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Abstract: Camellia oleifera is a unique oil plant of Theaceae, which has important ornamental value and economic
value. With the intensive planting of Camellia, many diseases and pests occur. In addition, the delayed breeding of im-
proved varieties seriously restricts the development of the Camellia industry. INDETERMINATE DOMAIN (IDD) fam-
ily is a kind of conservative transcription factors in higher plants, which regulate the basic immune response of plants by
mediating plant endogenous hormones. In order to identify the members of IDD gene family in C. oleifera, 29 members
of CoIDD gene family were identified through the conserved domain of IDD gene family with reference to the whole
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genome information of C. oleifera, and further clarified the structure, physical and chemical properties, phylogenetic
relationship, and sub cell localization of each gene. The ColDD4 gene homologous to AtIDD4/5/6 was cloned by
RT-PCR, and its physicochemical properties, expression mode and nuclear localization signal were clarified. At the
same time, the types of cis acting elements in its promoter region were analyzed. The results showed that 29 CoIDD
gene family members were divided into 4 subgroups, with average hydrophilicity coefficients less than 0, belonging to
hydrophilic proteins, and subcellular localization was located in the nucleus; The full-length ORF frame cloned into
CoIDD4 gene contained 1620 bp base and encoded 539 amino acids, which were mainly expressed in leaf and flower
organs; The cis acting elements in the promoter region of the gene were mainly involved in light response and plant
hormone response elements. In conclusion, this study identified 29 IDD gene family members in C. oleifera, among
which CoIDD4 gene was closely related to 4¢/DD4/5/6. 1t is speculated that CoIDD4 gene may be involved in the proc-
ess of hormone signal transduction and basic immune response regulation of C. oleifera, which would provide a theo-
retical basis for the functional analysis of IDD transcription factors in C. oleifera and provide a reference basis for the

selection and molecular breeding of superior resistant varieties of C. oleifera.

Keywords: Camellia oleifera; IDD gene family; bioinformatics analysis; plant hormone; resistance regulation
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M2 ( Camellia oleifera ) #2111 55F}+( Theaceae )
A& ( Camellia ) B—MEARLH A, 2],
FE —FhREA BT RME A o T AT TR A AR A B A
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FRUL Wy . Bl AL R . B FIRIEER
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P IMASAE S A A B R R e, AR
AR AL A AU shar BT 2%, #E 2019 i,
AR 23 7 hm?, 55 77E 7.9 1278,
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A9 BUE I B A2 DAL 22 B i6 o 0 B —Bh IR
T, — 7 T R e 2 M G, o — 7
AL 25 AR SIS R T s, K
U, YA A O3 PR ik 75 T

INDETERMINATE DOMAIN (IDD ) %
WigE C2H2 MUBEHg 8 % sk 119 —2&, IDD 4
N F IR ERESE N 3L DNA 25808 (AREd ) N
FRAE, 605 2 > C2H2 Al 2 4~ C2HC #¥48 25 #4488,
Y IDD FEH 5 2 M F AR EAEA
5MEHNES, RSO THEYNEREETS
Pk 2 i i 255 ID-domain 3 AT B oK 1
AN HLRI T A6 2 INDETERMINATEL (ID1) i
BeARIE ID T B gt 1 NS 4 DNEHEEITHY
BEH, HA C2H2 RIEHEE A ML N, 7
FY FiE S ID1 FE N ID-domain 8 XYL
FWERCN T C2H2 BUBHR 8 1 1 — L%, B IDD
PR AR . fEUR ST ( Arabidopsis thaliana )

AT 16 4> IDD {51, 44 N AtIDDI-16, ¥4
BETFTHAEMWRE LB LI, AtDD4 .
AtIDD5 F AtIDD6 i T [al—i#t4b <N, H IDD4
5 IDD6 X RABGE, B AR —BER 64%,
3 4~ IDD FEHEZEMR T — MR 53%, 34
EHREILFRFHILE ID-domain X I H)— B &
ik 96% "M, WS L AtIDD4 HEH SR AN KT
i R A X2 5 DELLA M EAEH,
AtIDDS5 3N &—28 5 DELLA M HEAE R E N ;
AtIDD6 $E N SR A KB KL, idd4 1Rk
REBRERT X T HFBRAMAIE, BRT
AtIDD4 {E Jy /K ¥ ( Salicylic acid, SA) {551
B RREERN T, S 5fYEEES MK SER
TR FEER g iU i 2 5 DR 4 0 R AR 4
TR LR, B8 2R IDD K
TR BB S e IR T R B A YR, 8
it IDD FEMPRF LI AE AT ( Phyllostachys
edulis )T T 32 A~ HAG 58 % IDD-domain [ AY
3, WESE PhelDD21 =% WSS J5 M JH % 25 &
F RN T H RS ( Brassica napus )
PEFRE & =l b B 2 R R A AL,
s wE T 58 ANk IDD HEH, H
Bna.A0S8IDD7a 3N i# i /3 77 8 &R ( Gibberellin,
GA) FiIZEKZE (auxin, IAA) E 5 S B m
Z 5 AR KRzl

