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Abstract ; In order to further study on biological function of BnLPATS ,we cloned and analysed this gene for its
temporal and spatial expression and stress expression. Combined with the technology of homology-based cloning and
semi-quantitative RT-PCR ,one copy of LPATS full-length CDs sequence (1 041 bp) had been cloned from Brassica
napus of Xiangyou 15 in our study,and designated as BnLPATS. Sequence analysis revealed that BnLPATS had the
LPLAT_LCLATI like domain and belonged to the LPLAT superfamily. Temporal and spatial expression results
showed that the highest expression of BnLPAT5 was in root and the expression levels was two times of stem and em-
bryo. Stress analysis indicated that BnLPATS presented two kinds of expression patterns under the treatments of
NaCl, PEG4000 , waterlogging ,6BA and ABA ,and which limited to the expression of BnLPATS. Under the treatment
of NaCl,PEG4000 and water logging, BnLPAT5 presented a model of, rapidly fall and then slowly ascent and the
minimum was at 3 h after treatment. As for the treatment of 6BA and ABA, BnLPATS5 presented a model of slowly
ascent and then slowly fall” and the minimum was at 12 h after treatment. Compaired the influence of , high-salt , ar-
id , water logging,6BA and ABA , range analysis showed those factors regulated the expression of BnLPATS in the
similarity level. In comparison , high-salt’s inflluence was more obvious. A copy of LPATS was isolated from Brassica
napus and analysed its temporal and spatial expression and stress expression for the first time. We thought BnLPATS
was a ubiquitous expression gene and sensitive to the arid.
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1.1 #HEIRF

WM 1S (VR4 3 DR TR 90 B 4 1 05 S 00 & AR
Fl) ,pMD-19 T #RAKIE H E A T8 (K% ) A RA
H)(TaKaRa) . J2 ¥ 551857 & . TransZol UP 4 &
RNA #2507 £ . DNA Jig [R5 & DEPC | i £
H DNA 4B . ANTP 100 bp DNA Maker ,DNase [
SR A At 4 A A W B R A BR A Al ( Trans-
Gen) , B4 933 5% Ab B3 7] PEG4000 , ABA 6BA
F1 NaCl 581 H 23 EFHEA PR F] (Solarbio)
1.2 Ak
1.2.1  BnLPATS S:H 5epe a2 [A) U LX) $U R
¥R H WA ESE T EST Mk, 456
5 BEiHEI1Y, %5 N LPATS-Fw F1 LPATS-Rv, %
X5 PIRAR DGR BAnER 1 s,

Primer

xz1 PCR RMS|IHMRESH

Tab.1 PCR reaction primers and parameters

514 Fx EHE5IYI(5'-3") TUFTII(5'3") B JGREE/C IR
Primer name Forward primer Reverse primer Annealing temperature No. of cycles
LPATS CTGATGGTGCTGGTTTCAACAG GAAATTGGATAGAGTCTTAACCTC 54 35
Bnks CTTGAGGCAGATGGTTTCCAGT ATTTGGGATTTGGTTTTGGCTG 62 25
ACTIN CGAGCAGGAGATGGAGACT GCTGAGGGAAGCAAGAATG 58 28

B22 °CEWI N 16 h/8 h M R FRE 2 Fr
ELH R 15 2978 50 ~ 100 mg, WA B HHE I
F#8 Trans UP 38055 & B3 A0 77 %, 547 & RNA
PIFEI, B RNA 4R ECLL K2R 1 4% cNDA & )
HAKT5 ¥, 43 512 WL TransGen TRIzol RNA £2HGAF
&Ml EasyScript™ First-Strand ¢cDNA Synthesis Super-
Mix 30 & B S

Phi& cDNA Bt i#£17 PCR 973, PCR X
MAKZ . Bifr 1 pL, 10 mmol/L dNTPs 0.5 pL,2
pmol/L LPAT5-Fw 0.75 pL, 2 pmol/L LPAT5-Rv
0.75 pL, 10 x Reaction Buffer 1 pL, HiFi [N =R
DNA B4 0.5 plL,ddH,0 5.5 pL, F&7. WAy
94 °C 3 min;94 °C 45 5,54 °C 455,72 °C 90 5,35 />
PEH ;72 CHEMH 10 min, PCR §" 87 =H125 1.5% 1Y
BENRBE ARSI, I Il FARHE A Il 4 v e
Z pMDI19-T UK, £ 7% PCR Y& 7T,

