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MRBESE, [ H&k] A3m P30 E 6T R A MA 4T PeCIGRs AW 69 L%, AR AYEEFHOWHKR
PeCIGRs & & 49 AL i An A it b £ &, A T4 FHIEXT PeCIGRs A R ERFI LR Aok A iria (3. FF).
AKPEY A (BLER, KR BT REABEXETIN, [BR] EEAPELELFE 45 CIGREAR, R4 LH
PeCIGR1-a, PeCIGR1-b, PeCIGR2-a, PeCIGR2-b, 4 % CIGR W AZH 8 A5 KEH 1635~1 716 bp, KA A7 KA
H 544~571bp. % VLt KA. 4 4 CIGR AW ¥ LA R F 49 GRAS & #3K, & T GRAS Rk, DA FH AKX SH
K IN. PeCIGRs 2R B2 EAT KA, AAE 3 m AT ARNEME, o, REEASaFHY A KA H L
WEK S EI: £FF (PEG). # (NaCl) priafeK A8 (SA) &3 T, PeCIGRs 3 BAAsT #4553 2L 5J5 T ey
HH, EMREMRILET, PeCIGR1-a, PeCIGR1-b % RAx ik & LI & T He9A44, PeCIGR2-a. PeCIGR2-b Ml
BRI 240 B 2T AR, [4# ] PeCIGRs AR AL AEEHEFAKLET . kA HMb (&, FF) aRARHY
A REFH (DA, KRR w4, B S5k 6438
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Cloning and expression analysis of PeCIGRs gene from Phyllostachys edulis

LAN Zhixin', HOU Dan', WU Aimin?, LIN Xinchun'

(1. State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China;
2. College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642,
Guangdong, China)

Abstract: [Objective] The aim is to explore the role of PeCIGRs in the development of Phyllostachys edulis
stem and abiotic stresss, as to provide reference for the study of high growth and stress resistance mechanism.
[Method] The PeCIGRs gene was cloned from the internodes located in the middle of a 3-m young Ph. edulis.
The physical and chemical properties and phylogenetic relationship of PeCIGRs protein were explored by
bioinformatics analysis. The expression pattern of PeCIGRs gene in different tissues and under abiotic stresses
and hormone treatment were analyzed based on transcriptome data. [Result] Four CIGR genes were cloned
from Ph. edulis, named PeCIGR1-a, PeCIGR1-b, PeCIGR2-a and PeCIGR2-b. The nucleotide sequence length
of the four CIGR genes was 1 635—1 716 bp, and the amino acid sequence length was 544—571 bp. Multiple
sequence alignment revealed that all four C/GR genes had conserved GRAS domains, which belonged to GRAS

family. Tissue-specific expression analysis revealed that PeCIGRs was mainly expressed in Ph. edulis stem and
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reached its peak at the top of 3-m young Ph. edulis. In addition, the expression analysis under different stresses
and hormone treatments found that PeCIGRs showed a trend of first increasing and then decreasing under
drought, salt stress and salicylic acid treatment. Under abscisic acid treatment, PeCIGR1-a and PeCIGR1-b
genes increased first and then decreased, while PeCIGR2-a and PeCIGR2-b showed a downward trend after 24
h of treatment. [Conclusion] PeCIGRs gene is involved in the regulation of the growth and development of Ph.
edulis stem, and response to abiotic stress (drought and salt) and hormone (abscisic acid and salicylic acid) as
well. [Ch, 5 fig. 6 tab. 38 ref.]
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EAT Phyllostachys edulis J&RAF} Poaceae TV £} Bambusoideae N1 J& Phyllostachys, BAP#EA K
MR, e HARK SN 1 m"™, 2hEAKERNHEYZ —. R, BT EA Y oA
)RR, 20 T EAT RIS RAR Y 3/40), BLAh, BATHIZEFFRBMRRE R, FEMLL, FEARMINT
SR Z N, W BAEENLSTENEY, Tk, METIEY, R BT R A R
AT EERHE TN, VBN BTSRRI &2 K0, X BT P A K HLE] BT 5T R TR
Ao — T HZME . miRNA FIEE K SE N ZEDLHIAT F e AR KAt 7%, a0 CHEN S8V BF5E R . ok
7 (GA) BHE BT R LR 7 — RS T2 @S a s+ m A K ise
M, WESELLAES MIFSESE . T RWha & B BATHAT MR AR S . SRR AT R AR AL 1Y
MR E s T 24 Jrm, (BAH e AR (i A Y48 re S Arabidopsis thaliana), X EBATE A KT
BURI I BFRA AR AL B B, R TR SR BE R G AT 254 A & AR IS o3 e, XFBAT A S E AT 3¢
TSR AT Hp 2 2 A HE 25 X

