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Bioinformatics Analysis of the Auxin Efflux Carrier

PIN Proteins of Ricinus communis L.
ZHENG Junlun,LUO Qiong, L1 Zitong, MEN Shuzhen

(College of Life Sciences,Nankai University, Tianjin 300071 .China)

Abstract PIN [amily proteins are important auxin efflux carriers in plants,which regulate the differential
distribution of auxin between plant tissues by mediating the polar auxin transport between cells, thus regu-
lating the growth and development of plants.Objective: To isolate and identify PIN protein family members
in castor bean and lay a foundation for the study of polar auxin transport mechanism in castor bean (Rici-
nus communis L..) . Methods: Using bioinformatics analysis software, Arabidopsis thaliana PIN gene fami-
ly sequences were used to identify the RePIN genes in castor bean genome database.Sequence analysis,do-
main analysis,signal peptide prediction, phosphorylation site analysis and phylogenetic analysis of the iden-
tified candidate genes were carried out.Results: Seven PIN protein homologous sequences were identiflied in

castor bean,with an average length of 537 amino acid residues and an average molecular weight of 58.64kD.
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All of them were basic proteins with good fat-solubility.stable structure and with 9 to 10 transmembrane
domains.Phylogenetic analysis demonstrated that PIN genes in castor bean is closely related to the ones in
Manihot esculenta , Jatropha curcas and Hevea brasiliensis . Expression patterns of the RePIN genes were
analyzed using publicly available transcriptome database and by RT-PCR. The results showed that
RcPIN1-1 and RePIN1-2 genes were strongly expressed in root,leal,{emale {lower and embryo; RcPIN 2
gene was mainly expressed in root; RePIN3,5,6 and 8 genes were expressed in all the tissues examined.
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%1 RT-PCR3I¥F3I

514 % %k 1T 5(5"-3"
RcACTIN7_F ACTGGAATGGTGAAGGCTGG
ReACTIN7_R GCAGTCTCAAGTTCTTGCTCG

RcPINI-1_F AGCCTCATTGGCCTTACCTG
RcPINI-1_R CCCACTTTGTTCCCCTCCTT
RcPIN1-2_F ATGATCACAGCTTTAGACTTTTACC
RcPINI-2_R ACCATCTTCTTTAATCTCAGCTTC

RcPINZ_F GCTCAAGTGCCTCTCCAGTT

RePIN2_R GTGGGCCACGAAGACCAATA
RcPIN3_T AATGCTAGTGGCCCTTGGTC
RcPIN3_R GGATTCGGCGCTGGATAAGA
RcPINS_F CACTAGTCGTGGGTGTTCCT
RcPINS_R TAACACCGGAAGCGACACAA
RcPING6_F AATACCCCTGCGCCATTTCA
RcPIN6_R CACAAATGAACCGGATCGCC
RcPINS_F TGTCTACCATGTGGTGGCTT

RcPINS_R GCTTGCCCATATCAGACCCA
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Phytozome 18] https: / phytozome.jgi.doe.gov/pz/portal.html £ | search? show=BLAST BLAST 4 #fr
maizeGDB?] https: / www.maizegdb.org/ FOK T IR
RGAP 7201 http: // rice.plantbiology. msu.edu/index.shtml IKFE P31 A 4R
ExPASY!2l http: // web.expasy.org/protparam/ AL 54 T
CDhD' 22! https: / www.ncbi.nlm.nih.gov/cdd PRAST 25 K 35853 K
MAFFT Version 7L23-24] https: / malft.cbrc.jp/alignment/server/ EZ:21E 40
MEGA[25-28] Version 7.0.26 PEAL R
GSDS2.0M%9 http: / gsds.chi.pku.edu.cn/ FE R 257 3 B
SOPMAL]  https: / npsa-prabi.ibep.fr/cgi-bin/npsa_automat.pl? page=/NPSA/npsa_sopma.html %5 o #r
HMMTOP!3!-32] http: / www.enzim.hu/hmmtop/index. php 155 B 235 Ay 35 0 My
TMRPres2D!3 http: / biophysics.biol.uoa.gr/ TMRPres2D/index.jsp 245 I 4 A 3 2 )
SignalP5.0134) http: / www.cbs.dtu.dk/services/SignalP/index. php {5 B KT
NetPhos 3.109-36] http: / www.cbs.dtu.dk/services/NetPhos/ BRI A 1553 HT
Jalviewl37] Version 2.11.1.0 I3 He o 1] 2246
ReDB https: // woodyoilplants.iflora.cn/ FLH BT
TBtools# Version 0.674 LI

