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Identification of CjSPL gene family in Ziyang Xiangcheng
rootstock and expression pattern analysis

PENG Hongxian”, QIU Jieya”, HUI Qiuling, XU Yuanyuan, CHUN Changpin, LING Lili,
CAO Li, HE Yizhong, PENG Liangzhi, FU Xingzheng

National Citrus Engineering Research Center, Citrus Research Institute, Southwest University, Chongging 400712,
China

Abstract: Squamosa promoter binding protein-like (SPL) family is a group of important
transcription factors involved in the regulation of plant growth and development and the
response to environmental stress, but there are few studies in perennial fruit trees such as citrus.
In this study, Ziyang Xiangcheng (Citrus junos Sib.ex Tanaka), an important rootstock of
Citrus, was used as the material for analysis. Based on plantTFDB transcription factor database
and sweet orange genome database, 15 SPL family members were genome-widely identified and
cloned from Ziyang Xiangcheng, and named CjSPLI-CjSPL15. Sequence analysis showed that
the open reading frame (ORF) length of CjSPLs ranged from 393 bp to 2 865 bp, encoding
130-954 amino acids. Phylogenetic tree divided 15 CjSPLs into 9 subfamilies. Gene structure
and conserved domain analysis predicted 20 different conserved motifs and SBP basic domains.
Analysis of cis-acting promoter elements predicted 20 different promoter elements, including
those related to plant growth and development, abiotic stress and secondary metabolites. The
expression patterns of CjSPLs under drought, salt and low temperature stresses were analyzed
by real-time fluorescence quantitative PCR (qRT-PCR), and many CjSPLs were significantly
up-regulated after stress treatment. This study provides a reference for further study on the
function of SPL family transcription factors in citrus and other fruit trees.

Keywords: Ziyang Xiangcheng; SPL gene family; abiotic stress; expression pattern

e s N2 A 3 T IR I R B R IT G, 2
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HAEPA 45 AW, HE LRl 15 AN,
Shalom %57 75 BL & TG Pt %2 15 4.

KR, SPL FREMYIIERKR LT
T3 B8 b 2 v R A EE . Wang 25USULBE,
ARG T SPL2 38 L P8 T Ui R N AS2 R YEHFAE )
A EARLWIET LT ; ERREIT hid RS
SPL7 F1 SPLS ek THIARIFAE!; Unte 5%
B SPLS W] LASZWRRE M) AE eSS 22 s Bl
SiSPL 3 M2 51 s it e SR I ik
FEr i SPL10 #v2 STRERMEBIRMTE B,
ThEL 2 StSPLY ] LLRFE AR & 71, e4h, SPL
TG 2 55 R 390 35 1 2t A A 2 A DG A
Blhn, JIFE3T AtSPL1 Fl AtSPL12 i ABA {5
5308 % 5 e S B B K AR OsSPLI0 A
P HE MR, OsSPL3 Wi 1 S iha oy SER
H miR156-MdSPL3 15 = 8 o H # 8 &
MAdWRKY33 FERF R N AEY SR a1
HE BpSPLY K [H i )i £5 54 i %5 254 CsSBPI2
M) 7 AER VLA 5 IR AL 7 2R A R R Y

ARGt AR — R o2k SR, o 2 F T Rl i
AP KR, HERRGFE, Ao
fief IR B SR N T SRR B2 B 1 o A
R RN B N R T NS i J OB 2/
RO REARANE Wi S 5 5, IR AR i
WP . Br . Pk PURIE S pER S g
FH 4 (Citrus junos Sieb. ex Tanaka)Jg: T 4 e FH
W iz N R RRGA, TitER e . AR K3
SRS ARBUENLER RS, A BT & 4
FHEPUPEIL . ASCLLGE PHEE AR, a3t
DR 2H 3 BRI PHAE RS SPL SR R R4 1 2 5 Al
SORE, MGSHRIHEIL M AR &S SPL
PREETIRE , AT HAEA FEHEA P bhia T i3
A, ATRA THERAIN SPL JE N K RAE %%
BH AR i B o 1z m ) 1 T, Aot SR R 42
S GBI 9 BT B4 JL
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1.1 SEEME S

