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Abstract: 1-hydroxy-2-methyl-2-(E)-butenyl-4-diphosphate reductase(HDR) catalyzes the last step of the 2C-meth-
yl-D-erythritol-4-phosphate (MEP) pathway, 1-hydroxy-2-methyl-2-( E)-butenyl-4-diphosphate reductase plays an
important role in regulation of terpenes biosynthesis. To explore the function of 1-hydroxy-2-methyl-2-(E)-butenyl-4-

diphosphate reductase in Pinus kesiya var. langbianensis ,and to study the role of 1-hydroxy-2-methyl-2-(E)-butenyl-
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4-diphosphate reductase in regulation of resin biosynthesis, the transcriptome of bark of Pinus kesiya var. langbianen-
sis was sequenced by Next-Generation Sequencing. First,a fragment of 1-hydroxy-2-methyl-2-(E)-butenyl-4-diphos-
phate reductase gene was obtained from Pinus kesiya var. langbianensis transcriptome after gene assemble and gene
function annotation. The special primers were designed according to the fragment of 1-hydroxy-2-methyl-2-(E)-bute-
nyl-4-diphosphate reductase. RNA of injured bark was extracted by Trizol method. The full length gene of PekHDR
was cloned from Pinus kesiya var. langbianensis by Reverse Transcription-Polymerase Chain Reaction (RT-PCR)
and rapid-amplification of ¢cDNA ends (RACE). Bioinformation analysis showed that the obtained full ¢cDNA se-
quence of PkHDR had 1 876 bp. It was consisted of 1 464 bp open reading frame (ORF) which encoded 487 amino
acid. Homology analysis indicated that the deduced PkHDR protein shared 99% identities with the 1-hydroxy-2-
methyl-2-(E)-butenyl-4-diphosphate reductase came from Pinus densiflora. Subcellular localization and structural
domain analysis showed that the transit peptide sequence (A1-A61) and multiple conserved functional sites (A143,
A234,A288,A371) of plant HDR protein were found in the deduced coding sequence of PKHDR. Phylogenetic anal-
ysis revealed that the evolutionary relationship of PkHDR protein was the closest to Pinus densiflora HDR protein.
Reverse transcription polymerase chain reaction (RT-PCR) detection showed that PtHDR gene expression was up-
regulated by wounding treatment. The full cDNA of PtHDR from Pinus kesiya var. langbianensis was cloned and
the reverse transcription polymerase chain reaction (RT-PCR) showed that PRHDR was involved in regulation of
resin biosynthesis in Pinus kesiya var. langbianensis. These results would provide important information to reveal the
resin biosynthesis in Pinus kesiya var. langbianensis. And this study also can be applied in the research of the high
yield of resin variety molecular breeding.

Key words: Pinus kesiya var. langbianensis; 1-hydroxy-2-methyl-2-(E)-butenyl 4-diphosphate reductase gene; cD-
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I 2 R A A T JORE G e Rl 4
PEASE 0 DL AR 45 K P ik iz i T AR B
i AN EE 25 28 408 (Bohlmann ez al.,2008; Rodrigues
et al.,2013), B ¥ (Pinus kesiya var. langbi-
anensis) &~ M A e EE IR A 2 — K 280
TE 23 B 48 8 TH L X, BT AR R AR I 7 e A I
(ERIAHEAE . 2012) o A8 A2 7= 52 B e BRI P A A 1
PARE = i 25 53 1 3, PR AR 77 i — i 3 kg, e 1)
ik 140 kg (FRIAHE%F,2012) . X BEWRE B3P 47
AR B AT RS Tt s | . e A 20 4 80
SRR T R EUE AA as AL h R AT S L ZE AP I R
RO FE LA IS | TE M R BT B g L R ) T
AR I P RO DG B 3t A% 7 S A5 T THI T R T
WFFE (5K SCHE 45, 2010) . LI AR 45 (2007) 22 1R H]
PACS> FhRiC B P AN S P IR B A . H H FTX R
20 A TR A 3 A v OC B Tl 4 BIF 5 0 R DL AT I T

AT il SR AL S W A 95 S8 P AL P i T O3 AT
i DS IR L AR W RR (TPP) A — T 045 7R 35 4 W 1R
(DMAPP) 2 01 46 JiK 40 » 15 57 1% — I §% % W (FPP,
GPP,GGPP)E IR Ak Uil 28 1k & W 7Y 2% F i 44
TE W% I & B VR T A2 5wl L ol A R i SR
(Tholl,2006), IPP il DMAPP ] L3 i 5 418 it

