ZmCCAla on Chromosome 10 of Maize Delays Flowering of Arabidopsis

thaliana

Yong shi'f, Xiyong Zhao®", Sha Guo?, Shifeng Dong?, Yanpeng Wen?,

Zanping Han*, Weihuan Jin?*, Yanhui Chen'"

ICollege of Agronomy/National Key Laboratory of Wheat and Maize Crop Science,

Henan Agricultural University, Zhengzhou, Henan, China
2College of Life Sciences, Henan Agricultural University, Zhengzhou, Henan, China

3Crop Research Institute, Anhui Academy of Agricultural Sciences, Hefei, Anhui,

China

*College of Agronomy, Henan University of Science and Technology, Luoyang,

Henan, China

+ These authors contributed equally to this work.

* Correspondence:

Yanhui Chen, Agricultural College, Henan Agricultural University, Zhengzhou,

Henan, China
e-mail: chy9890@163.com

Weihuan Jin, College of Life Sciences, Henan Agricultural University, Zhengzhou,

Henan, China

e-mail: Jinjinwh@163.com

Keywords: maize, ZmCCAL, overexpression, circadian rhythms, photoperiodic

flowering


mailto:chy9890@163.com
mailto:Jinjinwh@163.com

rAple@NEREVIRERENMEVNSSCGEETVIKVRKPYTITEKQRERWTEAEHKRELEALKLYGRAWQRIEEHVGTKTAVQIRSHAQKEFFTKLEKEATINNG 80
ZmCCA1a_HzZ4 MEVNSSGEETVIKVRKPYTITEQRERWTEAEHKREFLEALKLYGRAWQRIEEHVGTKTAVOIRSHAQKEFEFTKLEKEATNN 80
Consensus mevnssgeetvikvrkpytitHgrerwteaehkrflealklygrawgrieehvgtktavgirshagkfftklekepinng
VAinld@NEREVIREEEN TS PGOAHD I DT PPPRPKRKANSPYPRKSGLSSETPTKELPSDKSTKPNMPLSNENVLMAGDASLOKEFQRKINLSGKESCSE 160
ZmCCA1a_HzZ4 TSPGOQAHDIDIPPPRPKRKANSPYPRKSGLSSETPTKELPSDKSTKPNMPLSNENVLMAGDASLOKFQORKIFLSGKESCSE 160
Consensus tspggahdidippprpkrkanspyprksglssetptkelpsdkstkpnmplsnenvlmagdaslgkfgrk lsgkescse

VAnlG@ N ER@ V| PELE /T N FRDAPSPSFSSVNKSSSNHGAPIEASKTKIRDMT IMENSSLNPNMOEDVKE INDQEMERLNGTQI SSKCEHSHEGY| 240
ZmCCAla_HZ4 VILNLFRDAPSPSFSSVNKSSSNHGAPIEASKTKIRDMT IMENSSLNPNMOEDVKE INDQEMERLNGTQISSKCEHSHEGY] 240
Consensus vlnlfrdapspsfssvnksssnhgapieasktkirdmtimensslnpnmgedvkeindgemerlngtgisskcehshegy
VAnlG@NER@ VPR T DT SMOOMKLKPESVETTIBVDKQTARASHSLAEMTGTTSIPVTATEETHSVLTSDOVGINGSMNPSTIHPMEF PADPKEDSS 320
ZmCCAla_HZ4 LDISMQOOMKLKPESVETTNMVDKQTARASHSLAHRTGTTSIPVTATEETHSVLTSDOVGINGSMNPSTHPMFPADPKEDSS 320
Consensus ldismggmklkpesvett vdkgtarashslae tgttsipvtateethsvltsdgvgingsmnpsihpmfpadpkfdss

yinldo YEXQYIREER AT POPFPHNYAAFAPMMOCNCNQDTHRSLVNMSSTESSMLVSTLLSNPATHAAARLAASYWPAAEGNTPIDPNQENTLAD 400
ZmCCAla_HZzZ4 ATPOPFPHNYAAFAPMMOQCNCNQDTHRSLVNMSSTEFSSMLVSTLLSNPATHAAARLAASYWPAAEGNTPIDPNQENLAD 400
Consensus atpgpfphnyaafapmmgcncngdthrslvnmsstfssmlvstllsnpaihaaarlaasywpaaegntpidpngenladg

