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— ANRF PoFAD2 EFE K& F B 52 PoFAD2-2 i) 78 [&
K RIEEI 55

oH, HROW, &FEE, Kk, M R’
(PR 0 2SR AP 27 B VT A Vit e BT S0 % V0 B 225009)

FEE: RN ARG 2( FAD2) REAF I FR A AL IR , 2 BRAN TR RN 1T TR A T A 22 AN LRI I TR 174 O S il

AR TR T 1 F 1 PoFAD2-2 JEFTH , 5i B B RS PoFAD2-2 B K 4 K (1 cDNA, it % A PoFAD2-2, JLIFJiltIw)
BAE N1 155 bp , g% 384 AEEERR , 2 (1 T4 T h44 000, %5 40K 8. 51, ZEWE BAF M sl R R | %36 4
T AR BT 2K P A5 5 RS RS R el , IR T IRES & 841 FAD BE R, 2175 X 5 R G bR 7 A R &
B, PoFAD2-2 3EH 5 PoFAD2-1 F&H 26 % 56 R EE , Xt T PoFAD2-2 #:H , RPHFE b AL b 5 3RS [ Olea europaea
(common olive) (KY652929.1) | .HE K[ Wrightia tinctoria ( GU190864.1) ] WA RIMEE i, DEGRE A ras R FEH,
PoFAD2-2 TEARFNTF i A 338  FEAL T (AR Feih & fi ey, BB Fh 138 0 A, PoFAD2-2 1EFh ¥ ) 3Rk 2 0
BEHTREARFE I R 85 FRRAIG , SR I BE R ik HAT SRR 5% . PoFAD2-2 BERTERD T R F kR by Rk a5
PoFAD2-1 ],

KR, Kb BBWRELEE2; AYIMEEY,; 5OLEE
FESES: $565.9;5685.11 XEkFRIRED: A XEHS: 1000-4440(2018)06-1339-08

Cloning and bioinformatics analysis of a new PoFAD2 family member Po-
FAD2-2 from Paeonia ostii T. Hong & J. X. Zhang

SUN Jing, CHEN Ming, MENG Jia-song, ZHANG Ke-liang, TAO Jun
( College of Horticulture and Plant Protection, Yangzhou University/ Jiangsu Key Laboratory of Crop Genetics and Physiology, Yangzhou 225009, China)

Abstract: Fatty acid desaturase 2 (FAD2) catalyzes the conversion of oleic acid to linoleic acid, and it is a key en-
zyme which converts monounsaturated fatty acids to polyunsaturated fatty acids. In this study, the full-length ¢cDNA of Po-
FAD2-2 gene was cloned from PoFAD2-2 gene and named PoFAD2-2. lis open reading frame was 1 155 bp, 384 amino acids
were encoded, the molecular weight of protein was 44 000, the isoelectric point was 8.51. Bioinformatics analysis results
showed that the protein encoded by the gene was hydrophilic, contained five transmembrane domains, and belonged to the
membrane-bound FAD superfamily. Multiple sequence alignment and phylogenetic analysis found that, PoFAD2-2 gene was
more distantly related to PoFAD2-1 gene. PoFAD2-2 was evolutionarily similar to Olea europaea and Wrightia tinctoria. Quan-

titative real-time PCR results showed that PoFAD2-2 was
Wr#s B #3.2018-02-07

EEWMAB: HAEAAPHEIERTH (31600564) ; 115548 H AR5k
43 H (BK20160460) ; VL7548 Aol =55 TR H [ LYSX
(2016)45]

VEZ R 9 W(1985-) 40, B TTHE T B BE0T, M was gradually decreased, then increased and then de-
SO LR Y R B RS T AW ARG, (Tel) creased. This gene expression was tissue-specific. The gene
18352766730 ( E-mail) jingsun@ yzu.edu.cn expression trend of PoFAD2-2 in seed development was the

BIEE M 2, (E-mail) taojun@ yzu.edu.cn same as that of PoFAD2-1.

