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W E. RN MR EARM A B RT-PCR # R £ % 4% % DAHPS 3R 4 % B 5
M ERATT EWZEF oM., ERAY KA 1373 bp 69 DAHPS A B cDNA K & % # 393 A
AEABR, LAAALAB A5 # 4 (XP_006472576.1), & 3L (XP _009372963.1). # & (NP _
001268096. 1) , 3 R (XP_008386115. 1) ¢4 A8k b 2 B 4 94%6.93%.92% .92 % ; TAM & & Fi 2 i
HFEHH 44 kDa, F & 8 4 9. 00, LA Cys-Ser-Ala-His 4% F K e 3 A 4§ DAHP_synthe 2 # %
HRTFEMBAZEREFRER RS, REASRETO;EOR AL HIZHAANE S
(40. 97%0) va- %R 7% (38. 17%0) . 4 & 4k (12.47%%0) A= B-4% # (8.40%0) 41 &, GenBank & & 5 %
KU198932, #ZMRLERAB T LR EFTELTROKMMELZ T Zi Ak,

KB AW DAHPS 2 TUfE; IR 5 b B TR

hE S S 665.403. 6  XEERIRAG:A

FF H IR 1R 1% (shikimate pathway) 2 3% B AU 1K
AR E B, BRI R A BRI BTN
Hi & (phosphoenolpyruvic acid, PEP) F1#§ B2 [ ¥ ik 12 77
A i R EERE-4-5 B2 (D-erythrose-4-phosphat, EAP) 7£ 3-fii
A-D-BH7 AR B ERBE -7 -85 R A AL (3-deoxy-D-arabino-
heptulosonic acid-7-phosphate synthase, DAHPS) ##£4k.
HAFHIRIZR, BRI EIR RN, 4T U5 B G &
HIR AR KRR R AR SFY R . DAHPS 23
FRRIRAE A F B, 2 0 3R A2 Y S S R 42 g, L 1
TN W5 F R AR LR ARG AR,
DAHPS & 2 Fh[& TRl DS-Mn #1 DS-Co, 435 #% Mn**
A1 Co™ i , HoTh M 32 6 IR VB R A NE 5 T AL 55
HZ R . DAHPS 5 R 7EG A 1 (Mycobacteri-
um tuberculosis )' | 1% ¥F B (Mycobacterium tuberculo-
sis)I BB IF (Arabidopsis thaliana )™ 17K F§ (Oryza
sativa)™ SRR o AR 4E TR Ok , HLRA 2 AN ST
WS MU RERFTR B 7S

B8 (Punica granatum L) RLE SR EEBKY)
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B, BEAREZREDE, MG R RAI R, e TR
SRR S T B A B A e E RO T2 . 3F
FRR IR A R 3- S2F R A R TR
DAHPS W2 ¥ & F R4 Y& MU LR, FI A RT-
PCR 4% R 5 F [N 4 W F¥ , 8 %5 (Vitis vini fera) 3 R
(Malus domestica) \FHABZL(Pyrus x bretschneideri) F1EHFE
(Citrus sinensis) % R VEY) DAHPS 2  F B a4
K EFE GenBank b}, H A+ DAHPS 3 [N 7 [ K
F 3 43 5 5 T R WE o 7E B S DL s, Zhar’
ARRLRERMHMZ—, RELE SWHAY IR, /& &0
& PREDIRER , BRI SR 52 141, FI ] RT-PCR #
AR7ike DAHPS 3P4 cDNA F Bt 47 4 M 15 B 2R 4
Br, AR 8 A R S i & F IR Y 7 F DL R R
isiiloe =0
1 #MR5RH*®
L1 sk

BRI TF 2015 4F 6—11 A 7E 1L 7R 48 SR A BIF 5% 3
170 LUBRILAL AR S iaar , EAE T 1L AR 8 SR B
ST AR TR IR . % PP IR SR R BRI 2R R,
HALL I W, SR R, BRE KRB 2168, BR A UER , &y
i, Wiz, SIRBICRELEER 2~3 cn) RE AR
S, VR E  HIUR B2 WA UR G A — 80 "CUkAd
RAEF#EH .
L2 Rk
1.2.1 & RNA 42 HUFI cDNA 55— &M RH
RNA prep Pure Plant Kit {3 & (DP441, 4t 30 RAR A 1k
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A BRAFTDIZRBUA R B B RNA, BOSBHEE ok )
RNA 52 % 4, R F§ Nanodrop %% #h 43 % 5t BE 11 I
ODzso/ODmoﬁo I RNA ?ﬁﬂﬁj@ﬁ*ﬁ,Oﬁgo(dT)ls j]_'i'l
Y, ¥ B cDNA %8 — 4% A& B R & U6 B 45 I 8% %
cDNA%S—4# (K1622, Thermo Scientific) ,