ARG AT PR bRt A RAE T 00
REMAETIIEAT 048 B, SHABRERH M)y
PR U ZE UK G R 95 . BEBUK R85 77
30 d Ze A A R — B B BB S AR B b T T 5
R e R A 3, 5 A BRERE S AR T A S
A BT AARBK, ERKIF 0. 1. 6, 12h
YBCT B A8 v I R i IO R SRGA ER AR A
AR AL RS, 47 1E B 3 SR VRO B B S92 2 v i)
B E N 250 mmol/L /1) NaCl H 3R Al 4 °C
UKAA A TAL R, 7EERALINS 0. 025, 4. 9 d
SBCHE A AR R B, TR AR BRSO
0.5. 4. 9 d B R REa I AR TR ; Prfy &
WA RS IR, A 80 °CREAIR IR VKA T
o BERPAL BRI 3 ANEE A EE 9 Mok .
1.2 ¥ SPL Rk AL E

T SE7E plantTFDB (http:/planttfdb.gao-lab.
org/download.php) ¥% 5% [ 848 2 T 2 Fg v
SPL ZJG I 5% ) = SRR 7 51 (AtSPLs),, SRJA #22C
21| i #E L [A] 2H B0 B JEE (http://citrus.hzau.edu.cn/
orange/download/index.php) i#f 17 lL X}, E-value
BOEN le-5, 1GFIMEERFIE SPL 5 12
BRI, EBREE PSR 3EE] NCBI RN
gt ¥y d B P8 % (http://www.ncbi.nlm.nih.gov/
Structure/bwrpsb/bwrpsb.cgi)iE 47 L XT, B ik 5
PR TN 5 H SBP FHEZ L, 25
ZE MG, AR 15 D SPL K
JERLL, fir44 4 CsSPLs.
1.3 HEPAEHE SPL RKIXEE CDS FI%E

KD E RNA S B & (Cat#DP432,
Tiangen Biotech Co., Ltd. Beijing)$#2H 7% BH &%
HFB A RNA, BT pg & RNA IS4 il &
PrimeScript II 1st Strand cDNA Synthesis Kit
(Cat#6210A, TaKaRa Bio Co., Ltd. Beijing)& il
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FIHA R cDNA. W5 CsSPLs % % 7 41
CDS) J¥ 4l & it 51 ¥
(NMDCX0000145), LA%EPHAHE cDNA AR
PCR ¥ W% &R SPL KGN 2K T, |k
WY RG22 3 1% 00 BRARHHEEIE H Uk ik 25ty
KNG, KM DNA 7= 94 bk 7 &
(Cat#DP204, Tiangen Biotech Co., Ltd. Beijing) %}
H i s #E 17 I o T %4 8) PGBO #ifk, &1
SPL FERHRBE 5 A4~ BHE: B g Bk U , By —
ek S R RN R PR SPL JE I F 81 9F:
44 °H CjSPLs.
1.4 SPL XIKMRZFIILLHNMAZLE
R

¥ AtSPLs, CsSPLs #ll CjSPLs W& MR )¥
I MUSCLE #1507 2 P 51 Le T, Hox
5L TrimAL BB R 55, SR 5 HR A F
1Q-Tree AT UL RS EE, BT A TR
KBNS BT
1.5 SPL EERTEFF. EEEWMER
FHSh

LT T H MEME (http://meme-suite.
org/tools/meme) W #A G IT . EIHE . W IHAHE M
SPLs Z4AEMR P A AT 404, TINHORSF LT
RAF R T ot BRI 20, HiAhizty
SR E NN, WL R A TBtools 4]
AT T RRAY, o DRI A5 4 AT A2 e Aok R R R 2 4
B N 25 R S, I 3RHL SPL KI5 A 51 78
ek ERysrAnE R I SPL KRG 3
Juf, NI RE 3E R 2 B8R JE (http://citrus.hzau.
edu.cn/orange/download/index.php)#2H CsSPLs Jk
L3 2 000 bp BFSIEAIA SN T8, SRJEH:
FRHUS R P51 $E52 2 Plantcare #1715 s ol
i Il (http://bioinformatics.psb.ugent.be/webtools/
plantcare/html/). {1 TBtools X iR BR3kAS
(A B A T R 5 A8 1 2. A A R AT AR 43 #T

(coding sequence,
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1.6 GiSPLs EANEIHBAIE THIRIZ S H7