Vi d@ YERE YWY OGRS TGSPPSMASTVAATVAAASAWNATOQGLLPFFAPPMAEF SEVPAPSAAF PTVDVPRPSEKDRDCPAENAQKECQEAR 480
ZmCCAl1a_HZ4 VOGRSIGSPPSMASTVAATVAAASAWWATOGLLPEFFAPPMAE SEVPAPSAAEF PTVDVPRPSEKDRDCPAENAQKECQEAR 480
Consensus vggrsigsppsmasivaatvaaasawwatqggllpffappmafsfvpapsaafptvdvprpsekdrdcpaenagkecgear
VAplG@NERE\ WL R K OCONEGEFRVAASSEYDGSGKGEVSVHTELKISPVONADATSAAGADTTDAFMNKKKQDRSSCGSNTPSSSLCVDVIDNVPE] 560
ZmCCAla_HZ4 KOGOWEGFRVAASSEYDGSGKGEVSVHTELKISPVONADATSAAGADTTDAEMNKKKQDRSSCGSNTPSSSDVDVDNVPE] 560
Consensus kggg egfrvaasseydgsgkgevsvhtelkispvgnadatsaagadttdafmnkkkgdrsscgsntpsssdvdvdnvpe
Al Y EREY Rl K EGNANEKAKQOASCSNS SAGD TNHRRE RS S G S TS D SN K E VS . GRLAFHA 611
ZmCCA1a_HzZ4 KEGNANEKAKQASCSNSSAGDTNHRREFRSSGSTSDSWKEVSE TYQOHYANSLCPNLACRTAFLIHEFCWOEISIMYNSP:N 640
Consensus kegnanekakgascsnssagdtnhrrfrssgstsdswkevsee grlafhal
VAnlG@NERGV|PELEF SREKLPOSFSPPOAEGSKEVGKIAEEDEVTTVAVDLNKSTTSIDHDLDTIGEPRASEFPNELSPLKLKEROTGEFKPYKRCS 691
ZmCCA1a_HZ4 FSREKLPOSFSPPOAEGSKEVGKREEDEVTTVAVDLNKSTTSIDHDLDTIGEPRASEFPNELSPLKLKIBRIXTGEFKPYKRCS 719
Consensus fsreklpgsfsppgaegskevgk eedevttvavdlnksttsidhdldtigeprasfpnelsplklk r tgfkpykrcs
ZmCCA1a_CML288 VAWAYaHNINVAZ NI DI RVIEH N NN MBI V-V i
ZmCCA1a_HZ4 VEAKENRVPASDEVGTKRIRLDSEAS 745
Consensus veakenrvpasdevgtkrirldseas

Supplementary Figure 1 Sequence alignment of deduced amino acid sequence of ZmCCA 1a in maize inbred lines CML288 and HZ4

Amino acid residues identical between ZmCCAla in CML288 and HZ4 are highlighted in black. Conserved sequences of Myb domains of the CCA1 and CCA I-like genes are enclosed in the red box. Arabic numerals at

the right of sequences show positions of the last amino acid residues of corresponding proteins indicated at the right.



