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WE. [ B8 ) BT CONSTANS-like Z£AXAY Eucommia ulmoides 3 R 4L P &y A . ZMFIER XX, [ F&] AR
A MpAE BT ik, TARAT CONSTANS-like Jo ) R AT S R AR IBAL R, L% 4. AREH ., B F Al RERX
oA, [4R] AP LB M b 6% 5] 8 A EuCOLs 3B, H # 4 4% EuCOLI~EuCOLS, RILEH B 4 315~469, 22
WEVESHEE A 5.10~6.47, 5FFH 3521~52.65 kDa, LML EALTAN ¥ RALE WIA T, AFKREEG, 5F
T8 &G, RAARNMIA2ARR% B A ), 556424 6/ EuCOLs &4, Fl—LR%LF LA
foltk. EuCOLs A B EMME, BT PEH SARAI AR A, REEXSI BT EuCOLs Ao A H ¥ Rk
RFARM AR, EuCOLT EAMMIRF M T AL ERSG, SRARRAXBEALELES, FOE/ERN BT EuCOLT 7T
5 3ARAM R EG AN, [ 4548 ] HAP CONSTANS-like % B F %A H #7245 CCT 4= B-box £ #13%, TiALrth
BB BAPIG T %, B 8 & 1 £ 56
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Abstract: [Objective] This study aims to reveal the distribution and expression pattern of CONSTANS-like in
Eucommia ulmoides genome. [Method] Bioinformatics method was used to identify the CONSTANS-like gene
family of E. ulmoides and analyze its physicochemical properties, evolutionary relationship, gene structure,
promoters and expression patterns. [Result] A total of 8 EuCOL genes (EuCOL1-EuCOLS) were identified in

E. ulmoides genome, composed of 315—469 amino acid residues. Their isoelectric point distribution range was
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5.10—-6.47 and the molecular weight was 35.21-52.65 kDa. Subcellular localization predicted that they were all
located in the nucleus and were hydrophilic proteins, distributed on 8 chromosomes. EuCOL gene family was
divided into two subfamilies (Group I and Group IIl), containing 2 and 6 EuCOLs proteins, respectively, the
motifs of the same subfamily were similar. EuCOL genes were simple in structure and contained multiple
photoperiodic response elements in their promoters. Expression pattern analysis showed that the expression
level of EuCOLs was relatively low during the development of E. ulmoides leaves, the expression level of
EuCOL7 was the highest in gutta-percha formation, and the expression characteristics of family members were
different. Protein interaction prediction showed that EuCOL7 could interact with multiple photoperiod
responsive proteins. [Conclusion] The CONSTANS-like gene family of E. ulmoides contains a typical CCT and
B-box domain, which may be involved in leaf development and gutta-percha formation. [Ch, 8 fig. 1 tab. 56 ref.]
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CONSTANS-like JEAHY) AR — PR EE A N 7, Nom A 1 E 2 iy 2 D E Rt E iRl
B C-X2-C-X16-C-X2-C(C MM IR, X NA] A EIR) /8 1 BAER B-box Z5#1R", C ot 14
i 43 MR NS 5 E % E N K CCT(CONSTANS, CONSTANS-like, TOC1) Z5#g122, co/co-
like(COL) FE R ZFEEAE LA WF 4T Tl , SR Arabidopsis thaliana H % 5E 3 17 1~ CONSTANS-
like .3, JKFG Oryza sativa 1A 17 M, El3E Beta vulgaris 1A 13 ™5, K3 Hordeum vulgare 1A
9 N, H AR Brassica napus A 4 AN, N Triticum aestivum A 3 N, W8 A2 Picea abies
A 24 COL ™,