FRAR AL A BISE T 40 B 5 o ) F R R (MVAD
AR A TR ARG 3D BE B4 R O& 12
(MEP), 1, MEP i 48 i 55 2 77 ) 3 5 2 Bk
TR R AL A s i MV A IR AR B 4 )
WG ETE . = 5221k & (Laule et al., 2003;
Vranovd et al.,2013), Z=E T4 (2008) Xf L F #
17 T A B R MR Ak 2 4 CREAE 43 AT & BJEL S s T
F7 R B T 32 Ry S BRI RS £k A R
M FRAR 2%, WL, MEP &4 %t 2E s g
RFEAEEZ L,

18 JE-2- W JE-2-E- T M BR-4-45 B 1R iF i i
(HDR) J& H 3-D- 7 8% BE-4- B R (MEP) & 42 H 1 B
Ji — >, 388 5 AE K AT T v R 3R K A T R )
i HDR JEPGER T HDR 5 2248 904 iy R
HE (Wolff et al.,2003), AHXFF MEP &2+ 1y
T3 A1~ BR il B AR TR BE-5-15 R & B (DXS) ,
HDR 7£ 38 if MEP i 2 LRk s 22 v &
A AR B 3 #7E H (Botella ez al.,2004), Kim e
al (2009 WFFE AR AN AN RE A I, &% B HDR ik X 7
i SROKV- 1 22 52 52 W B AR A PA MR I 7™ 8. AR SO g
Xof JE 28 B Si LB 43 W AR AR FEUCE RS ) HDR A
F£51) . M RT-PCR Fl RACE J5 #3715 4 K iy 8 2F
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FA HDR FEPH 338 1 A= P45 8 27 T 1 % 3k A 971
JHES B R FLTR 7 5 AT 438, A IR R SR R A R
WA RALE RN 7 B RS %
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1.1 #F#

BB RE T mmE A S HE T s Bk
EREVE S PN P S R AV §
BLJZ A BN W EHUA R A L I R AR
RNA $2H0, pESY-T3 e p# ik ) & S 3z 25 4 g
WA db 5t 4 04 A Al LA-Taq B, LA )2 Reverse
Transcriptase M-MLV i 5 Ki%E R4~ H .
1.2 2 RNA #yihig

PPN A B L P B L 4 B RNA $2 B2 B
CTAB-LiCl YTIE % (Azevedo et al. ,2003; F JEZE,
201>, Bk 7 FEIEEXS RNA i) DNA 4
b A S SR AR B A 7 0 2B DNA, J5 ik
T BB RNA ] DEPC 7K b 2 200 pL J&, 0
A 100 pLL B TCK OB IR A A A RNA Spin Col-
umnCFEAEY RNA $2 B0K 5 8 L 42 B0 & 0 B8
PEAT DNA JHAL 5 & 30 pL YR E 4T DR
1.3 BE¥# HDR EEH 3'RACE

FH T 5 si 2 B0 43 i R4 B E P RS HDR (9 R
B, Beb 3T R A, L, B DL R AR R
21 RNA A AR AR, #% B8 3'-Full RACE Core Set
with PrimeScript RTase(TaKaRa) & #] & i &
B 3G SE K FEUE RS cDNA 5 — B, MR A
HDR 3R K B 53T 3'RACE 514 (% 1) % i
FHs HDR 3R R By 3" 3 R Be b A7 vi e
1.4 cDNA &K 1%

WHE cDNA PF4 )7 51, % 1t HDR 3N HE 7 5]
¥ PKHDRFO Al PkHDRRO(FE 1), LB SRz (Y
cDNA N, PkHDRFO #1 PkHDRRO A5 4. 5"
BB ZEAS HDR K cDNA JF L B 32 4E 4 K ¥ 41,
F R AR 94 °C 5 mins 94 °C 30 5,58 °C 45 5,72
°C 2 min, 30 MEH; 72 CHEM 10 min, P K
PCR 79 Jige P10 5 3% #2 31 pEASY-T3 g fk ., Jf
I 56 F BT S B AR B Y 42 1 cDNA,
1.5 B34 HDR EE ¢DNA FI R HEBEBEAS
BEBRMNFETI D