iSRGV REERNV EMN S SGEETVVKVRKPY TI TKOQRERWTEAEHKRFLEALKLYGRAWQRIEEHVGTKTAVQIRSHAQKFFTKLEKEAMNNG 80
A (G NI VZ R\ - VN S SGEETVVKVRKPY TI TKQRERWTEAEHKRFLEALKLYGRAWQRIEEHVGTKTAVQIRSHAQKFFTKLEKEAMNNG 80
Consensus memnssgeetvvkvrkpytitkgrerwteaehkrflealklygrawgrieehvgtktavgirshagkfftklekgamnng
Vi€ NINGVIREEE TS PGOAHDI DI PPPRPKRKPNSPYPRKSCLSSETQTKELPNDKS TK PNMPLSNGHVKMVGDASLONFQRKELSEKGS 160
VA€ NIILVZRN T S PGOAHDI DI PPPRPKRKPNSPYPRKSCLSSETQTKELPNDKS TK PMMPLSNGHVKMVGDASLONFQRKELSEKGS 160
Consensus tspggahdidippprpkrkpnspyprksclssetgtkelpndkstkp mplsnghvkmvgdaslgnfgrkelsekgs se
ARG @N M@ Y [RLE /T N, FRDAPSASFSSVNKSSSNHGAPRRTEASKTESRDMS IMENNSFNPNTQEDVKVISDQEMERLNGIQIRSKCEHSHE 240
VAUCCN IR V2 /T NI, FRDAPSASFSSVNKSSSNHGAPRRTEASKTESRDMS IMENNSFNPNTQEDVKVISDQEMERLNGIQIRSKCEHSHE 240
Consensus vlinlfrdapsasfssvnksssnhgaprrteasktesrdmsimennsfnpntgedvkvisdgemerlngigirskcehshe
PARG@N M@ RLY Sy [, DT STQOMKLMPKSVETTYVDEQTARASHLAES PVTVPEGTHPDQTSDQVGINGSMNPCIHPMVSADPKFG 320
VAUCCY VL VT, DT STOOMKLMPKSVETTYVDEQTARASHELAES jIPVTVPEGTHPDQTSDQVGINGSMNPCIHPMVSADPKEG 320
Consensus gyldistggmklmpksvettyvdeqtarash laes gtas pvtvpegthpdgtsdgvgingsmnpcihpmvsadpkfg
A @@NLHAVIRERY S SA T POTFPHNYAAFAPMMOCNCNQDTYRSFTNMS SIFSSMLVSTLLSNPATHAAARLAASYWPAAEGNTPIDPNQENPA 400
PARC@N ML VAR S S\ T POTFPHNYAAFAPMMOCNCNQDTYRSFTNMS SEFSSMLVSTLLSNPATIHAAARLAASYWPAAEGNTPIDPNQENPA 400
Consensus ssatpgtfphnyaafapmmgcncngdtyrsftnmss fssmlvstllsnpaihaaarlaasywpaaegntpidpngenpa

VANC@ N[ REPELY D S\ OCRNIGSPPSMAS IVAATVAAASAWNATQGLLPFFAPPVAFPFVPAPSAAFPTVDVPRPSEKDRDC PVENAQNECQE 480
VAUS N IR VAR ) - OGRN I GSPPSMAS IVAATVAAASAWWATQGLLPFFAPPVAFPFVPAPSAAFPTVDVPRPSEKDRDC PVENAQNECQE 480

Consensus dgvggrnigsppsmasivaatvaaasawwatqgllpffappvafpfvpapsaafptvdvprpsekdrdcpvenagnecge

A QN NEY Rt RKOVOFEGLRVAASSESDGSGKGEVSLHTELKLS PIRONADATPTTGAGTNDAFRINKKKODRSSCGSNTPSSSDVDAGN 560
ZmCCA1b_HzZ4 RKOQVOFEGLRVAASSESDGSGKGEVSLHTELKLS P ONADATPTTGAGTNDAFRINKKKQODRSSCGSNTPSSSDVDAGN 560

Consensus rkgvgfeglrvaassesdgsgkgevslhtelklsp gnadatpttgagtndafr kkkgdrsscgsntpsssdvdagnv

VAN E@N RO VREL) D - DNANEKAKQASCSNSSAGDTNHRRFRSNGSTSDSWKEVSEEGRLAFDALFSREKLPQSFSPPQAVDSKEVAKEEEDE 640
VAUCCN L VA N T - DNANEKAKQASCSNSSAGDTNHRRFRSNGSTSDSWKEVSEEGRLAFDALFSREKLPQSFSPPQAVDSKEVAKEEEDE 640

Consensus peednanekakgascsnssagdtnhrrfrsngstsdswkevseegrlafdalfsreklpgsfsppgavdskevakeeede

VAUE@ N RO PEER< ) T TV AVDILNKNATS IDHDDLDTMDEPRASFPNELSHLKLKSRRTGFKPYKRCSVEAKENRVPi{SDMVGTKRIRLDSEAS 719
A GOSN VAR T TV AV DLNKNATS I DHDDLDTMDE PRASFPNELSHLKLKSRRTGFKPYKRCSVEAKENRVPIMS DMVGTKRIRLDSEAS 719
Consensus vttvavdlnknatsidhddldtmdeprasfpnelshlklksrrtgfkpykrcsveakenrvp sdmvgtkrirldseas

Supplementary Figure 2 Sequence alignment of deduced amino acid sequence of ZmCCA1b in maize inbred lines CML288 and HZ4

Amino acid residues identical between ZmCCA1b in CML288 and HZ4 are highlighted in black. Conserved sequences of Myb domains of the CCA/ and CCA I-like genes are enclosed in the red box. Arabic numerals at

the right of the sequences show positions of the last amino acid residues of corresponding proteins indicated at the right.