not expressed in roots and ovaries, and the expression level
of PoFAD2-2 was highest in petals. With the gradual matu-

ration of seeds, the expression of PoFAD2-2 in the seeds
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I 7 PR 2 ML RN ( FAD) ) 2 AW s A A G i
fity , & REfE AR W R S AL AR RIIR iR . HT, A
fI1C geim o XU R T SR P I E 5T, 3 s 2 Fh =
5 RENTTR LA ARG ik B b A G B SR A 1
K FAD2 FAD3 FAD6 FAD7 FADS'' , H3#f x5
P E AT B A9 RRTR AR AEE . A12 B
U R 25 W R RN A LS i 1 IR 25 AR L o
A9 I 17 TR 25 1 R it 2 M — AT 5 1 25 A RN, B A
A5 RE JE L (18 © 0)-ACP 21 Fl i} ( Stearoyl-ACP
desaturase , SAD) , A12 JEITER 2400 AN AN A 15 B8 i
B2 T RN R R 1 2 A 12 A R 25 10 il
LA FAD2 \FADG , it A 15 Jg D5 R 25 18 il il
BRI H FAD3 . FAD7 FADS™" .

FAD2 FER Gt 09 A 12 B 15 2 240 Fi 2 B i
ANTRLFI A 17 R 100 O S8 I , U 2 A 00 A 1 R A
TR 1Y PR B, FAD2 A0 T Bt B L, 3= S fE 1k A
R BE SR 12 A A 13 (LRI T 2 (R B AU , 1
TR AL O I R , 7 BR BB 1F— 25 A A
Hii, AM1e 2 MR Z Y e el FAD2 (15
Feg B ST S B R, S A 1A
FAD2 I, i 7 Hof KR Z 8y b R A 24>
FAD2 2, R Grh A 4 A4 i 2 4, &
Ko 34, [F—4FP i FAD2 S HAR TR, HAE H
WASAANR], BT AERP I B A A7 R ) o A A
HIH Z AR 2 5, it Al ¥ AN 8] FAD2
HE PR 53R it ATt B A e AR S 28 R A 4 A4 o
FEE R 7 T A G 5 2 P 4 B A 2

XS} ( Paeonia ostii T. Hong & J. X. Zhang) X 44
il At PE A B RPE 7 0 e g B RV L AT
AR JE B T PR FE S, TR, A
TTARIRFH - JRR IR & f 450 /&1, VS — Rl 7
PRIEHEY) , o3 B4t PHE Y th i FAD2 JED BiF9¢ H:
RS T Zny, BHET, DA W HE Rt
PoFAD2 R KA S T RE , £ W) SR & B0,
RWUE" ¥ Mot — 5T

ARWFFERINT PoFAD2 i 2 HEA4 T 5w B AR W05
ST, SO ) VRS [ 35 57 R B 300 1) ARG
RAT, LIHHE— 25 8R5T PoFAD2 TE RGP I,
HHPIRF R o RRIR & i i — L R iR it =

ZARYE
bRk
1.1 ##l

Ve VT 9548 4% PN T 47 M K 2 4 3 o 55 9 5L Al
(32°23'N, 119°24'E ) i 19 XU AR 5 41 k), R 4R
BRACI AR 25 e AE D7 SR F (fE )5 40 d.60
d .80 d.100 d.120 d) , 37 Bl & T A P # %k, -80 °C
AR VKA RS . B0 AR T AR TR
ety A7 R 23 714 B, pMD19-T # 4K  Tag DNA B4
fiti MR BERSBHEE R DNA MR &  RNA #2505
MG DOEE = PCRAIRF &I A TaKaRa A F,
1.2 Fik
1.2.1 RNA 3R & cDNA & s  $% R TaKaRa
MiniBEST Plant RNA Extraction Kit i3] &1 B 542
HURPRR 7 K A B RNA, $2 50 RNA J5 BT pl
PEAT I W 5 e L Uk, R JHL I et R vk 3, R A I
FFAAE-80 CUKFE™ . cDNA %5 —HERY & WA ] Pri-
meScript'"RT reagent Kit with gDNA Eraser ( Perfect
Real Time)ifk# & ( TaKaRa 23 8] 7= ) SER -