A NCBIC http://www.ncbi.nlm.nih. gov/)
Blast THfil DNAMAN # {8 5 # HDR 5 4L

i P v A AR 4 HDR B K 17 4% 8 22 55 18 1 ()
U575 Xt 22 77 51 9 F Xt R Cluster W 8 7 58 1% .
I MEGA 4.0.2 B 9 48 3 A7 14 51 (Neighbor-
joining) 1000 ¥X H #: 2% (boot straping) £ il 1 i# 1k
W 1%, TargetP (www.cbs. dtu. dk/services/ Tar-
getP/)Fl ChloroP (http://www.cbs.dtu. dk/serv-
ices/ChloroP/)#% Fi >k i illl PkHDR & 1 1) 7 4 g
SE A LA e - S (A5 3 JIk i DD R R
1.6 B3 # HDR EREREHH

PABRAHH) PRHDR JE R FF 51 SR 850 B0 45
514 FHDRt Al RHDRt (3£ 1), K B f i 2 BF 5
J& o B CTAB 12 43 51l $2 BUE S AR R B 1 CBR 254 B
Je SEEVIBCRE) B B2 2 (BR MBS 12 h JRORE B Bz 3
(BRZHLE T 24 b BORE) L B4 2 4 (BR B ML S 36 h
WORE) o JF FH BRI BE BE B B Uk A DI RNA it /5, %
RNA 77 16-80 “C AR KA. cDNA & S M
Reverse Transcriptase M-MLV &3] & Ut B 45 #:4/E
(FEAEYTRERARA AL KE) A cDNA fRA7#£-20
CYK#i. LL%F 5 51 % FHDRt Al RHDRt & il
PkHDR & K #3515 &0, [F] B LA actin A2,

&1 XHFASIYE

Table 1 Primers used in this study
E2 i FH(5 ~3" Jips
Name Sequence(5'-3") Purpose
3RACHDRF1 CAATGATGCGTAGATTTGGTGTT  3'RACE
3RACHDRF2 CCACTCAGGAAAGACAAGATGCA
PkHDRF0O  ATGGCTCAAGCGTGCGCGGT 4K ¢DNA
FF R 2 AE
|3
PkHDRRO CTATGCTGCTTGCAGAGCCT ¢DNA ORF
Clone
FHDFt ACGTGCAGTGCAAATTGCAT RT-PCR
sl
RHDRt  ATCAAGCTTCTCCTTTACTA RT-PCR
detection
Factin ATTGCTGACCGTATGAGCA RT-PCR
e
Ractin TGAATACTAGCTAGCCTCA RT-PCR

control

2 HERH54M

2.1 3’'RACE

K CTAB #2MU45 4 LiCl PLIE 2 (Azevedo et
al. 2003; FESE,2011) , 2 HUE SF A B B2 LA K P T
1) RNA, I B I A 5 =Bk LA T 9 DNA,
AR HAaiEE @iy RNAE D,
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M1 1 M2 2
2000bp | S— S—
—
750bp — 2000bp
S500bp |Se— S
1 —
250bp W 000bp
100bp

& 1 HDR %ﬁﬁ% M1. Trans2K DNA Marker; M2.
TaKaRa 1K Marker; 1. 3'RACE; 2. HDR 4 ORF 7.
Fig. 1 PCR product of HDR gene clone Mi1. Trans2K
DNA Marker; M2. TaKaRa 1K Marker; 1. 3'RACE; 2. ORF of
HDR gene.

2.2 B HDR £K cDNA WRESFEI S

T A 6T P AR B 7 S 2 B Ay B AR AR 1185
bp K/NE) HDR 3P R B iR 4 i B Bod i 45 52 51
Y. RACE # AR 7 H i 3L Y 3" cDNA K ity
FEHEATIN Y B00E , 25 R R WIH /N A 685 bp (B D,

XFARAT LR 5 By o AT PR I L AR e K
cDNA J¥ 5} 1 874 bp, FI A4 #148#5% cDNA
TE R ) A L FEAR I 1% 7 5 & A R R BT
Fr5 519 PkHDRFO & 2 1% T WA 5 519
PkHDRRO, 3 LLECE AR B2 cDNA B4 , PCR 4
HEARA5 1 464 bp 9 cDNA SE 8 iy IF 7 be) B2 4E L Iy
%} PkHDR, ¥tk 1 464 bp FBt5 HDR ¢DNA
PRI T B HEAT LU XT3 AT, 43 A 45 R s WG ) 91— 2
X R EN HDR %K cDNA PHEFHIIER ., H
5% A 45 bp ARG IX 3" %A 365 bp (W3R 4TS
X, X 3R W B R AR A5 56 8 1Y B P A HDR &K 1Y
¢DNA J#%1 (GenBank Accession No. KM382172) .,
2.3 PKHDR SUE & F 5 547