IDD ENFHREMYAERKET . HYHERS
S T s KRR e g R e B EEAEA, H
FEIMAS P B TS R . ARSI Tl A 3R R 4
B2 5 1DD L Z N R, BB 25~ 5 D4 ) 1
RGERBRFR, HAHAEYE B8 IDD
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BN FEE A M PAYER . Motif B, 40 i
FENL ARG O, [R5 28 IF e fE A4eIDD4/5/6 (1) [A] 5
FLH CoIDD4 B Ay Bt B F-E, N IR Sl 2% o1
T B PRI R BE B AL E B SR

1 #MHBERE
1.1 ##
BEaCHE Y . APPSR AR E A s A 18
TR N BRI B e MR e i, IR B — 2 1 4E
AR SR R HEUH T CoIDD B 58
B, EECRR RS 12~15 FA AT, ik
et A REEHM R AL T ColDD JEH KL
BT, BAHA R DWE 3 BAY AR,
W 5 S Z R R, T-80 CRIIRAT
ZHILNE N Z %75 s e A
( ASM2231669v1 ) {56 T # A NCBI $d &
( https://www.ncbi.nlm.nih.gov/data-hub/genome/
GCA_022316695.1/) "1, #IF§IF IDD M F R
BT 9 M AZ R P 5 T 803 TAIR U4 &
( https://www.arabidopsis.org ),
fti 7. TRIZOL. Ex Tag. 10xEx Taq
Buffer . ANTP Mixture , DHSo/g%Z &40 il . pMD™
19-T Vector Cloning Kit, PrimeScriptTM IV 1Ist
strand cDNA Synthesis Mix 3% | TaKaRa F4: %)
TR (KiE) AIRAHE,
1.2 A&
12.1 % IDD AR K%M R EE  1E TAIR
( https://www.arabidopsis.org ) £4 5 H T 2k 3L R
Jr IDD BRI 5 16 DL @ B IRF 5, H#ar
AT SRR, R BLAST HPRRU g
It IDD 2 [N 5 2 ZE MR 5] 5 il 2 2 3 B4 31
s PR AT X . B 8 IS i il 2 2 Y S TR
NCBI $¥ 5 i 47 blastp H43 M H 45 k8, 85 ok
A C2H2 Z5HbI A B o R IRE AR5 Y
FHERR T 5 HoRT B0 2% 10 e sk A 800 - (https://
github. com/Hengfu-Yin/CON_genome data ) Fll3&
DR ZH B e, A B s AR R 9 RLRE DR A R 9 T
JEEEIIHT o
fige 5% 1) ZE % il 51 il iF ExPASy ( https://web.
expasy.org/protparam/ ) H I ZEH ) ProtParam T
H., Xt ColDD4 HH R ZIEM K/, 70 i
S RS BEAT 0 #, JFid@ad Plant-mPLoc
( http://www.csbio.sjtu.edu.cn/bioinf/plant-multi/ )
PEAT AR S RL T, o A EUE AL T A AL N