L2.2 EFEAGREAFBEMTE ARES YR FRET )
FIERSE B B 555 149, #847 PCR 3%, BUTY 8 A
B K/NK 1000 bp, Fi#E] 4 DAHPSL.5'-CARGGHG-
GNGAYTGYGCNGA RAG-3'; F#5| 4 DAHPS2.5 -
GAHCCDCCRAYGCAYTCHGTCAC-3', PCR J i f&
ABIKTR K 50 pL:2 X Ex Tag buffer 25 uL, dNTP
(10 mmol « L") 1 pL, BT T4 1.5 pL, cDNA
5 pL,Ex Tag B§ 1.0 pL, K ZEIEAK 15 pL. KNS
3 94 CHIAS M 2 min; 94 CAS M 30 5,53 “CiB k30 s,
72 “CHEAH 1 min,35 MEFF;72 CARIR 10 min, PCR =
YIF 1. 0% FBx B RS e TR B G B Tk 2
pMDI18-T #hiki% bigA: TIF, 3-8 H A BOF3,
1.2.3 3' RACE R8N 3' 75 RIERBER
) B B3t 2 Xt e 514, 1% i SMARTer ™ RACE
c¢DNA Amplification Kit &7 & (634923, Clontech) 3k 15
WA 3 mFF . FENEEFEIH 830-1:5'-CTCAA-
GACTCGTCCCTTCGATGCCA -3' 1 830-2: 5'-CCGG-
GAGGGGTCCACCTAGAGATGA -3', F #5147 UPM
¥ B2l 4. 5 - CTAATACGACTCACTATAGGGCAAG-
CAGTGGTATCAACGCAGAGT -3', & 4L 830-1 Fi
UPM 5| 4pE47158 1 88914, IS 2] PCR 7=4) J
M, BLL 830-2 Fl UPM R 5| ¥ #1755 2 % PCR ¥ 3,
PCR [z itk & B & TR K 50 pL:2 X Ex Taq buffer
25 pL,dNTP(10 mmol « L™')1 pL, . F# 3 ¥ &
1.5 uL,cDNA 5 pL,Ex Taq B 1.0 pL, KB MK
15 uL, RS 94 CHIASHE 2 min; 94 °C 28 4
30 5,55 ‘CiB Kk 30 s,72 ‘CHEf# 1 min,35 MEFF;72 °C
£RiR 10 min, PCR 7= 1% %5 B B 5 Hi Sk A 01
B E R BT pMDIS-T #/k Fi% F g4 TR,
RN 3" 56F 5.

1.2.4 DAHPS ZENIAEWE B ¥4 FIFH DNA-
MAN X 6] 5 Bt fl 3' RACE P37 9F 88, AT £ %
1 He Xt R R G A 43T s FIL A ORF finder T B 82 /7
B (9 FF T8 ) R E A 4 S 1 2R SR F 515 R A NCBI
BLASTn 11 BLASTp 4347 Bf 4 7% 5 % 1 IR Fl A 2L R ¥
F R AE AU s FII ] Expasy Protparam 4347 1% 2 H i A9 3
AP s FIFH ProtScale 43 #8E H T 1B K 1 / 32K M 5 1
F TMHMM 43t 2 H 5 ) 5 B 4544 ; FILF SignalP 4. 1
A3 HT R E R B 5 8K F1) F SOPMA H1 SWISS-Model 43+
SN EE H R ) RS = RS ATTO

2 BRESW
2.1 AR E A RNA F$REL

LIRAR RNA prep Pure Plant Kit iR 5] & 2 BUG 18
RHE RNA, %5053 656 BERL I ODygo / ODugo B2 2. 00,
F 1 AT, SRR MRS L DK R Y 28S,18S Fl 5S rRNA
ST T, BB RNA 4hifF Mg sl , WA &
HERISH, /8 cDNA 8 RIEK.

