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Genome-wide identification, bioinformatics analysis and
expression analysis under boron deficiency and auxin application
conditions of AUX/LAX and PIN gene families in citrus

YANG Mei'?,LI Yanhong',FU Yiping', WEI Qingjiang’,ZHOU Gaofeng"

(1.College of Life Sciences,National Navel Orange Engineering Research Center,Gannan Normal University,
Ganzhou, Jiangxi 341000, China;2.College of Tropical Agriculture and Forestry, Hainan University, Danzhou,
Hainan 570228, China;3.College of Agronomy, Jiangxi Agricultural University , Nanchang 330045, China)

Abstract : [Objective] Auxin resistant 1/like AUX1 (AUX/LAX) and Pin—formed (PIN) are the main
carrier proteins for the polar transport of auxin.The aim of this study is to investigate the number of AUX/LAX
and PIN gene families in citrus, the physicochemical properties of the predicted proteins and bioinformatics
analysis, and their expression patterns analysis under boron deficiency and auxin application conditions.
[ Method ] The genome—wide identification and bioinformatics analysis were conducted in Citrus trifoliata (also
known as Poncirus trifoliata) and Citrus sinensis, and their expression patterns under boron deficiency and
auxin application conditions were analysed.[ Result | The results showed that 4 AUX/LAX family members were
identified from the genomic databases of both Citrus irifoliata and Citrus sinensis , while the number of PIN gene
family members was 10 and 9, respectively.The physical and chemical properties of predicted proteins showed
that the proteins encoded by AUX/LAX gene family in Citrus trifoliata and Citrus sinensis were alkaline unstable
hydrophobic proteins, while the proteins encoded by PIN gene were mostly alkaline stable hydrophobic
proteins, and the subcellular location of AUX/LAX and PIN proteins was mainly in the plasma membrane.
Phylogenetic analysis showed that AUX/LAX gene families were divided into 2 subgroups and PIN was divided
into 3 subgroups, with similar gene structure among members of the same subfamily.Analysis of gene conserved
motifs showed that PIN gene family conserved motifs were better than AUX/LAX in both location and frequency
of occurrence in both Ciirus trifoliata and Citrus sinensis.Cis—acting element analysis showed that AUX/LAX and
PIN gene families contained elements related to hormone response, abiotic and biological stress, growth and
development, secondary metabolism, and photosynthesis in both Citrus trifoliata and Citrus sinensis.Under boron
deficiency conditions, there was no significant change in the expression of AUX/LAX gene family gens in the
root of trifoliate orange at all treatment periods, but CsLAX2 and CsLAX3 genes of red tangerine were
significantly down-regulated at 40 and 80 days of treatment, respectively; The expression of CitPIN5b .
CitPIN5c ., CitPIN5d and CitPINS genes in the root of trifoliate orange were significantly up—regulated in early
stages (10 and 20 days) , but CitPIN2 . CitPIN5b . CitPIN5d genes were significantly down—regulated at 40 days
of treatment. However, in the root of red tangerine, only CsPINIla expression was significantly down-regulated
after 10 days, while CsPIN3 and CsPIN5c expression were significantly down-regulated after 40 days of
treatment. Under auxin application conditions, there was no significant change in the expression of AUX/LAX
gene family gens in the root of trifoliate orange at all treatment periods, but the expression of CsLAX2 gene was
significantly down-regulated after 40 days, and CsLAX3 were significantly down-regulated at all treatment
periods in the root of red tangerine; The expression of CitPIN2 . CitPIN5c¢ and CitPIN5d genes in the root of
trifoliate orange were significantly up-regulated in later stages (40 and 80 days) , while the expression of
CsPIN2 and CsPIN3 genes in the root of red tangerine were significantly down—regulated in later stages, only
CsPIN3 genes was significantly up—regulated after 10 days of treatment.[ Conclusion JAUX/LAX and PIN gene
family members are similar in quantity, structure and predictive protein properties, but their expression levels
are significantly different in response to boron deficiency and auxin application treatment.This study provides a
basis for further exploring the molecular mechanisms of AUX/LAX and PIN gene families in response to stress
and regulation of growth and development in citrus.
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£ 934 - A S AN Fat

