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o FRO o
3 HbFRO
N 2
1
1.1 7 =33 - 97 ( Hevea brasiliensis Reyan 733-97)
( Colletotrichum gloeosporiodes) ( Oidium heveae Steinm) o
1.2
1.2.1 RNA RNA CTAB4LiCI
1~2¢ 15 mL CTAB Extraction Buffer
2% (W/V) CTAB 4% ( W/V) PVP 100 mmol « L™" Tris-HCI( pH 8.0) 2.0 mol * ™' NaCl 25mmol * L™ ED-
TA( pH 8.0) 2.8% BME( ) 30 s 65 C 3 ~5 min,
/ (24 1) 10 000 r * min "' 20 min
/ | I 1/3 8mol * L™' LiCl 4 C
> 4 °C(12000 r * min~") 20 min 500 pl.  75%
LiClo 500 pL.  SSTE Buffer 1.0 mol * L™' NaCl 0.5% SDS 10 mmol * L =" Tris-HCI( pH 8. 0)
1.0 mmol * L™" EDTA( pH 8. 0) 1.5ml /
1 2 100% -70 C 30 min -20 C 2h, 4C (12000 r -
min ~') 20 min RNA 70% 400 L 100% 400 pL
50 ~100 L DEPC o 1.2%
o RNA 19 o RNA 20 .
1.2.2 1  ¢DNA RNA thermo
1 c¢DNA.

EST HbFRO HbFRO-F(5"-ATGGATCAATACTCAGTTCAGG3") HbFRO-R
(5" -CTACAGATCAAAGCTATGACTG-3") PCR 110 % Taq buffer 2. 5 L. MgCl, ( 25
mmol * L™') 1.2 pL 1 wL dNTP mix(2.5 mmol * L") 0.5 pL 1 L
Tag (2.5U < ul™')0.5 pL ddH,0 16.3 pL. PCR 194 °C 5 min; 94 °C 30 s 55 °C 30
s 72 C 1 min 35 272 °C 5 min. o

T o
1.2.3 cDNA DNASTAR o
HbFRO GenBank FRO BLAST

DNAMAN o NCBI CDD ;
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HMMTOP ; SignalP-V4. 1 ;
NetPhos2. 0 Server o
1.2.4 PD 1d
5x10°  +mL7'.
26 C -80 C
1.2.5 10 d
26 C
-80 C o
1.2.6 RT-PCR DNA RNA 1.2.2 o
HbActin RT-PCR HbFRO
o Actin Actin¥( 5-CAGTGGTCGTACAACTGGTAT3")  ActinR(5-ATCCTC-
CAATCCAGACACTGT3") 25 pL 2.5 uL 10 x PCR Buffer(  Mg’*) 1 wL 10 mmol « L~
dNTP (10 wmol * L") 1 wL ¢DNA 10 1 pL 0.5 wL Tag DNA Polymerase
ddH,0 25 uwL. HbFRO PCR 194 C 4 min;94 °C30S 55°C308 72 °C 1 min 33
72 °C 10 min. Actin PCR 194 °C 4 min;94 C 30 S 51 €30S 72 C | min 25 ;
72 °C 10 min.
2
2.1 HbFRO HbFRO
HbFRO¥  HbFRO-R
RT-PCR 2 000 bp
I,
2 217 bp 1
739 o HbFRO ORF
2. ExPasy

ProtParam ( http: //web. expasy. org/prot—
Bl 1 BRI HbFROZE R cDNAY 1 45 5

param/)
M: Maker DL2000; 1: HbFROZBICDNAH B
18.5 x10° 4.95 o Fi e
1g. 1 Amplification of full length HbFRO cDNA by RT-PCR
2.2 HbFRO M: Marker 2000; 1: HbFRO cDNA fragment
HbFRO NCBI  CCD
3 3
I . TMHMM Server v. 2.0
10 o HbFRO Genebank BLASTP Hb-
FRO ( Manihot esculenta) . ( Ricinus communis) ( Populus tomentosa) ( Arabidopsts
thaliana)  FRO 85% 80% 73% 63% HbFRO