K] COL W HAMREZHENE, Rl 2TE00m WA F i T AR AE KR > . co %
PR ) 2k AR AR E Z B A ROC A, KH AT, CO Y5 FLOWERING LOCUS T (FT) Jii 8+
454, S FTRNERS, RIFREITRETFE, Co @8y TERMINAL FLOWER 1 (TFL1) i3
ik, Wl FT ¥ FIFEN . A:COLY it il CO FeH ik, WLk FT 5%, 1ERTFAEM, fEKFETd, &
ik OsCOL15 @ik b yHFF ALl H ¥ Ghd7 (grain number, plant height and heading date 7), T #3475 K+
RID1 (rice indeterminate 1), Ehdl (early heading date 1), Hd3a (heading date 3a)., FLT1 (FLOWERING
LOCUS T1), S#IFIER", FEK H AT, 3Rk T2 Chrysanthemum lavandulifolium %) CICOLS
R IR T T AL K9 PheCOLs #E EAT Phyllostachys edulis " i iRk i, HA W
F RO R U FERAT Ph. violascens T, PvCO1 Fll PvCO2 EEAEM /iRl BIA Populus
trichocarpa W) PtCOLs fLAcHEM i 23k A4 Ginkgo biloba W' GbCO FEIH B AE M Fr FIZEZR k0
R FRIE PhCOL16 i =5 FL R B %2 2F Petunia corollas WSt R & ik, IEPAEMSRR AW A K", COL MY
S5, YR T M a b iR EEAEH . ArCOLA Bt = i BRI bR ER FBL 75 R (abscisic
acid, ABA) 52121, A:COLT fie AU RIS MR BAN T IR 2L

KR Eucommia ulmoides J& 508k . Mg . FAMREY), BEMERR, TR0 TREPE . IR . Ul 5t
M =S, R EREA RS TRR, BIREA R L RR E AERNR S A K 1 L 2R A
BRI, W& RPLB R KRB A, COL SR HTEMYItE K AWM EZ AN A HELE/EN, BAHEEH
25 N EFAR I AN . AT COL B K5 £ Ge itk Ak S AR AL i A= K & R AP OE B b i 3R 38
B W AR IE o AW ST DI R R 0 50l S Bty U A ME B2a oMok, XFFE At CONSTANS-like %
G T B 4 . BRARME BT R G, 912058 EuCOLs FETEM: it A K k& Mokt
R A& S DI RE, Mt — B E EuCOLs JER (A D ReFE A B AR 4

1 MoK E 7%

11wt

FEAR AP AL T V5 A A MR K2 B BRVE B ). AR IER , K¥E S 244 “Fih1
7’ ‘Qinzhong 17 AP AN ZE (Z2R) . KM B em K F), 4t GE2EIFRGH ). it (B4
B 60d M F); WM — K&, 5 ‘Fi 15 MEAERE Kt AP E ulmoides  * Ziye’
R, ZWREES A T80 °C vK4H, HF RNA $2HL.
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12 Ak

12,1 #A4F COL KR Rk % B AW F o4 WAL IR A 048 %2 Genome Warehouse (https:/bigd.
big.ac./gwh/Assembly/13/show) " F 4 COL &L/ F41], FIHEEEZADE B H0 (NCBI) PRAFE5 1L
8RS (CD Search) 4T R FIZ5FIEL, TR 854 5828 B-box Ml CCT Z5MyI751] . il id ELR K14 ProtParam
(http://web.expasy.org/protparam/) Z T2 B LT, fi H] Plant-mPLoc (http:/www.csbio.sjtu.edu.cn/bioint/
plant-multi/) 7l EuCOLs & [ V. 41 i 2 v, ) FH#F 26 T.H ExPASY (https://www.expasy.org/tools) 53 Ht
EuCOLs Z@AEMEE . 40 . BHe%H N, i Expasy (https://web.expasy.org/protscale/) X F53 11 & H
SRR, FH SOPMA (https://npsa-prabi.ibep.fr/cgi-bin/npsa_automat.plpage=npsa_sopma.html) 4% 4 it )l
EHB L5,

122 AA4F COLs & B scaffold & A= B & et AL 247 Jd i Ak i 58 X 20 Bdfe %, A 4% EuCOLs K7
scaffolds - ({37 & L [ scaffolds £ J& , i ff DNAMAN %k {4 3£ 47 EuCOLs % [1)5 31 tt Xt , i3 Clustal
X1.83 B X A fp . KFE . IR IT . BRI LK Zea mays 1) COLs 2 AT ZF 5 HeXt, ) MEGA
6.0 FY&R4ET% (neighbor-joining), FR UKL E N 1000 K1Y, MEAG AT