1.2.2 BaLPATS J¥5V 4538 FIF NCBI 48 12 53

XS BnLPATS 347 BlastN 1 BlastP J5 51 FE X437
i Mega 5.2 #4703 AR I7 . F A H 519
LPATS AR A e 225 0E 50 M1, I Expasy B85
JE A TSR BTS00 | PR~ 25 4 R () P A 351
DI AR Y RE TN

1.2.3  BnLPATS %2541 H Mega 5.2 XI5
IF R CH I DA H i IR R R A kAT
UPGMA %25 R}, A NCBI 4 P i R HAL ©
HFEPIR LPATS Z 575, Sl It LPAT K%
BRI T 5 HEAT UPGMA 4347

1.2.4  BnLPATS5 SR RIBFHESAT  BnLPATS B
25 FEIR AT A S A BRI AR T EE [R] A4 3HA 3 15 FFAE
TR 25 it AELLTFAESS 1 ~5 AR 1 ~4
JARIER B RNA, 472 & RT-PCR 20 ¥, DA
WERIMSE ACTIN (FJ529167.1) B:H AN S| k472K
7E 1 RT-PCR, Kzl H #5 RS BnLPATS &Rk,
RT-PCR W AKZ (10 pL) :5 U/pL DNA Polymerase
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0.2 pL,10 mmol/L dNTPs 0.1 pL,10 x PCR Z& mifi
1 wL,50 ng/pL itk 1 pL,2 wmol /L IF 51914
0.5 uL,ddH,0 6.7 pL, PCR F£JF.94 °C 178 1
3 min;94 CAEM: 30 s, 51 30 5,72 C LA 40 5,34
MBS ;72 CHEM 10 min, 4 CHEEARE, 51
Py GBI B R AE A B E B R 1,

BnLPATS AFA:= )38 455 3 38 26 3K 3 Br < B il =2 b
THEED, AR 4 ~5 FEa TR, 255
RIS AL PR 0,3,6,12,24 h FTISEN - RNA 34T
B RT-PCR 70#r, PCR 514 (KR AR Kol
VKTl b AbFRTT S REOCHR 4,25 ] A 2, K
T AL BRI M E RS K P K T I SR AR
BB T WA 20% PEGA000 19 WG i 25 - 11 5%
FERLTE 20838 L 300 mmol/L NaCl ¥ & W5 74 - 1t
BETHE AR TS 5 A7 4 A A 8 4 7] Ak 3 4 0 vk B Ry
0.1 mg/L 6-BA 13 mg/L ABA ¥ V& 74 - 1f 38 4
FRER, HEITE RN 2 mL/bk, IR AR A
B R3PS 2 50 mL/Bk

2 HEREpH

2.1 BnLPAT5 £% CDs F3lIHIEE

DAV 15 477 RNA SO S it eDNA AR,
PCR ¥ 45 RN 1 Fizs, i i BORZNZT 000 bp
LAy PR R %R B 1 041 bp K oy
%N BnLPATS ,GenBank % 3554 KJ186847

1 500 bp-
000 bp-

—

M. Trans 100 bp PlusIl DNA 4> F R bR,
M. Trans 100 bp PlusIl DNA ladder.

El1 LPAT5 RT-PCR HKER
Fig.1 Electrophoresis analysis of
LPATS5 RT-PCR products
2.2 BnLPAT5 £¥{E BZHH
2.2.1  BnLPATS #% 1 R)F 5 08T BlastN 3Bk
W1, BnLPATS 5 1L B JF LPATS 4=+ CDs (XM _
002885236 ) M AHALL EE f i , AHRLEE FIE 55 B 430l A

1 125 250 375
RF+1

putative acyl-acceptor binding pocket Al A A

Specific hits

Superfanilies

LPLAT superfamily

89% F1199% , BlastX Ft X455 BlastN FEAAH[H]
Mega 5.2 X4 mg 57, 28 H ik DL & BnLPATS 47
FF 3 AN B 250 M B 7, BnLPATS ] BolLPATS-2
AR ARL BE S5 e, FEAHLEE 2 99. 7% , HIR A Bral-
PAT5-2 B} 97.9% , BATIRRISEE R NIE 2 fF
INo RABLERIFMLEE S Hr a2 —3, RV
1% BnLPATS JH B9 =E LPATS 9 1 A48 01, H[F]
SR FIH W LPATS-2 [RIJ5 R
Bl PATS (H ISR Brassica napus;KJ184847)