58 37 NoD ( http://www.compbio.dundee.ac.uk/
www-nod/form_action_seqInput.jsp )Tl 43 H71 HAZ
ENLFH
122 HEXIDDARZE%AALARMAE FH
MEGA 9 B4Rl R IT FITHI S IDD e PR 520 Al iR
cDNA JPFI M MR T 5317 2 B Xy, Jfaat
48421 (neighbor-Joining, NJ ) ¥ RG Lk F W,
1% & Bootstrap {6~ 1000,
1.2.3 7% IDD A& B &R F 2 H3% ( motif ) 4
A DRSFEA R R B P BB T S LR E = 4
SERE Y — BOARXT DI, 25 4 S0 A R R
( Motif ), ZE& 14 AmsEHFER . FIH
MEGA 9 #4440l R I+ Al 28 IDD HE H 5 8 5k
R Y51 4T 2 8 e X}, il i MEME ( http://meme-
suite.org/tools/ meme ) FEZ A4 XF U RE IF 5 I A%
IDD 3 K 515 ¥ 81 14T motif 8% , 1% & 4T motif
BAE N 10, TR hIAH R PR ST A5 1 1) Togo .
12.4 % IDD4 B LMAMN»> TR ZALE
o #r i Phyre2 ( http://www.sbg.bio.ic.ac.uk/
phyre2/html/help.cgi?id=help/faq )7 £k &5 {4 50 43
Pril I+ AtIDD4/5/6 & H #Iiil 2% ColDD4 1 #Y
=REER, LA B B B = RS
CoIDD4 F£[H 1t NCBI &4k )% 1 #£4T BLAST 734,
B IR PR 55 v 0 e AN AT RGE R F 4 b, R
MEGA ) NJ A R4k E W, Bootstrap {H
¥k 1000,
1.2.5 #7% IDD4 kA B3 FIRXAF A A 547
B ae s MRAh R AR A SE R, A
TBtools $2HL CoIDD4 JEHF 4 FI#KFER 2 kb
MR s F 51, J78 3 4% 5] PlantCARE ( http:/
bioinformatics.psb.ugent.be/webtools/plantcare/html/ )
HEAT I 53 AT o
1.2.6 7% IDD4 3 W ORF 5& M Bk ik A X 447
W 0 e 15 2 AU RS I ALIDD4/5/6 JE PR [7] P55 R
CoIDD4 [ BETR Lot B3l 215 1 e s e Bl v
i 5 NCBI % 46 J# /£ &k T B ORF finder
( https://www.ncbi.nlm.nih.gov/orffinder/ ) X}i% ¥
AT B EHE ( ORF ) Fil , Ffid 4 Primer 5
BB K g1 (% 1), FIH] TRIZOL
FEHGH A A 2L RNA, il NanoDrop 2000 M 5
RNA ¥ B 4l B, A 4% 5 A H PrimeScript’ ™ IV
1st strand cDNA Synthesis Mix %% 5% & 005 — 4
cDNA, VUM AEARY 1 ColDD4 BN MK R
Bt, Py yiE S pMD  19-T 3R/ 4KJ5 5646 K
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FFH DHSoURZ A0, BRECSH 5o b 1% B
BREYARART , 46 A R B e Y BH M
TR ARAE T80 “CHER AR IR KA .
PG A AR A8 SRR RA LR
RNA 255 554 . cDNA, PARZE 3-8 R H s
it AL ( GAPDH ) NS | it qPCR K
M CoIDD4 JEHAEIM A AR AL SN ) B

x1 XHARFASY

Tab. 1 Primers used in this study
HH GIL/ P4 1) (5-37) i
Gene Primer name Primer sequence (5'-3") Uage
CoIDD4  ColDD4F1 ATGGCAACAAACCGGTTCATT i
TGT
ColDD4R1 CTAGGGAGCACCAAATACATG
GC
ColDD4 ColDD4gF1 AACACGAAAGCCTCCCACCA  #5¢
ColDD4gR1 GCAGGAGAAGTGGCATTGGC Al

CoGAPDH CoGAPDHF1 CTACTGGAGTTTTCACCGA

2 HR5H5H
21 HM%E IDD EEFRGHAEERRALE
oI

FIHBIRE ST IDDs H:H I & SE 1R 7 5 7 2%
B A e 35 Mk s, it
NCBI #4 FE#E 1T blastp 3B R BRAS & C2H2 4544
B FEIE, BAIRTE 29 N lZ IDD N F ik
W, B8~ ColDDI~29 (3% 2), ColDD
PRI 29 A~ 03 9 B4R 14 3 43 A 22 BH L 29 /> IDD
TGN 5 i S LR K EAE 280~570 22 (0], &
ERKEAER RN, M SFREN T
32027.26~63201.23 Da Z[i]; %5 (pl) T
5.44~9.52 b)), Hrp pl<7 MR ER LA 4 1
pI>7 BB R LI A 25 1 AREREANT
37.23~69.44 Z 1] , A7 1 4 R AT E REUNT 40,
EFREER, HRRAYETFAREEA; 29

