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ELIE ArCRC ZH R T FE W40 E MR IE
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(R LA 2B s RO LT, AR J8H 363005)

FE: N T RELE(Anoectochilus roxburghii) YABBY K Z %] CRABS CLAW (CRC)NE % RITEAL A B R & H I ThEE,
T SUE LKA BARE RT-PCR FLfE 4rCRC 2, X Hgmt & A BT AEME B Rk e oo tr, KA
qPCR FIAN J R () ik M TGHEAT 0T« 45 R B, & 2R3% ArCRC R CDS K4 576 bp (GenBank &35 OR394646), %
% 191 MR MR, &4 YABBY superfamily Al HMG-box_SF superfamily {57 45 #9458, 7> 784 21.514 kD, PG5 25 9.16,
AR RE41.12, B TFAREEAH. REGHL TR, ArCRC 5/KFE(Oryza sativa)¥] OsDL A4\ T+ (Arabidopsis thaliana)
ff] AtCRC BN—2K, BT CRC WM, HENMIEMMIE. SDS-PAGE HiikFll Western blot 45 & B, ArCRC # AW K
W )5 3:3R15 . qRT-PCR TR, ArCRC BRTEMNFRIEAE R, FUOEn, BAEM PikiREeE B35 T
FAMG, Bk, HED ArCRC HEDR 3 ZAEMER B R B RIETIRE, FIRIEZS 5 A ik & .

R : H&RE: ArCRC AR, FHtR 1, SRk, WAEn: HEE RIS

doi: 10.11926/jtsb.4858 CSTR:32235.14 jtsb.4858

Cloning, Subcellular Localization and Expression Analysis of ArCRC Gene
in Anoectochilus roxburghii

LIN Jiangbo, ZOU Hui, HUANG Huiming, LI Heping, DAI Yimin"

(Fujian Academy of Agricultural Sciences, Subtropical Agriculture Research Institute, Zhangzhou 363005, Fujian, China)

Abstract: To understand the function of CRABS CLAW (CRC) subgene of the YABBY gene family of
Anoectochilus roxburghii in flower and leaf development, the ArCRC gene was cloned by RT-PCR based on the
full-length transcriptome data of A. roxburghii. The bioinformatics, prokaryotic expression and subcellular
localization of encoded ArCRC protein were analyzed, and the expression pattern of ArCRC gene was analyzed
by qPCR. The results showed that the CDS length of ArCRC gene was 576 bp (GenBank accession No.:
OR394646), coding 191 amino acids. ArCRC contains YABBY superfamily and HMG-box SF superfamily
conserved domain, with molecular weight 21.514 kD, theoretical isoelectric point 9.16, instability coefficient
41.12, belonging to the unstable protein. Phylogenetic analysis showed that ArCRC was clustered with OsDL of
rice (Oryza sativa) and AtCRC of Arabidopsis thaliana, belonging to the CRC subfamily and localized in the
nucleus. SDS-PAGE electrophoresis and Western blot results showed that 4¥rCRC gene could be successfully
induced in Escherichia coli. QqRT-PCR analysis showed that the expression of A¥CRC gene was the highest in
flowers, followed by leaves, and the expression in the midrib of leaves was significantly higher than that in the
margin of leaves. Therefore, it was speculated that A#rCRC gene mainly played a role in the development of flower

organs and was also involved in regulating the development of the midrib of leaves.
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G 283% (Anoectochilus roxburghii)& >~ F}HOrchi-
daceae) T J& 2 J@ MY, HEBEMNK A SLE
HUL I, 2R, BAA RN, R
DR OIS Th Ak, AR EIE R 2 SLkE
XAER R EORF ZI B K B A%, S REREE
A, AR, P ERKM NIRERME, BA
BRIRWIIG K 4e . BAR, IEEkE S R AR 155
11, GLRIETEHSIE RN T AR ES ) e F AR - H
RE KRS, (2, KEPTHEEE, thisg
TedaEm PR, B, HFRESLEA RS
FER LT SR ZS ER = I A=Y - EY/ESRES Tk
H, ARXESLELEERECALENIFRE.
TR HEAEPIRE 1 23 2% B LFER] WRKY $ 3R 1,
Hor ArWRKYS R ArWRKY20 FERITEM2E 1 162
WA IE e R IA B A W m TR 2=, i
AR A RBIE R EIRE. BREH 5 12R A
TRMBENE | SLERA K EERRRES. M55
T ZWEFIE T B 7 AT