1.2.2 314pi%st  HiHE NCBI 48 09 KUPHE: 55 20 5%
i (B 5k 5 . SRP051810) , i £ #| PoFAD2-1 Fll Po-
FAD2-2 2 3L NP5, FI A Primer PremierS.0 %14
Bt 51 ¥ PoFAD2-IF . 5'-CAATGGGAGCCGGTG-
GTCGAATGGC-3' Hl PoFAD2-IR: 5'-ACTCGTTC-
CGATACCAAAACACACC-3'LL K2 PoFAD2-2F .5'-AT-
TGTGGAACAATGGGTGCCGGTGG-3'Fl PoFAD2-2R ;
5'-TTATTCAAACTTATTCTTGTACCAG-3’, ¥ 44 X J}
PoFAD2-1 PoFAD2-2 3£ X f{) T 5 5 324E ( ORF)
1.2.3  RJt PoFAD2-2 R B A% e 3%43F  FIFITH
21X PoFAD2-1 F1 PoFAD2-2 ) cDNA #7448 %
FH 1% B A HEE S HL 1k T 2 R 38 () PCR P~ 47
K, H i 45 & 1 MiniBEST AgaroseGel DNA Ex-
traction Kit {877 #& ( TaKaRa 23 7] ;= fi ) #E47 R, BR
J5i R pEASYTM-T5 Zero Cloning Kit 371 & (434>
OSEL ) AT TA SRR, Ak = KA R R
DH5a R SR JE #EATHAE 2 (=R PUAR) ik, Pk
R E ] 100 mg/ml, FHJeke BT b = L
AT A TARBRAR AT BR A w0
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1.2.4 AHIZEF 5 DNA KA IR A
N Omth @ R A H Bioedit BRAF A TN, F) FH A
“HF DNAMANS.0 #4777 4 () BF 45 R B35, R
TR T H NCBI Blast #E47 51 AY [R] PR LE XS, IR
FH MEGAS.0 1948421 (NJ ) FIIH 3R A5 5 LK KU 5
H A 20 LR E Y 64T R g8 AL i i 2t
F] JH %% 4 Prot Param., Prot Scale, TMHMM?2. 0.
SMART J3 5 %) s PR G it 2 11 5 ) BA R ot 6 7K
PR LA RS DRI T 40T o

125 RRAZHEX G54 FIHPOEE & PCR X
CFX96 Reak Time System( Bio-Rad 23 Fl i) , >R 5K
A 2E # PCR (qRT-PCR) $ R 43 #r PoFAD2-2 K AE
RPHR 2K it A8 7 meh ki zR It S
PoFAD2-1 0%}t SERT 2 & PCR 2R H PrimeScript
RT reagent Kit With gDNA Eraser {7l £ ( TaKaRa 2y
FIFEE) , NS R ubiquitin FEH R PERIBT |
Prangk 1 R, ¥ 0F. 94 CHUZEE 3 min;94 C
AP 30 5,54 CiB K 30 5,72 CHEMH 1 min, 35 M
I, 72 C #Eff 10 min, {# ] Bio-Rad CFX Manager
V1.6.541.1028 FRAFWCER SR Ce fH ., BAFEEE
3K ARG 274 Ak AT

£ 1 RS PoFAD2-1 .PoFAD2-2 R TZEFRASI YR ERFFI
Table 1 Primers and sequence of PoFAD2-1 and PoFAD2-2 gene

cloning
HEH Em5IH (5 —3") R 51# (5 —3")
ubiquitin - GACCTATACCAAGCCGAAG CGTTCCAGCACCACAATC
qFAD2-1 AACGGTCCCTCATTCACTCA- ACCCATTGGTAGTCACT-
TTCTC GAAGGCAT
qFAD2-2 AGAAACCAAGACACCAGAT- ATGCGAGGTAAGGAAA-
TCCCCT AGGGTGAGG

2 HR5Hr

2.1 RFJ PoFAD2-2 EREZERFSISH

PIRH | cDNA SH#5idR , 48 PCR ¥ 3 5 3K 1%
TR 7 B, B R MR A rEL DK ASEI | 485 2R 5 SR AR A
DT )5 28 Blast XS B 2 H A RUPE PoFAD2-2 3£
Fea ATl e, 1% 3L OFR 4K A1 155 bp, i
fith 384 N ZHERR , & 1 543 ¥ 1 44 000, 55 HL S
8.51,

X PoFAD2-1 5 PoFAD2-2 75 F Y25,
I DNAMAN 4%44:%}F PoFAD2-1 J PoFAD2-2 %X %

i 1) HE R A T 2 FE R A S 8 H % L D R R
FPHIEEXS (B 1) .

