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Abstract: COP1 E3 ligase is a photomorphogenic repressor, a molecular switch for light control in plant devel-
opment. A fragment of CcCOP1 E3 ligase for Carya cathayensis ~ (hickory) was obtained with 454 sequencing.
Then, the rapid amplification of ¢cDNA ends (RACE) method was used to obtain the full length of the COPI1
E3 ligase gene. Analysis was conducted with reverse transcription polymerase chain reaction (RT-PCR) and
included a comparison between CcCOP1 E3 ligase and COP1 E3 ligase. Results showed that the full-length of
COP1 E3 ligase was 2 331 bp and consisted of two special structural domains: an annular zince finger domain
and WD-40 repeat sequences with the coding protein being strongly hydrophilic. The end of the amino was
mainly hydrophilic amino acids; whereas, the end of the carboxyl was mostly hydrophobic amino acids. The i-
dentity between CcCOP1 E3 ligase and COP1 E3 ligase in Populus trichocarpa reached 77.8%. Results of the
RT-PCR illustrated that expression of CcCOP1 E3 ligase in hickory occurred throughout the development of
staminate and pistillate flowers. The gene expressed in stems, leaves, fruits, and flower buds had the highest
expression in the flower bud with a peak in the middle of March; however, the male flower bud had its peak in
the middle of May. Expression for the staminate flower peaked on March 12th and for the pistillate flower in
the middle of May. Thus, it was supposed that COP1 E3 ligase was relevant to the differentiation of pistillate
and staminate flowers in hickory. [Ch, 4 fig. 21 ref.]
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| ATCOAGCAACTCTCAACCEGCATGGEEOCTETACTOO0GC0EE T TGAAGOOLCACCOGEAGOCGGALCATAAGECCTCTOCATOGEDE. 90
1 MEEVSTGTGPVVPAVVEPEPETREBHEKALSTPSA
91  TICTCGGOLGCTCAGCATONGOATCAAGAACCAGAAGGAGGCTCOEECTCEGGATOGCACGACCTCRACARGEACTTCCTTIGTOCGATA. 180
3. FSAAQHPDEEPEG GG CSGCWGSEELDEDLLTCEEPI
181 TCCATCCAAACGATCAAGGACCCGTTCCTCACCETGTEOGETCACAGCTTCTCCTATATCTGCATCGTCATACACCTOOCCAATAAGART 270
60 CMQTIEKEDAFLTVCGHSFCYMCIVIBELEDNTES
271 CACTGOOOCTGCTGOTCOCACCANCTCACCCTOCACCACTTATTCO0CAACTTCTTGCTOGATAACCTTCTGAAGAAGCTTCTECTORE. 360
99 pCPCCSHHBLTLBEGQLFPHNFLLDELLTEEASETR
361 CAAATATOCAGAACCGCTTCTCCTCTGGAACAATTOCGTOROGCATTACACCAGEETTCTCAACTATCAATTARAGAGCTAGACAGOCTT 450
2 Q1 5RTASPVEGQFRRALGQQGCETYSIEKEELDS.L
451 TIGTCACTCCTOGCACACAAGAACAGCARAATCCAACAAGAACAACOCGACAGARATATCCARATATTCCTGACCTTCTTCCATCATITE. 540
51 LSLLADEEREKMEG QETEAETRHNMG@ILLTFLEHEL
541 AGGOCCCAAAAACTGOACGACTTGAATCAGGTACAATCTCATCTCCACTTTATTARAGACGACATAACTTCTCTAGAGAGACATAGARTG 630
81 R RQEVDELMNEVQSDLGQFIEKEDITSVERBHEHM
631  CAGTTCTATCGAGCAAAGGATAGETACTCTGTCARACTGCATATCCTTOCACATCACTCTAGTEOGAGAAAATCACGETCTTCACCARTE. 720
21 ELYRAEDGRYSVELBHMLGDDSSARESTESGSPUM
721 CATAAGAACAGCAGTGACCTTATCTOCAGTTCTCTAACTCCACCTGOAGTCATCECTACAAGEAATCTOCARAATAAGARAGCAGATEGA 810
241 DEMNSSDLTIGSS SLTARCYVYMATERNLGOGHNEEATDGE
811  AAGTCTCAACTAACCTCTCATGOECTACCAAGARACEACCCTTTCACTOGCTCAGAATCACACCACATTAACCAATOGECTTTATCTGTA. 900