4R S Fy PRHDR 3£ cDNA 4K J¥ 51 i
DL G 487 A S HE R 5 Bk . i L E T I 1 5
IRHS (Pinus densiflora) VA B K YE#S (P, taeda )
HDR & A B A IE A 99% . XM HDR 3 [H7E
AR LR SF . DLECEFY HDR 2 2R )7 51 5 %
S At O A A ) 4 A ) 156 A D- A i -5 R 5 1l
G TY 5N AT T B LT 43 B, DN PRHDR &
HEAEY HDR & At B b b &y 4 28
MR (A143, A234, A288, A371) (& 2), FIH
IV 240 1t 7 A7 SR A DA R i 5 AR P 3 B 1 U0 SRS 1 4 B

B A M s PkHDR [ & s F ik gy, H 5
A A 61 A~ SR 5k B AL B i SR 38 Ik (V)
AL CHET R AR B 2),
2.4 PKHDR Z &L # o #7

BEZPHS HDR 5 H AWM ) HDR 24 518 )5 51
R GE A  Hr R W . P HDR 5 FHY 1-
SA-D- AR B BE-5-BE IR G W3R O — 28, N R Gt b ]
LA HEEM PkHDR 558 HDR 3 )% BR
A2 (Picea abies) ) HDR M 264 XL R (K 3),
2.5 PkHDR ERMERERX S0

FIH PRHDR % A % % = 51 % FHDRt M
RHDRt,#i it RT-PCR £l PkHDR 740 %1 f5 i
b S ECEE W E Z E . B A B E) AR fb
PrHDR H:HFRkEN ., WK 4 F i, PRHDR %
A B3 5 (12,24 .36 h) A &K W 3 5 T W I 31
PR CO ) (1 Fe Tk o, 31U B X AR B 114 5 49 2
PrRHDR $:H 3k,