KD S RNA $BGAF & (Cat#DP432,
Tiangen Biotech Co., Ltd. Beijing), #LHU%E BH A
T8 EHAMRERALFAE S RNA, AR R 5%
5% HiScript I Q RT Super Mix for qPCR
(+gDNA wiper) (Cat#R222-01, Vazyme Biotech
Co., Ltd. Nanjing) & ilf. cDNA, qRT-PCR 5|#)fifi

FJ NCBI Primer-BLAST #7471t , LA actin
(Cs1g05000) A N 2 3 K (NMDCX0000145) . &
B8 ChamQ Universal SYBR qPCR Master Mix
(Cat#Q771-02, Vazyme Biotech Co., Ltd. Nanjing)
WA &L, 1214 Bio-Rad CFX Connect Real
Time system | 5¢ B SEAT ¢ 68 i PCR KA, $
Ja 278 GISPLs R KL AN ik
i, K Excel SEit Bl KA, SPSS #iftor
B BE PR e 3k 18] 19 22 57 W8 3514 (P<0.05)

2 ZERE54

2.1 (GSPLREBARELEES=E
AR ST A 17 4> SPL SEIR(A1SPLs)H
S A, 5 R R A5 R R A T 91 LR
F T FA G A5 15 MR IR B, ¥
$2A2F NCBI $5ds PE AT PRy 45 44 18070 M 22 )
Y1 SBP 25, LKL 15 47500 e
AR SPL K IG b1 o M 4E FiR P A 5 4eSPLs 1)
ARARLTE , H5 508 1Y 15 AETE SPL ZG R N i 44
A CsSPLI-CsSPL15 (£ 1), Rit—3R15 5 H
Tt SPL A, ARG CsSPLs JEHiit4:
K514, DIEBHEE cDNA MHHE T T PCR
PHIFIT . B G A 15 4> SPL
FERXH N A 4% 4 CiSPLI-CjSPLIS ., tn 1 fis,
CjSPLs Tl AtSPLs W FFHI AR A 33.29%61.64%,
CjSPLs i ORF K% 4 393 bp-2 865 bp, #ifl
130-954 N AR, S5 HLGTE 5.99-11.50 Z[A],
ST 14.73-118.51 kDa; HAEARFIREK
#°k CiSPL14, k& CiSPLI 5% i 4& CiSPLS.
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Table 1 The information of SPL transcription factor family in Ziyang Xiangcheng

Gene name Gene ID BLAST to BLAST to Arabidopsis 1dentity (%) OREF length (bp) Mw (kDa) pl
Citrus sinensis

CjSPL1 NMDCNO00011S2 Cs9g01380 AT2G47070 54.5 2613 97.0 9.9
CjSPL2 NMDCNO00011S3 Cs7g10830 AT5G43270 50.8 1350 493 6.9
CjSPL3 NMDCNO00011S4 Cs2g05730 AT2G33810 46.0 432 21.6 11.5
CjSPL4 NMDCNO00011S5 Cs2g23550 AT1G53160 54.0 570 21.1 9.1
CjSPLS NMDCNO00011S6 Cs1g07620 AT3G15270 46.3 393 14.7 8.8
CjSPL6 NMDCNO00011S7 Cs5g12260 AT1G69170 36.2 1674 61.2 8.8
CjSPL7 NMDCNO00011S8 Cs9g05200 AT5G18830 61.0 2397 88.6 6.7
CjSPLS NMDCNO00011S9 Cs1g03630 AT1G02065 47.5 987 36.8 9.0
CjSPLY NMDCNO0011SA Cs1g03640 AT2G42200 38.6 1170 43.2 6.5
CjSPL1I0  NMDCNO00011SB Oangel.1t02265 AT1G27370 38.4 1161 40.7 9.3
CjSPL1I  NMDCNO00011SC Cs7g11770 AT1G27360 35.7 1521 56.6 8.4
CjSPLI2  NMDCNO00011SD Orangel.1t01758 AT3G60030 333 1503 55.0 6.0
CjSPLI3  NMDCNOOO11SE Orangel.1t02597 AT5G50570 52.0 1134 41.7 6.6
CjSPL14 NMDCNOO0O11SF Orangel.1t04043 AT1G20980 61.5 2 865 118.5 8.1
GjSPL15  NMDCNO00011SG Cs7g10990 AT3G57920 37.7 939 34.2 9.3