(A5 2 S A A 2R g S A 1) — o e R, A8 0 458 A B P (A A 228 AR A 2 R A AR 3T
AP AR RO B R AR K ER A A AR T R ) AR S BRI, R B RN T 220k R
IFNH 5 UG A R AN S5 B T [ 0 B, T2 1 i 38 A B 0 A 4R P AR KRR AR
Wiz oy AR S s A E S . AR R B E fa RRE  SX ORAIE T AE ) AR
FURPE (122 5, T AR ) 0 % B A0 AR A0 7 PR B, i o A KR A 0l T AR 0 3 R e AR
KRtk ia i 32 2 i K R R ARG AT, AUX/LAX I PIN 2B K R I2 ) 2R L LR 2
PP AR R BB i, X S AR P R A R 1 AR AN, Se i T AR KRR AR IR N Y
SE sk . AUX/LAXCRA KR FMABRER & TR E A1 AAAPKE . ATAUXT &
Tl BB AR TR AR A 2 B A0 b Ak 20 A S B B A R, e S B G e B (R AR T AT -
LAX1/2/3" [T ABEFEE R | Bennett 557 70 BE SR IT AUX T K PRI A B, FESRAE AR aux ] BLAT 23 (9 AR [7]
PRI, JFIERT AUXTAEAEHEA: K 3R h 87 B 5 e s A% 3 10 ek R b R 4 d AR L AR Y
[e) T 45 R R T A AR A R . BR T AUXAh, il 5 A AR 1) g SOny P A
EEIVER], BAR LAX2 FI LAX3 7/ MEAN L 335 , JIBCA TEA G LU A 700 13 S 3k, A AR (AL i
BUATATAR [ PEGR A R AL 535 AUX/LAXFEPREIRIG L BT M7 KB AR IR & & 45 5 T G
HEAEM . PINZARKFEM B AMAEN, 25 7Y AR RS, 2 TR AR R A M)
RO AEE RO B A A PR [ AT A B p ST iz B R SR AR AR e T IS A B
IRFEIIC SR B, A4 pint (pin—formed 1) Z&A8 A BJFHEN] pin' (10 2 T BUE KR MBS RS 2
BERIRAE ™ 5 dRAT 58 & AL I+ A AE 8 S PINZE 1, 1l TP ]S K B BN A] 4 PIN 2 1534 24
LGN , BIHK SRR BRI “ R PIN AR RN 67 K PRy 4 PIN 2R (1, 2 PR 7R 20 M (o2 Al e AN [R)™,

(BT DA TR AT R I 2R B, A VR T A A ey 17 s itk vh BAT S PR P L AT e
3H oA O U A A R T LA I R B 3 TP B B IR AR KR Li SR R R
B, i A B O AR R P AR R e ds B P R DR A Ak 32 2 T AT B RS Ry A KR AR iz
FIMAR D, B A28 EAERKRORER, T A RR S MR, Zhou F" & IR SLAN S E A
W ke 2L e B, 22 S AR A HEAE S RNA MBI AT 37 4 5 A KR G 18 M5 5 7 A G
o H FIRBIFFEA I LA B 5 A 1 AR DG 2R, LA SR 2B K 3R 16 i 3 i AR 20 A1 55 D7 T ) 4
B o [HOLA e f) S B 1) R ) AS 01 5 ARRUCRI RS Sl I8 %0 R AT AR KSR s S A B 11 AUX/LAX T PIN 42
LD ZH B 5% S, P R DR A R T BRI A5 R G DR SF A A S T ST B KA B 5 R
AEERR B FRIB AT, LI — 2C A AR s A 4 3R o BRI 8 A FL R A S
1 M#RERE
L1 HBAUX/LAX T PIN BERAKEHEE S B U RS