FRO FRO o
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ATGGATCAATACTCAGTTCAGGAACCTCTICTITCAAGTCAAGG TGTCAAGAAGAAGCCT
M D 0@ s v Q E P LL S S Q G V EK E K P
CTCTTTGTATCATCAGCGAAATGGGTTCTC AAGATTCTAATTTGGG TGATTITTCATTGCA
L F Vv 8 $ A K W VvV L KE I L I W Vv I F I A
TGGGTIGTITTTATCTTIG TGTATCCAACACAATTGGGCAATGAAATATTTGAGAAATGT
w v v F I F v Y P T © L 6 N E I F E K C
ATTGGAGCCACCAAGGGAACTCCTTTTGG TCTTTCAGGAAGCATATTC TTATTATTGAGT

I 6 A T K G P F G L 8 G 8 I F L L L §
GGACCGATTCTICTTATTGC 'r'rc TTGCTATTGCACATCTTATCATCTCTGGGGAAGAG
@ P I L L I A L A I A HL I I{ & E E

GAIAICCAGCAGAAGAAGAAITCAAAGTAICCACGTGTCCGCTTGTGGACAITTCCTGTT

DIQQKKN@@RVRLWIFPV
CTCGTGGCGTEGACCATTTGGGGTIGTTTCT GCTGCTGAG TTCATTGGGATTCTTCTCTTT

L VvV 6 G P F G V V A A E F I G I L L F
GT'IG'I'GTACA'I‘CA'I‘C'IGGGCTGTTTATGCC'IATA TAAGGAATCTCAGCCTTATCTCC
vV VY I I W A V Y A Y I R N L3 L I s

AATTGGCATTTTACTTCTAAAGAGGAAGGCATCTGGCTATTAGAATTGACAGGGC TTICGA
Nw HFOEE ¥ E E ¢ I w L L E L T G L R
CTTEGTATGATTGGATIATITTGCTTGGCATTTCTATTCCTTCCGGTEGCAAGAGGATCA
L ¢ M I G L F ¢ L A F L F L P VWV A R G _S
GTTCTTCTCCGCCTTATIGATATCCC TITIGAGCATGCTACAAGATACCATGTGIGGTITG
v _ I I R I I D I P F E H A T B Y H YV W L
GOACACTIGACAATGCTGCICTIITACCCICCATGGGCTATTITATGTAATIG GATCGGGGA
¢ H L T M I I F T I H @G L F ¥ Vv I & W &
ATGCAGGGIAAICTIGCAATATGAAATAATGUGAATGCAGAGATG ITGGCATTGCCAATTTT
M o ¢ N . o GE 1 M E W B D V G I A N F
GCAGGTIGITIGICAGCC IITTAGCCGGACTICTGATGIGGGIGACATCAC TTCCTGGTG TG
A @G YV VvV 8 I I A 6 I I M W V T § I P G V
AGACAGIGGAGITITGAATTGTITITI TTACACC CATCAACTATATG TGGTIC TTIGTCC IC
R w F E L F F Y T H L ¥ Vv V _F V L
TICTIGGCGITCCATG I IGGTGATIT IATITICAGCATGICTGC IGGIGGAATATIIC TT
F I A F H Vv ¢ D F I F 8 M 8 A &6 & I F L
TICATGCT TGATCGO TTTTTGAGATTTTGCCAATCACGAAGGACTGTAGATG TAGT TTCA
FM L D R F L R F ¢ Q 8 R R(DV D V V
GCCAAGTGCCATCCATGTGOGAAC TOTGGAATTGOTCTI TICAAAAC CAGGAAACTTGCGA
A K € H P C @ T VvV E I Vv F § K P G N _ T B
TATAATGCCC TTAGTITC GTTT'I'IC'I'ICAAATCCGGGAATTATCA’I‘GGC TGCAATGGCAT
¥ N A L S F F L I R E L S8 W L w_ H
CCTTICAGLGIC TCATL TAGCC CTT TG GATCG TAAAAATCATCTATCCATTIC TCATAAAG
P F (v 3 8 (P L D G E W H L 8 I L I K
GICCTCGGGAGATGOALAGA GAAGC TTAGAGAAAACATCATGAAAA CATCIGAGGIAGAA
Vv L G R W E K L R E N I M E T{)E VvV E
ACAGCAAAATIGCTOGACCAACCTITICCAACCGCATHCCAAGATAACAGCTICTGITGA G
A K L L D P F P H A K I T A v _E
GEGCCATATOGGCATCAAG TACCATATCACTIGATG TATGAGAACCTCATIC TAGTAGET
G P Y @G H E _V P H L M Y E N T T T YV A
GO TOGGAATAGGAATITCACC ITTCTTGGCAATCTTGAGCGATATTTICCACC GTATTAAT
G G I & I 8 P F I A I L 8 D I F H R I N
SEAGUCAGACCCIGC I TACCCAARAATGIT ITAC I TAI TGO CCTCICARARAATC AAAT

