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Abstract

The Cys2His2 (C2H2) type zinc finger protein is a DNA binding motif that exists widely in eukaryo-
tic transcription factors. In most cases, proteins containing C2H2 type zinc finger structures are
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important transcription regulators in regulation of gene expression and play an important role in
cell development, differentiation and inhibition of malignant cell transformation (tumor suppres-
sion). Arabidopsis was the first plant to complete the whole genome sequencing and is widely used
as a model organism in various areas of plant biology. The IDZ gene family in Arabidopsis is cha-
racterized by the structure of C2ZH2 type zinc finger protein. In this study, 11 protein coding genes
in IDZ gene family of Arabidopsis thaliana were analyzed by using bioinformatics, including phys-
ical and chemical properties, phylogenetic analysis, protein conserved motif, chromosome loca-
tion, interacting protein network, and three-dimensional structure analysis. The results showed
that the IDZ gene was distributed evenly on the chromosome and there were no tandem repeats in
the IDZ gene. This study provides a scientific basis for further study on the biological function and
value of the IDZ family.
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1. 518

HUFG 7T (Arabidopsis thaliana) &+ {&}H(Cruciferae) S+ 5 B — /N AEREY) . "B 0 A AL 1T 7 53,
RTE 16 20 2 P T « $5/R (Johannes Thal)fRid. FH+2 4k, & O ZH T AEDRAZFZ
BT AE BT LR TFILAE B AP AN R T T R s AR

LR IT A —FP AT 2n = 10 SR Y i i) A AAAEA) o SR 7 BN 58 — A 50 i A DR 400 P AL 4 o 2
AR JLsARS . 1) BRI Z09 120 Mb, HE MR, EEFFAD: 2) MR FifkBgsciih e [,
RIS 3) P REFP T WP TAE th B Br& E 2 230 R 7+ 5= K 4H 1 i (Arabidopsis Genome Initiative,
AG)TEM . TR TFE N — P E ZE LM AEYIR UL, & —FhTeA i B

Cys2His2 (C2H2)MEHRER /2] W2 AFAE T BRI 1 1K) DNA S5 S0 . Bedi 451 2 Hh 9> 5L
=4 BB —A o- SR e R AT 51 o AL TR AL B AN I S R AN A A SRR T A S S
THEEUREEN . AN R IR EALTE o8B HE N 35, T DNA A8 S R 52 (A A
HAEZ 5 DNA 454 . — AN A e 80 v EIR Y A A2 1k, ANIfTAE H A% DNA 751 B A 7]
. BHEEHEEARAA DNA 46 EHA, ERAEARSEAR. RNA SEARMHEIER. £X2
HEOLT, &F C2H2 BYEHE R AWM E A TR R RIA M W T, EHRKE . s Fis T
P 2 Ao (0989 ) S5 0 2 v b A AR L]

AR SHE IS XN I IDZ B K KR AT RS B b, oAU rg It IDZ IS5 SO RE s, AR
HATH RE BRI 4298 S IR N Ty Be 2 A 4 Rl

2. M55 %
2.1. #EFT IDZ EERKAVER R IEW 5747

R IT IDZ R K AE EoRIET TAIR %4 F (https://www.arabidopsis.org/index.jsp), Fifid NCBI
FREL IDZ FERFRE A FRFHE R, it ExPaSy [2] [3] [4] (https:/web.expasy.org/compute_pi/){E£E T.
AT HRAL R 2
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2.2. #AEE3T 1DZ EAXKKER 2 FF 3t

iz ] T-coffee [5]7E £ £ 7 41| L xt T E. (http://tcoffee.crg.cat/apps/tcoffee) iU Fg I+ 1DZ J K] 52 1 41 it
ZEHILLXT, #4555\ ESPript 3.0 [6] (https://espript.ibcp.fr/ESPript/cgi-bin/ESPript.cgi), Secondary structure
depiction [1) Parameters Z: %% & A Sec.structure labels: a1, 2, a2, f2, -+, Sequence similarities depiction
parameters ¥ & ~N%Equivalent, %% B2 5658 .