DAL A 7 5k PR 2 2508 J2E P (https://www.arabidopsis.org/ ) L HTAY 4 1 AUX/LAX F1 8 4~ PIN 5 F & J& iR
Fr B4 Ry 22 G B FIER 45 5k (R 2H £ 8 )% CPBD (Citrus Pan—genome to Breeding Database , http:/citrus.
hzau.edu.cn/index.php) #47 L XTHE 2 ARATARIPE S BT 5 . Z75 B AURTEITRE (% 35 R 4 WAS 4331 4 Pon-
cirus trifoliata v1.0 A1 Citrus sinensis v3.0. % & BLAST #2 /% E{E N le " HEAT X, 35 2 i3 A BE iR K /b
KT FAEAR T 30% e B D, 0 3 10 AR S5 IR v e e 56 P9 . F5 AN CPBD 041 %2 H Y Genome Browser
(http://Poncirus trifoliata.hzau.edu.cn/jbrowseZ) R A5 1 3 [ 19 52 K S 3 1R ) 41, 738 F NCBI Con-
served Domains Search (https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) S AT AR ST 25 O A 3% , &%
FURITT B AUX/LAX 1 PIN 45 F A P57 45 R AT 7 0™, e 2800 5 B PRI S A 5% o
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M AL IR KB - F i . FIH TBtools 1 Protein Paramter Cale HIREHEA T AN R L, IR i LA
K S AR 25 T 5 A FH Wolf PSORT (WoLF PSORT : Protein Subcellular Localization Prediction , https://wolf-
psort.hge.jp/) FEAT V41 A e A0 T
1.2 HHFEAUX/LAX 0 PIN 2R K ik U S H32 R B 53517

4 TAIR (http://www.arabidopsis.org/) M3 T 248 R 7+ AUX/LAX A PIN 45 2 3108 7 91] 5 485 AR
FIEE (19 AUX/LAX R PIN 25 125675 5 A MEGA7.0 34, {1 Clustal W A28 LU 1751, S8k B
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A5 8 4B 429%: (Neighbor—Joining ) #E7 & B WA 2 B AUX/LAX HI PIN 25 14 424 HE 02 7 51) S A TELL [ iy
MEME (https://meme—suite.org/meme/doc/meme.html) , 7347 AUX/LAX F1 PIN & H FUASFFE P (GRS 20 PR SF
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PEBUB FNEIE AUX/LAX F PIN F K G805 9 B AT 2 000 bp (95 2171751, FIH PlantCARE Chttps:/
bioinformatics.psh.ugent.be/webtools/plantcare/html/) T 543 #7 H = AE FH T4, I A FH TBtool 1] 14k
1.4 HBAUX/ILAXFAPIN BEEAREEREHRIES T

AR AR (Citrus trifoliata L.) FIZLAE (Citrus reticulata Blanco.) 2 FiAH G 52 A= AR ARG A8k, i
Fi 8 Zhou S5 I ik AT RN B 1 H R 285 iR PR B RE IR B 4~5 e, S SR IBOK R
AR P AT K R AL T 5 R (7 R R , CK) LA BRI CR A IR (1078 757, BD) A REZS N
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Aron B SRR L 7 2 BRI HEAH0E S A5, 8 FH 0.5 mol H,SO, AT 1 mol NaOH 18 ##3 pH {4 6.0~6.5.,
RIS A HE 10,20, 40, 80 d J5 43 SIS A3 Ab SR BEMLE 3 BRAE 5, B 34N AE W) F B RE R
R, T-80 CIRTER T .

I FE 075 2 4 0 AR S RS 0 i e BE PR 4 1] Primer 533 HIIT 1, N2 AR Y B-actin JEP (%61) . R
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Tab.1 Primers for real-time fluorescence quantitative PCR of genes

AR

Gene name

CPBD A ID
CPBD gene ID

EmG 14
Forward primer (5'-3")

B 1514

Reverse primer (5'-3")