. L PCR $"#7=47;M. DL 2 000 Marker,
Note: 1. PCR amplification product; M. DL 2 000 Marker.

Bl AWERES RNA BkER
Fig. 1 Electrophoresis result of total RNA of pomegranate peel

2.2 DAHPS % cDNA f# 72k

&l 2 7750, PCR P24 1. 0 Y Br N B e v Uk » 76
1000 bp Ze45 H B4 S 250 B B KV/IN 5 B (B B A
—FL AWM FEE A B 985 bp, 33 F5 1675 2
24 450 bp [ Fr Bt M T e 4558 R 424 bp, ¥ =F )75
HATHFE 188 1 4K B0 1373 bp 9 ¢cDNA R B¢,
Bl 3 mIA, % FE &A1 180 bp 9 CDS ¥ %1, 4t 393
MEERR A% R R H B EA Cys-Ser-Ala-His fR5F X F
WA ) DAHP_synthe 2 8RR F A (E 1.

1100 bp o WA

450 bp

s 1 ARSE R B 79752, 3'RACE 334747 ; M. DL 2 000 Marker,
Note: 1. PCR amplification of conservative segment; 2. 3'RACE PCR
amplification; M. DL 2 000 Marker.
2 A8 DAHPS EREM 18
Fig. 2 Amplification products of DAHPS gene by PCR
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I TTC AAG GAG TTC AAT GCC AAC AAC ATC AGG GAC ACC TTC AGG ATC CTC CTC CAG ATG GGG
A A F N A N N I R D T F R I L L Q M G

61 GTG GTC CTC ATG ATC GGC GGG CAA ATG CCC GTT ATC AAG GTG GGA AGG ATG GCT GGT CAA

21V v I M I G G Q M P v I K v G R M A G Q
121 TTT GCG AAA CCG AGA TCA GAG CCG TTA GAG GAG AAG AAC GGT GTG AAG CTC CCC AGC TAC
41 F A K P R S E P L E E K N G v K L P S Y

181  AGA GGT GAC AAT GTG AAC GGG AAT GCC TTC GAG GAG AAG TCC AGG ATC CCC GAC CCC CAG
61 R G D N N 3 N ! i i K S

241 AGG ATG ATT CGG GCC TAC TGC CAG TCC GCT GCC ACC TTG AAT CTC TTG CGG GCT TTC GCC

81 R M I R A Y C Q S A A [ L N L L R A F A
301 ACC GGT GGT TAT GCT GCT ATC CAG AGG GTG ACA CAG TGG AAT TTG GAT TTC ACT GAG CAC
101 T G G Y A A I Q R A T Q W N L D F T E H

361 AGT GAA CAG GGA GAC AGG TAC CGG GAG CTT GCT CAC AGG GTT GAC GAG GCC CTT GGG TTT
121 S E Q G D R Y R E L A H R v D E A L G

421 ATG ACT GCT GCT GGT CTC ACA GTG GAC CAT CCC ATA ATG CAA ACT ACT GAG TTC TGG ACT
141 M T A A G L T v D H P [ M Q T T E F W T

481  TCC CAT GAA TGC TTG CTT CTG CCC TAC GAG CAG GCA CTC ACT AGA ATG GAT TCG ACA TCA
161 S H E C L L L P Y E . T > T

541  GGC CTT TAC TAT GAC TGC TCG GCC CAC ATG CTC TGG GCT GGT GAG CGC ACC AGG CAA TTA
181 G L Y Y D C S A H M L W A G E R T R Q L

601  GAT GGG GCG CAT GTT GAG TTC TTA AGA GGA GTT GCT AAC CCT CTT GGG ATT AAG GTG AGT
201 D G A A F L R G A N P L G K S

661  GAT AAG ATG AAC CCA GGT GAG CTA GTT AAG CTC ATT GAG ATT TTG AAC CCT CAG AAC AAG
221 D K M N P G E L v K L [ E [ L N P Q N K