BolPATS-2(H 8 Brassica oleracea:Bol003012)
——— BralPAT5-2(F13 Brassica rapa:Bra(22365)

{ Bral PATS-1{E13 Brassica rapa:Bra037553)
BolLPATS-1(HHE Brassica oleracea:Bol030981)

AtLPATS (ST Arabidopsis thaliana:AT3G18850)

0.04 003 002 0.01 0.00

Bral.PATS-1 1 BraLPATS-2 2k B (1%, Fo 435 7 £ F A01 Hl A0S &
Ye (i dA ; BolLPATS-1 1 BolLPATS-2 3K 1 T H ¥ , Hotp BolLPATS-1 &
i 4E CO1 3 7 BolLPATS-2 ENEARH ( K5 T Bioinformatics at Geboc %%
HEPE) ;@7 FRIC IS BnLPATS 375 WCH i 50 il 3% 52 BE () LPATS
BraLPATS5-1 and BraLPATS5-2 from B. rapa,which were located on chro-
mosome AO1 and AOQ5, respectively; BolLPATS5-1 and BolLPATS5-2 from
B. oleracea ,in which BolLPAT5-1 was located on chromosome CO1 ; BolL-
PAT5-2 was still unknow ; The BnLPATS with* € ” marker means LPATS
gene sequence from B. napus.

B2 eIt 83%. HEMEER R
LPATS 12 HBRRE ST

Fig.2 Phylogenetic analysis of LPAT5 gene CDs

from A. thaliana ,B. rapa ,B. oleracea and B. napus
2.2.2 BnLPATS ZAEMRT Y5387 i85 Expasy &
F BUECE 22 (http:// www. expasy. org ) X} BnLPATS
A ERALME T 40 #T 7%, BaLPATS 1 346 4~ 2 SL iR 41
JIG, AR X 20 45 A AE L R0 5 R 40. 40 kDa Al
9.02, FAEMA W LR, IE AT IERA Lys HI
Arg, b E LR BB 12, 1% , 17 42 D EANLEYIE
fif . 7 AR SRR ) Asp T Glu, 5 & LR B AL
9. 8% , 33 AL A L LA, 1% FE DR T 4 S 14
B HEBAE , HARETEN 60. 89% , TEBELE A A
AR T 20 b, 7E R AT v 200 P4 B9 > s R
T10 h, [AIRF, 32 RN S B 4 K V15 £
533124 0.907 F10.033,

PRESFEER I3 BT 7R BnLPATS FIT 4 5 i) 75
H4% LPLAT_LCLATI #4585, J& T LPLAT @& A
KR PRsT AN 3 B

500 625 750 875 1000 1044

E 3 BnLPATS HIR=F 4035
Fig.3 Conserved domain of BnLPATS
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2.2.3  BnLPAT5 BE&4#r
BAE e B AN H ALY LPATS RILFRIT51 .,
JIrAs 7 810 4R . 52k (XP_006297926. 1) | BE R
(ACC59200. 1) . 7 %j ( XP_003631627. 1) Fl K &
(XP_003537896. 2 Fl XP_006590901. 1), #f [k ¢4
AN I IZ e B2 (NP_194787.2 NP_567052. 1 \NP
_175537. 1. NP _565098. 1 . NP _974144. 1 NP _
001078184.1 NP_188515. 1 NP_001030724.2 NP_
974335.1 1 NP_001078183. 1) . 1% ( Bra037553 #l

2 BlastP, $HU NCBI

Bra022365) . H % ( Bol030981 F1 Bol003012) LAMIEE  HIiHSK LPATS K — 5t .
LI LPAT 2 312 /751 ( AEE01048. 1, AAF73736. 1,

@ BnLPATS (H 85 R i3¥ Brassica napus:AHVI0570)
@BolPATS-2(H i Brassica oleracea:Bol003012)
@Bral PAT5-2 (3 Brassica rapa:Bra022365)

CrLPAT (F¢3 Capsellarubella:XP_006297926. 1)
@BralPAT5-1(93 Brassica rapa:Bra037553)