2.2 CjSPL RikRGH LK 747

WE 1 s, i 1Q-tree A HELURGST . i
P R BE PH A B SPL KR MEALA , 25 KW
CjSPLs Fll CsSPLs #4341 9 /T, 1 AtSPLs
SPTERRSS 7 RSN A 8 A5 . Hirr 3 B
Yy SPL7 BAMERNEE 1 WH%; AtSPL13 Fl
CjSPL13, CsSPL13. CjSPLI15 Fll CsSPL15 ®l
55 2 Wk; 3 FHE#AY SPL2. SPL6. SPLI1I Al
AtSPL10 RHUHE 3 Wji%; 55 4 W& AtSPLY,
AtSPL15 . CsSPL10 #I CjSPL10; AtSPLS8 .
CsSPL8. CjSPL8 412 5 Wik; 2% 6 Wik
3 R SPL3 . SPL4. SPL5 #45; CsSPL9 FlI
CjSPLY Hpli A4 s 7 V% ; AtSPL14, CsSPL14 .
CjSPL14 F11 AtSPL16 4155 8 Wi%; 3 AP i
SPL1 Ml SPL12 A5 9 Wik, 9 MEH, M
RS ERZ RS 3 R, SRS 7
AR, AV HT CjSPLY HI CsSPLO /™ il 71 B pt 4
Mo ML R FF, CjSPLs 54 Y CsSPLs
KR, Y5 AHIE B AtSPL. CsSPL #1 CjSPL
]l OC R B H— B AE R — W%, fEAE ) b
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Al REA ALY EhEE o
2.3 CjSPL IxFEFFRTEE o
WE 2 firzs, KRS FTgE FHA 8 SPLs 4%
SRR 2P et , REIEA1H SBP 25
Pl 79 G IERRAL AN BEOR ST, A A
R ER T A — B IR ] 80% LA b fildn,
CsSPLs 1] SBP Z5t s A 51 M i) 2 LR
— 5Pk F] 80%, CjSPLs Hi A 47 M s 2 LR
— ik 80%. ¥4k, CsSPLs Fil CjSPLs fY
SBP Z5 M PR LR s A 5 2. 7. 24,
27 fiif) CCCH (Znl), %5 43. 46. 50. 62 {iif¥)
CCHC (Zn2)FI% 59, 60, 63, 64, 65, 72, 73,
74 .75 fif) KR7K (NSL), H NSL # C %35 Zn2
A EA . BIRGETE R HEE 240 SPL 1Y
SBP £ b5 4 i BEORSF , (B B CsSPL1 Fi
CjSPL1 M2 ZEMRIT IR, CsSPL1 1Y
SBP 45 #3E SLR Y515 Hifth 14 4~ CsSPLs (1)
—EEIY 38%, HAE Zn2. NSL IhREVESSH) 5L
FF B PRSI s CJSPLI Y SBP 4544 el 42 it
MR P AR PR AIG, HUfE NSL X3 63 65 fif
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M BRI IR

itk — T f# SPLs IR 1A AE W24 Tk
ZFeVE, X AtSPLs. CsSPLs #1 CjSPLs At % 5k
R A HEAT T AR5 motif (TR, N 3A FR,
TE AtSPLs. CsSPLs HI CjSPLs HrLfiim 4 20 4>
AEIBEEST motif; HA motif 1., motif 3 11 motif 4
BEAAEAET CsSPL1 Al CjSPL1 ZH, A
SPLs &4 I 3 4> motif, HFAb{iE 5 SBP
SR IR 7 B AR R (1] 3B), F AR 3 7> motif

100
CjSPL14 ¢ 100

\ CsSPLY @ 100

1
Figure 1
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A AtSPL7

J& SBP Z5H03R Y 3 ANRFIESEESTY 5 motif 2 HH R
FESS 1, 8 WEAIEE 9 WiKAY SPLs H1, motif 19
HUFEAE T2 8 SR, 1 motif 20 HHHEFESR 9 W1
W 4h, 55 8. 9 AT SPLs & i motif F
KB RZ, M5 6 WAV . ARST 45 A el
WMIZEH], BR CsSPL1 1 CjSPLs1 #b, Hith SPLs
IR O A SEEE Y SBP 5#3k; 54h, 7E AtSPLI .,
AtSPL12 Fl AtSPL14 i) 3" & — > i 42 i 7R
FIAL Y Ank-2 2543, Ti7E At SPLs k=