% 2 W8R8, PoFAD2-1 4 2 5L Fr 91 K B H
383, MR B R S ok Y Ry 52, BBt iy 1 H £ 1Y
R LA ILMRAE N 55, PoFAD2-2 il (4 & 3L 8 ¥
Gy 384, TR B TR K ot Jrie ™ H80CH 50, Btk iy
IEHLTAY R B2 LR 0 57, 2 DS Y
TR — BN 77. 43%  FIMIVE—

N T BRI PoFAD2-1 3E ] PoFAD2-2 3
L5 HABAR W) ) 266 6 PR 1) 38 2 OC 2R e ml R B9 4R 7
2, I MEGA /%t PoFAD2-1 Fl PoFAD2-2 F:H %5
(ETOE= 9145 S ARSTE L i P SN NIEAN 2P & A 811
24 DR FAD2 PR i 1 2 5L R )3 91 64T LU R
% Neighbor-Joining REEH AR, 1 5E Al AE IR
O 1000, BESHTER (& 2) KW, X T Po-
FAD2-1 59, RPHE AL I 535 [ Camellia oleif-
era ((KJ995981. 1) ], 3t #i [ Davidia involucrata
(EU275211.1) ] .\ BH8 4 [ Populus trichocarpa ( Popu-
lus balsamifera subsp. trichocarpa) (XM_002297624.
2) ] BK#% [ Corylus avellana ( KF856626.1) ], K &
[ Glycine max (soybean) (AY954300.1) ] . K&[ Gly-
cine max (soybean) (BT098510.1) ] A5 %% KL R 3
U, X PoFAD2-2 N, KPHEREAL b5 b Ao
[ Olea europaea ( common olive) (KY652929.1) ] i
K[ Wrightia tinctoria (GU190864.1) ] HAG %5 = A #H
UVE, PoFAD2-15 PoFAD2-2 R4 KRR,

%2 PoFAD2-1 1 PoFAD2-2 ERHFBHEERANREER
Table 2 Amino acid composition and number of products encoded
by PoFAD2-1 and PoFAD2-2 genes

J— #H ) KH
AR I —
PoFAD2-1 PoFAD2-2 PoFAD2-1 PoFAD2-2
[EE=N A 23 25 e 38 37
FE R 16 16 1 = R 15 20
RAT e 13 10 i R 8 5
RAHAR 17 21 ZNEEAN 20 25
PR 6 6 N 26 25
o AL 6 8 24 BB 24 24
RHR 16 11 R 19 20
HaEm 22 25 8 IR 13 12
HAR 24 21 i 2 R 28 25
SELAR 16 18 5 R 33 30
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PoFAD2-1 60
PoFAD2-2 60
PoFAD2-1 LTGVWVIAHECGHHAFSDYQW 120
PoFAD2-2 A LTGVWNVIAHECGHHAFSDY(QR 120
PoFAD2-1 IVGLILHSSLLVPYFSHWE ] EYLNNEFGRRARNY
PoFAD2-2 IVGLILHSSLLVEYFSHWK ] ] SanIIEZ VI 180

FNVSGREYDREACE
FAVSGREYDREACE

PoFAD2-1 V V DPFYGFIYSODRERLQT SEMY 240
PoFAD2-2 ) : DEYGEFIYSODRERLQT] F 240
PoFAD2-1 BVVT LV SIPLL.IVH I L PHYDSSEWNDMRGALR TR 300
PoFAD2-2 RLL VEF el FL.L.ITVE = LFHYDSSEWLDWERGALL 300
PoFAD2-1 / EE anE 360
PoFAD2-2 v E 360
PoFAD2-1
PoFAD2-2

LNEVFHNITDTHVAHHLFSTMFHYHAMER
LNEVFHNITDTHVAHHLFSTMFHYHAMEA

&
i

1 R} PoFAD2-1 5 PoFAD2-2 & A R & E B v 53T L
Fig.1 Amino acid sequences comparison of PoOFAD2-1 and PoFAD2-2

72 S Olea europaea(common olive) (KY652929.1)
1 &K Wrightia tinctoria (GU190864.1)
71 >ﬁLPaeoma ostii T.Hong&J.X.Zhang PoFAD2-2
W H A Fragaria vesca subsp. vesca (XM_004304318.2)
89 — A5 Prunus armeniaca(apricot) (AF071892.1)

99— 288k Prunus persica(peach) (KC169941.1)

61 VUEA M Cucurbita pepo (AY525163.1)
P43 Tropaeolum majus(nasturtium) (AY780572.1)
25 40 BEWBE Ricinus communis(castor bean) (NM_001323719.1)
92 MR Hevea brasiliensis(rubber tree) (DQ023609.1)