2 SEEH R

2.1 BB PIN & B 505 04 5 5 br
KT K RERR P S PIN B AR FEEFS), IR IR 8 45 PIN & A 7 41 A AR A, 7 B RR & R 41 509

JE R AT LS I R 4545 20 SR A AL L AR AT 7 SR BERR PIN 817 91 X HB — JE AT 20 #T

*3 BERPINEEARKEBREER

HA RcPIN1-1 RcPIN1-2 RcPIN2 RcPIN3 RcPIN5 RcPING RcPINS
75 45 LOC_8269287 LOC_8283128 LOC_8289123 LOC_8258189 LOC_8275005 LOC_8277845 LOC_8276026
HERBE (a2) 592 609 637 646 357 565 356
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NE 48 (AD 98.990 86.190 88.370 91.520 114.710 101.650 122.250
Mem_trans 9-190, 9-190, 9-190, 9-190, 10-189,
el op A A 431-591 415-604 476-636 485-641 107380 380-560 oot
PRARAPE T 3 B 45 2R WoR  BERR PIN & 1P K EE LYy 537 AR AR - 24 73 71 Ty 58.64 ku, i



92 LIe7 AV NI S S | JQEREZNR S N D)

2 B R B K 02 RePINS #11H K BE Ry 646 > LR 4% A&, T 43 + 4y 70.39 ks Zn i 22 5 R el 1) 02
RcPINS . K EE K 356 A& JEFR . UM > T5 4 39.05 ku, EEFE PIN & (A 09318 2 o 55 281k Y BBl 7E 8.17
(RePIN3) % 9.52(RcPINS) Z [0] , ) K F 7, F IR 5 HL 8l 8.84, G5 R N3k 3 iR . AERE REU T 45 R
71 s RcPIN1-1,RcPIN1-2 ,RcPIN2 ,RcPIN3,RcPIN5 , RcPING ,RcPINS A fa & R AU /N T 40, HEEE
B . ENTRIRE s BUER R = AR E BRI TR AT . SEKPE R 45 R o, IR SR K M R BUEAE S 5%
KA FE A B KM A T —0.5 0.5 Z 08 R P R RePING \RePINS & F o g K M & H L 3L
REAPIPEER . RSP 2R R B T RePINS \RcPINS H A — 4~ Mem_trans {# 5F 45 14 1,
Ah, H4y PIN I A B A WA Mem_trans fR5FEE I, 45 R AN3E 3 s,

3L LG X LR T R B RR B PIN 25 ¥ 91 L AL e R SRS E AT BRI 5 A A A, S SR R R v 5 B
JRR 2R AR ) — 2 1 56 DN 24 A B AR SR I 254 . 4n 18l 1 BF7R . RePIN1-1.RcPIN1-2 5 AtPIN1 ¥4 5 4~
NEF.6 MINEF. AtPIN2 5 8 AN & F,9 AR .0 RePIN2 5 MNEF.6 4R F.
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Bl 1 oL O R PIN B VRO I A S S A b
Xt BB PIN 25 1189 A AT 00T 45 RN 4 Frs . N T REEA BT 45 ST LUE L BT R
ZEF) TR o BRE . LE MR BE L B BE AR RN JCHE ) 3 il 4 B, A RePINI-1, RePIN1-2, RePIN2, RcPIN3
RcPING (1) = % 25 14 1 0 32 30 TG 0 0 45 1 = o S8 5E = 4 {1 5% =B % /1 1M1 RcPINS Fl RePINS MR B R o
WERE = TC WL I 4 1t = A A 658 =B % £ L B I A e X SE A 1 h Bl i D Y S5
x4 BB PINEARKEMZRLEN

K o YR TiE I e it B TEHL N ith
RcPINI-1 180(30.14 %) 90(15.20%) 31(5.24 %) 291(49.16 %)
RcPIN1-2 189(31.03%) 93(15.27 %) 29(4.76 %) 298(48.93%)
RcPIN2 194(30.46 %) 100(15.70 %) 30(4.71%) 313(49.14 %)
RcPIN3 204(31.58%) 108(16.72%) 35(5.42%) 299(46.28%)
RcPINS 188(52.66 %) 51(14.29%) 20(5.60%) 98(27.45%)
RcPING 195(34.51%) 88(15.58%) 25(4.42%) 257(45.49%)
RcPINS 198(55.62%) 49(13.76 %) 21(5.90%) 88(24.72%)
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M—Ah R AEKE(E 2), EFKRKAEWA T MM A, RcPINI-1, RcPINI-2, RcPIN2, RePIN3 LI K&
RcPING & 10 32 KK L 1 RePINS Fl RePINS & M B K 85 . /0915 AtPIN1, AtPIN2, AtPIN3,
AtPING ,AtPINS DA K AtPINS XJ L , T 45 M AR U R 3 8 (& 2)
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NetPhos 3.1a:predioted phosphorylation sites in AtPIN1
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