YABBY ZRJR¥%G s Rl & — KRR A e kA
¥+, fEEWAEK . REMES AR REEEEH,
BEAH N i C2C2 BRI C 3m 2l HMG AR
HIRE-IA-12 g Y YABBY Z5 #4313, H # 2L4 W3
M FT(Arabidopsis thaliana)'™. IKFE(Oryza sativa).
faifE(Nelumbo nucifera)'®. N2 (Panax ginseng)!'")
/NHE F (Jatropha  curcas)!'® . B TE A% I B (Hevea
brasiliensis)'”. & FRH¥)(Populus trichocarpa)?)VZ5AE
Pirbar %t 64 8y 94 164 7+ 11, 12 /> YABBY
B[R W HHHEY) YABBY FEH K4 5y CRABS
CLAW (CRC). FILAMENTOUS FLOWER (FIL)/
YABBY3 (YAB3). INNER NO OUTER (INO). YABBY2
(YAB2)A YABBYS (YABS)™% 5 N, M1 MHiE
IR 4 NS, Bheb YABS WGP,

CRC WRIFEHF G LERE . BRI, 1657
ALl R E R R KOE A R, R
FEREAFAEYRIAEIE T EZE 7 o B 5 (Pisum
sativum) ] PsCRC FEPRRT 00 2 IRl & MR K
B, K K(Zea mays)H] drll Rl dri2 RAt /A0 4
YL AR 8% 5 R B BT 7 3 35 K (Cucumis
sativus)If] CsCRCY i ¥ 5% CsARP1, M4
SEARMY 3G, R RS KR HEr, RIS

L% CRC BEH AR R F FUIRIE

BT CRC W RILRERYIIERS B RSEANH
R BRI EENE, AWEFCAE TR AR
BHGE K AN F R L, TR rfE 71 5%
CRC 2] CDS ¥4, JH ARG R Zatr. T
A0 E A A S AN 88 B RIS b, AR EE— B 06
UIE2E D5 T E B2 i o

1 BRI %

1.1 %

PR I8 AR S A P R 4 2R E (Anoectochilus
roxburghii)FiAE T, FiRE T4 2 24 RO R Bt T F4
5 AR S FTIR 2 M S04 P s AR A A B
¥i(Nicotiana benthamiana).

1.2 ArCRC 2 [H {75 %

WP AE I G 2R S f ERE AR, 2 IR« 25, iy
16 W kAN AN LY, SR G -T70 CIRAT
FIFE 5 e SR AR TR BRA F1 1 SteadyPure 18
) RNA e BUAFI & (P85 : AG21019)F1 Evo M-MLV
FEFLRFIE(FE S . AG11706)$HLE RNA A4 K
HBE cDNA.

R 4 28 3 4 A 3 AH I SR AR R R TR 4
Wity 4K CDS 514 ArABBY-F 1 ArABBY-R
(F 1o UMR. 25 HPRITEIR A1 cDNA AR, i
1T PCR 938 o R BE2&AFA: 94 ‘CHALTH: 30 s; 98 °C
APE10s, 58 ‘CiB-K 30s, 72 ‘CHE{H 40's, 35 M
s 72 CLEAH 2 min. RIENCH B4, IEHEA
pMDI18T, #AL KM HF 1H DHSo B2 45400, BHM:
SO REAT I . M 25 L DNAMAN V6 LT, 32
H LG TR v B () S5 kE, A 444 18T-ArCRC .