B-actin actin CCGACCGTATGAGCAAGGAAA TTCCTGTGGACAATGGATGGA
CitAUX Pt4022040.1 GTTTTGTTGACACTTCCATACTCAT GACATTCTCTTTCTCTTTTCTGCTT
CitLAX1 Pt6g013420.1 TTCACCGTCTACATCATCCCAT AAAACCAACCACAAATACCCAC
CitLAX2 Pt82001790.1 TCACTTTGCCGTATTCATTTTC TTCTCCCTTTCTTTCCTTGTCC
CitLAX3 Pt5¢008650.1 TGAAATGGAAAGAGAAGAAGAGG AAAATGAATATGGCAGTGTGAGT
CsAUX Cs_ont_7g001220.2 ATCATCCCTGCTTTAGCCCATA CCAAACCCAACCACTAGTACCC
CsLAX1 Cs_ont_6g015250.1 TTCACCGTCTACATCATCCCAT AAAACCAACCACAAATACCCAC
CsLAX2 Cs_ont_8g027620.1 ACTTTGCCGTATTCATTTTCCC TTCTCCCTTTCTTTCCTTGTCC
CsLAX3 Cs_ont_3g009750.1 ATTGAAATGGAAAGAGAAGAAGAGG  AAAATGAATATGGCAGTGTGAGTAG
CitPINla Pt1g010310.1 TCATCTCATCCAACGACCCTT AAACAACCCCTTGTGCTCAAC
CitPIN1b Pt62005220.1 CTCCACTCTGCCCAACACTC CAATCAACATCCTGGCTCCT
CitPIN2 Pt1022280.1 GCTCTACCGCTTCTCCTGTT AGATTCCTTTCCCCATTCAC
CitPIN3 Pt2¢019110.1 CTGAGCTACACCCAAAAGCTAC AGAGACCAAACAAGTCCAATG
CitPIN5a PtUn015450.1 TGGCTATTGGTGCTATTGCTA CTGCGTGGAGTCCATATTCTT
CitPIN5b PtUn035030.1 ATGATTGTGTCCCTTCCTTTGA GGTTTTTATCTCCCTCCCTTTT
CitPIN5c PtUn020810.1 ATTTCACTCTTCCTTTATTCACC TTCCCTTTTTACTACACATGCCC
CitPIN5d PtUn020780.1 AATGGCTGTTGATCTTGTGGT AGGCCTGCTGGAACTTGTTAC
CitPING Pt5¢007030.1 CCTGGTGGGAGAATGGTGTG TGGCTGCTGCTTCCTTTGAT
CitPINS Pt62002370.1 CTCTCTCTTTCAACTTTGCCTAAC CTCTGTAACACAACTATCTGTGCG
CsPINIa Cs4012240.1 TCATCTCATCCAACGACCCTTA AACAACCCCTTTTGCTCAACTT
CsPINIb Cs6g005760.1 CTCTCCACTCTGCCCAACACT AATCAACATCCTGGCTCCTCT
CsPIN2 Cs42025100.1 GAGCTCTACCGCTTCTCCTGTT ATTCCTTTCCCCATTCACTTTG
CsPIN3 Cs2¢012750.1 TCATCCGCAACCCTAACACATA GCTGAACATAGCCATTCCAAGT
CsPIN5a Cs62023470.1 TGGCTATTGGTGCTATTGCTA CTGCGTGGAGTCCATATTCTT
CsPIN5b Cs6g023630.1 TTGTGTACTCTCACCAATACTCTTG GGATTGAAATACAGATGATTGAACC
CsPIN5c (Cs6g023600.1 GGTTGGGAAGATGTTTACAAAGTTAT TAGTGAATAGAGGAAGAGTGAAATAGCA
CsPING6 Cs3g007910.1 AAGGAAGCAGCAATCAACCAG GGACCAGAGAACCCCTAACAC
CsPINS Cs6g001790.1 TTGGTACAATTTATTGCTGTTCCT AATGTGCGTAGTCCTTACTCTCG
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2.1 HBAUX/LAXFOPINEEZKEHNEESEBHMERSH
DL R 7 35 PR A U I v 8 0 481 R IR 119 4 AUXY/LAX FT 8 /™ PIN 25 [ &L 8 R HIVE 53, XA
FIETAR I DR 2H B0 e R AT LU R 2R DA AR S B 80 o W06 2 Bt DAASURITETT S 356 (R 21 0k 26 v 44

®2 HHBAUX/LAX T PIN BEERELEE SN E B FEEUER
Tab.2 AUX/LAX and PIN gene families identified in Citrus trifoliata and Citrus sinensis,and molecular details
of their predicted proteins

BRI wwms i ﬁﬁié{i’lﬁj{i? P;ﬁﬁt; P BRI s
CPBD gene ID ORF = “wfaa o KU Arabidopsis homolog  Identity

