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1 #MB5FE
1.1 Ebre

HEAEEEH LR B R K22 R Y 40~50
AR AR AR IO R G IR 3 51 L 0 BE et &
(0. fragrans ‘Liuye Jingui’), {R{BA:EIEITT
MBS 5% Z0U 508 LT HIF R B R
SRR K EE K B AL WA U & T R
FERI 434 5 B, B 1~5 908

MBI F 25 & R e B e E 25
A1 £k 2 3550 A BR A R 5 23T 4 RNA $2 B0 &
H Ry TRA R A R DNA JHLEE . R
s B & E Promega A7 ;% # PCR Jit / DL
2 000 DNA Marker.2 X Tag Master Mix ¥l 5 b5
R A R B AT BRA |l s S BE b L B R SR L
FEER¥IW E Sigma AR #4384l & B8k X
BEAL BT A2 2540 3857 & Real-time PCR Master
Mix ¥ 5 b 2 X & A Y HE AR F R 7] s DNA B
REwE B e (AR & I | R AR AR AL RHE: (LD A BR
2NHE,
1.2 R_EHk
1.2.1 RNA BRI SE—% cDNA MG H 5%
R8T Tk IR R Trizol 48 HURE 76 R 1E 101 76
S RNA, 7£ RNA JUES B IMA 1/2 RERRE
BRSSP A 1/2 B (B8 M RNA UL 3 3K 57
(1.2 mol » Lt NaCl,0. 8 mol « L '# BB &) s k)5
T A RNase-free DNase B A RNA 2 & 1
DNA, B 5% 5 il M-MLV 5 8086 —4% <DNA, L
20 pL cDNA 2 RNA K DNA 7k ## 10 £5)5
E—20 CHKFARAFRH .
1.2.2 BHREH Bactin B DAD-1 HREFEF R B
FE  AR4E NCBI #dE & A B g i B (Olea euro-
paea L.)Bactin FLR P F| C& 5 AF545569) %115
WA LA GELD, PCREMNYMEEE: L L 575
PJ(A; \Ay) s 1 uL cDNA B, 10 pL 2 X Tag Master
Mix, JITC K 2 20 pL L& R )5, B0, PCR
PEMETF 94 C 4 mn; 94 C 30 s,51.4 °C 30 s,
72 °C 40 5,35 NMEFF;72 °C 8 min; 12 C £, %
NCBI 84 22 0 ) B 4% (Arabidopsis, NM_102954) ,
W % (Citrus, AB011798 ). B ( Nicotiana,
AB058921) . #% ¥ ( Populus, AF086839), 3 H
(Malus, U68560) Z=4#h i) DAD-1 [RIRELH fA%
BRIF5 5 cDNA gt 1) 2R 75 H Clustal W i
A7 [RIEE LT, 1 s B AR ST 1Y DX B, AR AR [RIUE M 3
AR FHEARAJE R, R Primer Primer 5 344, 3T

BT PCR I 2 X RIHG 1 As~AGR DL, ¥ 1
kAL DAD-1 HH B, PCR R hifkF A .
PCREMBTFWMF. 1% PCRY .9 C
4 min;94 °C 30 5,55 C 30 5,72 °C 40 s,35 MEH;
72 °C 10 min;12 °C {#7%. 4 2 % PCR §"3%.94 °C
4 min;94 °C 30 s,5 C 30 s,72 °C 40 s,35 MEH;
72 °C 10 min;12 °C 13-7%.