CoGAPDHR2 TAAGACCCTCAACAATGCC

Tab. 2 Basic information of ColDD proteins

> ColDD FJER 7t B F- Y456 K ZEE/NF 0,
£2 CoDDEBEXREE

FER BAERA Uiy Fh ARERK LIS GE S &3 P40 5E ik
Gene Number of amino acids Mw/Da pl Instability index Aliphatic index GRAVY Subcellular localization
CoIDD1 550 59 787.96 8.86 52.96 55.75 —-0.693 Nucleus
CoIDD2 446 47 892.81 8.87 56.31 63.48 -0.539 Nucleus
CoIDD3 464 51285.65 8.95 37.23 67.07 -0.625 Nucleus
ColDD4 539 58 566.99 9.05 41.61 57.77 -0.663 Nucleus
ColDD5 556 61 738.15 5.53 50.30 68.22 —-0.629 Nucleus
ColIDD6 570 63 201.23 9.52 56.75 54.28 —0.748 Nucleus
ColDD7 530 58 432.15 7.06 57.51 53.00 —-0.749 Nucleus
CoIDD8 431 47 867.32 8.80 46.27 57.49 —0.694 Nucleus
CoIDD9 550 60 670.03 8.77 58.27 58.58 -0.707 Nucleus
CoIDD10 514 55 654.88 9.28 44.58 61.11 -0.487 Nucleus
CoIDDI1 540 58 869.88 8.78 52.92 55.33 -0.719 Nucleus
ColIDD]2 498 55270.51 9.18 52.47 67.37 —-0.651 Nucleus
CoIDD13 401 44299.85 9.07 51.87 58.13 -0.676 Nucleus
CoIDD14 406 45 289.68 8.39 69.44 62.56 -0.812 Nucleus
CoIDD15 406 45 275.65 8.39 69.44 62.32 -0.813 Nucleus
ColIDD16 520 54 628.32 8.90 54.02 69.50 —-0.332 Nucleus
CoIDD17 515 56 557.99 8.99 40.41 70.52 —-0.402 Nucleus
CoIDD18 535 59 058.99 8.94 53.01 54.54 —-0.702 Nucleus
CoIDD19 399 44 438.03 8.99 47.74 62.78 —-0.686 Nucleus
CoIDD20 493 53 828.44 8.86 43.35 63.75 —-0.604 Nucleus
CoIDD21 413 45 890.80 5.73 51.04 62.40 -0.563 Nucleus
ColDD22 411 45 618.31 5.44 53.39 63.41 —-0.585 Nucleus
CoIDD23 344 38 894.66 6.56 59.63 53.63 -0.721 Nucleus
ColDD24 325 37 385.46 8.83 59.09 52.25 —-0.851 Nucleus
CoIDD25 415 45 113.57 9.04 56.16 56.29 —-0.684 Nucleus
ColDD26 288 32 949.78 9.02 46.12 50.17 -0.725 Nucleus
ColDD27 280 32027.26 9.25 42.40 54.68 —-0.895 Nucleus
ColIDD28 350 39 019.00 8.97 59.14 59.34 —-0.680 Nucleus
CoIDD29 332 37 118.75 8.56 60.68 55.81 —-0.704 Nucleus
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7 IDD FEHS 2 APEFE 4544 ZF2; motif 4 27 IDD
FIRE 4 MRS ZF4 (B2 ),

TS ARG JT IDD & A PR ST 45 3Bk 5 43
Mreg Rz, Slm JT A A% IDD 28 4509 Bl REAE
Ak 5L FEA I R Gk B W EIR RS

(& 3). motif 1~4 f{3 T IDD FjGkH 4 4~ HiEk
MIRFTE 454 (ZF1~4 ) I RSFIESH, fEilAs
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Sequence!”|
CoIDD11
CoIDD1
CoIDD9
CoIDD25
At1g03840_AfIDD3
CoIDD18
At5g66730_AtIDD1
CoIDD6
CoIDD7
At3g50700_AtIDD2
CoIDD10
CoIDD16
CoIDD20
CoIDD14
CoIDD15
CoIDD2
At1g55110_AIDD7
At5g44160_AIDDS
CoIDD8
At3g13810_AtIDD11
At2g02070_AtIDDS
CoIDDI12
At3g45260_AIDD9
At5g03150_AfIDD10
A1202080_AfIDD4
At1g68130_AfIDD14
At4g02670_AtIDD12
CoIDD3
At1g25250_AtIDD16
CoIDD13
CoIDD4
At5g60470_AtIDD13
Atl1gl14580_AtIDD6
A12g01940_AtIDD15
CoIDD17
CoIDD27
CoIDD19
CoIDD22
CoIDD21
CoIDD5
CoIDD24
CoIDD23
CoIDD29
CoIDD28
CoIDD26