123 #AY COLs kW s #) . F A BoF o  FIH GSDS (http:/gsds.gao-lab.org/index.php) #1443 Hr
EuCOLs F:N %544, if it MEME (http://meme-suite.org/) X} EuCOLs #4757 4341 (2802 . any number of
Repetitions (anr), maximum number of Motifs= 20, minimum width=6, and maximum width<50), if &
Clustal X 1.83 H.XJ #1 DNAspS #1443 7 EuCOLs [R5 3L KX, I 3155 4E [7] L ¥ % (non-synonymous
substitution rate, K,) £ [F] . # K (synonymous substitution rate, K). A& fi[a] 5 & P& 52 il K143 25 1) BsF ]
(&) AR =K/1.3x107° 714819, Fi|H Plant CARE (http://bioinformatics.psb.ugent.be/webtools/plantcare/htmL/)
BAFXE EuCOLs ZE R BT (ATG) Lif 2 000 bp ¥ A T AR 3, TR s F I o
124 HA¥ EuCOL % B % #% k54 X 547 M NCBI % Short Read Arshive (SRA) 5 it F#k “ ZEfif
157 RREKRFBAMN R (28 P14 it B0, MRS . SRP218063) KA R i & it At At it A
(R BEFE AP Fl < Z&fh 257 ‘Qinzhong 27 | M MEALAR A /Nt ‘Xiaoye’ FiE, AT :
SRP158357) [yt s 2l 54, A 1 A T3 AW dh b A v i 55 2 A0 S 19 1 T BE L A B 2
(fragments per kilobase million, FPKM) {H %/~ EuCOLs F& R AN K FEFE (4), FHZEE BT L (Log,A)
PEATEEH 50T, it TBtools T H-22 il B PRI e ik RT3 27,

FIHH Trizol (KAR DP424) IGHIFRIC 5" FEPRYMZE F52R) ., AR G eom KM ). i 2R
FJFRYHTH) A RNA, J#% 5% 4 M cDNA, FJMH Quant Studio 6 (Life Technologies 23 &, Frnyk), All-in-
One SYBR Premix EX TagTM kit (Gene Copoeia 2> & , 3% [®) i 47 5L i 94 6 22 & PCR (QRT-PCR) & i ,
10.0 pL W& F&: 2xmix 5.0 uL. IE [ 519/ M 51945 0.25 uL. ¢DNA 2.0 pL. ddH,0 2.5 pL. JZ i 2
J¥: 95 C BZEPE 5 min, 95 C 2L 10s, 60 CiRK 10s, 72 °C HEMH 20 s, 45 NFEIF ., NS EFY
UBC E2%%, (i fHlo-MACqERT 3 YA )2 o 5 AR e A T 0
1.2.5 #AF COL7 & @ ZtEoa#  FH STRING #1f4: (https:/string-db.org/), LE£F40L I+ B HE 22 01T 7 51
Fext, #RPEC HLFE ST COLs FEHHAERFR, il EuCOL7 HAE&E H, il Cytoscape 3.7.0 AT
Al FR SR

2 ERERH

2.1 #tfh COL BERRKEEEREBUERD T

i 1 Genome Warehouse %% #5 72 , M\ f 5& A 2H v JL 25 48 321 8 4~ EuCOLs B2 1K, F| F Pfam Al
NCBI f#J Conserved Domain Search 44, IilF EuCOLs 78 {554tk . 455 ~: 8 EuCOLs &Y
7 B-box Fll CCT 254938, 434w 44 & EuCOL1~EuCOLS. i#id ExPASy T.H., X} EuCOL F % i, i it
AL PE R 708, EuCOL3 & 9 i K, 4 469 DN HER , EuCOL7 FH i, Zwhd 315 2 ik
M2, 4rFaor Xl 35.21~52.65 kDa, 45HL G 5.10 (EuCOL1)~6.47 (EuCOL6), V.20 fifd i fo7 T
5 R . BuCOLs HE Mz (& 1), B FH/KEEA, 84 EuCOLs 704 F 8 2% scaffolds.
2.2 #tfh COLs EEHRGH LS

J T ikl EuCOL B R R #ELC &R, % 8 1> EuCOLs #5115 17 MR I+ AtCOLs. /K
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£ 1 t{h CO-like & B Fr F4SE K I 48 A 7E {ir Foa il

Table 1 Sequence characteristics and predicted subcellular location of E. ulmoides CO-like proteins

FHID HH 4 P oarz v {3 /bp CDSKEE/bp HAFUTIA 43 Fit/kDa Sl SWANMLE
EUC17024-RA  EuCOL1  Super-Scaffold 183 1758 965~1 761 661 1128 375 41.70 5.10 A%
EUC14665-RA EuCOL2  Super-Scaffold 127 1395 219~1 398 047 1287 428 47.26 525 A%
EUCI14912-RA EuCOL3  Super-Scaffold 121 1876 239~1 890 694 1410 469 52.65 5.95 A%
EUC04726-RA EuCOL4  Super-Scaffold 3 2229 604~2 240 203 1155 384 42.06 5.85 AR
EUCO01228-RA  EuCOL5  scaffold416_obj 336 319~340 482 1038 345 39.01 6.47 Y%
EUC13984-RA  EuCOL6  scaffold20_obj 133 259~134 581 972 323 35.50 5.52 A%
EUC15205-RA EuCOL7  Super-Scaffold 275 13 124~15 540 948 315 35.21 5.59 AR
EUC06371-RA  EuCOL8  Super-Scaffold 162 322 024~324 298 1347 448 49.49 5.71 A%