1.2.3 H:fk DAD-1 2N MLKTEE  RH Primer
Primer 5 454 MEGA 5. 0 24, #34E% DAD-1 %)
B ORISR T % 8 51 B BB B 1 ) 3 %
BmESIWEE D, IERG IR B ~B, . &85 |9 B~
By, R XHAXTFR PCR 3 (TAIL-PCR) ¥ 3
HIBERLE 14 B, ~By . TAIL-PCR W {AR WD
B 0.6 pL #5554 FSP, 1 RSP, ,2 uL BEHLE| 4
(AD,~AD,),2 pL [ 509 cDNA iR, 10 pL 2X
Tag Master Mix, Il A 5.4 pL JToRE /K E 20 pL &4k
ZLHTH 1R PCRY M, P i#E)F.93 °C 2 min;
95 °C 1 min;94 °C 30 5,60 °C 1 min,72 “C 3 min,10
AEFH ;94 °C 30 5325 C 2 min; L5 °C » s 'HIEFE
B FHEE 72 °C;72 °C 3 min; 94 C 20 5,58 °C
1 min,72 °C' 3 min,25 MEFF;72 °C 5 min, 2)0.6 pL
¥E5 5149 FSP, F1 RSP, ,0. 6 oL BEFLE 41 AC,1 pL
% 1% PCR =4 #E B¢ 40~100 £%,12.5 pL 2X Tag
Master Mix, 10. 3 uL TR KZE 25 pL KRR 1758
2% PCR "8, ¥ 294 °C 20 5,65 °C 1 min,
72 °C 3 min,1 MEH;94 °C 20 5,68 °C 1 min,72 °C
3 min,9% °C 20 s,68 °C 1 min,72 °C 3 min,94 °C 20 s,
50 °C 1 min,72 °C 3 min, 13 MEFF;72 °C 5 min,
DBURE 5149 FSP; 1 RSP; 1 L %5 2 % PCR =4
P RE 20~100 R MASEAR , #7756 3 48 PCR 3, 72
FUT:94 °C 20 5,68 °C 1 min,72 °C 3 min,94 C
205,68 C 1 min,72 C 3 min, 94 C 20 s,50 C
1 min,72 °C 3 min,6~7 4ME¥;72 °C 5 min,

1.2.4 DAD-1 E:RyH87= i )i ZE B0 7 & Lt
SFA3HF B2 pL DAD-1 JEP i PCR 43474 k4T
T i A O e v Tk R L B M W R RS R BE N 2%,
DNA F Bt B8 [ W30 S Ui B 317, $IR 2 54
JHa i3 HH 5 ER e 2 38, 8 PCR ] 0= Wi 3 3 1E )5
PRI Hi R BRI EE R RN EE EMRHEE
FRZOS R P . WU IR B B4 % B8R ¥ %1 5 NCBI K
GenBank .BLAST %544 J# (http: // www. ncbi. nlm.
nih. gov/)#EFT LT, B G 5 EH B P 5 4T R IR
. FEEEH B Gene Finding # 4 (http://

linuxl. softberry. com/cgi - bin/programs/gfind/
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fgenesh. pD) # 47 , & 11 & 45 #4 43 87 | Expasy 8 {4
(http://www. expasy. org/ tools/ ) 1T,

1.2.5 DAD-1 BERTEREEA R 4 A7 S 1)
FIRAHT HRELO. 2 g“Wprt S AE" MR (2R B
LI RARFZEN BAL R F A AL E R RNA &
AR —4E DNA TR 10 54 M. AENTOLER
PCR S0 “Wpnt-Gx A 26 e A [F) 32 2 B B 9 DAD- 1
FE R ZRIKE B AT X LB IR B4 T, Real-

time PCR F K % :4 L cDNA ##7,10 4L SYBR
Green/Flourescein gPCR Master Mix (2X),5.2 pL
ddIL,0 1 0.4 4L EFAIR FARAIHC, .C.
AR HIEFF M Bactin YER DAD-1 F:H Real-
time PCR M NS E K, 519851k C.C,, 5K
MG ERE PCRY EEF:50 C 2 min; 95 C
10 min;95 °C 30 5,60 °C 30 s,40 MEFH,