gene name Length pl MW

ARFNEE H AUXILAX ZE R F % AUXILAX genes in Citrus trifoliata and Citrus sinensis
CitAUX 1 Pt4g022040.1 1428 475 8.26 53.30  AtAUXT (AT2G38120.1) 88.81%
CitLAX1 Pi6g013420.1 1467 488 8.59 5478  AiLAXI (AT5G01240.2) 83.12%
CitLAX2 Pt82001790.1 1491 496 8.59 55.87  AtLAX2 (AT2G21050.1) 85.92%
CitLAX3 Pt5g008650.1 1 401 466 8.91 52.57  AtLAX3 (AT1G77690.1) 88.06%
CsAUX1  Cs_ont_7g001220.2 1428 475 8.00 53.36  AtAUXI (AT2G38120.1) 86.86%
CsLAX1 Cs_ont_6g015250.1 1 467 488 8.59 54.82  AiLAX1 (AT5G01240.2) 83.54%
CsLAX2  Cs_ont_8g027620.1 1491 496 8.95 55.89  AtLAX2 (AT2G21050.1) 85.92%
CsLAX3  Cs_ont_3g009750.1 1 401 466 8.98 52.64  AtLAX3 (AT1G77690.1) 87.85%
MURIEI S PIN L K% PIN genes in Citrus trifoliata and Citrus sinensis

CitPINIa Pt1g010310.1 1830 609 8.95 66.22  AtPINI (AT1G73590.1) 71.91%
CitPIN1b P162005220.1 1770 589 8.51 63.71  AtPINI (AT1G73590.1) 63.64%
CitPIN2 Pt1¢022280.1 1830 609 8.98 66.43  AtPIN2 (AT5G57090.1) 74.43%
CitPIN3 Pt2g019110.1 1983 660 8.19 7211 AtPIN3 (AT1G70940.1) 77.14%
CitPIN5a PtUn015450.1 1047 348 6.98 38.17  AtPIN5 (AT5G16530.1) 75.78%
CitPIN5b PtUn035030.1 1047 348 6.98 38.17  AtPIN5 (AT5G16530.1) 75.78%
CitPIN5¢ PtUn020810.1 1026 341 8.57 37.52  AtPIN5 (AT5G16530.1) 69.97%
CitPIN5d PtUn020780.1 882 293 7.65 3232 AtPIN5 (AT5G16530.1) 65.55%
CitPIN6 Pt52007030.1 1626 541 9.28 5932 AtPIN6 (AT1G77110.1) 68.03%
CitPINS P16g002370.1 561 186 10.20 19.83  AtPINS (AT5G15100.1) 68.87%
CsPINla Cs4g012240.1 1818 605 9.03 66.04  AtPINI (AT1G73590.1) 72.36%
CsPIN1b Cs6g005760.1 1770 589 8.51 63.76  AtPINI (AT1G73590.1) 63.79%
CsPIN2 Cs4¢025100.1 1944 647 9.16 69.78  AtPIN2 (AT5G57090.1) 78.18%
CsPIN3 Cs2g012750.1 1977 658 7.24 71.84  AtPIN3 (AT1G70940.1) 78.25%
CsPINSa Cs6g023470.1 1047 348 6.98 38.08  AtPIN5 (AT5G16530.1) 76.06%
CsPIN5b Cs6g023630.1 957 318 8.58 35.03  AtPIN5 (AT5G16530.1) 70.52%
CsPINSc Cs6g023600.1 948 315 8.41 34.61  AtPIN5 (AT5G16530.1) 69.91%
CsPING Cs3g007910.1 1626 541 9.28 59.36  AtPIN6 (AT1G77110.1) 68.55%
CsPINS Cs6g001790.1 1 068 355 9.54 38.72  AtPINS (AT5G15100.1) 61.96%

CPBD : A 4% 5 K 4H 550405 72 Citrus Pan—genome to Breeding Database, http : //citrus.hzau.edu.cn/index.php o
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Y8 4 AUXILAX BRI G5 B 53, 1T PIN 5 PR G005 W % 85t 4 501 10 SR 9 A, IF A4l L 5 P R I
FRORE X IO £ 35 TR A ] 5 X e 44 o AR ARURIRHAR b, AUXTLAX HE D3 52 5 ni 5% 000 28 P9 1) B L IR B0 4
TE 466~496, 1l 51 Z [0] 2 A K . MRS 2> T HH/E 52.57-55.87 ku, BT B9 4> T 7 52.64~55.89 ku, Fi& G
WEET . 2 YR BRI B AT 5, CitLAX3 | CsLAX3 JE R A% , 17 CitLAX2  CsLAX2 F&[H #¢
o B EE S R TS Ll 8.26~8.91, i I AE ly 8.00~8.98, P & JC i & 22 5% . S0 RG I A VBT 51 A A
R R T 83%., 13 AR, CitAUX/LAX Fll CsAUX/LAX F [ F 5 i & H B A BA A aE 2B T
40 RHIE , AT EK R B AR FE 0.363~0.473 , R B LI J& FOdi A FeUE MK M8 0. AUX/LAX 5L
PR G5 9 BT A i R (o T I ey AR SR B, BRI b AUX/LAX 35 PR 0% 2t 5 1) 2 1 o LA
ARRLA ER AR R