271 K S QVTISHGLPREDALSGCGSESRQHINRQSGLSY
901  GCAAGAARARAGCGGETOCATCCTCAGTTCACTCACCTACAAGACTCTTACCTCCARARGAGACGTCACTTCECARACARACCACTGARE 990
301 A REERVEAGQFSDLG@DCYLQ@ERRGLABNETPLKN
991  CAGCAGGAGAAGEATAAAACCATTATACOOCGAGACCGTTATAATGACGGTCTTCCAGATTTOCAATCGCTTTTCACTACCTTCACECGE 1080
331 @ QEEKDESIIPREGTHNEGLADFQSVLTTFTR
1081  TACAGTOGATTGAGGETCATTGOCGAACTTAGACATGGTAATCTAGTCCACTCACCGAATATAGTATCAAGCATTGAATTTCACCETGAE 1170
%1 Y S RLREVIAEVEREHGNLYHSANIVSSIEFDTERD
1171 GATGACCTCTTTCCTACTCCTCRACTATCO0CCTECATAAAGC TTTTTGACTTCTOCACCE TTETCAATCAACCOCCTCATATGCACTAT 1260
391 DELFATAGVYSECIEKVFDFSTVVNETPADMESY
1261 COOCTTCTGGACATCE AACTOCTTCAARACTCACCTCOCTCAGTTCAAACAATTTTACTAACAACCACATTCOCACTAGTCATTATGA 1350
21 PVVEMATERSELSCLS W W HHNFTENBHTIASGSDTE
1351 GGAATTCTGAOCGTTTGCCATCTAATCACTORACAGACTCTCATCGAGTATCAAGACCATCARAACCGTEOCTCGAGTCTTCATTTITCE 1440
451 6 I VTVWDVITERGQ@SVMETYEEHEERKERAWSVDFS
1441  CCTACAGAACCATCGATGCTTGTATCTGETAGTCATCATTATAAGGTCARACTTTCATCCACARACCAGGARGCTAGTETTCTTAACATT 1550
81 RTEPSMLYSGSDDYEVEVHCTHNGQEASVYLENTI
1531 GACATGAAAGCAAATATATGCTGTCTCAAGTATAATCCTCEATCTACCAATTACATTGOCCTTCGTICTGCACATCATCAGATOCACTAC 1620
51 DMEAKICCVEYNPGCS G SHNTYTIAVGSADHGTIEHGZY
1621  TATGATTTAAGAAACCTCAGTCATOCACTACATCTCTTCACCGEECACACARAGCTCTTTCATATCTGAAGTTCTTCTCALATARTGAE 1710
4 Y DLRENVSHPLEVFSGCHEREEAVSYVEFLSNENE
1711 CTTGCTTCTGCTTCTACAGACAGCACACTCOCECTATCOEATCTCAACCAGAACTTGOCAGTTOGCACCTTTAGAGGOCACACAAATEAG 1800
51 L ASASTDSTLRLWDVEEMNLPYVRTFRCHTHNE
1801  AAAAACTTTCTCOGOCTGACACTAAATAGOCACTACATTCCATCTCECACCGACACAAATCAACTCTATETCTACCATARGEARATCTCE. 1890
601 ENFVGLTVHSETYIACGSETHNEVYVYHEETLS
1891  ACGOOCGTGACTTGECATAAATTTAGTTCTONOGATTOGCAAGATCCTCATGATGACGTTGOCTCTTACTTCATTAGTCCTCTATECTEG. 1980
639 R PVTWEHEEFGSGSPDSQDADDEVYAGSTFIGSAVCH
1891  AAGACTGATAGOCCTACCATCCTAACTCCTAATACTCAGGECACCATCAACGTECTAGTTCTTEOCECTTCA 5050
661 K SDSPTMLTANKSQGTIEKVLVLEAR H®H
A
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Figure 1 Sequence analysis of E3 ubiquitin protein ligase COP1-like
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Figure 2 Amino acid sequence alignment analysis of E3 ubiquitin protein ligase COP1-like
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100 MtCOP1 (B # R H fiMedicago truncatula XP_003616876.1)

100 PsCOPl(Eiﬁ_F'LPisum satium CAB89693.1)

CaCOP1(J& ¥ H Cicer arieinum XP_004491092.1)

GmCOP1(K 5 Glycine max XP_003545597.1)

CsCOPI1(Ft#¥Citrus sinensis XP_006469604.1)

A CcCcOP1(i ¥ BkCarya cathayensis)

51| 33 99 PtCOP1 (&R MPopulus trichocarpa XP_002321154.1)

] RcCOP1(BE WRRicinus communis XP_002534127.1)
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Figure 3 Phyloenetic tree analysis of the deduce coding amino acids sequences of E3 ubiquitin protein ligase COP1-like in different species
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Figure 4  Expression of E3 ubiquitin protein ligase COPI1-like in hickory
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