@ BollPATS-1(H#4 Brassica oleracea:Bol030981)
ReLPAT (B Ricinus communis:ACC59200. 1)

VVLPATS (#i%§ Vitis vinifera:XP_003631627. 1)
GmLPATS-1(KE Glycine max:XP_003537896. 2)
GmLPAT5-2 (K& Glycine max:XP_006590901. 1)
tLPAT5-1(JlF§ 3+ Arabidopsis thaliana:NP_001078184.1)

FtLPATs—z(ﬂalﬁ?F Arabidopsis thaliana:NP_188515. 1)
A

tLPAT5-3 ({lf§ 4T Arabidopsis thaliana:NP_001030724. 2)

AtLPAT5-4 ({lf§9F Arabidopsis thaliana:BP_974335.1)
AtLPATS-5 (fl@§3F Arabidopsis thaliana:NP_001078183. 1)
AtLPAT4-1(#IF§3F+ Arabidopsis thaliana:NP_565098. 1)

_:AtLPATtl—? (#IM§ 9+ Arabidopsis thaliana:NP_974144.1)
AtLPAT3 (f\839F Arabidopsis thaliana:NP_175537.1)
AtLPAT2 (#l/§ 9+ Arabidopsis thaliana:NP_567052. 1)

WBATL 5(H AW Brassica napus:ADCIT4T9. 1)
_L. BAT1. 12 (H WSR3 Brassica napus:ADC97480. 1)
WBATL 13 (H R MK Brassica napus:ADCIT478. 1)

ATS2 (#1#§ 9+ Arabidopsis thaliana:NP_194787.2)

WACT2-1 (H AW Brassica napus:AEE01048. 1)

|.ﬁﬂ2—2(ﬁ'ﬁﬁ?ﬁi¥ Brassica napus:AAF73736. 1)

3
L]
0.8

n
T
0.6

I 1 J
T T 1
0.4 0.2 0.0

“ &7 FoR WH B RIS T BE T A3 A LPATS Z2ERR 751 5« @ /R (AT H TE 7Y LPATS

FIERRTH ;W7 FR CHGE M H T RLSE LPAT ZERF41,
The BnLPAT5 in “ 4” marker mean LPATS amino acid sequence isolated from B. napus;The LPATS from

B. rapa or B. oleracea were in “@” ; The reported LPAT amino acids sequences of B. napus were in “ll” marker.

B4 FEEMATEER LPATS R HEIFETF LPAT RixSEBEXE
Fig.4 Phylogenetic tree of amino acid sequences of probable LPATS

2.3 BuLPAT5 RiEHH

2.3.1  BnLPATS R} 753 Fik
ZER (B 5) N, BnLPATS FEAEM Rk HE X
HRMEEZE BRI TR 2 5, BN REE W
6.5 ff, TERMIRM K E LT EICFERE T
JabEARR S BRI E R K, ERIER TS

of different plants and Arabidopsis thaliana LPAT family

FES BT o B AR A R e, 7 2 AR p AN 3

ER RT-PCR AR RE, HAX FRikE N 0.4,

ADC97479.1 ADC97480. 1 Fil ADC97478. 1) #EATH
RAZERWME 4 s, HE 40, LL0.5 1A,
ATDAKE o3 =R 28, 4 1 2858 LPATL, &AL 45
ATS2 (ACT2-1 £ ACT2-2; 55 2 KIS{U 45 LPAT2 F
LPAT3 , £ 4% AtLPAT3  AtLPAT2 (BAT1. 5 BATI. 12
1 BATL. 13 ;55 3 25 LPAT4 I LPATS £ i%, Hih
BnLPATS {f 4 F #t 25, [F B, BuLPATS 5 Boll-
PATS-2 Fl BraLPATS-2 3£ 4 5% R i it , % 45 R 58
HMRERELR —3, #E—PHEWr, BaLPATS S H ¥

2.3.2  BnLPATS Wil ek g5 5% B Wi 5 ihan
T, BnLPATS TEtrp 3858 2 2 80 2 FhAS [A] A 62
AL ERWE 6 Fin, 78 NaCl,PEG4000 M 7K 5t &b
T, BnLPATS 5 BRFEGE T H3RIAB, AbFE 3 h
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B, iR B e R ik 5. X F 6BA Fl ABA A9 AL #H,
BnLPATS I 2B« R TL (R4 AL 12 h

