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Abstract

In this paper, the transcriptome of the self-pollinated style and cross-pollinated style of Citrus
grandis var. Shatinyu Hort were sequenced by high-throughput sequencing technology. A calmo-
dulin-binding protein gene sequence of Citrus grandis var. Shatinyu Hort was obtained though dif-
ferential analysis method, and some characters of the calmodulin-binding protein were analyzed
and predicted by bioinformatics method, including the composition of amino acid sequence, phy-
sicochemical parameters, hydrophobicity, transmembrane domain, secondary structure and func-
tion of protein etc. The results showed that the calmodulin-binding protein gene was 1616 bp in
length with an open reading frame (ORF) of 1368 bp, encoding 455 amino acids with deduced mo-
lecular weight of 50.11 KDa, and theoretical pI value of 5.33, and contained a calmodulin-binding
proteins domain. Bioinformatics analysis showed that the calmodulin-binding protein was a hy-
drophobic and unstable protein. The homology analysis of amino acid sequence indicated that the
calmodulin-binding protein shared high homology with calmodulin-binding protein of Citrus cle-
mentina (98%). This work provides a systemic sequence analysis of the calmodulin-binding pro-
tein of Citrus grandis var. Shatinyu Hort. It will provide the useful reference for further investiga-
tion of its structure and function.
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H AZ AR M (self-incompatibility, SI)) 2 AA7E T4 AP BITiE B SSASSEAN I 2 A ME 86 A =k
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THARZ@HAL x Y HEA) R A RAS B (Bl x b)), 25U B MR AE 1~3 d BRI ERERL &
BRARIFIEHIAERE, SERENBE A RAT, I -80CHURIR VKA % H -

22. Bk

2.2.1. RNA Y42 EY. ZEEFFF
S RNA 3B R Trizol ¥EEA7[9], AT [ 225 SCHR[10]

2.2.2. FRIS R4

KA B2E 7. FIF NCBI Mk EfY) NCBI ORF Finder 5383 [Al ) JT /i 5 52 HE (Open
Reading Frame, ORF), F DNAMAN Tl 5% K 4 5 (1) 5 110 I 2518 17 5105 48 1o R B0 P R 366 2
THE. SEERYHE . Shh. ARt REEER A ProtParam 244 Bi/KHEFIF DNAMAN 4 1&
B f HEAT 0 R BB AR ST 45 R 43E A NCBI 35 _E ) Conserved Domains i#E4T i ; @B AL A7
AU Netpho 7EZRFE 7 REAT 0 s R FAAELR 70 W R AF PHD X8 1 I = R s M it AT 70, &R (1 I — 2%
b PR B U R SWISS-MODEL 4 o

3. /R
3.1. EEMEMEEFESH

70 bR AT U &R 45 A A % R (Unigene33533_AIN 194 K 7 %) 1616 bp (GenBank & 3k 5 :
KY563017), NCBI ORF Finder FI2E#15 B 22 84 DNAman #HT 047, ZF 5054 —4> 1368 bp AT
F2EHE(ORF: 74-1441 bp), %ifid 455 N IERR (& 1),

3.2. YRISERB RIS HRFK MR TR

T AE LR protparam 43T (http://www.expasy.org/tools/protparam.html), %3 K 465 1 & (A 57 FIAH
X s (Mr) 4 50.11 kDa, ZFHL AL pl 8 5.33, 3 F42 70 KON CoraoH3430N6330764S0s  TELL IR
J ¥ 20 R IR, Glu Al Ser Jir i Ll fe i, #8049 11.6%, Met JiT i LLGI A, A 0.7%; i 57 HLAif
FAMR BN 89, A IE IR LIRS N 72, AFEIRECH 55.47(> 40), NAFEEA.