x1 B-actin ¥1 DAD-1 EE &R RS
Table 1 Primers for cloning of actin and DAD-1 gene
No. ElkvE e ElE52)
Primer No. Primer sequence
A OlActin JF ji] F1 5"-AGTCCTCTTCCAGCCTTCTTT-3
Az OlActin JZ 1) R1 5'-ATTTCCTTGCTCATACGGTCA -3
Az OsDAD IE 5] Fi 5'-ACTCCBACHAVYCTYAAGAT-3'
Ay OsDAD J% [a] Ry 5'-CCDAGGAARTTSATRATCACCA-3'
As OsDAD iEf Fz 5'-GTBGGRTCMTTYCCATTYAACTC-3'
As OsDAD IEfa Ry 5"-AGVACYAARTTGCAGAGAACAAA-3'
B TAIL-PCR FSP; 5" -TTTAACTCCTTTCTTTCTGGGGTAC-3'
B TAIL-PCR FSP; 5"-GGGTACCTTCGTGTGTAGGGACTGC-3'
B TAIL-PCR FSP3 5"-TCAAGGATTTACCTCCAGAACGTGC-3'
By TAIL-PCR RSPy 5'-CAGAGAACAAAATCTGCAAATGCAC-3
Bs TAIL-PCR RSP 5"-GCACGTTCTGGAGGTAAATCCTTGA-3'
Bs TAIL-PCR RSP3 5'-“TCCCTACACACGAAGGTACCCCAGA-3
Br ADy 5'-ACGATGGACTCCAGAG (G/C/ A)N(G/C/ A)NNNGGAA-3'
B AD 5"-ACGATGGACTCCAGAG (G/C/TYN(G/C/ T)NNNGGTT-3'
By AD3 5"-ACGATGGACTCCAGAG (G/C/ A)(G/C/ AYN(G/C/ AYNNNCCAA-3'
Bio ADy 5'-ACGATGGACTCCAGAG (G/C/T)(G/ A/ T)N(G/C/T)NNNCGGT-3'
Bu AC 5"-ACGATGGACTCCAGAG-3'
C Real time PCR OsActin 1E 5"-CCAGCCTTCTTTGATAGGAATGG-3'
Cg Real time PCR OsActin 7. 5'-CAACATCGCACTTCATGATTGA -3’
Cs Real time PCR OsDADI 1FE 5'-“TTTAACTCCTTTCTTTCTGGGGTAC-3'
Cy Real time PCR OsDADI1 f 5"-GCACGTTCTGGAGGTAAATCCTTGA-3'
L3 HdEsr

BAUHHAT 3 RAEYFEE .. REHIE
W bRifE TR, SR SAS 8.0 8 R AT 22 Hr AN
£ 5 A 444 (Duncan, P=0. 05) ,
2 HBRESW
2.1 7 E RNA f3RE

A 1 e, Trizol 3 w] L5242 B3 H i AN
DNA %8 F5 SR UL0E RNA, 78 2] # RNA R
W ,28S + 18S R LR 2+ 1, Hixdk#
YRR BT R, R 58 2 R iE— P 3
TR,
2.2 BRFEWN Bactin i DAD-1 ZEHPF) B rikE

HE 2 7] A1, PCR F= ¥ #E 100~200 bp H — 4
i, H BRI HEME: Bractin A B, HE
300,56 1 % PCR LI W54 ;%8 2 42 PCR ¥}
FYIFE 100~250 bp H —2k5e4 , SH M EEE B
KNEEAAARE FIWrA H R BB

98

B 1~2 Ak
Note:1—2. Samples.
Bl MR Triol FEREEEZRS RNA
Fig. 1 Gel-electrophoretic analysis of total RNA isolated by

improved Trizol method from petals in O. fragrans

2.3 DAD-1 HHE&K kK
A 4 T, 7E 450 bp BHEA B —457 GF 1 3k
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M 1

600 bp —

500 bp ——»
400 bp —=

300 bp —
200bp —=

100 bp —=

# : M. DNA Marker; 1. #£4% .
Note: M, DNA Marker;1, Sample.
B 2 Bactin RT-PCR #"18%
Fig. 2 Amplification of factin by RT-PCR

250 bp —»
100 bp —=

7 : M. DNA Marker; 1. 25 1 % PCR =4;2. %% 2 & PCR
.
Note: M. DNA Marker; 1. Production of the first step of nested
PCR;2. Production of the second step of nested PCR.
B3 DAD1 BEE&X RT-PCR
Fig. 3 Nested RT-PCR for DAD-1 gene