721 CCC GGG AGG ATC ACA ATA ATT ACA AGA ATG GGA GCT GAG AAC ATG AGA GTG AAG CTC CCC
421 P G R I T I I T R M G A E M .

781 CAT CTC ATT AGG GCT GTT CGC AGG GCA GGG CAG ATT GTC ACA TGG GTC AGC GAT CCT ATG
261 H L I R A v R R A G T >

841 CAT GGC AAC ACC ATT AAG GCT CCA TGT GGT CTC AAG ACT CGT CCC TTC GAT GCC ATC AGA
281 H G N T I K A P C G T ) A

901 GCT GAA GTG AGA GCG TTC TTC GAC GTG CAT GAT CAA GAA GGC TCC AAC CCG GGA GGG GTC
301 A E v R A F F D v H D Q E G S N P G 3

961 CAC CTA GAG ATG ACG GGA CAG AAC GTG ACG GAG TGC ATC GGT GGG TCC CGC ACG GTG ACG
321 H L E M T G Q N v T A ) ; ; T T

1021 TTC GAT GAC CTG AGG TGG CGC TAC CAC ACC CAC TGC GAC CCC AGG CTC AAC GCC TCG CAG
341 F D D L > > T H C D P R L N A S Q

1 081 TCG CTC GAA CTA GCC TTC ATC ATC GCG GAG CGC CTC AGG AAG CGG AGG ATC AGA TCC CAG
361 S L E L A F ) . K >

1 141 AGC CCT CTC TCT TCT TCA CCT TCT CCT TCA TTG GGG CTC TGA AAT TAA ATA TAA ATT GTT
381 S P L S S S P S P S L G *

1200 CTT TTT TAA AAC AAA AAT CAA GAA GAT TTG GGA CTT TAT TAT TCA GTG GAT GTA TTA GTA
1261 TTG CAC TTT TGG TTA ATT CAT GTT CAT GCA ATG TAT TTT GTG TAT ACC CGA GTG AAA GTG
1 321 ATG GTT TGG AAG GAG AAA TGA GGA ATA AAG AGA AAA CAA GGA GAA TTC ATT CAA AAA AAA
1 381 AAA AAA AAA AAA AAA AAA AAA

T TGA AL LT T, T HER S A RFX .

Note; TGA was termination codon, boxed text was conserved.

B 3 Al DAHPS EE cDNA FIXHEF 5 Rt S B8R T 5

Fig. 3 Nucleotide sequence and putative amino acid sequence of DAHPS gene cDNA of pomegranate

1 50 100 150 200 250 300 350 393

KRR Query seq.  emimsleminmimmmmbmsmmammimsmimmmmmsmsmmmimsssmmmmsmimi s
HpSefi g Specifichits “

BHR %  Superfamilies

E 4 DAHPS ZHRIRSFLEMIE
Fig. 4 Putative conserved domains of DAHPS protein
2.3 DAHPS RNkt HEYIRALERR] T 80% LU b, KIS HERRIFS]
BLAST r#r 3R 8, RN A BRI B HRIFI 5H 5 HEHY DAHPS % [ &R0 55 HE47 Lt
B ARLER I RAE (Fragaria vesca subsp. Vesca) 3 gy bl , 45 532 W1, PeDAHP % (4 5 HT B . (5L 3¢

100

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn

wF @ ¥ 2016013):98~103

- YRR -

FHIE B R LR AT SR A (Prunus mume) JJK I 1L
ERE(Fagus sylvatica) i 4% (Populus euphratica) B
RIMEARTE 9220 LA ( 5) , FREATERE B R B A AR R
Bz DAHPS#:H , GenBank % %52 KU198932,

100% 95% 90%
L | |

VVvDAHPS

CsDAHPS

FsDAHPS

PeDAHPS

FvDAHPS

93%
MdDAHPS

PbDAHPS
92%

PmDAHPS

PgDAHPS

AtDAHPS

1 PgNADHPS: £ #; VVNADHPS: # %4 NP _ 001268096. 1;
MdANADHPS: 3£ £ XP_008386115. 1; PbDAHPS: [ %L XP_009372963. 1;
CsDAHPS. ## XP_006472576. 1; A(DAHPS: #1554 NP_173657. 1; Fv-
DAHPS, Bf 275 XP_004299659. 1; PmDAHPS. 4§ XP_008219329. 1; Fs-
DAHPS; Bk L T8¢ ABA54865. 1; PeDAHPS. #1#% XP_011003033. 1,