2.3. #l@3T IDZ EERERGH L RE

i H ClustalW X F§ 7T 1DZ B R 557 51 EAT 2 P41 Lexs, 280 B4 Pairwise Alignment ] Gap
Opening Penalty: 10, Gap Extension Penalty: 0.1; Multiple Alignment [¥] Gap Opening Penalty: 10, Gap
Extension Penalty: 0.2; Protein Weight Matrix % &/ ldentity, Residue-specific Penalties % &~ ON,
Hydrophilic Penalties # & & ON, Gap Separation Distance: 4, End Gap Separation i & 4 off, Use Negative
Matrix % &}y OFF, Delay Divergent Cutoff(%): 30. K455 A MEGA 7 [7]HE R G, FgE R
1T 5% (Neighbor-Joining, NJ), Bootstrap #:4 1000 ¥k, Model/Method ¥ & 4 p-distance, Rates among Sites
HEE N Uniform rates, Gaps/Missing Data Treatment % & A4 Partial deletion, Site Coverage Cutoff(%): 50,
5 H i R GEHE % B Hide valueslowerthan 60%.

2.4. @7 IDZ EERENEW S

i Fl MEME [8] (https://meme-suite.org/meme/tools/meme)E £k T. 5 X 0/ 5+ I1DZ % K 5 i 47 4
Br, 2808 E motif 10 K 45 5 5 3L 5 N TBtools [91KF 28 1 i 45 #45 AT #14k , 18 F| Gene Structure
View (Advanced)Zhfg, “2Ji& Fill in Gradient Mode F1 Motif Num, K Width # & & 1500, Hight & A
300,

fdE ] Pfam [10] (http://pfam.xfam.ora/) #4475 704, w43 B E A A5 8L .

2.5. ¥l IDZ BEEZRENREEEM ST

M TAIR #0475 BUU RS I+ 1DZ £ K 5% Genomic Locus #H2%{5 B #iI %, i MG2C 2.0 [11]
(http://mg2c.iask.infmg2c_v2.0/) 5 AAH AR 5 2 il Ge v fa e 17 1] o

2.6. EAHEBEAMELE

PR AR A RGN STRING v11.5 [12] (https://string-db.org/) 5k 122 4 41 il ¥4 2 H 2R 1 AR A FH 4%,
FIF AT RE TN % S 28, DAS GO DN ‘& AR AH G A i R o

2.7. EA=HEMIh
B A5 4 )%\ Uniprot [13] (http://beta.uniprot.org/) 5 22 7] 15 85 111 i = 24k 4544, AR 4% AlphaFold [14]
A I B S5 (PIDDT) AN, HEATEERE AT -
3. ZBR5E 7
3.1. #EFT IDZ EERIRRIEN BN S

M TAIR Hffs FE3RBUGU R I IDZ ZXR K 52 3% 11 /N[15] [16], HIFH ExPaSy fE£k TR I3 73 #r it
REE L), ZEAFES T8 K/NN 64463.70 (AtIDZ2)Z 44513.05 (AtIDZ8), %5 i 9.63 (AtIDZ3)%E
8.36 (AtIDZ5).
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Table 1. Physicochemical properties of IDZ gene family in Arabidopsis thaliana

5= 1. BETT 1DZ RER KRR

EHR
Protein

[ ID
Gene ID

TR
Mw (kD)

S A
PI

Jetafh

Chromosome

/SRS VA
Chromosome location

AtIDZ1
AtlIDZ2
AtIDZ3
AtlDZ4
AtIDZ5
AtIDZ6
AtIDZ7
AtIDZ8
AtIDZ9
AtIDZ10
AtIDZ11

AT3G45260
AT2G02070
AT5G03150
AT1G03840
AT5G44160
AT3G50700
AT5G66730
AT4G02670
AT3G13810
AT1G55110
AT5G60470

49,940.73
64,463.70
55,200.86
55,826.16
51,189.08
47,943.19
52,626.36
44,513.05
56,726.80
50,844.58
50,965.24