W 2 R AR Cie PIN FE P G005 1 03 0000 26 11 ) 2 BE R AR R 186~660 1™, BTG 4 315~658 1> 5 43+
AT 19.83~66.22 ku, S HIA T 34.61~71.84 ku, 1A S ILRREUE Fe /D 43T T AR AGFE R 431
CitPINS Hl CsPINSc , ARG M & CiePIN2 FIl CsPIN3 . PRI % H 55 0 FEI B 6.98~9.28, il A8 4 6.98~9.54, [
CitPIN5a,CitPIN5b CsPINSa 45 B 55 /NF 7, )8 FERIE SR 1, HAW X A . 0 3 s, i b bk

R3 HHBAUX/LAX 0 PIN B R R EE N E B FEA RS
Tab.3 Physicochemical properties of AUX/LAX and PIN gene families predicted proteins
in Citrus trifoliata and Citrus sinensis

M Predicted protein

o
fiﬁe CP% fnjm NG IR FERR TG A P IBUK R4 740 2
Instability index Aliphatic index GRAVY Subcellular localization
FRFNETAE  AUXILAX BRI K5 AUXILAX genes in Citrus trifoliata and Citrus sinensis
CitAUX1 P14022040.1 35.36 101.01 0.461 JofiE
CitLAX1 P16g013420.1 30.68 95.39 0.408 JT R
CitLAX2 P18g001790.1 32.96 95.52 0.386 JBT R
CitLAX3 P15g008650.1 32.04 101.05 0.473 JBT R
CsAUX1 Cs_oni_7g001220.2 36.04 100.19 0.450 Jo
CsLAX1 Cs_ont_6g015250.1 33.23 92.34 0.363 Jpii
CsLAX2 Cs_ont_8g027620.1 33.02 97.47 0.407 B
CsLAX3 Cs_ont_3g009750.1 33.02 101.05 0.464 Jo JE
ARFIEE H PIN ZER R PIN genes in Citrus trifoliata and Citrus sinensis
CitPINIa Pt1g010310.1 36.34 90.81 0.086 i
CitPINID P16£005220.1 31.96 98.96 0.274 JofiE
CitPIN2 P11022280.1 45.62 94.00 0.186 JoafiE
CitPIN3 P12g019110.1 38.08 88.36 0.049 TR
CitPIN5a PtUn015450.1 29.64 116.40 0.827 W
CitPIN5b PtUn035030.1 29.64 116.40 0.827 i
CitPINSc PtUn020810.1 39.97 114.18 0.802 W
CitPIN5d P1Un020780.1 39.34 109.90 0.686 W
CitPING Pt52007030.1 34.74 100.80 0.339 Jo
CitPIN8 Pt6g002370.1 41.90 138.76 1.004 RSN
CsPINla Cs4g012240.1 37.34 91.08 0.080 JT I
CsPINIb Cs6g005760.1 30.99 98.96 0.271 i
CsPIN2 Cs4g025100.1 47.20 94.00 0.190 o fiE
CsPIN3 (Cs2g012750.1 36.25 88.36 0.064 Joa fiE
CsPIN5a (Cs6g023470.1 28.13 116.40 0.819 Wi
CsPIN5b Cs6023630.1 39.99 116.40 0.715 i
CsPIN5c (Cs6¢023600.1 35.08 114.18 0.662 Wi
CsPING Cs3¢007910.1 34.33 109.90 0.339 Jo g

CsPINS Cs62001790.1 36.55 100.80 0.694 T
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Fig.1 ~Gene structure of AUX/LAX and PIN gene families in Citrus trifoliata (Cit) , Citrus sinensis (Cs)

and Arabidopsis thaliana (At)
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(A)Collinearity analysis of At and Cit, (B)Collinearity analysis of At and Cs, (C) Collinearity analysis of Cit and Cs, (D) Col-
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Fig.2  Chromosomal localization and fragment duplication analysis of AUX/LAX and PIN gene families in Citrus trifoliata (Cit) ,