3 itk

RPN T 5 B A 7 IR A R, 2 v [
R 7 J B Aot GRS B L G T o B
20 %0 I T IA 3200 AR Tl BURAE T s A
2 s (R H A5, 2012) . 76 4B 7 SRR IR I
MR R 2 S BEOR &0k Z 0 AR R E P
AT 22 S T2 BT A AR i s AR R Y 22
(B CH 45, 20105 28 ) 45,2009) , B AR KA
98 K R P L 0 A 8 0 T R T BF S A Ok BRI
Pedl . BEAREN T T TC I Rl B i i 2 [
FARD 7 7 06 40 bR A O K st 4% 78 S5 45 Dy T 19 T
P B IR A e RSP K e 7 IR LB AY TR AL, R A Y
P o, B 295 R 3R W 0 MR B DY RS e SR I A B AT
(AR RE Ui B E N R AW 1 BNl o 0] 2 S B o 2 S
B E % %, 1996; Mackay et al., 2009; Zorrilla et
al.,2011;Induri et al.,2012) ., KW, & E0a A%
2R B 5T O WS Bk 2 ok (Mauricio, 2001) , B PG 3% FE
PR i 2 15 0 PR AR G B0 A 3 % i) OC B
PR Y s B S R o e B PR 0 P RORH G L
Xof fige e B PR BT i 8 AT F 9T, AR AT B PR AR R
DRI JRE 2 1717 o) R 450 R 2 R R 45 ML B (Salvi ez al.
2005; Longhi er al.,2013), "¢ 5| & 3 4E 1) 6 5 R
1 R A e s A R R PR M Ll g P BRI A Y
25 52 ARATF R 0 R JE ] B (Harmegnies et al.
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PKHDR MAQACAVLSSVSSCRNDALQSAQVMMLQVRHSPLVHNQNHINLRRQKEKKKITAGIGVVR 60
PdHDR MAQACAVLSSVSSCRNDALQSAQVMMLQVRHSPLVHNQNHINLRSQKEKKKITAGIGVVR 60
PtHDR MAQACAVLSSVSSCRNDALQSAQVKMLQVRHSPLVHNQNHINLRRQKEKKKITAGIGVVR 60
TmHDR MAKACALLSSLPNTQMN———— LATPFRSSAFIP-QNHHTLR———— KKSSVKFGIVR 47
GbHDR MAQACAVSGILASHSQVKLDSTYVSGLKMPASLVITQKKELKIG ********** RVCNTR 50
sk, Kook, . %
PKHDR CHGGAATTAVEASESEEFDSKSFRKNLTRSKNYNRKGFGYKDEMLALMDQEYTSDLVKTL 120
PdHDR CHGGAATTAVEASESEEFDSKSFRKNLTRSKNYNRKGFGYKDEMLALMDQEYTSDLVKTL 120
PtHDR CHGGAATTAVEASESEEFDSKSFRKNLTRSKNYNRKGFGYKDEMLALMDQEYTSDLVKTL 120
TmHDR CDGGSAATTVVEPESENFDTKTFRKNLTRSKNYNRKGFGYKEETLAMMDEEFKSNMVKTL 107
GbHDR CHG——VSTTADSEPEQLDTKMFRKNLTRSNNYNRKGFGHKKETLELMDQEYTSDVVKTL 107
% % .. % ok ok k skkkdokdork skokokdokiok k ok kL skok, k. k| skedokek
PkHDR KENNNEFTWGNVTVKLAKSYGFCWGVERAVQIAYEARKQFPSERIWITNET THNPTVNER 180
PdHDR KENNNEFTWGNVTVKLAKSYGFCWGVERAVQIAYEARKQFPSERIWITNEI THNPTVNER 180
PtHDR KENNNEFTWGNVTVKLAKSYGFCWGVERAVQIAYEARKQFPVERIWITNEI THNPTVNER 180
TmHDR KANNNEYTWGDVTVKLAEAYGFCWGVERAVQIAYEAKRQFPDRKIWLTNEI THNPTVSQK 167
GbHDR KENNYEYTWGNVTVKLAEAYGFCWGVERAVQIAYEARKQFPEERIWMTNEI THNPTVNKR 167
ok ok, okkk skokdokk | kekllokokiokokoriokaok, | ok ok, skelokstoksdoksdoksk
PKkHDR LEEMDVHSIPIGNEGKRFDVVNKGDVVILPAFGASVHEMQLLSEKNVQIVDTTCPWVSKV 240
PdHDR LEEMDVHSIPIGNEGKRFDVVNKGDVVILPAFGASVHEMQLLSEKNVQIVDTTCPWVSKV 240
PtHDR LEEMDVHSIPIGNEGKRFDVVNKGDVVILPAFGASVHEMQLLSEKNVQIVDTTCPWVSKV 240
TmHDR FEEMAIQYIPVESEVKQMDVVGEGDVVVLPAFGASVHEMQALSEKNVQIVDTTCPWVSKV 227
GbHDR TEEMKVQY IPVDEEGKRFDVVDKGDVVILPAFGAAVHEMQYLSEKNVQIVDTTCPWVSKV 227
sokk L. kk, ok sk sklok sdokdok, skedolstoksk, sokidokek stokstokstoksdokstoksokstoksdokakokok
PKHDR WNTVEKHKQGEYTSI ITHGKYSHEETTATASFAGTYIIVKNITEARYVCDY ILNGELDGSS 300
PdHDR WNTVEKHKQGEYTSITHGKYSHEETTATASFAGTYIIVKNITEARYVCDYILNGELDGSS 300
PtHDR WNTVEKHKQGEYTSITHGKYSHEETTATASFAGTYIIVKNITEARYVCDY ILNGELDGSS 300
TmHDR WNTVEKHKTGSYTSITHGKYSHEETVATASFAGKYTIVKNIKEATYVCDYILNGELDGSS 287
GbHDR WNTVVKHKQGDYTSITHGKYAHEETVATASFAGTYIIVKTIDEAAYVCDY ILDGKLNGSS 287
sopdok gk ok skoksololokedok, ke, sokelokeork soketokk, ok kelokokdok ok ok skedok
PkHDR GTKEEFLKKFKNAVSKGFDPDVDLVKLGIANQTTMLKGETEEIGKLAEKTMMRRFGVENT 360
PdHDR GTKEEFLKKFKNAVSKGFDPDVDLVKLGIANQTTMLKGETEETIGKLAEKTMMRRFGVENT 360
PtHDR GTKEEFLKKFKNAVSKGFDPDVDLVKLGIANQTTMLKGETEEIGKLAEKTMMRRFGVENI 360
TmHDR GTKEEFLEKFKYATSKGFDPDVDLLKMGIANQTTMLKGETEEIGKLEEKTMMRKYGVENV 347
GbHDR GTKAEFLQKFKNAVSKGFDPDVALVKVGIANQTTMLKGETEDIGKLVEKTMMHKFGVENT 347
sk sklok slekk sk, seleklelololok ok, k. skelekelelololetolelokslokek okl skelokslok, | skefokok,
PKHDR NKHFISFNTICDATQERQDAMDDLVKEKLDE ILVVGGWNSSNTSHLQETAELNDIPSYWI 420