9.41
9.18
9.63
8.64
8.36
9.44
8.93
9.23
8.70
8.64
9.27

Chr3
Chr2
Chr5
Chrl
Chr5
Chr3
Chr5
Chr4
Chr3
Chrl
Chr5

16596358:16598811
505375:510781
745421:749028
967470:970334

17772856:17775749

18840411:18843053

26641586:26644738

1176093:1178489
4544364:4547513
20560258:20563269
24320595:24322790

3.2. #lf3F IDZ EEZRER 2 FFILE 3t

FIH T-coffee 1E£: % FE 41 LL%F T A (http://tcoffee.crg.cat/apps/tcoffee) X U FF 7+ IDZ 3
FEBIEERT, Fr4h H 5\ ESPript 3.0 (https:/espript.ibcp.fr/ESPript/ESPript/) iI 4% 2 /7 51| L4 ] #LE (4] 1) i

4EHUAT A17E 7 %1 40-200. 350-370. 410 b7 7E o FE AR~ X B

CAF18562.1 AtIDZ1
CAF18564.1 AtIDZ2
CAF18563.1 AtIDZ3

50 60 79

N OEIRT)
INORGT|

BAB08230.1_AtIDZ1l
consensus>70

129
CAF18562.1 AtIDZ1

BAB08230.1_AtIDZ1l
consensus>70

O3
g

G i
G|

PNAENT SIRFIKS|

139

Ci{HHJFIRALGDLTGIKKHGHRKHGEKKY|
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T
B

H
8
N
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&
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Figure 1. Sequence alignment of IDZ gene family in Arabidopsis thaliana
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3.3. #l@3T IDZ EERKEZHLR S

WG TT IDZ SR R R GU A LA 55 2R FIUR, A2 TR n 2 DR SR 23 s i 7™ A A TR Y T, A
(& 2) TR a6 B2 R AR 1l A 1 2 52, Bl A% H B A 2 0 30, Rt R e IDZ KXk
J% 03 L ALIDZ4 13 [R5 SRR FE R 1K) 22 S ey, T AtIDZ2. AtIDZ11 F) 5 A 5 SRR JE R 22 3t oK.

100 CAB62439.1 AtIDZ6

100 AAM20710.1 AtIDZ7

92 AAC78253.1 AtIDZ8

AAK32810.1 AtIDZ9

100 AAM14021.1 AtIDZ10

CAF18563.1 AtIDZ3

CAF18562.1 AtIDZ1

100 BAB08230.1 AtIDZ11

CAF18564.1 AtIDZ2

100 AAP12858.1 AtlDZ4

100 AAKS59787.1 AtIDZ5

—
0.05

Figure 2. Phylogenetic tree of IDZ gene in Arabidopsis thaliana (NJ)
& 2. #\FE7T 1DZ EFEB RS H L HT(Neighbor-Joining Method, NJ)

3.4. #1@FF IDZ EERENEW S

R4 TBtools 45 2R E (151 3) AT %14 7% IDZ R K #A motifl-7. motif10, motif9 {\f£7E T~ AtIDZ9.
AtIDZ10 SL#F1 AtIDZ2 E#5, motif8 {YAE4E T AtIDZ4. AtIDZ5 B, [Fiix FANE [ i WA Hasmk

b))

CAB62439.1_AtIDZ6 o T——— = 7 - m::;g
AAM20710.1_AtIDZ7 B hdmmTTETTET ~— 7 _m::::lo
AACT8253.1_AtIDZ8 B m———— . 7 [ Motif 1
AAK32810.1_AtiDZ9 BB T p— - _m:;g
AAM14021.1_AtiDZ10 Temle L wmTT . T— Motif 7
CAF18563.1_AtIDZ3 B hmm——— L o — m:::; Z
CAF18562.1_AtIDZ1 BT em——___ 00 Wm ;
BAB08230.1_AtDZ11 T ———— ” -
CAF18564.1_AtiDZ2 T B " L ——
AAP12858.1_AtIDZ4 BT dmm—— ] ———
AAK59787.1_AtIDZ5 T hdm———— Ly L