HEFUF SR AKPE D AT W 20 B RT LA H g i 1O KB s K PR oK MEL 2.5, i T-28 397
R FEIR s SRk VERR/IME N—3.63, £ 128 294 fi & £ R . 4G Rz E A FUgUK 1 8-1.19, A2k
KMEEH

3.3. ThEe&staimay 4T

9t 2 LR 5 %1 NCBI ] Conserved Domain Architecture Retrieval Tool 4 ¥7, KIiZ&E H B
—~5 CaM binding & 1 (85 45 & & )M R PRSP S5 8938, DR S 45 i 38 Ar T~ 330~450 iz JEfR 2 7). J& T
CaM binding #EZ¢ (14 3).

3.4. BSRREEHIRITAN

15 P BS B2 A 0E 2 TMHMM (http://genome.cbs.dtu.dk/services/ TMHMM-2.0) T, & INi% & H A
PR LE R (1 4).

3.5. EERBERLTN
8 3 7E 2% B A B IR AL S5 I 43 BT 4tk NetPhos 2.0 Server X 4% 18 25 45 4 35 R BT 4 33 14 2% 1 3847 T
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1 TTCCTATTCCCTTGCTAATCCATGAATTTCTTTCTCTTCTGATCAAGGTTATAGAGAAAT

61 TTCTAGGATATTTATGGCAACGACAACAAGAACAAAGGATCGAGCTCTGGUGAAGGACAA

M A T T T R T K D R A L A K D K

121 GAGAGGCACATCCCCATCAAATTCACAAACCACTCATAGCCAGAGATGTAGCAGCAGGCA

R G T 5 P 5 N 5 Q@ T T H 5 Q R € 5 5 R H

181 TAACAATAATACTTGCACTGATAGAGGAAAATCGTCACCAGCGCCGGCAACGGAGAAACC

N N N T C T D R G K S S P A P A T E K P

241 CATGCCAAATTATCTCAAGCCAACAATAAGCTCTCGCATTAACGAACCTGTAAAGCTTGG

M P N Y L K P T I S S R I N E P V K L G

301 GAATAAGAAAATTAATAACACCCACGAGGATAACCATAAGCTTCTTAGGAGGAGATCATT

N K K I N N T H E D N H K L L R R R S F

361 TGACAAGCCGCCGTCCGCTTCTCCTAGAGGCCAAAAAGCACTTATCTCGCCCGGTCCTCG

DK P P 5 A 5 P R G Q K A L 1 S5 P G P R

421 TGATCGAGGAGGATCAGCTCCGGCTCCAGCAGTTCCCCGCGAGAGAANAANTTACTGTTCG

D R G G S A P A P A V P R E R K I T V R

481 GTCCTCTTCTTTCGGTAGAAATACAGTTACTACAACAAAACCTGTTACCCCGAAGGCTGT

s s s F G R N T V T T T K P V T P K A V

541 ACGACCTCCGCCAGTTGTTTCAAAGCCAACGAAGACCAAGAGCACGTCCTTCGTTAACAA

R P P P V. V. 5 K P T K T K S8 T S F V N K

601 GAAGGATACTTCAAGCAATTATGCTTCTTCGTCCTCTTCGAGAAAGTCTTCAAGTTGTCG

K b T &8 8§ N Y A S S 8§ 8§ 8§ R K S8 s8 s C R

661 CGACACAAAACAAGCAATGGATCATGAAGCTACGCCAGAAGAAGATTTGGTTGAGGAAGT

pD T K @ A M D H E A T P E E D L V E E V

721 TGAAGAGGTCGTTAAAGTAGAGAGTGAGACTTCAGAAGCACTTTCGGATGTTAATGTTCC

E E v v K vV E S E T S E A L. S D V N V P

781 GAAATCTGAAATCGATCATGATGATCAGGAAGATGTTCGTGTTGTAGAAAGCAATGAAGA

K s E I D H D D Q E D V R V V E S N E D

811 TGAGAAGATCTACTCTTGTGATATTTCCACGTGTACTTCAGAGGATCAAAATGTGATCCC

E K T ¥ S C© D 1 S T € T s E D Q@ N V I P

901 AGAACCACATATTGATGATCATCAAGTGAAGACGGATACTCAACAAGAAGATGATAAAGA