Note: PgNADHPS: Punica granatum; VvNADHPS.: Vitis wvinifera
NP_001268096. 1; MANADHPS: Malus domestica XP_008386115. 1; Pb-
DAHPS: Pyrus bretschneideri XP_009372963. 1; CsDAHPS: Citrus sinen-
sis XP_006472576. 1; AtDAHPS: Arabidopsis thaliana NP_173657. 15 Fy-
DAHPS: Fragaria vesca XP_004299659. 1; PmDAHPS: Prunus mume XP_
008219329. 1; FsDAHPS: Fagus sylvatica ABA54865.1; PeDAHPS.
Populus euphratica XP_011003033. 1.

B 5 DAHPS ERERS#HMAHSIH

Fig. 5 Phylogenetic tree analysis based on the deduced

amino acid sequences of DAHPS genes

2.4 AHESE DAHPS 5 14 Y15 B4

2.4.1 MM FIF ExPASy Proteomics Server
RALRYFE £k T E Protparam X} DAHPS 3 [N 4w i% 2 H
PO BRAb M o R4 TR0 , 400 2% B A 43 F X8 Crozr Haora
Nizz Oses Soo » #H XF 43 F 5L B 2 4 44 kDa, 55 HL &5 pl A
9. 00, HF IEH fif (Asp+Gluw) & BB N 48 4, T B 1
(Arg+Lys) @EERECH 42 1. HEHWAEE R
K 42.54,

2.4.2 BAKYE/EKMERTN 5508 R AL 5
# 4 ProtScale f{) Kyte andDoolittle 2 ¥k %F DAHPS %
RHATEL K / 32K 534, DAHPS 2 HAF7E B 1B A ik
X FIFEAK X, HA 3 19 fifimy, 2. 478,56 125 fifdik,
—2. 833, KRB H FFRAKEEH E 6,

2.4.3 BEEMAESKKBMS 2 HELTA
TMHMM %} £ 48 DAHPS 8 H #EA TS IR 451 704 » i
7 WAL, DAHPS EHFFE 1SR X, A 13 L E 2E
PRIVt 0% 32 LA FERREE W, 5 1~12 (U AR RTENR
M ,33~393 VA FEMRIEIRSP. X, DAHPS HH £
PSR . A SignalP 4. 1 ZELH X DAHPS & H
55 IKEEAT 7 A7, 5 SRR W I N AR TR B 2K Y
RS, ARMBEHE 8).

3r Hphob./Kyte & Doolittle —
2 -
l -
2
3
@ 0f
Fou
&
-1
2t
3 L L L L 1 1 1
50 100 150 200 250 300 350

FFFI 4 Position

6 DAHPS & H Bk /5K
Fig. 6 Prediction of hydrophilicity/ hydrophobicity of DAHPS protein

s WEK Transmembrane —--- 52PN Inside ~—— JEEAb Outside =~~~

e P

JLF
Probability
c o o
- N oo

o
o

o
o

50 100 150 200 250 300 350
FIEIR FH{5 5. Amino acid position

E 7 DAHPS & A BE &N
Fig. 7 Prediction of transmembrane region of DAHPS

1.0F [ORV [ pm——
S-score s
Y-score
081
o
5 0.6F
>3
%)
o
b 0.4

=
o
J

<
=
T

FKEFNANNIRDTFRILLOMGVVLMIGGOMPVIKVGRMAGOFAKPRSEPLEEKNGVKLPSYRGDNYVNGNAF

0 10 20 30 40 50 60 70
JF4V s, Position
E 8 DAHPS ZH =S KN
Fig. 8 Prediction of signal peptides of DAHPS
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2.4.4 Z“HEMWBW S50 F A SOPMA K {4 i
WA DAHPS 5N 4ni3 8 H — %454, & 9 AT A,
H 161 MEEMR S 5I¥ RIS Hi (random coil) ,
b ESEERR Y 40. 9700, K 150 MEEMR S 5 L o 1R
JiE (alpha helix) , b B FERR Y 38. 1720, F 49 NEAER
25T W, % 4 5% (extended strand), &5 & & & BR /Y

A C D

12. 47% K 33 MREIEIRS 5 B-4 £ (beta turn) , &
BEFERRI 8.40% . X iMH] DAHPS 2 H i) 45 H
FEAEEMN o IRIEMTHNE M. fFHAELETF
SWISS-Model #) H a8 3 %% 8 H B = F 50 47 T
534, 45 2% 8 H B =451 (F 10),

|

I

[

-t

fibel

;gj{’i}nu@tig

[

100 150

250 300

JFHUA 1, Position

A SEMEE s B TN C o iB0E; D. B4AM.
Note: A. Extended strand; B. Random coil; C. Alpha helix; D. Beta turn.