1 000 bp -

500 bp

£ :M. DNA Marker; 1. 3'747;2. 5'724.,
Note: M. DNA Marker; 1. 3’ end product;2. 5 end product.
B 4 DAD-1 EFE TAIL-PCR -3
Fig.4 Amplification of DAD-1 gene by TAIL-PCR
1B 555514 RSP, S5RaHLG 14 AC 45& i) 7E 400 bp
FRAE A R — e (A 4 5 2 JKEED M 2 S
EFIUE-SSP e
2.4 PCR P24y i
W bk 2 SRR HEAT R . # PCR
Wl 57 ¥y 3%k Trans pEASY-T1 84, JF 5 L 2152
DM IR R L PR b B T R A R AR, L
M13 F F1 M13 R 5| #3475 7% PCR &0, d1 & 5
AN, IE [ R [ R A R R B, H 0 B

1000 bp

500 bp

1 :M. DNA Marker;1~3. 3'72#1;4~6. 5 7=¥7.,
Note: M. DNA Marker;1—3. 3’ end product;4—6.5" end product.
5 DAD-1 EFEE®% PCR &
Fig.5 Colony PCR analysis of DAD-1 gene

T, FEPLA PRI 10 A~ BH M v Rk A2 sl I 36 B
B BRAFHEATIIT
2.5 DAD-1 HH&5H A

H & 6 FJA, DAD-1 Z 753k B 560 Mgt
Hil. HiZF 5 Gene Finding B 4347 3 K 2544
T, h 7 AT AR WS 1 AR TR
[ 3EHE (open reading frame, ORF) ,FE4E 1~366 &
BT, WA FFIESE 537 B A 14 3'-
Poly A KRB E454 .,
2.6  DAD-1 ZEHmiE A B ot

H &l 8 FJA1,DAD-1 ZHHH 116 MEERA M,
T ) 85 1 B AR X 43 F 2 Coss Hoze Nags Oss S 5 3
B 1 820 NE-FH M. 48R 12 699. 1, 4R
R, ZE H B RS R pl O 8. 91, [R¥A T8 8N
115,09, BF ¥ 26K 2 0. 704, J& T Bk HEEE.
BEHB R TR ZER L, o R5E (al-
pha helix)Z5# 2k 32, F o4l 25 15 70. 69%5, A TEHE
M it (random coil) ) EL 1] /5 23. 28% , 3-%% £ (beta
turn) LR 2. 59 % (B 9. B HB =R/ 5
¥R, DAD-1 EHE TRESEH, 2 REA
BBRAGEH RLr Z — S IR X 3 AN IR o1
B RIS ., 3 B B IX i) N-oR o2 3 32,
59,94, C-RuR4FHI K 54.,80,116, K Bl 22~23 AN
HR (F 10,
2.7 FETE DAD-1 BRARHLIAL MR IK 5T

R T H—FHE DAD-1 HFEEE T HERX
B, A HIR BUMI i S AR V2R BT RNA,
ST R LA 1 DAD-1 RS E R
¥, mE 1A, B TR E BT Bractin
K BYAE 77 bp /245, DAD-1 B 59 A B i 7
119 bp Zet5 . REH, WS HEH B-actin FEHAE
MARAEAL G E BHAE RSB, MERIRE B
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1 aaaaaaglga annaaalggg gaaalcageg acalegaagg algeccaage aclilltleal
6l tectetteget ctgecatacgt tgcaacccecce actaatctca agatcatcecga tttgtatatt
121 atgtitlgeag Liglcaclge lLgltaallcecgg glagltltaca Llggelallgl Lggalcaltle
181 ccctttaact cctttettte tggggtacct tecgtgtgtag ggactgecagt tettgetgtt
241 Lgletacgla lLacaaglgaa caaagaaaac aaggaallca aggaltlace Lleccagaacgl
301 gcatttgcag attttgttect ctgcaattta gtgettcatt tggtaatcat gaactteccte
361 ggeltaagllg glececlllge aaacgaataa Leaglllcaa gllllgataa Llaggegaga
421 cacagattga catttacaag aagacttgaa atcatctgtt tatgagccaa tcatcaactg
481 tLgtltaaclgl altlglelll glitgtliaaal gacalgella aaalcecllgga claaacaaaa
541 aaaaaaaaaa aaaaaaaaaa