E P H I D D H @ V K T D T @ @ E D D K E

961 AAAGATTAGCACAGAGGAAAGTCACGATGGTGGTCTCCAAGAAGAGAGTGTCATAGAGGA

K 1T s T E E S H D G G L. @ E E S V 1T E E

1021 GGAGGCTAAATCATTGAAGGAATCCGAGGATAAANGGCAANAGAAGATGATGATCATAAGAA

E A K 8 L K E s E D K G K E D D D H K N

1081 TATTGTTAATGAGAGTGCTGAAGACGATAATAAGGAGGTTGAAGAAGAAGTCAAATTACA

I v N E S A E D D N K E V E E E V K L Q

1141 GCACGGGCAAGAAGCTCTGAGCCAGGAGAATAAGGCCAAGCCTAAGGAAGGAGAAGATCG

H ¢ @ E A L S @ E N K A K P K E G E D R

1201 GTTAGAGGGAGGTTGTGAAGAAGCAATTAACAAACAGGATGATGATAAAGCAGCTGCAAA

. E G G C E E A I N K @ D D D K A A A N

1261 TGTGGTGGTAGTGTCAAAGGTGCAGGAGGGGCAAGGGAAGAAGGAGTCTCCATCGGCGGC

v VvV v v 5 K V @ E G @ GG K K E 5 P 5 A A

1321 GTACAATGATGTGATAGAGGAGACAGCGAGTAAGCTGCTGGAGAAGAAGAAGAACAAAGT

Y N DV I E E T A s K L L. E K K K N K V

1381 GAAAGCCCTTGTTGGTGCCTTTGAGACTGTCATTGATTATGAATCTGCATCATCCAAATA

K A L v 6 A F E T VvV I D Y E S A S S5 K =*

11441 AAAATTAAGCTAACACAAAAATTTTACATAAACACCTAACTTGTTAGATTTGGAACGATC

1501 CAAGTGCTGTTGTAGCCTTTTTTTTTTCCATGTGACAATAAGATAAATTGCTTTGTGATC
1561 CCTTTGTTGATTCCCCGTACAGTTGTTAAAACAGTTGTATAAATATGATCTTTTCT

Figure 1. Nucleotide sequence and amino acid sequence of the calmodulin-binding protein gene
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Figure 2. Nucleotide sequence and amino acid sequence of the calmodulin-binding protein gene
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181. fii; Thr BERRILAL S 17 4>, 2B THKBESS 3. 4. 5. 7. 19, 42, 53, 134. 144, 146. 147. 148,
152, 166, 171, 179. fi7; Tyr BEERALAL i 4 4, 05l T IKEEES 60, 183, A1 245 fif, R ZEH
HIBERR AL LA Ser BERRAL A, Ml Thr F Tyr R 1L (14 5).
3.6. EBHR-H AR =RLEHEI TN

18 FHE L 70 i 844 Predict Protein (hitp://www.predictprotein.org/) %45 i 2 45 & 2% [ #EAT T, 45 5%
HIZ & A R AT T o-MR e B-3T & IR #h Fr 5 LE 4 008 6.13%. 46.57%. 47.30%. Hi
SISSMODDLE X 1% 8 H i i = e a5 A AT 1, 45 Hix 8 B i = 4514 (14 6).
3.7. FiRES

Fvb RS R 2455 B IS LR T 51 5 M GenBank % b & HiAl 11 Fhie s 8 & 45 A
i I IR 7 AT EEX, S5 SRR BV ARG I 2K 45 6 2R D R R Ym i 1 2 R R 5 5 3K 1 Tl (Citrus - cle-
mentina, XP_006450175.1)5 1 25 45 & & A K [FYEYE A 98%. FIFH DNAMan M & KRG K B W, 45 REKHID
FE A 1 25 25 & B A 2L R g b 1) 2 1 522 & B s 3€ 1 TRl (Citrus clementina) A RIT SRR R, BT
&) — AN 532 (K 7).
4. g5