1.3 ArCRC AW)f5 B ¥

F|H Protein BLAST (https://blast.ncbi.nlm.nih.
gov/Blast.cgi)Fll ProtParam (https://web.expasy.org/pro
tparam/) 7E £k 4% 2 FH T 25 11 0 OR 57 485 A4 4l R #EAE,
PE)51 . FH MEGA 6.0 R H2I1) i R Gedk A ¥ (Neighbor-
Joining Tree, Bootstrap 1000).

1.4 ArCRC JE4H Ja & 1L 534t

ArCRC YA€ A7 3 B Z2FE A0 5l s iR e R

HIRAF 5. % pSuper1300-35S-ArCRC-GFP
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Table 1 Primer
519 31 oI
Primer Sequence (5'~3") Function
ArABBY-F GGATCCATGGAGCTGGGCTCTCCATT CDS 7%

ArABBY-R CTCGAGCTTGTCATTCCATGCGATGCT

bby-F CCAAGCCAGACATTCCTCAC qPCR
bby-R ACTTGGACCGCTACTGTTGG

ArACT1 AGATGAGGCACAGTCCAAGA gqPCR
ArACT2 GCTGGAACATTGAAGGTCTC

HA R AR FTE GV3101, 587 pCAMBIA
1300-35S-Histone-mcherry Ji A (4H A% & o7 & 1) 1
RFFE GV3101 BL 11 ARRBLIR S, B KOIRES
RAFHIHE, BT A @56 1 h, 85 3 A
4N RIS, BEREE 48 h JFHOEIL R A B
Bi(Lecia sp8, =) FWLZ F, i J6(E T 3K
A
1.5 FEEREE5#MEEE K Western blot £l

H BamH 1H1 Xho TRV )T KL 18T-ArCRC
pGEX-AT-1, &R, &85 H KA DHSa
JRSZASYNM, PEEPH M b TR, IR A A R AR
5 kL pGEX-4T-ArCRC. ¥ pGEX-4T-ArCRC A4k,
KIGHAF#(E. coliy BL21(DE3), #SHKIASIRMITI
RO, AT RS AR (L
DB PR 7] ) = TGS B 7R 7 F 2 bRiE(10~
180 kD) (#85: 20351ES72). Western blot fil| %
BECI 5, — UM =P ml e Rt GST H5e
FEHTAAT HRP ARIE FI-EHTRR 1gG Piik.
1.6 ArCRC ZFRIX 537

H Primer Premier 5.0 41511 ArCRC F:[H 5]
¥ bby-F #ll bby-R, /K 110 bp, LA Actin fEH
WZF P, 5% ArACT1 1 ArACT2. PA&4k
HERIRR 2R AR BRI SRR 2R 1 BE cDNA
YRR, 56 52 B PCR A7 & A e SR A= 4
TFEARAFM SYBR Green Pro Tag HS FijRA!
qPCR A& (F2 5 : AG11701), HAKERAES AT
PRV AT, A3 A Roche LightCycler 96, LA

1 20 40 60 80
Query seq,
Specific hits

LT L TR T AL L S T T L A T T T o L A
MEL GSPFEEL CYVROAYCS TV LAY GYPRKRMTOTYT VKD GHCNSLSFLNPRP SAOPL FSDHHOTLLORFCNFLUPGIHSL GS S SHTAEDH I PMAYPFYIMKPPEKKHRLK SAYNCFHREE

ZMREBAFNSHE T, R 22T TR
X RIEE.

2 SR

2.1 ArCRC B[R 51 [ 5 4D & 5 B4 R 2 AT

PALGZRTEM . 25 M AIFETR G 1) cDNA AR,
FIFH 514 ArABBY-F #il ArABBY-R #4T PCR ¥ 1,
AT 1 5549 580 bp HIRF LM (K 1), HZKW
P45 R WA e 51 ArCRC BRI PSR AE, K
J°4 576 bp (GenBank &35 OR394646), 4ifid 191
MR . ProtParam Tl ArCRC AN FEN
21.514 kD, HFLEH SN 9.16, AEE 2% 41.12,
& T AREEA.

bp
2000 —|

1000 —
750 ——

500 —

250 —

100 —

Pl 1 PCR HL3k45 % . M: DNA marker 2000; 1, 2: ArCRC £ 42 CDS.
Fig. 1 PCR products by electrophoresis. M: DNA marker 2000; 1 and 2:

CDS of ArCRC.