B 2 FEEHNMHARY R HDR & HARFE 5] XT3 T PAHDR. ## (Acc54561) s PtHDR.: K Mi# (AB026588) s TmHDR.

=

W21 542 (ABU44490) ; GbHDR: R4 (ABB78090) , it && ¥ 31 i iy R ~F 3L IR A8 F 2 5 hm i . A AN 28 b 1) S 3 TR 7 A5 FH A5 PR e o

DO A8 57 1 2 DU K bR T, HOB IR SEAR 2 55 1 I 0 A It S (A5 08 S UT) 350 87 A5 AR Bl LU X 45 2R 23 BT T 28 6 = A B A

=

Fig. 2 Multiple alignment of deduced amino acid sequences of HDRs  PdHDR. Pinus densiflora (ACC54561) ; PtHDR. Pinus taeda
(ABO26588) ; TmHDR. Taxus media (ABU44490); GbHDR. Ginkgo biloba (ABB78090). Amino acid residues conserved among all sequences are

marked with an asterisk; variability between two amino acid residues is marked with a dot. Four conserved cystein residues are highlighted with gray,

which supposedly participate in the coordination of the iron-sulfur bridge proposed to be involved in enzymatic catalysis. Dark triangle indicates the pu-

tative cleavage site deduced from the alignment result.

20063 Wang et al.,2011;Guggenheim et al.,2013),
158 Be-2- W JL-2-E-T I JE-4-£8 W 1R 38 )it g
(HDR) /& MEP #& 48 1 1Y 2R i Bl , i 6 1-%8 4k-2-H
Fe-2-E- T M 2e-4- B8 i (HMBPP) & A 38 J5 i Ry A=
B IPP il DMAPP, 43 o 5 I % 35 DL S Rk
SR W] HDR FERFER w2 A& A =2
YEFR (Wollf et al.,2003; Botella et al.,2004; 5k 3
2,2008) . R EAMIFIT N B33 0o 3 PR Rk S
WEM] HDR 2 X 22 i & AR 5 A8 g 19 2E 9 & i (Kim

et al.»2009) X Pt —EW HDR 3K EMIE A
AN E S S o (o O RO 00 0 o V2 W5 2R VN
HDR 5558 HDR 3 R A9 AR B &3k 99%
A = AN G FERR B 2% 5 (Ad4, A473,A482) , 5 KB
F HDR A BUE & ik 98.97 %, R AR LR Y
Z 5 (A24,A161,A421,A473,A482), 13T L
AU IO 2N T W F A A B ) MEP & 42 ¢
S L Ry A A R AR AR R A B RS
P, X B RTEFAEE MEP & 42 4 S g e 1k T #s T+
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100 Malus domestica XP 008356995
98 _:Prunus mume XP 008236752
Fragaria vesca XP 004289689
61 Morus notabilis EXB63620
Camptotheca acuminata AB|64152
7 % Camellia sinensis AFQ98369

_‘N:Actinidia deliciosa AlD55341
Glycine max XP 003541082
77 Cucumis melo XP 008454877
—W:Siraitia grosvenorii AEM42976

94 —Citrus sinensis XP 006479339
53 l—Aqui laria sinensis AHE93332
—Hevea brasiliensis BAF98297
90 L—— Jatropha curcas KDP46213
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Fig. 3 Phylogenetic tree of the HDRs  The neighbor-joining tree was constructed using MEGA4 based on amino acid of 1-hydroxy-2-methyl-
2-(E)-butenyl 4-diphosphate reductase which were published on GenBank.
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