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Identification of Maize Phospholipase A Gene Family and Analysis of

Its Differential Expression under Salt Stress
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Abstract: Phospholipase A(PLA) plays an important role in plant growth and development, lipid signal trans-
duction, and stress responses. In this study, a total of 38 genes encoding PLA proteins were identified in the maize
genome, and their evolutionary relationships, gene structures, expression patterns in different tissues and under salt
stress were comprehensively analyzed. Based on the sequence homology and evolutionary relationships, the maize
PLA family members were categorized into three subfamilies: PLA (photosphorase A,), pPLA(patatin like photospho-
rase A), and sPLAx(secret photosphoripases A). Gene expression analysis revealed that the expression of different
PLA members vary in different tissue. The relative expression level of ZmPA-PLAlo, ZmPA-PLAIB And ZmpPLA-
lo, ZmpPLA-IB is relatively high throughout the entire growth and development stage. The transcriptome data of
maize seedlings under salt stress(150mmol/L NaCl) treatment was analyzed, it was found that ZmPLA1-Iy2 was up—
regulated in both roots and leaves, while ZmPLA,~lal, ZmPLA~la2, ZmPLA,~la3, and ZmPLA,~IB1 were up—regu-
lated in roots, which suggesting that PLA gene plays an important role in salt stress responses.
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TR O ol A A O D /K fit Pl A0 5 A iR , R AR
SRR HE AR . AR TG 2>
T BN R A A AL W i T R o0 D A Tl A
(phosphipase A, PLA) . #§ J§ i C(phosphipase C, PLC)
FIWEAE IS D(phosphipase D, PLD)", BEEEE A JEAHY)
H— S A i S L AR AR R E L A
I 1k, PLA PR G805 T 1) 43 24 W5 5 % A (phospholi-
pase A, PLA,) Patatin 5 i 5 i A(Patatin—relat-
ed phospholipase A, pPLA)FIMILS> 1253 WA IR A,
(secretory phospholipase A,, sPLA,)3 2", PLA, {1k
WEASTE SN-1 47 K i, sSPLAL YR F SN-2 {3 &, pPLA
AT AT B FF I SN-1 FTSN-2., PLA ZK fiff 7=y i
8 TR (free fat acid, FEA) RV ML #% A5 (lysophosph-
alipid)Z 5 ZFh 45 5@ I . PLA RS PR i
JIE Pt IE B (phosphatidylcholine , PC), PA-PLA 4 1E
T WA R (phosphatidic acid, PA). & N 3 45 % 1)
A FIAREAL DX SR AR B , K RE RS 45 S MK A PC Y
PLA 3k 110 U, I F0000 2% 20 18 53 4 o Ao T
oA SRR A PLA, G5 W A7 AE—
A AR ST Y GxSxG FE 75, iy Ser, Asp Al His 34>
BRI = Je o THEAL G, 3 TR 45 ~
50 kDa. FP3 Bk R, PLA, 24 3 Ff 454K
s 1 201 3% 5 i I T8 A(calcium—dependent cytosol-
ic phospholipase A.,cPLA,) . ZiH 1A P Y 85 3 AR 1
WEE i As(calcium—independent phospholipase A, iP-
LA) R S3F5 S I BE R Ax(sPLAL) ™, FEAHY)
W BAT KB cPLAss , HZ KON sPLA. AHY) sPLAL Y
T 13 ~ 18 kDa, HAT PA2c Z5H I8, 124544 ki
1B B AR ST Y Ca® 45 4 BR (Y GKY CGxxxxGC) Fll His/Asp
B HEAEAL A 1 (DACCxxHDxC)2H ", pPLA J2&:4H
Wy b 6 3E R S R R K A il R E EL A PLA, A
PLA TR . AR PP 2367, AL pPLA 24534 3
2L IR, 5 H 2 R 6L (GTSTG) I B 745
A (DGGGXRG)FEFF o BEAh, UIak A « A 3 B it L s
B (LCAT), [t ELAT PLA, Rl sPLA IR 1, O LA 6
VEFE SN-2 (i YIEIE" T, FEAWFSTH o BB NR AR
B i 3% %% B B (lecithin:cholesterol acyltransferase
phospholipase A, LCAT-PLA)JI7E PLA, K% 118
H, RN EE PLA KR R W) o fEAL R ST SRR A1
KILT 154 PLA, B 51 .4 1> sPLA, 1 10 4~ pPLA A%
Blo AERRESERA P AE T 120 PLAJR B 34
sPLA, 1161~ pPLA Ji 51 o

Bl X PLA J% PR 58 il 5% B IR AT ST, K B
PLA BER Z R 51 2 5 R 7l & R R R F L
M )07 2% b A= o S AR AR W A R HA L E T

PLA S ] G5 B 5E 22 B E UL > IR A ™, 7
FARFPEAHGE . EAPITH, 8 TR 4]
PLA JE R G X Hb AT A A5 B e i, () it x
AF AR KB B B R 0 2 T PLAs HE PR 5E01%
HUB-SPNE PN el i /S