0sCOLs, ZmCOLs fll 14 1~ 4 PtCOLs!"S 5 A MEGA 6.0 #4, it 48 EWE ARG LB M, 1340
COLs 50 3 MK (O Ertdl 1. Bdl TAEE4 (& 1), BE4 T WHE B 2 4 B-box Fl
14~ CCT 45491, i 28 4~ COLs FE 1AL, % 24> EuCOLs % 4 (EuCOL6 Al EuCOL7); FE4 I A
BEEA 14 B-box. 1/~ CCT #1 1 by sFde 458k, BT & COLs & &t />, A 15 COLs &
H, 7r5l& A 44> AtCOLs, 3 4~ PtCOLs & 11 OsCOLs &, 51 ZmCOLs &, A& EuCOLs & ;
PEALINE K% 14 B-box Al 1 4~ CCT 45M IR pl, TS EAREREL, % 30~ COLs&EH, A
6 1 EuCOLs 1, #HbE R RSB ES LR R,
2.3 ftfh COLs ERZEMESEF LT

J T b0 M EuCOLs SR RSP IE R Z R, X EuCOLs 3N 55K K 2R A 3L P b A7 T b, &%
WBIR: EuCOLs KLRZ5 A Jfaiih (8] 2), EuCOL1 F1 EuCOL6 733 &A 2 N 3 MMNET-, 44 EuCOLs
HEHEAH 4 MMNET, EuCOL2 M EuCOL3 AN BT HIRZ, &H 6 M1

4936.1

@ PtCOLG XP 002309695.1

@ PtCOL4XP 00233,

m ACOLZ NP 1868871
| AtCOL1 NP 197089.1
W AtCONP 197935 1

AtCOLI12 NP 001326646.1 ]
EuCOL3 EUCI4912-RA A

LT0Duz W

T'S6199800 qx

a Y

FIIFH MEGA 6.0 AR5 3 RGEb A . AR CO-like 5 A A F BB FRIC:
G AR TN, OSSR E KRG, L= AIBRET K, WA EER
¥, = AIRAREF AP CO-likes

A1 AP, Kig. Bdic. 2R F 2K CO-likes & & & Lt it

Figure 1 Phylogenetic tree of CO-like proteins from E. ulmoides, O. sativa, A. thaliana, P. trichocarpa and Z. mays
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Figure 2  Structural analysis of COLs in E. ulmoides

FIFH MEME TEZ 8, X EuCOLs ZIGHEATIRF BT 408, 5507 S5 B8 ol 20, 430ilan 44 R
motif I~motif 20, Z5 WK 3 fr78 : motif 1 Fl motif 2 & EuCOLs & [ HY 4R MEMESE M B, 7248 T AT E
EuCOLs & . HA EuCOL7 &4 14> B-box Zi#g4s, H4y EuCOLs % ¥/ 2 > B-box 4, X5
Kl 2 AT I AT R —8 [F—W KK EuCOLs 37 HA m AR, HAd motif 1 15 1 LA
C-X5-C-X6-C-X,-C 4t GATA BHIE G5 . AW KGEILFAEAEBE2E R, BI: motif 7 Fl motif 14
HAAE TR M, motif 12 HAERFA [ WA f£/E. EuCOLs #EFZPEFIA 2R, HA EuCOL1
Al EuCOL4 4 motif 5. motif 7 il motif 9, motif 10 {{A77#E T EuCOL2, LK ThfE2: 0] fig 5 37
AKX

98— EuCOLS — i | m | —

42 EuCOLS [ = m L | I
EuCOL1 I B Bl Bl

100 EuCOLA[HAL I e mo— — | - .
EuCOL3 _ I N ] I — -
EuCOL2 T - — il m_m -
EuCOL6|}wE I-_ o B el | —

100~ EucoL7|™" e ] = m | il —

mm motif] == motif2 = motif3 mm motif4 = motif5 mmmotif6 mm motif7 mamotif§ mmmotif9 mmotifl0
m motifll =1 motif12 = motifl3 mm motifl4 == motifl5 == motifl6 mmmotifl7 == motifl8 = motifl9 =1motif20