EEYERKKEY, BETERNE EMra EEM A e, EEYT SR R R N ALS]

Graphical summary |ASTROTE N aga) show eraoptions

1 75 150 225 300 375 455

Query seq.
Specific hits . (aM_binding
Superfanilies CaM_binding superfamily

Figure 3. Conserved domains of the calmodulin-binding protein
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Figure 4. Result of TMpred Prediction of the calmodulin-binding protein

4. {ERREEEABRX TN


http://www.predictprotein.org/

D 5

NetPhos 3.1a: predicted phosphorylation sites in Sequence
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Figure 5. Phosphorylation site analysis of the calmodulin-binding protein
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Figure 6. The tertiary structure of the calmodulin-binding protein
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Figure 7. Phylogenetic tree based on amino acid sequences of the calmodulin-binding protein
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Wk AR EEME[11]. 4518 % (calmodulin, CaM)+2 H FiiF 7t 13 & 2 10— Fh Ca®* 2R & 1, H S%H
BEiEtE, W5 Ca* 454 M Ca®'ICaM &4, i AT 3 45 1 % 45 & 45 M (calmodulin binding
protein, CaMBP) & S5AF AW [ v, GndE R E . B LRI RS 151 i AR 4
HHME NS, STiEH. EmyitE. AVPamntZ . #EE sz 71, R, ATP 8%,
Ca* WM. MMMAMERKERE. WHENRE. IR, e&EM. RERIAEH. ¥R
WA BAS. BRI EBEIRIGEE[12] [13].

ARSI SR Y B S A BRIV — AR IR, 2. SR A B FER SR, BT
S YERFRIZEH A, —LdE S AT fES 5 H A FER K M[14]. —LH LU Ca®* &5 TN A
EAER N o A07E 22 SRR AR [ 8 A% 1 (self-incompatibility, SIS, 4 i 5T b il 55 1 Ca?tik
FESEI, & RIX RS, WiahE B R A EHES SUIEhE A E MRS, TR B I A2 4 52 B4 o
Thomas % [15]HF 724 5 )& SI I HE R IWLEN & E IR R JA 2 1 R UiE 4l B fE 7 P 486 T (programmed cell death,
PCD) {5 5 1 &%t 2. Poulter ZE[16]HHIESEAE SI #5510 PCD L s B MM E ME S B4, Bk,
BTN SI RN PCD, AT AEA & & A= AN ol ¥ 1 145 1 A4E K [17] . Geitmann %57E Papaver rhoeas
HARAERM PR E b, KON 3k AR B AR Ca®* {5 5 4% Ja SRR BB T, Besk Al fE
MEREK. EMZAEASHL S BEAKFRIERM AN, 25003 Ca® IR RN, it
T T ) Ca ¥k P PRI ) FAIG, Ca®* 1 N S8 A5 10 SN A5 S B, 8 Shan e 7 3ET,
IR AN AR B AR [18].

AT MG SR 1) B A A SE AT T 45 SR E W], G B Y RNase JE[H, Skpl-like Z£[H, F-box
B, PR 3 AR E & R A E R 1 5L R AT Re e B FRACH AR 5l ik 72 o 2 45 25 7 AR A [19] [20]
[21]. 45T (7K 7E A6 K0 RE S8 (00 ok A% b e 25 AR S B I [22], fEAER & AR K AR,
Ca’*-CaM X B AL A FH , Jf AR SR 10 4 R R0 890 0 il 5 B2 IR o /K- () Ca ml B 4T BLAERY R AR K
Kk, CaMBP {4385 % & M ILe5 My Thae . HALME SR (OWF 7ot i B Ca®*/CaM fEAE A NN S E M55
BARRAEER L ACEERNDHMES RS G EARREDHMAL 1d 555 1d e AEER
FI5(log2(RPKM ratio) = —2.723), {HiZIE R 7E VD Al H 38 A3 A s H 1 Th BE M RF IR AT 5T

E&WE

% H AR Bl 345 (31360477); | PU#E JT 5 H (2013YB036).
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