CIGR %N )& T GRAS ¥ 5% A5 . GRAS FKIE SR WA 1 — A5 5t 1 H S RS, © AU
FgIT . IKFG Oryza sativa, EK Zea mays. =5 Sorghum bicolor. BATEZ NYFHg ", FHKHE
FEo . S5 LA A G & b 22 i Rt — 6 R0 73 6% DELLA . HAM, PAT1 4&7E A RYEE 17 4>
WG, WAk, DIREWFR R GRAS KIS SHWAK KT . JEA Y Wria m ny 55 2 Fp A= Pyt # F oy
TIIREMIREE, A Populus euphratica W) PeSCLT it F& ik U ma I 5 P 32 55 1 Prh fngr 247
ARG IT SCR ZR7AF Ja w2 T AR AR M L 2L 43 288 CIGR BERVE A KGN A 2 —, B KFE 8 &
B, LIS 50 AR S 00 B AR S g R0 B 7R 2 A6 RS Polygonatum cyrtonema S84
Rl S B, I XTI AR R IT T3 — L RS, PRI, BN RS 5K, wkAgh
AR A 4 Ak (BSA) it 2N 7E e AR 73 A b Rl gt o i JE N sdl B2 AHE W BE 5L CIGR, If
RIZFERTE SRR AN hmRB® WEY 2 Mk E, B SKERE TARARMEY), 2
HIKAEC A R B AR T BT CHLG B A LM E L. AW CIGR A R B RS S5 B ZEM &
B LRSS SR AR A Y A i i, AR SCEk 2 4508 KRS CIGR ZEHPY 1 F 575 E
VB FE R E T X, 155 4 SRAIESE, 255 seRE Ml VR 30 | B i Sk A I 75 5] i
NEATHIRIZE X BAT CIGR R #EATIRSY , LU 5T AT CIGR 2 D6 5 4F AL PR AL A

1 #MHS 7%

1.1 ##

AHIGEAR ) S AR BATZEAT R A WL UM Tl & X BATMORIER X, B3 m Z7r s & Y
AR R TIRAL, R T-80 C H TR g,
1.2 BEMEREMNRE

A BATEEE (http://www.bamboogdb.org/) KB 4 /1~ CIGR F£ K ) 4 i ¥ 51 (CDS), fifi F Oligo 7
Bt CDS £ K51 BT (3 1), SIETZEFFH RNA, JFIZFE 0 cDNA MR, SRk &
4 10 uL, 2xE-tag PCR Master Mix fiff 5 uL. ¢cDNA 1 uL. F Fi#F51# 4 1 pL. ddH,0 #h £ 10 L.
PCR ¥ 4L K. 95 °C HZAEE: 3 min, 95 °C ZEME 305, 60 C iEk 30s. 72 °C ZEH 120 s, 34 MEH K
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Table 1 Primers used in gene clone

EIE B4 JFHI(5—3) FIL/EA S JFHI(5'—3")
PeCIGR1-a-F ATGGACTTGCACCAGTTATTA PeCIGR2-a-F ATGGCTGATACTCCAACTTCCC
PeCIGR1-a-R TCAGTGCCATGCAGAAGCAG PeCIGR2-a-R CTAATGCCATGCGGACGAAACCA
PeCIGR1-b-F ATGGACTTGCACCAGTTA PeCIGR2-b-F ATGGCTGATACTCCAACT
PeCIGR1-b-R TCAGTGCCAAGCAGAAGCAGAT PeCIGR2-b-R CTAATGCCATGCAGACGA

72 °C FEAH 5 min. BEREMEEEIIRICY 3G i Bef i, Sk iAE 1 e K IA3% 4 B Escherichia coli ¥ AL Y
Je A BRPE BT 75 IR T80 °C.,
1.3 4¥ERENH

FI i DNAMAN X 52 [ 15 2 () CIGR J& X #F 47 )7 31 b % . ] | Expasy 7E 2k % /4 (https://web
expasy.org/protparam/) } Plant-mPLoc 7££& %K (http://www.csbio.sjtu.edu.cn/bioinf/plant-multi/) ¥} CIGR £
P B A SRS 240 B 5 2 A T2 BT AT . R Clustal X FE47 [R1JR 24 FEBRFE 41 HE AT, ESPript 3.0 7E£R4K
1% (https://espript.ibep.fi/ESPript/ESPript/) HI T2 541 L X AT #LAL . FIH] MEGA 7 Y Neighbor-Joining %74
XF AR CIGR & T FNHET RG A A 2
14 ARRFHFEREDT