2.2 ArCRC FE A ZHWN & REGE#HL W

Protein BLAST 7EZ Z LLXT, ArCRC & ETE
5~144 FHEFR B A YABBY superfamily {757 25 #4355,
E-value 4 1.06x107%, 7E 107~150 & & & H HMG-
box_SF superfamily fr5F &5 #3k, E-value N 4.74x
1074 (H 2).

44 5%E ArCRC A5 8 MIKFEF 6 MU
Ir YABBY & H TR E 4T, 45 KR 3),

100 120‘ o 140 ‘I?O‘ 180 191

[
A GTAFKNURKCOPRE IFY

(L
WERF OV SKOKHRHE

Non-specific YRBEY
hits
Superfanilies

| YABBY superfamily

‘ HMG-box_SF superfamily

& 2 ArCRC & [ {57 £5 438,

Fig. 2 Conserved domains of ArCRC protein
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ArCRC 57/K#&M) OsDL FIHFE 71t AtCRC 5&H—
XK, EGxRRRIE, BT CRC W, FitgiE
fw 4N ArCRC.

68 AtYAB3
OsYABBY3
OsYABBY4
OsYABBYS
AtFIL

AtYABS
AtYAB2

OsYABBY1
OsYABBY2
OsYABBY6
AtINO
82 OsYABBY7
| AtCRC

9 OsDL

0.1
[ 3 ArCRC 5/KFEFUFEIT YABBY & A H K3 HT

Fig. 3 Cluster analysis of ArCRC and YABBY proteins in rice and Arabidopsis

2.3 ArCRC & A W45 1 40
¥ ArCRC 2 (A 5 H Y40 il #% 5 7. Marker 7E 4
TR I E AL, BRI B

L5 GFP K25l RFP

35S::AtrCRC-GFP

35S::GFP

[ 4 ArCRC HEATEMHEEH R R R B A h 4B i L. AR R=25 um

%2, ArCRC 5120 M%7 Marker & i —E(E
4), P8 ArCRC EA47 T 40t .
2.4 ArCRC KR FIE S Western Blot

B AL T pGEX-4T-ArCRC B K AT BL21
(DE3), 37 ‘Ci%5 5314 3 h J5#H1T SDS PAGE 43 #1#&
H#&IA. GST &[4 TN 26 kD, ArCRC #[14)
FE N 21514 kD, pGEX-4T-ArCRC @t &HEE 7T
N 47514 kD. ME 5 a0, S5iESaiMHEE, 5
SIEH E. coil WWHIL 1 4641 47.514 kD 12 574
W o BEARIBYIH GST bR 578 B ikt 17
Western blot #&5ll, 15 5 RIAFIE 5 GST H g EHT
TRTE 47.514 kD A0 BR324, RiFSFINTES
W, GERIH ArCRC FERME L5 SR IA.
2.5 ArCRC ZEFIRIE T

FIFH qRT-PCR A& ArCRC FEH [ FRIEE A, 45
REHE 6), ArCRC HEREELERR, 2=, HAI
TR I B RIA , FEFRIA R s, HUognt,
A3oe 2R R B 301.29 F1 57.88 5, B EEE
S AEMFRIE RS A 5.21 %, iA BEE R, 2
MR FIE IR, ZRAEE . ArCRC FFI{ER
Rk A B R T A Ab ek

8417 Bright

Fig. 4 Subcellular localization of ArCRC protein in lower epidermal cells of tobacco leaves. Bars=25 um

