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Abstract

As a signaling molecule in plant cells, calcium ion (Ca*) binds to its target protein through its
downstream Ca* receptor protein, calmodulin (CaM), which plays an important role in environ-
mental signaling response and plant growth and development. Stimulus-specific production of
intracellular calcium transients, decoding calcium signaling, and signal conversion into cellular
responses are the building blocks of the transduction process. IQD proteins are a class of calmo-
dulin-binding proteins unique to higher plants, which participate in and regulate the interaction
between calmodulin CaM (Calmodulin) and other homologous proteins. Here, we screen for com-
parative genomic analysis of calmodulin target proteins in rice. In this study, the structure analy-
sis, chromosome location, predicted protein properties and motif of the rice IQD family, phyloge-
netic relationships, and evolutionary history were analyzed by using bioinformatics software. In
the rice genome, a total of 22 IQD family genes were identified. IQD family genes can be divided
into 3 subgroups, and IQD gene structure and motif composition are similar in one subgroup.
Chromosome mapping analysis, 22 IQD family genes were distributed on 8 chromosomes. Evolu-
tionary tree analysis showed that rice IQD family genes were closely related to monocots and dis-
tantly related to dicots, and there were evolutionary differences between species. GSE5 belongs to
the IQD gene family, and yeast double hybridization points out that the protein POW1 and GSE5 do
not interact with each other, although these two proteins regulate rice grain size at the same time,
but do not play a role in rice grain through interaction. This paper provides a reference for
in-depth study of the participation of IQD family genes in the Ca* conduction process.
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HRRINTI[2]. — MMM T E AT S B R, S8 FHRER, EYTRs &, 3K
T2, ERKENGE— RFPEIR[3]. HEYEZ B G 0 ol fe 2 LR B B, )40 3 h e
i AR LR 4]

fIGiE . TR 2R EE a2 A KK E 5] SETEAMRTNSE s T, 25
YIS HE S-S, EMEYIRTIE ST s EEZEH60]. 5 T EBE SR, R KEEH T
IS ES T2 AR, BIES AR (CaM), B2 — KT IZAA1E TAEW AR P I —Fh s BE OR~F IS B T2 A4 2R
H[7]. CaM /1 35 S TR L 5 K MR E D46, SRR S 5 A (CaMBPs) R TTHEYI A KK
B8] B TRELHHENFEIBES, ERAHEE S ERE, TUAKEES S S8R S
H4E G153 2 (5 5[9]. HATRIL, 1Q 3 (IQxxxRGxxxR; Pfam 00612)# A\ A A K Ca™ 7 20/ 545

Tk

DOI: 10.12677/br.2023.121005 27 )5


https://doi.org/10.12677/br.2023.121005
http://creativecommons.org/licenses/by/4.0/

T& %

WERACRE, MK T Ca™MAH BAE M AT DUBIE PN DS 7 Se i, Bl 1-5-10 F1 1-8-14, EAITHIIX
SHE T B AT R S B 7K PR P 2 R S L (R A (A1 B[ 10]-[15]

KFEJE T HEETAEY, —HA EEEIRE M —[16]. HfE SRR EERMKBRIEKKE
[17]. BFFER M, U ARG, ik R] 7 —REA 1Q67 S5 M R4 & HE, O N 1QD
Kk, AT R 1QD H & A MBS 25 1 AR 257 1) CaMBP, 1QD K& Y45 A [t CaMBP
FIR[18].1QD1 & — K55 M R 455 T H 9w ], 1QD26 A7 AEAMKAIEY B 145 & B R 45 SRk [19].
VAR & lid A Vsl dE AR D a (520, 22 Fh 1 58 30t 2 BR il K Fg = i) B S IR, P DA
P K RERFRL A /N WIS S0 7K R B th B AT B B . FR RIS, POW 1 7E/KFE K B R iRIAFR K /N 201, IF
RIAEKFEH GSES tH2 5 KREHIF KA /N, GSES 4ifid—Fh B 1Q SM MM SR, B
KRB OsCaM1-1 M EAEF[21]. NIRAWFF POW1 5 1QD ZERFIThfE, XA A HAERT
THEIC, BRI KRR N RIS, WEE KR AE KR BT, it 08 a hit s
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2.1. JKFE 1QD REERAWEFELE