E 9 DAHPS &H &M
Fig. 9 Secondary structures predicting of DAHPS protein

10 DAHPS & B =4 %t
Fig. 10 Tertiary structures predicting of DAHPS protein

3 W54t

2 E KA RT-PCR F1 RACE 47 A 57 45 2]
AR K DAHPS Z[H ¢DNA R B, S HEMYE &4
B/ DAHPS ZENARUIMER WS EC RGBS S
fii & Cys-Ser- Ala- His, fif T+ 186 ~ 189 {ii & £ R, &
DAHPS & H HR5F X, 13X 5 ZHANG &M 4% ERY
AR —2

DAHPS 2FHREEHHE 1 B IAER, A 7E
THEY) AE Y. 51 DAHPS & HAR[F , %
AW E AR TE U BE 4 SR AR A B, 0 K A T
(Escherichia coli) FIHRTE BB (Saccharomyces cerevisiae)
09 g F, A8 DAHPS 2R XM T Y 55
B L AL R S SR A U 43 B R 94 26,93 %692 %4
92% , X IR AW A DAHPS B A4 Y14 Th g2
JE TSR . BT, HEREH E 0B E VoDAHPS-
1.VoDAHPS-2 . VoDAHPS-3 % 3 # DAHPS ®:H,H
O FREVE R R R M T T OB SE B A AR SR ED 1, 3
RHEANHRT AR DAHPS FEH 1) 53 F 450 5 R KM #E
AT HEIIKE .

102

H AT, DAHPS B 1 2546 5 Th B L P e b LR 3k
A30T 5 T T 9T B AR v e T A A A A | R AR
WY HRWEY FE A, REEE FA I X, %
YT B A RS e v DAHPS 334 <DNA KB,
ﬁl&—iﬁﬂﬁiﬂmlﬂéﬁiTﬁ CHEA . BT ARER

BB RN R Y i, RNA 4 B K 6B i 2
SRACEM T Z, T — 4 W st iR 56 %, 70 15 2
DAHPS 3R 4K DNA J¥5. AP FEEILFFET
#IfY) DAHPS FE 4, % 3 I 1 36 38 2 75 32 16 B G IR AN
MR 5 75 I EE R AT PR 5 A 1 R B B SR S i
BTG 2 S E TR E .
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Cloning and Bioinformatical Analysis of DAHPS Gene in Pomegranate Peel

FENG Lijuan’ , YIN Yanlei' , YANG Xuemei' , WU Chong' ,LI Yingpeng’
(1. Shandong Institute of Pomology,Tai”an, Shandong 271000; 2. Dianzi Forestry Station of Guan County in Shandong Province, Liaocheng,
Shandong 252525)

Abstract; Taking ¢ Taishanhong ’ pomegranate as test material, the DAHPS gene was cloned by using RT-PCR
technology and the bioinformatical characteristics were analyzed. The results showed that the cDNA was 1 373 bp,and it
encoded 393 amino acids. The similarities of pomegranate DAHPS gene compared with Citrus sinensis (XP _
006472576. 1) , Pyrus bretschneideri (XP _009372963. 1), Vitis wvinifera (NP _001268096. 1), Malus domestica (XP _
008386115. 1) were 94%5,93%,92% and 92%, respectively. The theoretical molecular mass of DAHPS protein was
44 kDa,and isoelectric point was 9. 00. It was hydrophilic and transmembrane protein, but not secreted, which had Cys-
Ser-Ala-His and typical DAHP_synthe 2 superfamily conserved domain. The secondary structure of DAHPS protein was
composed by random coil (40. 97%) , a-helix (38. 17%) , extended strand (12.47%) and B-turn(8. 40%). The GenBank
accession number was KU198932. The result established a theoretical foundation for revealing the metabolic mechanism of
gallic acid in pomegranate fruit.
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