3 MRS

YABBY J: K R 2 = S FH R A 1 — R %
-, FESH5HEEYILE MRS, CRC
Je HA i — R FUF A1 AtCRC HER 2 0 AT
ERRE B M EEIEFE, CRC IR AR FELL
KRRl 2 PR 1330, 5K FE DL (DROOPING LEAF)

R SHE I CRC 72 [R5 5 B HL Y], = BRI /KA
e K R T BANAE R K B AHOR, 7K A% DL K 1)
REBRRRAR, O R ACVMESS, W R A ik
KRB R TN G LE T L E T ArCRC 5 K 4
XA, mid iz 08 7515 YABBY super-
family A1 HMG-box_SF superfamily fR5F 454158, &
TAREER, RIRMHELBEN FRIAMHE ArCRC &7
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180 2

100 —
75—
60 —

45—

47.514 kD

35—

25—

15—

10 —
SDS-PAGE

-we <4 47514kD

25 —

15—
10 —
Western blot

& 5 SDS-PAGE i3k fll Western blot K ll. M: Marker (10~180 kD); 1: 5 F0i; 2: 535 -

Fig. 5 SDS-PAGE electrophoresis and western blot detection. M: Marker (10-180 kD); 1: Pre-induction; 2: After induction.

—_ —_ [ N %) W

W (=] W (=] W (=] W

(e} (=} (e} (=} (e} (=} (e}
T T T T T T 1

AHIXF A%t Relative expression

(=}

E-N Uit i
Stem Root

Ah
Leaf Outer margin Midrib

#%H Organ
&l 6 ArCRC HERI7E 4 e ER B R AR 0k & #E EANFK, /NG 78)
93 BN 2 T 2 (P<0.01) N 2 57 .35 (P<0.05)

bk g

Flower

Fig. 6 Relative expression of ArCRC in organs of Anoectochilus roxburghii.
Different capital and small letters upon column indicated significant

difference at 0.01 and 0.05 levels, respectively.

TYHAZ . K B AR IL TR pGEX-4T-ArCRC
SN KB # BL21(DE3), £ IPTG 3 RiE)G,
Western blot #t— DIGAE, 1G5 MK/ N—2 )
GST-ArCRC Fl&3RIAEH, UEH 4rCRC HE AT LA
TE K FF B IERIE « 753G 2 BT 3R B ArCRC
LK FE ) OsDL FHU R IF I AtCRC A—2K, BT
CRC Y5 )% - ] ArCRC 57K FE ) OsDL ALl IF
1] AtCRC EAH AL T EE «

CRC JERTEAEY 13k BAG HLVRE etk o 3
i SICRCa FE [RIAEAE I ANME RS v FE 3K, Wi N 7R
R ACBE, I 5 4 43 ORI 5K R £ R 4%
RSLFE RS B K/NB3, N F JeCRC HE RN AELE
TR PRI R R IAEDS, B R HPCRC1 JERIAE
M E Rk, BHAEM AR B R L
#, HbCRC2 HERTEMALH m#ik, 1EM FHAE

KUY, IKAE DL F KR Ji R 1 v O DX IR SR
FRIE, (R KR AL O R E P A
1PN G2 ArCRC HERE R LOEE KK F R
IR ERI DI RE, AWEFUR 92t € & PCR 04 1
ArCRC FeRIAEAN R 45 B 1 1R IK KT, ArCRC : A
fEAE T RIE E R, HUGEM fr, B ikakisE
BEE TG, WHFREERMT I 521 £, H
BLTE ArCRC RRE B BGELS B KB T RIED)
e, R IEZ 5REm ok TR B

i b, NEZRETIER YABBY KR K F
CRC WK ArCRC 2£ K, %if 191 NEIER . &
435 ArCRC 2 YABBY superfamily #1 HMG-
box_SF superfamily {74513, J&T YABBY Kk
] CRC WK . ArCRC 524 A% € R i) e s A 5
TERLGELLAM ik ik, 3R] ArCRC W RS
SEAC R E I KR B K 5 g
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