ST Ensembl Plants %73% /% (http://plants.ensembl.org/index.thml) ' F & /KGR FHEIE . SR
Ji /£ NCBI Ll “IQD” Nk id# & 1QD K, M pfam I FE (& A 5 55 E,
http://pfam.janelia.org/search/sequence)7F- 28 73 AT Z 2] 1QD £ [K, 3REX 1QD Z: A1) 1Q S5 M3 iR <7 741
R JR ] FARE AL (HMM) o FKF AR A A 596 (query) 5 CL 8 3L I 7K R 3 R 20 & FE R 1 471 A b B i 12 3
Blastp (E-value = 0.001)JF 51 L, #2516 1AL K 7 51 o % BLAST 45 5 43 21 0 [R5 % H R T 41 1Y)
fi FE K, 737t pfam (E-value = 1.0)iEAT 704, 2770 1Q St A P41l PR ik 1Q JE A 7
H3E1E MEGA 7.0 BAFHR LR Clustal W T H(Z P A LU )T 2 P HI L, ZBRERETFY]. 445
i 1QD PR Z R H R [22] -

2.2. 7K#8E 1QD HBVER LR HIIDE K 572

1IZH Clustal W 7% KFEFTA I 1QD BT Z P51 &L, A JEFIH MEGA 4.0 #E17488:2%
(Neighbor-Joining method) (bootstrap = 1000) F ZE AL (R, AT AT A2 A 7K A A= B DK 26 1QD 267
FER I R o ARVEIEALI 1000 S i AL FE AR A, B TQD 2RI R HE4793 2523 .

2.3. JKFE 1QD RB B FF & FIBMERNEME T &

R 7K A2 R 2H 24 % (http://plants.ensembl.org/index. thm ) H& AL 4 2k BLAST T Bt AT /K g dL oA
YIFREAL . WA 1QD FE 5 Wk A /KRGS 240 7 413354 T BLAST, BIAJ3R54E4S 1QD JERI7E Je i ik
ERIGAIE . R FEFER RS ITA 1QD JERIFE AT 55, FARSE A IR Yot fh L AR R AL BT d
4. e Ja A MapInspect BAE AT &4 52 58 1QD 4504 IO IR 7E /K R e (o fh b AT B 224 i [24]
2.4. KFG 1QD EEFRFEF T

K MEME #cx8 FoK P T A 1) 1QD SRR R HEAT 76 4 P 9 AR ~F 2 7 1K) 70 fr . MEME 85— %
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2.6. POW1 ER 5 GSE5 ERMHEEERLEIF

