO15
PvCOS
ReCOS5
S1cos
AmCOs
AtCOL16
AtCOL6
AtCOL7
AtCOLS
CrCo3
CsCO10
CsCO7
CsCOs8
DcCOI13
DeCOI4
DcCOI15
DcCO17
GmCO17
GmCO18
GmCO19
GmCO20
GmCO21
GmC0O22
0sCO11
0sCO13
0sCO14
0sCO16
0sCO7
0sCOY
PpCOI10
PpCO11
PpCOI2
PpCO13
PpCOI4
PpCO1S5
PpCO6
PpCO7
PpCO8
PpCO9
PvCOI10
PvCO11
PvCOI13
PvCOY
ReCO7
ReCOS8
sicoro
Sicoil
S1co9
SmCO3

g i X
| X U X
— WET

0, 1, 2: W& FAHAL

B1

B2

e - -enn! - co——( =0

0 —— -GS —

0,
0
q
0
— T —
1
0
QR ()
] e () ()
1 0 0
Q O
|_0=00 0
1 0 0
l_()=n P —
1 0, 0 __n
Q0 ales
o p— 0 0
0 0
0 0
(|
o—— 0 e

=
b

A2 Bl, B2#4 B3 EX%

B3

CORXRIRETRANETHH

Figure 2 Exon-intron structures of CO genes in B1, B2 and B3 subfamily
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Figure 3 Synteny analysis of CO family genes in species
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Figure 5 Expression profile of CO gene in rice
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