B 6 DAD-1 BEEHKF
Fig. 6 Sequence of DAD-1 gene in O. fragrans
FGENESH 2.6 Prediction of potential genes in Dicot_ar ab genomic DNA
Seqname: test sequence
Length of sequence: 560
Number of predicted genes 1: in + chain 1, in -chain 0.
Number of predicted exons 1: in + chain 1, in -chain 0.
Positions of predicted genes and exons; Variant 1 from 1, Score: 16.857477
W, cDSI CDSo TSS
1
P AR B R
16 50 100 150 200 250 300 350 400 450 500 537
1+ 1 CDSo 16 - 366 25.67 16 - 366 351
1+ POIA 537 -1.44
E 7 DAD1 ERZ#HHEN
Fig. 7 Structure prediction of DAD-1 gene
3r Hphob. / Kyte & Doolittle —
2_
l_
[
3 o
i
& I
2F
3 1 1 1 1 1 I
20 40 60 80 100
{8 Position
B8 DAD-l EHFKEGHEAESH
Fig. 8 Analysis of hydrophilicity and hydrophobicity of DAD-1 protein
a b b c a b d b d a b a b c
Y N Iy
Y ¥ LAl

C a
r“‘i . 1(“1(_A_1[
||||HH‘H |11

A

A
20 40

i :a, Kﬂmﬂ#ﬂﬁ,b, ﬂ?jﬁ;c; B%ﬁ;dv Bﬁ%o

Note: a,helix;b,coil;c,§ turn;d, sheet.
M9 DAD1EEAWHH
Fig. 9 Secondary structure of DAD-1 protein
M DAD-1 ZHNTEREFERAR . ZE BS54 4 41 2.8 fETEAEM DAD-1 EHAFZEIEHERIX
HHWSA RS, BAEEELMA T 5 REhRs
BRRE AR R o T A AR LR I 3 32K 2 U ke
Bk,

100

etV
e
0 E;O

6

PLASRIER 5 AAf B B EEFETE M cDNA J R
#» #47 Real-time PCR 33, D) W24 It 8 DAD-1
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N-¥§ SRR C-¥ A KB
. N-terminal Transmembrane region C-terminal Type Length
AR
Lipid bilaye 32 DLYIMFAVVTAVIRVVYMAIVGS 54 PRIMARY 23
59 SFLSGVPSCVGTAVLAVCLRIQ 80 PRIMARY 22
94 ERAFADFVLCNLVLHLVIMNFLG 116 PRIMARY 23

E 10 DAD1 EEH=REHSH
Fig. 10 Tertiary structure for DAD-1 protein

~ = Wt w ot
Root Stem  Youngleaf Flower 0ld leaf

B-actin

DAD-1 ¢

11 DAD] ERAFEHEABEREER
#EE RT-PCR 44k
Fig. 11  Semi-quantitative RT-PCR analysis of
expression of DAD-1 gene in different tissues and
organs of O. fragrans ‘Liuye Jingui’
1.2
1.0
0.8
0.6
04

a

MLk
Relative expression/%

b
oy B I RS S S s
1 2 3 4 5
FFHELEEL Development stage
12 “Bit&R"ERREEED DAD-1 BH
RIZEMNTWN
Fig. 12 Real-time PCR analysis of DAD-1 expression in
petals of O. fragrans ‘Liuye Jingui’ at each
developmental stage that attached to the plant
MRk EZS. hE 12 A[5, DAD-1 Z N K RA
BTEREEH (stage D By » BER /MER FF L, Kk &
SRR 5 SUR N TR R BE W T TR (B R