Citrus sinensis (Cs) and Arabidopsis thaliana (At)
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Fig.3 Differential analysis of AUX/LAX (A) and PIN (B) gene families motifs and conserved domains in Citrus trifoliata (Cit),
Citrus sinensis (Cs) and Arabidopsis thaliana (At)
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The cis—acting elements and their biological functions.Hormone response : auxin response elements (TGA—element, AuxRR—
core, GATA-motif) , abscisic acid response element (ABRE) ,jasmonic acid response element (CGTCA-motif, TGACG-motif) ,
gibberellin response element (GARE-motif, P-~box, TATC—box) , and salicylic acid response element (TCA—-element).Defense
and stress response : drought stress response element (MBS) , low temperature stress response element (LTR) , essential induction
elements for anaerobic conditions (ARE) , hypoxia—specific induction (GC—motif) , defense and stress response element (TC-rich
repeats , CCAAT-box) and Trauma response element (WUN-motif).Growth and development regulation and metabolism : circadi-
an rhythm control (Circadian) , endosperm expresses cis elements (GCN4—motif) , related to seed formation (RY—-element) , and
differentiation of middle layer cells in chloroplasts element (HD-Zip 1).Photoresponse : photoresponse element or a part of photo-
response element (MRE, ACE, AE-box, CAT-box, AAAC—motif, GA—motif, ATCT—motif , ATC—motif , Box4, G—box, Box I , GA-
TA-motif, GATT-motif, GT1-motif, [-box, spl, TCT-motif, chs—CMA2a, chs—=CMA1la, AT1-motif, TCCC-motif, 3—AF1 binding
site MRE, chs—Unit 1 m1, LAMP—-element, Gap—box).Transcription and regulation : transcription and regulation of response ele-
ments (CAAT-box, TATA-box,3-AF3 binding site, A—box, AT-rich sequence , AT-rich element).

4 BLUETRE SR IT AUXILAX (A, B) FI PIN(C, D) 5 PR G I 2 F A T 1422 5343
Fig.4 Differential analysis of cis—acting elements in the promoters of AUX/LAX (A,B) and PIN (C,D) gene families in Citrus
trifoliata (Cit) , Citrus sinensis (Cs) ,and Arabidopsis thaliana (At)
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10d 20 d 40d 80 d
CK BD CI CK BD CI CK BD CI CK BD CI 4
CitAUX | 0.00 |-0.20 [-0.37 | 0.00 ]-0.08 [ 0.39 || 0.00 [ 1.59] 0.24 [] 0.00 | 0.69]| 0.43 | -2
CitLAX1]0.00 [ 0.50] 0.26 || 0.00 |-0.40 [-0.25 | 0.00 ] 0.24 [-0.32 ]| 0.00 [-1.42 ]-0.02 [ O
CitLAX2]0.00|-0.23{0.38 ] 0.00-0.64 |-0.71 |} 0.00] 0.67]-0.02 || 0.00]-0.73] 0.17| 1
CitLAX3)0.00 [-0.27]-0.63 || 0.00] 0.76 [-0.56 || 0.00 |-1.13] 0.30 [] 0.00 [-0.88 |-1.63 H 5

CsAUX|0.00|0.47{-0.21{] 0.00]-0.93]0.07 (| 0.00| 0.06 | 0.52 || 0.00] 0.11 |-0.45
CsLAX1{0.00) 0.34|-0.26 || 0.00 [-0.88 |-0.63 [] 0.00 [-0.09 ]-0.02 || 0.00 |-0.70 [-1.06
CsLAX2(0.00) 1.56{-0.40 || 0.00 [-0.66 | 0.74 [] 0.00 [-2.68 |-2.43 || 0.00 | 0.05 [ 0.68
CsLAX3(0.00|-1.83]-3.32]( 0.00 [ 0.15 [-2.21 || 0.00 |-1.95 |-2.18 |] 0.00 |-2.52 |-2.23