90 Ji R Jatropha curcas (NML_001308778.1)
7 | M & Vidis labrusca (JF429695.1)

99! 4% Viris vinifera(wine grape) (XM_002285604.3)

99— Ik Sesamum indicum(sesame) (AY770501.1)

[ 2 IRET A Pl Sesamum radiatum (HG475429.1)
14 S Morus notabilis (XM_010089091.1)
2 5 Citrus medica var. sarcodactylis (JN375485.1)
35 — JLS M Acer truncatum(Shantung maple) KR676561.1

99L— 5 R Xanthoceras sorbifolium (KC218918.1)

> RF}Paeonia ostii T.Hong&J.X.Zhang PoFAD2-1
54 JHIZE Camellia oleifera (KJ995981.1)
4 Davidia involucrata (EU275211.1)
5 FER M Populus trichocarpa(Populus balsamifera subsp.trichocarpa) (XM_002297624.2)
15 Wik Corylus avellana (KF856626.1)
65 —— K5 Glycine max(soybean) (AY954300.1)
oL K Glycine max(soybean) (BT098510.1)

2 RF} PoFAD2-1 7l PoFAD2-2 R ki3
Fig.2 Phylogenetic tree of PoOFAD2-1 and PoFAD2-2



ARSI PoFAD2 SR ZIEHTLR PoFAD2-2 1) 5[ S AR A3 Mt 1343

2.2 PoFAD2-2 £¥{E BEN T

FH NCBI {4 %} PoFAD2-2 fi4 {5 5F 25 #4 3 ik 47
A3HT, Fl TMHMM 454455 PoFAD2-2 1 15 5t 45 49 3,
AT R, 45 (B 3) F W], PoFAD2-2 8 A )& T
JEZE G RIY FAD 85805 , FE 45 105~ 110 2 HE R

P8 B 140~ 145 DNEFEFRNL I 55 315~320 & &
TR i 3 AL 3 ASTTREY Fe™ 4547 o5, T BE
YEALAE ], PoFAD2-2 45 5 AN B 45 A 3, 29 90
49~71 81~102.179~ 196,223 ~245 250~ 272 {3 [
REEIR B 5 MR IX K PR

a 1 50 100 150 200 250 300 350
5
I
T
b 1.2 -
e e D S ——
1.0 -
0.8 X :" ______________
£ o6k H P
- ! 7 ] I l1 1
ool i
Y- .‘ |
o “”. ik AL Al ‘hMHIJF_ il
50 100 150 200 250 300 350
o
_ﬁ'/_é}j%‘, _H}hi“lj\], .......... H}q&l\

B3 PoFAD2-2 SR B RMRFEE (a) FIBELEMIE (b) 547

Fig.3 Analysis of the conserved domain of PoFAD2-2-encoded proteins (a) and transmembrane domain (b)

2.3 PoFAD2 Bk 47

F| H Hydrophobicity ProtScale %X {4 il Il Po-
FAD2 BBk e, 8l 4 7R, PoFAD2-2 BB
JI o B 1) R 5T K PR B /Dl =3.244 B KME A
2. 744  ULIIZEE SO R CE K R E B, 49~
102,179 ~272 o B ZFERR 5 FE X B L T 2 A7k
PEIXIE, 1~48 103~ 178,273 ~ 384 i (Y & HL iR ik ik
XSG T 3 A 2K X
2.4 [} PoFAD2-1 1 PoFAD2-2 EE EH#E kT
EALAFMRIES T

% Hl qRT-PCR J7 £ W & T PoFAD2-1 F Po-
FAD2-2 TERPHR (25 M A6 7 57 (Bl 7 rh i Rk
U TIFAE TG 40 d.60 d.80 d.100 d, 120 d Hf
PoFAD2-1 Fl PoFAD2-2 TEMp Ty ik g, K5
IR, PoFAD2-1 £ RS M 25 0F A6 T B3 Fh
T 323K, T PoFAD2-2 TEAR TN 5 th A 32
ik, PoFAD2-1 F B + b M Fh 7 v 3 35,

A
LN Ao~ oW

'
N

1 1 1 1 1 1 1 ]
0 50 100 150 200 250 300 350 400
(A=Y
Bl 4 PoFAD2-2 BERE&RBEARMGKE

Fig.4 Hydrophobicity analysis of the protein encoded by the
PoFAD2-2 gene

PoFAD2-2F BLAE AL R 3R 3K Tl 25 P 314 ¥ i
B PoFAD2-1 Fl PoFAD2-2 1EFh b ) 32 31k 1 34
SRS T = AR5 PRI, PoFAD2-1 Rk i 7F
100 d F+ &, 1ii PoFAD2-2 ik 7F 80 d F+ &
PoFAD2-27E Tl rf AN [R] B 1 1) 32 35 =K T Po-
FAD2-1(#5),
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LoF
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0.6