ZmCCA1a W RKEYTITKCRERWTEIRE YGRAWQXTEE KTAVCIRSHACKEE 80
ZmCCA1b QRKEYTITKCRERWTERET SRAWQIRX TEE TKTAVCIRS KEE 80
AtCCA1 RKEYTITKCRERWTIHAE ‘ A CKEE 80
AtLHY . ; ! 80
Consensus m n sge k rkpytitKHgrerwte eh rf eal lygrawq ieeh tktavqlrshaqkff k ekga g

Z/mCCA1a TSP "FPREKRKJA ’ERK / / SLCKECRYKLSGKESCSE 160
ZmCCA1b TSE EPREKR YERI / : ] SLCNECRAFLSEKGSRSE 160
AtCCAT  VAM "REKRK 'ER} /SKTG / RCCSKPEHST. . ....... 151
AtLHY IPV FERSSSNSFANEN TIRESNS FENNCT SSSCVSSAKCAKLVSSASSSCINCAFIIBLEKMEE S G iae 156

Consensus ga di ippprekrk n pyerk d

ZmCCATa VILNLERCAPSFSESSVNKSSSNHGAP. . IEASKTKIRLCNTINMENSSINENVCECVKEINDCCEMERINGTCISSK HE 238
ZmCCATb VLNLERCAPSASESSVNKSSSNHGAPRRTEASKTIESRLMSIVENNSENENTCELCVKVISCCENMERINGIQIRSK HE 240

PR 5o skt 0 A SRS SR SRR R R SAE 55 R B Bk R 5 NislR LCEENCSCCEFTHCYI SAASSMNKSC NA 182
BIEY o o o 5506008 i 50 o B i & B o AR B i R 3 NCCENCSGVSTVNKYPLFTKEVSEL KT 187
Consensus e s

ZmCCAla CGYLEISMCCMKLKPESVETTICVLCKCTARASHSLAEITGITSIPVIATEETRSVITSCCVGINCSMNESIHEME FACPKED 318
ZmCCATb GYLEISTQCMKLVMPKSVETTYVLECTARASHTLAESNGIASVEVIVFEGIHELCTSCCVGINGSMNECIHEMVSALPKEG 320

AtCCA1  STER...EFLESR. ..EEGSCNNRVRKESNS. .CINAKSLENGNECGPCTYE. ....... MHIEVIVEIG..... SSITS 241
AtLHY STVENAVELCVFKKNKCKEGNCGTTVHSNCNY FWHFHAL TVNGNIAKCPCNHESGMVSQLFIVFHEMREETHGHANLCATTA 267
Consensus

ZmCCAla ESATECPFPHNYAAFAPMMCCNCNEETHREL VNVMSSTI§SSML R EGNTEILCENCENIA 398
ZmCCATb ESATECTEPHNYAAFAPMMCCNCNCETYREF TNMSSTIZS SML R EGNTEILCENCENFA 400
AtCCAT LSHEFSEECSHEHTV. ....... W P T PL...SSGESFVPGNS 303
AtLHY TETASHCAFPACHS........ SNL T YASVCNSGESSTPNSS 339
Consensus s f stll pa aa a s wp

ZmCCAla LCGVCCRSIG
ZmCCA1b LCGVCCGRNIG

FEREPVAF SEVPAPSAAE PTVCVERESEKCRCCPAENACKECCE 478
SFFINSPVAF FFVPAPSAAE PIVCVERSSEKCRECPVENACNECCE 480

AtCCAT  ceeesescns LS. ..... LSSGCETSHEESTFJESCLVEYTKASTLCHEGSVO 367
AtLHY Seeennne.. JASSTTATALYNREVYE TIANYE SHEIRREVCIAE . . . . . . ABITCVPESTIVAVETIEAVNTEMETVENTCFEFEKCN 404
Consensus EpP aatvaaa awwa gllp ap o)

ZmCCA1a GCLEGERV EYIPCSCKGEVSVHTE SCGSNTES 55 555
ZmCCA1b VCFECGLRV. EJBCSCKGEVSLHTE \ ) -SNTP & 46 557
AtCCA1 EHSEASK. . SIJBSEL VENK R SNTE¢ 440
AtLHY CCNIASKS SOBSCETGVTKLNAL "GSNTES ; 483
Consensus q as d k drsscgsntps sd d