2 A RBURIZLAG 4 ik K b 80 d, CK, XT i BD, Rl CIL CK + TAA il A= K EK
2-month-old trifoliate orange and red tangerine seedlings were grown in hydroponics and treated for another 80 days.CK, Control ;
BD, boron deficiency ; CI,CK + IAA , auxin application.
Fl5 BL(Cit) FIZTAR (Cs ) AR AUX/LAX e P S 30 556 FH B 1 3R 26 0 R 2R IA o
Fig.5 Expression pattern analysis of AUX/LAX gene in trifoliate orange (Cit) and red tangerine (Cs) root under boron deficiency

stress or auxin application conditions

10d 20d 40d 80d

CK BD CI CK BD CI CK BD CI CK BD (I
CitPIN1a| 0.00| 1.39] 0.40 (| 0.00 | 0.20 {-0.21 || 0.00  0.32 |-0.13 |[ 0.00 [-0.52 |-1.23 | [-7
CitPIN1b10.00| 0.65]0.75]1 0.00 | 0.23 0.64 |{ 0.00 |-0.55}-0.35 [] 0.00 | 0.54 [-0.10 | [-5
CitPIN2] 0.00 {-0.23] 0.89 1 0.00 | 0.36 | 1.26 || 0.00 |-3.67] 1.43 || 0.00 | 2.28 [ 2.33 | -3
CitPIN3| 0.00  1.13 ] 0.46 1] 0.00 | 0.22 |-0.06 || 0.00 | 0.58 }-0.50 {| 0.00 | 0.01 [-0.22 | -1
CitPIN5a( 0.00| 1.74 ] 1.71 (| 0.00 | 0.31{ 0.17]] 0.00 [ 1.60 |-0.93 ][ 0.00 | 1.33 | 1.69
CitPIN5b6] 0.00 | 2.96] 0.59 |1 0.00 | 3.72] 0.22 |{ 0.00 |-3.44 | 0.38 [| 0.00 |-1.29 | 0.81
CitPIN5¢( 0.00| 1.98 ] 0.00 (| 0.00 | 3.97 {-0.22 || 0.00 [-1.96 | 3.50 || 0.00 | 0.45 | 2.95
CitPIN5d| 0.00 | 3.02] 0.13 || 0.00 | 4.79-0.21 || 0.00 |-3.51 | 1.79 [| 0.00 | 3.10 [ 3.89
CitPING6| 0.00] 0.63]-0.82 1] 0.00 |-0.81 ]-0.48 ] 0.00 [ 1.39] 0.67 || 0.00 [ 0.78 |-0.49
CitPINS8| 0.00 | 2.07 |-0.50 |1 0.00 | 3.05 |-0.34 [ 0.00 | 0.88 | 1.18 {] 0.00 | 1.34 [-0.51

CsPIN1a| 0.00|-2.87]0.73 ] 0.00 |-0.09 [ 0.71 [] 0.00|-0.75]-1.18 || 0.00 |-1.10 |-1.84
CsPIN1b| 0.00[-0.42]0.58 ([ 0.00| 1.04 | 0.77]] 0.00 [-0.58 | 1.91 || 0.00 | 0.90 |-0.08
CsPIN2{0.00]-0.79] 0.85 ([ 0.00 | 1.85( 0.15]] 0.00 | 1.42] 1.22 || 0.00 |-0.89 |-2.76
CsPIN3{0.00] 0.3214.09 (| 0.00 |-1.44 -1.01 ] 0.00 [-6.34 |-5.87 || 0.00 | 1.78 |-1.15
CsPIN5a) 0.00| 0.00 |-0.89 1] 0.00 | 0.00 | 0.06 [ 0.00 [ 0.73 | 1.61 [] 0.00 |-1.44 ]-0.95
CsPIN5b| 0.001.32]0.13 [ 0.00| 1.80 | 1.38]] 0.00 [-1.79]-0.20 |[ 0.00 | 1.85] 0.13
CsPIN5¢] 0.00 [ 1.491-0.29 [] 0.00 [ 1.97 ] 1.41 [ 0.00 |-2.13 [-0.54 || 0.00 | 1.32 ]-0.39
CsPING6|0.00{0.68]0.60 || 0.00 [-0.43 [ 0.24 | 0.00]-0.90 |-0.65 || 0.00 | 0.89 [-0.04
CsPIN8[0.00]-0.75]-1.39 [| 0.00 |-0.69 [ 0.68 || 0.00 [-1.22]-0.61 | 0.00 | 1.25 |-0.16

D W —~ o
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Fig.6 Expression pattern analysis of PIN gene in trifoliate orange (Cit) and red tangerine (Cs) root under boron deficiency

stress or auxin application conditions
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