A. FIF MEGA 6.0 41750 8 EuCOL JER FK ik R Gt B. EuCOLs 3E 7 74T, motifs FA R B2 K IR
A 3 EuCOLs & &% 545547

Figure 3 Conservative motif analysis of EuCOL proteins

2.4 #t{h COLs B FIR=C1E AT

FIH] Plant CARE %%} EuCOLs #2051 (ATG) 37 2 000 bp FE 4 HEATIRRAE T4 (K 4).
EuCOLs J& 8 F AU & FEAR N AR e, O AEAE 3 R8BS, OB ama ooy, a5 Wi i
NG MBS IR R ST LTR; JRAUMME AH X IC 1 ARE 45, @Gm i soff, 41 Box 4. G-box. G-
Box. GTIl-motif, I-box. GATA-motif, TCCC-motif %, @ K W JCLF, WHREE Z W W JC1F ABRE;
A K Z B e AuxRR-core; KA W TG/ CGTCA-motif 25, #EM EuCOLs Al RES: S5k AE K EE .
Jolp 360 W 197 DA K TR R4 . EuCOLs B oot i e g e, 379 4, 1% 18 4~ Box 4, G-box Al
GT1-motif ¥ 124>, Wi/R EuCOLs 5& 1) % 5% v] G832 % A 1M 4% . EuCOLs J53 3+ IX W &5 F 16 1
ABRE Fil 14 1~ ARE Joff: (K] 4B), #Eill EuCOLs Tl i35 ABA W HIR A T
2.5 #tfh COLs BEREFRIEER S5

K THRER EuCOLs FENFEF AT 7 &R B ighge, ALt 5o R & & I sk 8ds , i1
Tk M. B 5 WoR: EuCOLs TEAL A R & & ik skok PR, R8s 5L FPKM fE/M T 1,
EuCOL6 TEFEA; i ARG, WE/R EuCOLs TEFEA Frp B3EAE R /N, EuCOLS FEM Fr i 1y i Sk K
PAERE, I HECEM KT, KPR, HEW EuCOLS Fektfhit i rpa] B8 &5 E AR

) 7 B AL A S Bl R AR 25 R AR AR SRR ok gk B i SR AL BOEE R
EuCOLs JEH A RIA K, &5 RAE 6 i . K5 EuCOLs % stk 484K, HA EuCOLS Ml EuCOL7
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B 4 EuCOLs /&3 IR XAE A uAk5 A
Figure 4 Cis-elements distributed in the promoters of EuCOLs

M ZRIR AL, EuCOLT TEAAE % FPKM H KT 150, I H e & i o i 5 S KO i FARE &
W, N EuCOLT TERAREIY s # rh 4 IEVEFEAE ], MR EuCOLS 75 /NI v B oKk
F ‘B 25 , WK EuCOLS TEF AP IE i aT B8 & 48 1R

R T BAE EuCOLs FERAER APt i R iy RBE , DL S FhAoRIRE & BB iyt i i
#H, @i qQRT-PCR K EuCOLs B RB K- o 8RB EuCOLs TEFLAR I v 22 5 k3% (K 7),
EuCOL1 F1 EuCOLA TEM ZF h Kk i, BEEM A AT, RBAKFBEEEAL, ot bR, w
/N EuCOL1 Hl EuCOLA TEALATIM: v R B BRI B B EZAE ] ; AR EuCOLT FiE M i K B i skok-F-
BT, Wt SRk R 2R 5.8 A%, HEW EuCOLT fE RPN R I EE A AL 5 A
EuCOLs $: P (EuCOL2, EuCOL3., EuCOL5, EuCOL6F1 EuCOLS) TE4nh Rk em, - kF
t, RIS E G R IR R BER.
2.6 *fh COL7 EBEIEMLE TN

RN IR . EuCOLT LEAE it i % B AL s h 3 B de m ik i, W5 /R EuCOLT 1E
R % R AT B b & B EAE ] . R STRING %k, il EuCOL7 S HAME RN EAE LR, 45
R/R: EuCOL7 ATLAS 10 NMEA LA EAEH (B 8), Hrf 3 ANE T BBX HEHF4%, LHY . CCA Fil
JAC FWEsA 14, 748 MA B (LNK2, LHY. CCA. RVE., COL. BBX25 il BBX19) 56 /& Hm 1 .
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