I3 ] [ R W AR A By (NCBI) KR AT 26 AN 21 215 S 480, I Rstudio #0445t AT
PeCIGR1-a, PeCIGR1-b, PeCIGR2-a. PeCIGR2-b K:PRI1EA [R)4H 23 () ek dh AT rl #AL 20 #r
1.5 FEA BB FEY £ KR FIAE ST

M NCBI 3R BCRIE A 1 360 B AR W A A 015 70 b 38U S 2 808 (GSE169067), 7% T 5 (PEG).
£h (NaCl), JBi7% 1% (abscisic acid, ABA). /K%M (salicylic acid, SA) 43, Frg Ab¥E¥y Ny 3 AN EY
2, WFERYEEE Y 0. 3. 24 h, FJJH Rstudio # 4 5¢ Bl AT PeCIGR1-a. PeCIGR1-b. PeCIGR2-a.
PeCIGR2-b FEFIAEAEA: Wy e AU Py A= K 8 15 R0 b 38 Fe k=i mT AR 43 #T

2 HERGAH

2.1 Ef144 CIGRERINERE

PCR ¥4 . BERZFALIK (8] 1), PCR 41t I
AL I Y F 98 £ . AT PH02Gene08687 .
PHO02Genedd779 . PH02Genel7912, PH02Genel3317
56 R (1Y) G B DX A K BE 4y O A 1 707, 1 716,
1635, 1638bp, 41l 568, 571, 544, 545 &
BiR, S5BMNEIRERFI AT —2 . M ET 5Lt ok
G, N IR TE A4S, HRIKK PeCIGR1-a ok
PeCIGR1-b. PeCIGR2-a. PeCIGR2-b,
2.2 PeCIGRs EASER LM R ARG M 4T B 1 PeCIGRs L H %1%

ZFH X KRB . BAT PeCIGRs 1 5 /)M Figure 1 Cloning of PeCIGRs gene
AT Bambusa ventricosa . —FEFEREHE Brachypodium
distachyon . KFG5E 6 A~PFP CIGR & [T 51 C v AU B, HA7 GRAS & 8L ALY 5 AN RSF IX
3. LRI X, VHIID X, LRIl X3, PFYRE 3 &% A i SAW X5, K ifi)& T GRAS & 155 5
(E 2)P91, it —L B BAT PeCIGRs SERWDIRE, ABFFRFIHEAT . #4 Vitis vinifera. /MBIEAT . JK
F . AEERNE . R CIGR AT AT, 25 RWE 3 s, B MR %, H
' PeCIGR1-a, PeCIGRI-b I PeCIGR2-a. PeCIGR2-b 43 I HAE 2 55 /r ¢ b [A] Hofl ¥y mh B 2 45 T 3¢
Bl: BAT PeCIGRs E H 5 /M IEAT . —FHUGHI R | JKAS CIGR EEH L R IT . 25 LIEN, BT
PeCIGRs £ 15 /M AT . —AAEAREL | KRS CIGR & 7R DhfE L mT g A AR .

Marker PeCIGR1-a PeCIGR2-b PeCIGR2-a PeCIGR1-b
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EAT Phyllostachys edulis PeCIGR1-a. PeCIGR1-b. PeCIGR2-a.
PeCIGR2-b; —FHAGWHE Brachypodium distachyon BACIGR 15
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Figure 2 Protein sequence alignment and analysis of CIGR protein from different species

2.3 PeCIGRs & BB 1% R & L4 B 7E oL 43 #7
7 2 24 PeCIGRs & [ (19 # A1k 5t 73 Ar 445
PeCIGR1-a, PeCIGRI1-b, PeCIGR2-a, PeCIGR2-
b 2 RS HL 5 R 5.63~6.03, ANEaETEEUHN 44.1~
4991, Hi/K1:H~—-0437~-0.310. 4 CIGR & 1
I RRYEE/KEH, H PeCIGRI-a, PeCIGRI-
b % 1 M #¢ PeCIGR2-a, PeCIGR2-b % R E
IV 240 a5 A7 O 2R B . AT 4 4> CIGR & H R E