Xf POW1 5 GSES & AAH BAEHSHIE. it [FJRELZHE, K POW1 ] CDS ¥ 41iEH:4 A DNA
S5 AN EAR pGBKT7, GSES [) CDS PR DNA 455 45138k pGADT7. # GSE5
[{) CDS 4R A DNA 454 Gk [ 24k pGBKT7, POWI1 (£ CDS [F4IERT A DNA 45 & 4511k
[ %k pGADT7. K #9& 4 i H (kL pGBKT7-POW1 F1 pGADT7-GSE5 LA pGBKT7-GSE5 il
pGADT7-POW1 % N Y2H [ BHEK 2 25 4fiffl(Frozen-EZ Yeast Transformation 11 Kit), ¥4 T8 FR kB A
PR$EF7H: SD/-Trp/-Leu, FREIRFEAN=HERE, 30°CHIEREFE 60 h~80 hs HREBHMERE MLEE B} IR T8 97
k7 SD/-Ade/-His/-Trp/-Leu [ 5 772, 30°C 8 EHIEFF 60 h~80 h, $iE POW1 Al GSES & 76 H ik
YERI, 13%] POW1 & HY5 GSES AL G KA BAEER .
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Figure 1. Phylogenetic analysis of the IQD genes in the rice genome
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7.0 AR IS A A AT RGN R (B 1) BT FRIRATRTEUE H, /KRG 1QD JE BN 5% i 52 7 471
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Figure 2. Phylogenetic tree of monocots, dicots and rice IQD genes
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AN IQD AR 739 3 AMEAL(E 3). v 1 3RAFKT 1QD ERF S HIME S, 70X B4 K AE 1QD F B
HAT AN T/ & T 78 . 1QD S0 3 R Hh [5] J& — N EZH 1) 1QD 5 DA (1) R 25 K B ARG, BT & 2
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Figure 3. IQD gene phylogenetic tree, conserved motif of IQD protein, and IQD gene structure
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Figure 4. Chromosomal mapping of IQD family genes
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3.5.POW1 A5 GSE5 ERE{EWIE
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Figure 5. Interaction between POW1 protein and GSES protein
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B, 2. EHE, W EERAR™20], R L, AR A B TR 2 R [30]. KRG
HLLEB R, Ao RARRE 1 - BRI, BRI 4 BT KRB 3 R SR R L 15 B B 40
(-l EH10].

IQD FEHEFZ HEE S HEHYEKRRE, EEETED SRS, RS EEAmEL
(317 BLTEMITE TS EEAE 1QD SEH MBS, WHIFFE 1QD FRIEH LK. Thik. WLtk y i Bty
W [32] [33] [34]. HAT, CHEBIFOHE, EMETT 1QD 3FE K AE L AME L4, el 1QD
FHRB R R F[35] [36]. B KFEIEF A AW 532, ABFIT T KRG 1QD KR, A
HEE B KRR AR R L h 1QD FRFE DI HETE5 0. ThAk. Yeeafhfn, ek, 78 Tt X7
IR [ A D (O HEA 6 R AT . S22, 7E/KAS 1QD FMRIE R v, 4% W 4H 2 I sr G5 iR 7, 75
i A% R HT T, KRG 1QD SR 7E T b ARRHRSF . ATFFCh, B A
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BRI, A T 22 AN 1QD KRB, X 5B M EE T 33 A 1QD A EEIAE, XA
[F] 14 5 DR B P e R AE R kB IR R R AT AN A (W D Re, £ — @ FEE LT RRAEE D AE EIMTUAR

1QD FEEFIAUE IS E545 5 500, T H& S 7E 858 T e E FH [37] [38] [39] [40], Bt4h, 7E
1QD ZR R HE R H O AAAE F A R T A AE KR B AR ICHE . GSES #E 1QD S5 A ] DLIE i A 4% /K FE kP bir
KRG &, HmEYERK, W SEYHPTE S MbE . POW1 7E/KFE R & H A [FFE R0 7K
FEMAFRL RN . A 7l I B BEXUR S, B64E POW1 5 GSES 2 5@ BEAE LRI KRR 5
HORFEER, SRRMW, WANEOAFEEENEAEER Bl [F— Y0 Re A se Ul /e F ok
WA K. K 1QD FEERA B4 RE ML, WS ESESHFEGMEREAEN, WmiE
WP EAE A, XHRAEFUKRE 1QD FGEEF A KR E A EEE L.

5. &hig

AW T AEPE B TN KA 1QD FIRIER AT 734, 6453 22 4 1QD FIREER, JIf H A
FEHALERE P B RREI (K 2257 . 1QD ZENERS (5 53 Figdfeh RAEME A, JFREI 455 5 Wi 2
FEEL R EAE R, TN HEE— 20T 5T 1QD FRFEH IR B S W4 .
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