E ¢ B P ¢ I P K WM ¥V L Vv I W A Vv EKE E 5 N
GAGCIICCICIICIGICAACCAICAACAIGGAGICAATITIGICCATATAICICIGACAARA
L1 P T T __ 8 T T N M F _ & 1 C P ¥ 1 S T K
CTAAATCTGGAGATITGCATITATGT TACTCGTGAAACAGATCCCCAATIGGAAGAGGGG

L N L E I © I ¥ v T R _E I » P L _E E G

I v H K A T T 8 858 I ¢ T A T K G ¥ G M B

h v I h Y G T £ I I__ A7 S €] I ' I I [ 8 T '

2

F T A
GGAGGTIGIGIGGTIIGGITIG IGGCAICIGIGOGAAAGGAAAACTTIGGCCAGGGAGGAA
G G C W H I W E L __A E E
CACTIGGACAACGGCAIGAAGGCIGAGAAGGIGCCAGATAATCAAGATATGACARATGAT
H I D N GG M K A E E ¥ P D N E D M T N D
AATTTCTTTGAGAAAAAACATTCAAGCTTTACTGTGATACAGTATGGTICAAGACCAGAC
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S W W ¥ K G I M VA 3 I v I F
VG L B B

4 ffle -
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._]

I ¢ ¢ P P T L C 8 ¥ A B E I R 8 Q© N L
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R B E{(3 D D P V F HF H 8 H S8 F D L

B 2 B HPFRO ) cDNA £ KIZH B 745 K H ORF #HNH R LB T4
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7~ NAD _binding e & O BRI &
Fig. 2 The full-length cDNA sequence of HbFRO and its deduced amino acid sequence

—shows ferric_reduct domain; __shows FAD_binding domains; __shows NAD_binding domain;

QO shows the phosphorylation sites
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Fig. 3 Alignment of amino acid sequences of HbFRO and other plant FROs

( Black shades indicate the same amino acid residue; gray shades indicate the same amino acid with HbFRO ;

—" indicates the gap generated by the best alignment)
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Cloning and Expression Analysis of Ferric-chelate
Reductase Gene ( HbFRO) in Hevea brasiliensis

FANG Jiajun LI Xiugiong LUO Hongli

( Hainan Key Laboratory for Sustainable Utilization of Tropical Bioresources Hainan University Haikou 570228 China)

Abstract: A ferric-chelate reductase gene of rubber tree ( Hevea brasiliensis) was cloned by RT-PCR and named
as HhFRO based on the data of RNA-Seq of rubber tree. The sequencing result revealed that the ORF of HbFRO
is 221 7 bp encoding a 739 amino acids peptides. Bioinformatics analysis showed that the HbFRO protein con—
tains conserved Ferric_reduct FAD_binding and NAD_binding domains which are similar to those of the FRO
from other plants and had ten transmembrane domains. The amino acid sequence of HbFRO is 85% 80%
73% and 63% similar to that of the FRO from Manthot esculenta Ricinus communis Populus tomentosa and Ar—
abidopsis thaliana respectively. Semi-quantitative RT-PCR analysis showed that the expression level of the Hb—
FRO was significantly higher in leaf flower and latex than in bark and buds but was significantly decreased in
leaves inoculated with Colletotrichum gloeosporoiodes and Odium heveae Steinm. These implied that the HbFRO
was differently expressed in different tissues and probably involved in disease defense.

Key words: Hevea brasiliensis; ferricchelate reductase gene ( HhFRO) ; expression analysis
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