AN HBI SRR, HERREA ARG 1/6.
3 g5 %L

DR, 3 EY AP ) DAD-1 & H BA
B FEEED . Z R SR B EEIE DAD- 1
FEN B EIER P 5 MR B 248 DAD-1 & H
50\l B (EOY25213. 1), 4 # (XP_002303440. 1,
AAD02848. 1), Ml T~ (XP_006432730. 1) , i N % #f
(BAA36556. DFEZ- MR DAD-1 25 1 1 & 3 iR
JFIARRIEDS 9020 b, Bb AT L, 3% DAD-1 8
Je— A EAXTRSFRIE H. X DAD-1 #H

AT TN R, ZEA L, RSN N B
FEESEH, HBEREX H 3 MR B R
FEIKEIE , 5/ DAD-1 25 ([ #0 45 RA L .
DAD-1 F X 7848 1) 40 M vh B9 B 25 3R SR T R L
B2, — R UL FEA HAS B M AT A B BT
BRIL, R AFYF DAD-1 FEHERAERRFRHL
BEMEEHBEHRBIEAARIMAR. HREH,
DAD-1 FERFE/NZZ KL A A ) AR 25
WESHAREPYARE, HAEMRENIE FRE
PMAAA P RIABRS ERENEE, AP
B DAD-1 2 R il R XoF 38 1 £ 8 T M I 5 1 76 A
¥, DAD-1 BRERGEHHREKFRERT
M50, R R, DAD-1 Z: N EBERAR
L EFES AL E P RE R, AN
RS , NI e AR X 3R A & B A
ER ZE BT,
fERHERFHRA T HIE TR 22—, 5%
FH,DAD-1 BEHMFLEERE PCD %R ZHIP B
TR, B IER R E Y, DAD-1 #F E
JEAES AL EE SR b AR, an e NI
FEik, S T AL ] WA B ARE , E R B ERIER
JB T R S T e oy — SR AR AN R A E A AT
H,DAD-1 FEH T IR 338 N kA B8, ZE R AT L
FEERHE B A T8 TP . R R ek
feteMii gt , DAD-1 B 7R ] (stage DRIB
BRR VY] (stage 2) 78 2= NIRI JF 5 B Sk
P, BT B R ] (stage 4) W WL B 454E L 30,
WEEAE LR M AR MR P MR T T R R S . b
NN IFEEH— LU DAD-1 RNEREEERE S
KA P PEFE T R R T REBE e T — e LA
&2 30k
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Cloning and Expression Analysis of DAD-1 Gene in Osmanthus fragrans

ZOU Jingjing' ,LU Ling® ,ZENG Xiangling' , WANG Caiyun’
(1. School of Nuclear Technology and Chemistry & Biology, Hubei University of Science and Technology , Xianning, Hubei 437100;
2. Institute of Vegetables, Xiaogan Academy of Agricultural Sciences, Xiaogan, Hubei 432000; 3. Key Laboratory for Biology of
Horticultural Plants, Ministry of Education, Huazhong Agricultural University, Wuhan, Hubei 430070)

Abstract: Osmanthus fragrans ‘Liuye Jingui’ was used as tested material. The complete coding sequence (CDS)
of DAD-1 gene was cloned by the method of thermal asymmetric interlaced PCR (TAIL-PCR) ,and its expression
patterns in different organs and different flowering stages in O. fragrans were analyzed,to provide reference for
studying the function of this gene during the flower senescence. The results showed that the length of DAD-1
gene was constituted of 560 bases with an open reading frame of 351 bp and a 3'-Poly A. The DAD-1 protein
encoded 116 amino acids,and it was a hydrophobic integration membrane protein with three alpha-helixs in the
structure, The results of semi-quantitative reverse transcription-polymerase chain reaction (RT-PCR) showed that
DAD-1 expressed in most tissues of sweet Osmanthus,such as the stem,root,flower and leaf,and it was higher in
the young organs such as young flowers and new leaves, but lower in old organs such as the old leaves. The
results of quantitative real-time polymerase chain reaction (real-time PCR) showed that DAD-1 abundance
rapidly decreased at the initial flowering stage,much earlier than the visible senescence symptoms.

Keywords : Osmanthus fragrans ;s DAD-1 gene;program cell death;flower senescence
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