51 T T T T T T 3

0 100 200 300 400 500 600 700

Figure 3. IDZ protein motif in Arabidopsis
3. @I IDZ ZEAREF

MR Pfam 24 R4S S5 RT3 (42 2), H4s BT AR IF IDZ 2R 5 8 1 & A fR~F 1DZ 45163,
ZEEIRA & — A 2f-C2H2_jaz, — A zf_C2H2. zf-C2H2_jaz &5 Myl SR itk 2 BT i A= i A A% 2B, jaz
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TH 4 C2H2 BUEEFR BT, e A 11K (28~38) A HE IR 42 17 #1iE42 - jaz 12 I A A ) AH 2 R 3Rk
e Taiur, LB, jaz f0564s & WEE(ds) RNA Bt RNA/DNA 2258 1A & DNA. BAMEER 45
PRI AR R, BEFR 45 MIIBANUZ dSRNA S5 A 0B, R @B B4, KR T
W R BRI IR S & RE I B R WGas L] . tEAL, jaz FIREJE T 2K LAXUEE RNA 45 & VR IR B iR
F, FEATAEIE I R i XUEE RNA G54 Sl 3 40 o A K [ 171

Table 2. IDZ gene family domains in Arabidopsis
2. BT 1DZ EER R

EHEEL S gEh 1 A gER 2 AN SEKIR 3 e L b e
Protein name Domainl Number Domain2 Number Domain3 Number Domain4 Number

AtIDZ1 zf-C2H2_jaz 1 zf-C2H2 1 zf-H2C2_2 1

AtIDZ2 zf-C2H2_jaz 1 zf-C2H2 2 zf-Sec23_Sec24 2

AtIDZ3 zf-C2H2_jaz 1 zf-C2H2 2 zf-Sec23_Sec24 2

AtIDZ4 2f-C2H2_jaz 1 zf-C2H2 1 zf-H2C2 2 1 NRIP1_repr_2 1
AtIDZ5 zf-C2H2_jaz 1 zf-C2H2 1 zf-H2C2_2 1

AtIDZ6 zf-C2H2_jaz 1 zf-C2H2 2

AtIDZ7 zf-C2H2_jaz 1 zf-C2H2 2 zf_met 1

AtIDZ8 zf-C2H2_jaz 1 zf-C2H2 2 zf-MYST 1

AtIDZ9 zf-C2H2_jaz 1 zf-C2H2 2 zf-Sec23_Sec24 2

AtIDZ10 zf-C2H2_jaz 1 zf-C2H2 2 zf-Sec23_Sec24 2 Cl4 2
AtIDZ11 zf-C2H2_jaz 1 zf-C2H2 1 zf-H2C2_2 1

3.5. #lFEIT IDZ EERENFE & EM

M TAIR ¥ R BBl F I+ IDZ 2K 5% Genomic Locus #<{5 Bl & (% 3), {#H MG2C 2.0
(http://mg2c.iask.in/fmg2c_v2.0/)F AAH AT B2 1) ] 15 G o fd g A (B 4)

Table 3. Chromosome distribution information table of IDZ gene family in Arabidopsis