0.4

GERSE ST
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0
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Fhr R HHTE (d)

B PoFAD2-1; O PoFAD2-2

Fig.5 The expression level of PoFAD?2 in each tissue

FEPR B 70 %5, {H & FAD2-2 JE PR 7E A6 v oK 5 3%

T a
oL _
S
g T
= 3
Z oL
17 L
W = w TR R
ZHeH
5 PoFAD2 E&ALAFHHEINRIEZE
3 9

G i A5 R i s T AR AS A R i P T2 , S D
N IR S 53 Ay B AN HRL I i 15 TR A0 22 A AR g JD TR
TR AE A BAN TR0 RN A 7 12 [0 1L RN i 17 1R —FE BB F A
PR B, T PR 0 75 22 B ) R AR B, S TR 2
AN R 7 Ak hy 22 N TR 1 575 — 25 vp [
Yy, R, FAD2 FE VR A s 3ol 1 2 1A ST 9l R 1) %
HERLDR RARE B,

KT FAD2 FEHBIMFRRZ , ATE LN Z K,
BOHEAR I  SCGREAE JHEE I AR AR SR
sk FAD2 LA T HLX SR P KR Z AR 1
A FAD2 3L, TE# NP R BT 2 A RE#E DY
FAD2 3R WA R A B I T 6 SRR 5 DL
FAD2 3P R[E FAD2 3P AE R R i 1E
ATRE AN, BATEF SR A A TR T g
MO B E 2R Y TS LM,
2% CoFAD2-2 3 N () IR B L B 52, 72 4K
Ji 42 JH 3 44 JAZ 8 AR T4 T ) & 3Ris,
HoAth By Be e ik KV — B AE R 7E BARK -, JEHAEFD
TG I T AR K S A Rk . Lin %00 &3,
TEMRIRMNE T AL FAD2-2 R £k B BT 5,
1Ml FAD2-3 FERI RO B Mg M|, FAD2-4 Fll FAD2-5
R ik LR BT, Herndndez 55 &
LIS B FAD2-1 i 4l /N v 6 77 1 B 5T
FHARRN T FAD2-2 i B R A SR R P g
Wi AN, Suresha 252 35 1, FAD2 TS 3E M T A
AP RIR TR A L 2 T 32 3%, FAD2-1
H1 FAD2-3-1 72 W bR 55 H 1 6 1k 32 22 45 o 7 16 L Fh
T B XAEAE T FAD2 5SROy Fi b AT 0, &
M FAD2-1 FENAE K B R I8 & [k FAD2-2

SZR

WG FAD2 3K B9 47 B Fn e A A 200 & 43 0 4
Fh 2 A Bl FAD2-1, FAD2-2 . FAD2-3 F1 FAD2-4.,
FAD2 JEIR 4 A28 5 7R s B 5 5 AR L 15
FERR W B A6 M o 1) ks B M T BB A e 22 5
FAD2-1 & —FpFp e 5 v 2SR, o] 5 &) i D
EZER I Z ARG T ER Y . FAD2-2 3£ K5
(B SR LA F TR E R R R A
FAD2-2 JE G ST INAR & s B JLTF7E
FAE 44 h FAD2-3 Fl FAD2-4 ¥ £ 34 2 At
MRS . EHIE , FAD2-3 2 K5 FAD2-4 £ ik
A 98% FAAMLIE

PoFAD2-1 SERFEALh Fik i ek, fEF 5 h &
kR, fEAE)S 40 d.60 d .80 d.100 d 120 d
T-H1 PoFAD2-1 33K 53900 PoFAD2-2 1) 8.8 i |
5.7 % .2.8 £i5.9.0 5 1.0 £, i HAEF 7% B2
o NITF IR SRR LAy, SRS TR T B, ZE AR S 80
d B SOOFEE FTF 4605 100 d AR, X5
F OV 5 R SF PoFAD2-1 %% Y 5 45 5 A0 0 .
PoFAD2-1 R IXEAMF L F 100 d B i5 2
R, 3 5 P A0 g T R & e R T A
100 d B 8, Bifi J AN 10 R0 i 1 3 e SR [ 10
g UL PoFAD2-1 3 [H ) S22 Fh 4
PEFEA