ZmCCA1a KECNANERAKCASCSNSSACGCTINHRRFRSSGS. . .. . . SREG EREIRIFCSF 629
ZmCCA1b .ECNANHSAKCASCSNSSACCTINHERFRSNGS. . . . . . ‘ JAECE AL FSREINL ECSF ] 630
AtCCA1 CGINGEVRETNECTNKECTSENASRSRISSN. ... .. NKEVIBEG DAL FERENYLECSE ; 513
AtLHY KI:KE L E'IEE .NCELCVIE ) 559
Consensus 10 1 d wk vs egr af alf re lpqsf

ZmCCATa KEVGKKEELEVITVRVE . - TGFKEYK k‘ NSANRVEASE. . ... 703
ZmCCATb KEVAKEEELEVT CINKNATSICHELLLTVNCEPRASEPNELSHLKLKSR ryxpcsybﬂr, ..... 705
AtCCA1 .EEECCCCECRYEMAT CINFTACI TPVEECEEKRNTGF I GICLCASKINMSRG FYKRCS ‘ NNOSRITNNNEITHV 592
AtLHY .NVNRKCSETSMELIAF . .NEKSCCSCAAECE. . ... GVVVIGVGTCKSLETROMEGIND NG Ma )92 SOVGNIN . . NCS 629
Consensus a n tgfkpykrcs e ke

ZmCCA1a .EVG CS 717
ZmCCATb .MVGTISXTIICS 719
AtCCAT  ECKLC ET! 607
AtLHY CEKV E 644
Consensus kr r1 as

Supplementary Figure 3 Alignment of the deduced amino acid sequence of ZmCCAla with those of ZmCCA1b and AtCCA1/AtLHY

Amino acid residues identical to those in ZmCCAla are highlighted in black. Asterisks indicate the positions of the conserved tryptophan
residues in the majority of Myb domains. Conserved sequences in the Myb domains of these proteins are enclosed in the red box. The

numbers on the right indicate the positions of the last amino acid residue in each row.



Bo CCA1

L Dc LHY
Ta LHY
1 Os LHY
‘E Zm CCAlb
Zm CCAla

Ch CCA1

Rn CCA1

Sc CCA1

I He CCA1
Eh CCA1

Supplementary Figure 4 Phylogenetic analysis of ZmCCAla and ZmCCA1b
proteins from different organisms

Amino acid sequences were aligned using Clustal W and the phylogenetic tree
was generated by the neighbor-joining method based on 1,000 bootstrap repetitions by
MEGA X (https://www.megasoftware.net/). The scale bar represents the estimated
number of amino acid substitutions per site. The deduced amino acid sequences were
downloaded from NCBI (http://www.ncbi.nlm.nih.gov/). Gene identifiers for the
deduced amino acid sequences are: ZmCCA 1b: Zm00001d049543; ZmCCAla:
Zm00001d024546; AtCCA1:819296; AtLHY: 839341; OsLHY: 4344703; CsLHY:
1187396845; BpLHY: 942430200; TaLHY: 320091615; CaLHY: 830260220; PvLHY:
21213868; SSLHYGI:1600707748; DcLHY: 1315698992; NaLHY: 1102143005;
BoCCA1: 1047389776; RnCCA1GI: 2564001; ScCCA1: 1023944721; HeCCA1GI:
1178017302; EhCCA1: 1174014980; ChCCA1: 1129247100.



*

S\ |22 C T'C AT GTGGT TGACCCACCTTGAGT TTGAGGGGTTGTTAGATGTATATAGATGGGTCTCTATGCTTTCTGTAT TTCCCCtyY,
HZ4 CTCAMTGTGGTTGACCCACCTTGAGTTTGAGGGGTTGTTAGATGTATATAGATGGGTCTCTATGCTTTCTGTATTTCCC ity

Consensus ctca tgtggttgacccaccttgagtttgaggggttgttagatgtatatagatgggtetctatgetttetgtattteece

SRS TTGTATAAGTGGCTTAGTGCATATTTACAAGTGCTATTCATAACAGTAATTTACATTTCAAAGGAAGCACATGAATAT THEYA,
HEE ATTGTATAAGTGGCTTAGTGCATATTTACAAGTGCTATTCATAACAGTAATTTACATTTCAAAGGAAGCACATGAATAT TESYN
attgtataagtggcttagtgcatatttacaagtgctattcataacagtaatttacatttcaaaggaagcacatgaatatt