3 ik

I, ik AR, WL T R, et T3 K BAFRREE A e BRI LA R E W, 5 Bral-
6BA F1 ABA XF BnLPAS & [F ) 3R 52 I FE FEAH 2 PAT5-2 #1 L, BraLPATS-1 5 BolLPATS-1 19 ¥ 5 AH
RT3 , m b He b i S E A AR RS [ B8, BraLPATS-2 5 BolLPATS-2 1) 5 ¥
2.0 WBALPATS MR R, X—45 R 525588 A B.C 3 M@

Lo VALY F S DA A 0 T e € AR AL S A )

%3 TR, Y 241 5 W 5 T 2 6 PR 4L 1
R 0 I M 258 HE— 502 [FIRY, BraLPATS-1 5
Ep05f BolLPATS-1 43513 T AO1 Fl CO1 S YL A, i I

= 0.0 WL e A X AEAE— R A, T
oorEee ;_&ﬁgaé: o HRER R 3 (AA) FTH 5 (CC) B9 KR A5

1 ~4 A 25 IRITE;S ~9. FEJ5 1 ~5 JIR;10 ~ 13, 7805 1 ~4 JH5L3%, ot J& T 5 DR IO A5 A, BOTT A A/ C R 4H 7K
1 —4. Root, stem, leaf and flower;5 —9.1 to 5 weeks after pollination _TIZJ: , Kﬁ\%—% E/‘JZ: IEH:%- J[‘]\ , E—,‘JE B ﬁﬁﬁ/‘:’ ;J:§7|Q7K_TIZ‘

embryos;10 —13. 1 to 4 weeks after pollination capsules.

: ey Ao gy E
B 5 BnLPATS BIBIZRi% K, P — R
Fig.5 Temporal and spatial expression of BnLPATS
= 1.5 [ NaCl W BoLPATS = L.5 [ PEG4000 ~ L5 O
ke ks g
B8 10} 810t B8 o0
ﬁgl'o *%1.0 _&%1.0
9 g e He
’® g ® e i’ o
®og5L Boq5| B Y05
E_? E_‘s‘ EIE
5 = K
£ 0.0 £0.0 £0.0
0 3 6 12 24 0 3 6 12 24 0 3 6 12 2
LEREf(E]/h LbFRET ] /h AbEREf (] /h
Time after treatment Time after treatment Time after treatment
— L5 eBA < L5 [ ABA 0.8 0 TRESHT
z 2 Range analysis
g g 0.6 [
ig L0 ig L0
® o e &
s X & Bo4r
Lo (o
= g 0.5 | = g 0.5 |
g E "I
£ ]
0.0 0.0 0
0 3 6 12 24 0 3 6 12 2 NaCl PEG H,0 6BA ABA
ALERET [E)/h ALEERS ] /h b
Time after treatment Time after treatment Treatment

E 6 HIEMMBT BnLPATS MIRIZEXNERESH
Fig.6 Express pattern and range analysis of BnLPAT5 under abiotic stresses

BnLPATS 1 H T =R 1 44> K 1 I A LPAT /£ TAG & iad R v, fiEAL H-ilh-3- R
PR, N R FGR LN [ F, UM IT LPATS £F B4 Sn2 LAYMBERE SOV, 38 BN LPAT N B
15 5 MM BT EIE A AT REFEA R R H A Rk SRSl Z A TE R R LR IR R . R
AN AT ORI R A=) 2= Dhie . HERISE S BaLPATS 7EARTP I RIk & i, R IR P Rk = 1Y 2
PRI IRl AR RHE Y, HLHAE N —> S U5 % P, BEIIZAEE TR AR KO B i b B —E 1
TRAEY) , H LPATS F7AE 2 /DR BT B X LA RO iR FEH, TSR0 F 8t JCE Al Chen 557 AOBFSE 45
MRFE R BT L Rt A/C FER A PRI SE SRR
kg AN TRt — 098, ARESETAS CDs 7 TEm R 5 KB AR R R AR A Y
51l BnLPATS , A REALAUR: C JE P LPATS (—FhST  BEf9MME T, BaLPATS FEM i) 3Rk B Ak 4 il AR
A, A, Ul W e n] BB 18 i SR 5 BnLPATS 3[R 3%
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