ARWFFE R B, PoFAD2-2 3& R AE RS54
P84 3k FEML D h 300 3Rk e Fh
AR FR IR EARAL, R TP i Rk i
1, Ul A I 3 R ek AT AU S PoFAD2-2 3%
HWIER F & F iR R B HE S PoFAD2-1
[F], 1fii PoFAD2-2 J& DX 7E W FlAE i 3% 5K 1 R 4%



ARSI PoFAD2 SR ZIEHTLR PoFAD2-2 1) 5[ S AR A3 Mt

1345

5, 20 PoFAD2-1 iRk 8 1Y 8.4 £5.71.0 ff5, 1%
Al RE

N

JE A PoFAD2-2 FE R 2 17 50 Wi R A LAY &

BN
SE Lk

(1]

(3]

[4]

(6]

(7]

[10]

[11

[

[12]

[13]

[14]

ST, EXOR] BT SC, A5 SRR AR TR 25 1 R B G
FERWPFTHIEIET]. FERUMOl A2 4 ( AR ,2012,36
(2):125-132.

WAt VLAY JUAE. AR IR BB TSR (T]. 2R
B AR, 1998,20(4) :816-820.

SABETTA W, BLANCO A, ZELASCO S, et al. FAD7 gene iden-
tification and fatty acids phenotypic variation in an olive collection
by EcoTILLING and sequencing approaches[ J]. Plant Physiology
& Biochemistry, 2013, 69(8) :1-8.

RAJWADE A V, KADOO N Y, BORIKAR S P, et al. Differential
transcriptional activity of SAD, FAD2, and FAD3, desaturase
genes in developing seeds of linseed contributes to varietal variation
in a-linolenic acid content[ J]. Phytochemistry, 2014, 98.41-53.
TN, IR Y TIR . R RIIE TR S [T].
=l , 2008 ,33(12) :42-46.

B ECE AR A AR R IR R T AR I R AR AR i R A
SRR P R RO RE[ T ] ) TR, 2010,26(6) -
735-743.

W N, ERAE S IR DTER S R AR S5 H0e T
FUHERELT]. )RR R, 2011,38(12) :131-134.

YANG M, ZHENG G, ZHANG F, et al. FAD2-silencing has pleio-
tropic effect on polar lipids of leaves and varied effect in different
organs of transgenic tobacco[J]. Plant Science, 2006, 170(1):
170-177.

YUAN. Abiotic stresses and phytohormones regulate expression of
FAD2 gene in Arabidopsis thaliana[ J]. Journal of Integrative Agri-
culture, 2012, 11(1) :62-72.

HE R YL RERE, % 0-6 1 -3 g i R A R R
Gtk S5 IhE (1], 8% ,2013,35(5) :643-654.
HEPPARD E P, KINNEY A J, STECCA K L, et al. Developmen-
tal and growth temperature regulation of two different microsomal
-6 desaturase genes in soybeans [ J]. Plant Physiology, 1996,
110(1) :311-319.

TANG G Q, NOVITZKY W P, CAROL G H, et al. Oleate desatu-
rase enzymes of soybean : evidence of regulation through differential
stability and phosphorylation [ J]. Plant Journal, 2005, 44(3) .
433-446.

KISHORE K, SINHA S K, KUMAR R, et al. Isolation and char-
acterization of microsomal omega-6-desaturase gene ( FAD2-1)
from soybean[ J]. Indian Journal of Experimental Biology, 2007,
45(4) :390-397.

LI L, WANG X, GAIJ, et al. Molecular cloning and characteriza-
tion of a novel microsomal oleate desaturase gene from soybean|[ J].

Journal of Plant Physiology, 2007, 164(11) :1516-1526.

[15]

[16]

[17]

[18]

[22]

(23]

[24]

[27

[

[28]

LI L, WANG X, GAIJ, et al. Isolation and characterization of a
seed-specific isoform of microsomal omega-6 faity acid desaturase
gene ( FAD2-1B) from soybean[ J]. DNA Sequence, 2008, 19
(1):28-36.

HERNANDEZ M L, MANCHA M, MARTINEZ-RIVAS J M. Mo-
lecular cloning and characterization of genes encoding two micro-
somal oleate desaturases ( FAD2) from olive[ J]. Phytochemistry ,
2005, 66(12) :1417-1426.