E-value |
1.7e-179
2.0e-179
5.6e-178
8.6e-176
1.8e-175
2.3e-175
4.3e-175

2.0e-174 =

8.2¢-174
1.5e-173
5.5e-170
9.6e-169
1.1e-168
1.3e-168
1.3e-168
1.8e-168
2.5e-167
4.8¢-167
3.8¢-166
1.8e-165
2.0e-165
5.7e-165
2.5¢-164
6.1c-164
6.8e-162
1.1e-157
1.5e-155
1.8e-154
1.3e-153
3.4e-150
3.5¢-149
5.0¢-148
4.8¢-146
2.5e-144
1.1e-142
1.2¢-62
6.0e-62
1.1e-60
1.1e-60
3.5¢-58
7.6e-52
2.5e-51
3.5e-51
4.8e-51
8.8e-51
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Fig. 2 Motifs sequence of ColDD protein

Block Diagram

Eﬁﬁ

J{]’c?;c RQIEJAELEFANAKRIRQQAQAELEKAQALKEQATKKISSTIMQITCHSC

BocAsAELEKA - KEoA:KK) 53T a0

g3 88 t2isszssefssanazeRn

/

[} e . |
N e .| |
S Memm W ™ = [— |
S MEsm BN = = —| (]
S MEEm s = -- B

M W - o= =

. W - I |

S MeEEm W W = I |
D — B .| e |
MmN = = [—) |
. — B — — | =] -

[ B B . [
D — ] B . | e
N T W - | =] =
[ . - . .
N R . |

M. - ) TR |
T W - — |
I [— B
== — T B
LS ——_—_— S -
== [E— )

or-

100 200

300

J
600

. RFVCEICNKGFQRDQNLQLHRRGHNLPWK . YAVQSDWKAHSKTCGTREYRCD . CVHHDPSRALGDLTGIKKHFCRKHGEKKW .CGTIFSRRDSFITHRAFCDAL D GNPDPDAEVIALSPKTLMATN
[ PMSATALLQKAAQMGATSSNSSSSSSL [l SKEVRKKVYVCPEPT [l KCEKCSKK [l GGGNDGLTRDFLGVG [ RQIEJAELEFANAKRIRQQAQAELEKAQALKEQATKKISSTIMQITCHSC

& 3

HZEFHLIE T IDD KRR RRTFERF 2

Fig. 3 Analysis of motifs of IDD family members in C. oleifera and A. thaliana
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» At2g02080_AtIDD4 MSSSSYNTSVIPSSSSSAQPFFIT--SSGTGDNDFNRKDTFMSMIQQPNSS--APPP 53

» At2g02070_AtIDDS MAASSSSAASFFGVRQDDQSHLLPPNSSAAAPPPPPPHH------ QAPLPPLEAPPQ 51
» At1g14580_AtIDD6 MDLCSFSKNRPAEKMSSSYNTIALSSTPT----FLLSSAAAGPGPNNFNRQEAAMTMVQQQPTSSVAPPP 66
ZF1
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Tab. 3 Basic information of ColDD4 and AtIDD4/5/6

B BAERA TR RN ARERN G 3¢ 2SR K R AL P40 5E ik
Gene  Number of amino acids  Mw/Da pl Instability index  Aliphatic index GRAVY Subcellular localization
ColDD4 539 58 566.99 9.05 41.61 57.77 —0.663 Nucleus
AtIDD4 516 55793.86 9.35 42.92 57.46 -0.653 Nucleus
AtIDDS 602 64 463.70 9.18 56.44 50.65 —-0.798 Nucleus
AtIDD6 481 5224422 9.31 42.72 56.05 —0.682 Nucleus
SR o-TETiE
—) pi
— TCRRAE ]

A: ColDD4; B: AtIDD4; C: AtIDDS; D: AtIDD6.
B 5 ColDD4 f AtIDD4/5/6 ) — 4k &5 F1 = K &+ i
Fig. 5 Prediction of secondary structure and tertiary structure of CoIDD4 and AtIDD4/5/6
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communis ) FIE%E ( Durio zibethinus ) W) IDD5 &
K544 (Arachis hypogaea ) W) IDD4 3K L[]
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Fig. 7 Phylogenetic tree of Co/DD4 and related sequences
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Fig. 8 Analysis of cis-acting elements in promoter
region of ColDD4 gene
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Fig. 9 Amplified products of CoIDD4 gene
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Fig. 10 Expression of Co/DD4 gene in different tissues
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