%PAEME CjSPL. #fi#E CsSPL FIURIIT AtSPL iR GH L 2
Phylogenetic analysis of the CjSPL, CsSPL and AtSPL family.
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Figure 2 Amino acid sequence alignment of CsSPLs (A) and CjSPLs (B).
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2.4 CiSPLEREZEMMBFIRNIERTH
S
H T PR R 30 A 5 JICE PR 2 e, A

GEIE BT T 5 HOR GO R IR ) CsSPLs Rk
P 1 7 31 45 4 S 301 O 24 S 4 I X ;Y
CjSPLs J¥ A ARG sh—Fooff, DURF e A]
WIEFETIRE . ARIEIRIUY CsSPLs JEHZ5F 1
S, AR R T AT AR AR B CsSPLs JE R 4544
WK 4A Fifs . B CsSPLI2 Ak, HoAt 14 NFEA
WA EF 5" UTR fl 3' UTR; 724 B T80 |,
CsSPLI1. CjSPLI13 Fll CsSPL14 W45 T4t i
Z(10 4~), 1M CsSPL3 Fl CsSPL5 WA FHUE
/P24, WK 4B Fiios, 154 CsSPLs Ji 8+
R 20 FOE SO, Hor CsSPLIS %
ARERZI 16 RS, T CsSPL6 &
AR D) 9 RS SIF ool 7EiX 20 FE s+
JoiF, A AERE) AR A B A TTA (i 0 5 7
MR A KR MAHARERITI) . Y IE
AEOCTCHFCanmm AR . 5 IREAEGERIIGHR) . IR
AR A S TT R B KR . RFTR . 6
HCR RES BT BT A CsSPLs #8& A%

PRSI A Zh s sl s S R A SR TRE . 4,
298 CsSPLs BUAER A CRUN e [FIET, FeAi]
WS, HLFSFool RAAE T4 CsSPL
HEW A FIFFIH, W{CE CsSPL10 A sh+
FF8) 25 A Wi Ly AR P PR R R G
2.5 CjSPLs £ T8, BMKEME TR
BRER
ARG R SPL FHIGH R TEREY AR

W R R, AR FIH qRT-PCR 4
BT GiSPLs #E T2 . AR T iy xB,
AR S T AS 6] B3 BV FE T RE . AniEl 5 IR,
T2, CSPL2. CiSPL3. CjSPLS .
CjSPL7. CjSPL8 I CjSPL12 Wik RAE LA b
PRI E] S AHAS T 0 h KRR s, H
CjSPL2. CjSPL3 il CjSPLS F3% 1k 5 P Hi Fifi kb
PR [A] LE A 8 TR , SRk SE L R ] R
FECR W 97 A A T 538 5 934, GiSPLI . CjSPL4
1 CiSPLI14 AXAET 24P 1 h Bf i 3 T}, jxut
SLR AT R fE TR R W R R EE R CiSPLI3 3%
KRB E BTE, (H AR 5 s R AR
CjSPL6. CjSPLY. CjSPL10. CjSPLII # CjSPLI5

y - f— = “ AN = — ok
CRBIT I RS HIESE T, XL TO0 RIEKF B AT, Sk SR A ] REAE T
B
CsSPL7 BB——3-B—3 CsSPL7 Fi\f2 i3 24 20 B Il.l 11410 1. ... .......... I
CsSPLI3 [—i———] csseLs EEEEEEEEN= B 'lll HlE ll 0l [ [ JBE
CsSPLIS I X (,_\-SPL15. l.zx 1 |o.z 1101 . 0l [ ) 48
csseis HEIE - HEE HEEE IIIIIIIIIl iINEEEEEE 5
CssPLe I-I—— csseLi BN BE s REN: A EEEE AR AR AN 20
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Figure 4 Analysis of CsSPL genes structure (A) and cis-acting elements of their promoters (B).
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Figure 6 Relative expression of CjSPL genes under salt stress. Different lowercase letters indicate significant
difference at P<0.05.
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