TAO F, ZHU S W, FAN J, et al. Cloning and sequence analysis
of maize FAD2 gene[ J]. Journal of Plant Physiology and Molecular
Biology, 2006, 32(6) :649-656.

fif LA JE O, AR IR, AR I 35 R Wy R 25 4 R R
HaFAD2-1 W 5E 1 5 Dy e 4858 [ )] V195 Rk 22 4, 2017, 33
(2):273-279.

KU RPH IR Wi R 2 1t FN i B D PoFAD2 11 5 B Je F 3R 3k
SPHTLD]. F&%ANARRA KR, 2016.

LIVAK K J, SCHMITTGEN T D. Analysis of relative gene expres-

27886 method

sion data using real-time quantitative PCR and the
[J]. Methods, 2001, 25(4) . 402-408.

DONG C J, CAO N, ZHANG Z G, et al. Characterization of the
fatty acid desaturase genes in cucumber: structure, phylogeny,
and expression patterns [ J ]. PLoS ONE, 2016, 11 (3):
€0149917.

WANG Y, ZHANG X, ZHAO Y, et al. Insights into the novel
members of the FAD2 gene family involved in high-oleate fluxes in
peanut[ J]. Genome, 2015, 58(8) :375-383.

JUNG J H, KIM H, GO Y S, et al. Identification of functional
BrFAD2-1 gene encoding microsomal delta-12 fatty acid desaturase
from Brassica rapa and development of Brassica napus containing
high oleic acid contents[ J]. Plant Cell Reports, 2011, 30(10) .
1881-1892.

LEE K R, SOHN ST, JIN H J, et al. Functional analysis and tis-
sue-differential expression of four FAD2 genes in amphidiploid
Brassica napus, derived from Brassica rapa, and Brassica oleracea
[J]. Gene, 2013, 531(2) :253-262.

EANE R 5, TR, A — A FAD2 Sk PN SRR
Wy FLRE B[ T]. 2> THIPIE R ,2017,15(1) :84-90.

LIU W, LI W, HE Q, et al. Characterization of 19 genes encoding
membrane-bound fatty acid desaturases and their expression pro-
files in Gossypium raimondii under low temperature [ J ]. PLoS
ONE, 2015, 10(4) : e0123281.

SURESHA G S, RAI R D, SANTHA I M. Molecular cloning, ex-
pression analysis and growth temperature dependent regulation of a
novel oleate desaturase gene ( FAD2) homologue from Brassica
juncea[ J]. Australian Journal of Crop Science, 2012, 6(2) ;296-
308.

KIM H, GO Y S, KIM A Y, et al. Isolation and functional analy-
sis of three microsomal delta-12 fatty acid desaturase genes from
Camelina sativa (L.) cv. CAME[ J]. Journal of Plant Biotechnolo-
gy, 2014, 41(3) .146-158.



1346

AN N A o

2018 4F 4 34 % e M

[29]

[30]

KONGCHAROENSUNTORN W. Isolation and analysis of cotton
genomic clones encompassing a fatty acid desaturase ( FAD2) gene
[D]. Denton:; University of North Texas, 2001.

LIU Q, BRUBAKER C L, GREEN A G, et al. Evolution of the
FAD2-1 fatty acid desaturase 5" UTR intron and the molecular sys-
tematics of Gossypium ( Malvaceae) [ J]. American Journal of Bota-
ny, 2001, 88(1):92-102.

HEPPARD E P, KINNEY A J, STECCA K L, et al. Development
and growth temperature regulation of two different microsomal w-6
desaturase genes in soybeans [ ] ]. Plant Physiology, 1996, 110
(1):311-319.

[32]

[33]

HERNANDEZ M L, PADILLA M N, MANCHA M, et al. Expres-
sion analysis identifies FAD2-2 as the olive oleate desaturase gene
mainly responsible for the linoleic acid content in virgin olive oil
[J]. Journal of Agricultural & Food Chemistry, 2009, 57(14) .
6199-6206.

ZHANG D, PIRTLE I L, PARK S J, et al. Identification and ex-
pression of a new delta-12 fatty acid desaturase ( FAD2-4) gene in
upland cotton and its functional expression in yeast and Arabidopsis
thaliana plants [ J ]. Plant Physiology Biochemistry, 2009, 47
(6) :462-471.

(/%’T:T:?ﬁyﬁrﬁi &)