LT A%, 57KFE CIGR & 1 i —8",

24 PeCIGRs EE Rz FIRIERATH S
PeCIGR1-a PeCIGR1-b PeCIGR2-a PeCIGR2-b

Ji B L3 2 000 bp 2 A FH G 14 700 2

CAAT-box Z4%.0 i

G 3~0) K 451
s, BEES5EmE AT, U 3-AF1 binding site, ACE. Box 4; 5%

FEA4T PeCIGR1-a
54 EA4T PeCIGR1-b
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Figure 3 Phylogenetic tree analysis of CIGR protein sequences of
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Table 2 Analysis of physicochemical properties and subcellular localization of PeCIGRs protein
EHREA AILRE 43 FHE/kD N AFUEFEEL g =g BiK{E WA E L
PeCIGR1-a 568 64 157.03 6.03 4428 83.82 —0.437 g loke
PeCIGR1-b 571 64 407.13 5.63 44.10 82.01 -0.443 A%
PeCIGR2-a 544 60 047.06 5.97 49.91 83.18 -0.310 gk
PeCIGR2-b 545 59 924.85 6.03 49.64 82.33 -0.316 A%
=3 PeCIGR1-a EERBIFIRXEATHES
Table 3 Cis-element analysis of PeCIGR1-a gene promoter
I wIwes izl H: g IE=wrwes izl B Yifig
ABRE ACGTG 2 JBREERm N T LAMP-clement CTTTATCA 1  JGWRIoi
AuxRR-core GGTCCAT 1 AEKEmRNOH LTR CCGAAA 1 AR R T
Box 4 ATTAAT 2 JtmaRT MBS CAACTG 1 THRmR e
CAAT-box CAAAT 31 Az PR T X | MRE AACCTAA 1 e
CGTCA-motif ~CGTCA 1 RFIERH Egm T P-box CCTTTTG 1 REREWRNTF
GARE-motif ~ TCTGTTG 1 SRERMWRN T TATA-box TATA 9 Azt
G-box CACGTC 2 JmaRTif TGACG-motif ~ TGACG 1 RARR PR R T
=4 PeCIGR1-b EE B FIR1ER TS
Table 4 Cis-element analysis of PeCIGR1-b gene promoter
S wrwEs 527 Hoit kg [ wrwEs 527 Hit g
ABRE ACGTG 2 BV mRmA N o MRE AACCTAA 1 e oo
Box 4 ATTAAT 2 G RICH Spl GGGCGG 1 R
CAAT-box CAAAT 41 BB AR XS | TATA-box TATA 12 HLEshFoott
CGTCA-motif ~CGTCA 2 RANR e R T TATC-box TATCCCA 1 &R
GATA-motif ~ GATAGGA 1 G TCA-clement TCAGAAGAGG 1 KHERWANIITI:
G-box CACGTC 4 Jmapiel TCCC-motif ~ TCTCCCT 1 tmap oo
LAMP-clement CTTTATCA 1 JGWRICHF TGACG-motif TGACG 2 AHIIR F BRI N T
£S5 PeCIGR2-a EERBHFIRKIEATHES
Table 5 Cis-element analysis of PeCIGR2-a gene promoter
M oTA gl i g iz Te FA A rag
AF1 binding sitt TAAGAGAGGAA 1 JGHIN TG G-Box CACGTT 7 OtWamyolf:
ABRE ACGTG 6 MIEmRM R Tl MBS CAACTG 2  THmapiscff
ACE GACACGTATG 1 oman o TATA-box TATA 5 B ks ootk
CAAT-box CAAAT 18 Bsl TG T XIS TT | TCT-motif TCTTAC 1 JtmapiTff
CAT-box GCCACT 2 RERAAHRTTIE TGACG-motif TGACG 3 RFUERH EEm N T
CGTCA-motif ~ CGTCA 3 SRFER H R T
6 PeCIGR2-b EE F s FInzX1E R T4t
Table 6 Cis-element analysis of PeCIGR2-b gene promoter
I TT izl B i =TT P B Yrig
AF1 binding sitt TAAGAGAGGAA 2 JGWARI Tl G-Box CACGTT 13 Jtmpisoif
ABRE ACGTG 12 REI&mRN R el GT1-motif GGTTAA 1 JtmpioH
ACE GACACGTATG 2 JtmRICiE LTR CCGAAA 1 fiRiEmaR; el
CAAT-box CAAAT 38 A E PR X EEOT || MBS CAACTG 4 THmaNITH
CAT-box GCCACT Gy BT T TATA-box TATA 19 LEdhroott
CGTCA-motif ~ CGTCA 4 SRAFNRR R R TT R TCT-motif TCTTAC 3 Jtmani ot
GARE-motif TCTGTTG 2 IREEE MR TGACG-motif TGACG 4 AR R R T
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KAEE EENIEM .
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Figure 4 Expression patterns of PeCIGRs in different tissues
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