3 3. HIETT IDZ REREREENHIEER

)i B A LM By UOEREN

protein name gene_id gene_start gene_end chrom_id
AtIDZ1 AT3G45260 16596358 16598811 Chr3
AtIDZ2 AT2G02070 505375 510781 Chr2
AtIDZ3 AT5G03150 745421 749028 Chr5
AtIDz4 AT1G03840 967470 970334 Chrl
AtIDZ5 AT5G44160 17772856 17775749 Chr5
AtIDZ6 AT3G50700 18840411 18843053 Chr3
AtIDZ7 AT5G66730 26641586 26644738 Chr5
AtIDZ8 AT4G02670 1176093 1178489 Chr4
AtIDZ9 AT3G13810 4544364 4547513 Chr3
AtIDZ10 AT1G55110 20560258 20563269 Chrl
AtIDZ11 AT5G60470 24320595 24322790 Chrs
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IDZ KRGtk e 4 (& 4)EoR, AtIDZ4. AtIDZ10 f3FEA T 1 Sk, AtDZ2 fii T4t
i 2, AtIDZ1. AtIDZ6. AtIDZ9 17T 3, AtIDZ8 {1 T 4 S4Lthif, AtIDZ3. AtIDZ5. AtIDZ7. AtIDZ11
i 5 Fhettfh, FERE B Hras REKI IDZ R FKEE A § B E R A .
Chrl Chr2 Chr3
r0 Mb

AT1G03840_AtIDZ4-|
3 Mb

D
D
>
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6 Mb AT3G13810_AtIDZ9
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21 Mb | -AT1G55110_AtIDZ10

|
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ro Mb N
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3 Mb

D

AT5G03150_AtIDZ3~]
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21 Mb

1
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q

27 Mb —AT5G66730_AtIDZ7

30 Mb

Figure 4. Chromosome mapping of IDZ gene family in Arabidopsis thaliana

B 4. #R7T IDZ EE KRR B A ELE

3.6. AtiDZ2 MEHEHEIER ML

JEIT STRING %04 0t AtIDZ2 25 - H BARER M Z,, 455 BR1 R 80h 11, WwE((E 5)FR.
HA Pl AIDZ2 Arh A EZ AN S EAER & BT, HEAERR GO & &£/ i 4h R on Hik
EW KA AR 2 S A FE AR A TR 1A DG, 2 T EhRE 2 5 DNA 456 3G s R FiE PR AR OC
Hix$e7E A £ 2w B 205 5 H (high mobility group protein, HMG 25 ), HMG & [ 78 e {0 5 25 44 5 1 fg
KEERFE RSP RIEEEER, $#258 AUDZ TR R 22 54 MRE KR B iR R %
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IDD5 — WLIM2a

RPL40A

Figure 5. AtIDZ?2 (IDD5) interacting protein network
5. AtIDZ2 (IDD5)E £ A M5 &

3.7. AtIDZ2 =4&E o th

AlphaFold /=4 —A> 0 | 100 2 [A] () &:5% B4 E {5 P43 (pLDDT). —4% pLDDT & &K X I ] G2 9K
SLTCEE . AtIDZ2 B = 4RSS R RER L 6.

[ %= (eLoDT > 90)
) &= (90> pLoDT > 70)

{& (70 > pLDDT > 50)

I 4318 (pLDDT < 50)

Figure 6. AtIDZ2 protein three-dimensional structure model
[ 6. AtIDZ2 B H =5 HHRE
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4. WiRELER

B AR T2 TR A 2 8 AU T, BT AR RS B 2 et T R~

QUK Ui e — TR B 1A . C2H2 BUEHIR 45 B A RAE A IR B+ Jo AR ) 30 P A P e A 55
M FE S AR . AR MR ST 1IDZ FEH KRB 11 S A R A (RS K IDZ S5 R 3,
ZEMAE A 2f-c2h2_jaz, —A> zf_C2H2. MRIEE F AT M nl AR 51 8 1 AtIDZ9. AtIDZ10
SLERAT AIDZ2 B —FIAME ST LT, AtIDZ4. AtIDZ5 EHAE 5 — AR R . i HE R b m] &0
IDZ K B AUDZ4 AR 5 JF G 3L R I 22 e e/, T AtIDZ2. AtIDZAL (26 BR] A5 oy 26k [R] 22 S e

Ko

SR ZRE ) 0 W RAE W] IDZ R KRBT IR R, HeMZ AT ARRGKE, K

A etk | BRE AR RT REME . IR FEIE R T IDZ BRI K LY AUDZ2 BEAT AT, arATaE R
BZER S ARt FE . 4R AR A OG, IXEDIE T 1DZ S5 M35 C2H2 Uk 4 4 sk i) 45 R ml 5
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