*

Consensus

S 1\ A\ A\ T(R€ TGTTGCTCTATCTTAACGCTTTTATGCAGAGTAAGGACAATTGGATCAATTTAAGTAGGTGAGTGGAAT TCA TN Y,
224 TAAAT@ATGTTGCTCTATCTTAACGCTTTTATGCAGAGTAAGGACAATTGGATCAATTTAAGTAGGTGAGTGGAATTCA TN,
onsensus

taaatg tgttgctctatcttaacgcttttatgcagagtaaggacaattggatcaatttaagtaggtgagtggaattgat

S I V2 N CCTTTTGAAGTTTCTGACCCCAGTTCAATTCTACAGGTTTTCTCGTGTAAATTTGACACTACTTTGGCTGCTCTTTTAGG AW
Hz4 CCTTTTGAAGTTTCTGACCCCAGTTCAATTCTACAGGTTTTCTCGTGTAAATTTGACACTACTTTGGCTGCTCTTTTAGGYAY)

Consensus ccttttgaagtttctgaccccagttcaattctacaggttttetegtgtaaatttgacactactttggetgetettttagg

CNL288 TCTGGGCACACAAATTTGAACTATTAACGCATTGGGAGTGCTTGTGTGTTAGAGGTCTAGGAGGAGCTATGAGGTACTACEEY)
Hz4 TCTGGGCACACAAATTTGAACTATTAACGCATTGGGAGTGCTTGTGTGTTAGAGGTCTAGGAGGAGCTATGAGCTACTACHSEY)

Consensus tctgggcacacaaatttgaactattaacgcattgggagtgcttgtgtgttagaggtctaggaggagctatgaggtactac

(o[22l T T CCGTCAGGTCCAGCGTTTGGTTGGAGATATGGAAGGAGGAGCTCTCTTGTTTATAGATGACCTCAACTCCAAGTGACA Y,
Hz4 TTCCGTCAGGTCCAGCGTTTGGTTGGAGATATGGAAGGAGGAGCTCTCTTGTTTATAGATGACCTCAACTCCAAGTGACAREEY

Consensus ttccgtcaggtccagegtttggttggagatatggaaggaggagetetettgtttatagatgacctcaactccaagtgaca

CNL288 AAGTGAACAGCTGTTGAACTTCCCGTCTATTTCTGTTTCTTTTTGCTGGATTTGGA| -1
HZ4 AAGTGAACAGCTGTTGAACTTCCCGTCTATTTCTGTTTCTTTTTGCTGGATTTGGA] -1

Consensus aagtgaacagctgttgaacttcccgtctatttctgtttetttttgectggatttgga

Supplementary Figure 5 Sequence alignment of ZmCCA la primers in CML288 and HZ4

DNA sequences identical between ZmCCA la primers in CML288 and HZ4 are highlighted in black. Asterisks indicate
nucleotide diversity between the two DNA sequences. The numbers on the right indicate positions of the last nucleotide

upstream of the translation initiation site ATG.



CAB2

- WT ——7mCCAla-ox-1 ——/7mCCA1la-0x-2

3.30 ~
2.80
2.30
1.80
1.30

CAB2/ACT2

0.80
0.30

Relative expression level of

-0.20

Supplementary Figure 6 Diurnal oscillations in accumulation of CAB2 transcripts in WT and ZmCCA Ia-ox lines

Arabidopsis seeds were grown on MS plates under long days (LD) for 11 days. Seedlings (at least 10 plants for each line)
were harvested at the start of ZTO of day 12 and thereafter at 3-h intervals for 24 h. Experiments were performed three times
with similar results. Relative transcript levels were normalized to the expression level of CAB2 in the WT at ZT0. Expression
levels of CAB2 are shown as the average of three repeats. ZmCCAla-ox-1 and ZmCCAla-ox-2 indicate two lines of transgenic
Arabidopsis. Day and night conditions are indicated with white and black bars on the horizontal axis. Error bars indicate
standard error (n=3). Student's t test was used to analysis the significant differences in expression levels of target genes

between WT and ZmCCA1la-ox lines. Significance levels of p <0.05 and p < 0.01 were marked with * and ** (red for

ZmCCAla-ox-1 and blue for ZmCCAla-0x-2) , respectively.