1R i

1.1 EXRPLAsERARKEEREBUMERS T

PRI ST 291 PLAs 3 191 5 /KRB Y 311
PLAs & FUTPFIE R T 17 51, 78 NCBLEE % (https:
/lwww.ncbi.nlm.nih.gov) F1 Phytozome %% #i& % (https://
phytozome.jgi.doe.gov.pz) H 1T Blastp H X}, 345 [A]
—1£>90% H. E fE<10"" i T A7 K PLAs ZE 1% A
B H P8 . A Smart(http:/smart.embl-heidel-
berg.de) 15 2% 8 5 34— 45 7 % . 1 FF) DNAMAN ¢
HEFT PR SURS LE , B BRTCAY 5 41, Bk ZmPLAs 5%
JA

TE SIB A= W5 B 27 58 U5 I 3 (http://www.expasy.
org) Al € FEEIRAC HE AHXS 7375 & BRI A5 L R
e KM, {8 WOLFPSORT M 3 (https://www.gen-
script.com/wolf—psort.html) %] £ K PLAs #4173V 4Jf] it
SENLT
1.2 EXRPLAsERRKH RFHML S

A A CLUSTALW I MAGE 7.0 %) £ K 41
R T A FUK RS R PLA 25 11 5 9 9647 2 5 Xt
e T 2B 429 (Neighbor—joining, N R % & & 1k
B, AL L (Bootstrap) i B4 1 000 7K .
1.3 EKPLAsERFBRELM KR L&D

T£ NCBI £ 9% J (https://www.ncbi.nlm.nih.gov) &
R ZmPLAs B R Y R 7 B A5 B AR BEAE B, FIH
Mapinspect 22 il Jeta Ao i . DRIk R 4l A%
4% 4 )% Plant Genome Duplication Database(PGDD),
http://chibb. agtec.uga.edu/duplication/) 73 %] T 2% &
K KRR I Ak PR 2 N A 32 e B R ARt 2 1]
L B B, AR5 S 5 AT PLAs FE R A L 28 X
s, AP B 0K KA S A S I PLAs ik PR 5 J A [
J B AAH LG 2R S A P A, O R H A (A
34 RIS R AT nT AL 0T
1.4 EXPLAsER SIS T SRTFHERIBDH

M Phytozome % #& J% (https://phytozome.jgi.doe.
gov/pz) TR ZmPLAs 2 2L [ 41 7 51 il CDS 741
18 1 7F 28 X %4 Gene Structure Display Server(GSDS,
http://gsds.cbi.pku.edu.cn) ¥ ZmPLAs F£ K 25 #4 3 17
S30T 8] TBrools B A5 SR AT HAL . 75 Phytozome
(https://phytozome.jgi.doe.gov/pz/portal.html) #1 SMART
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SURY R PR S5 R 8, IR IBS 2.0 B 58 it Ay 1
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1.5 ERPLASERGEEKEZFRARRHET
HIRIL ST

M E K eFP % 4 /& (http://bar.utoronto.calefp_
maize/cgi—bin/efpWeb.cgi) H1 3815 T ZmPLAs & [H £
A TR 2H BRI [) & & B B i 3 s i ds , I
TBtools FRAKAFA: i 1 s kK- IR

ARV ER WA R F K 4 PLA P ) e TR AR
2, AT ST A TRZH i 911 FH v i 2 0 P AR ST
AR FoIM 3 T e S L Kl P2 v O 2B R MR TR K
4l e PLA LD, O 0 H R AR X b A7 0 A, 4 2R 36
A, 2 DR B AR 8 AR AR A FC R, ARX KA
LA LogoFC KR o iyl 507 LR K A A2 &
G344 MM RL, FH 0 2 — A% 24 B IR UK
B2 20 10, A A 150 mmol/L NaCl 8 37 Wit
ATERACTR, 735 0. 1.3 F1 7 d BEATHURE , A T SR
Y

2 R0

21 EXKPLASEBRRKEEREBLERSH
ZEHEXT, DA T K R 4 rh S 31 38 > PLA S5 1A

(F1)o T PLA B BT HN S5 Bk A 75340

Horr PLA, 3 AR S5 K i PC 1 PC—PLA, R4 5 H)

FHPA B PA-PLA,, T H¢a N— K751, PC-PLA,
AT RA3 Rl s 2A 8 A GG /NI TR, 1A
16 T K 3 K 20 P &% 30 ZmpPLA, T /N V15 i B8 5% o
PC-PLA, Z & i T2 4K PA-PLA, FZ & T
A% . pPLA LA A 1, AT 34~/ NIETE , 4353
HA2.6 1S4 W 61 . ZmpPLA-To & v T 4l il 4%
1, ZmpPLA-1B 5 o7 TR, ZmpPLAIL . % 22 44

O RE S TSR, B HEEE 5 sPLALE
TR B, R 6 AR AE TN A 20
ZmPLA  JE R G005 W s B 8 P SIS B, e i
B 937 MREIERRFREL , T 1) 5 A 394 M= L RGE
JE o ZmPLAs W % B 52 09 43 F & K /N JE LR
40.40 ~ 106.07 kD, 45 HL, 5 K/ R 5.28 ~ 9.29,
Horf, ZmPLA —1a3 SN 2R K & 1, A sk P8R
Mo FEFI Y 134 ZmpPLA W% 5 51 4 05 1 28 (1
R, B K & A 1 252 R LR R 3 | e S 1T
A 391 NEIERIE S . ZmpPLA s R A 5 Y 4
T RN LN 43.09 ~ 138.28 kD, 25 H, 5 K/
il M 5.58 ~9.63, H:vh , ZmpPLA ~ 1115 Jy 3 /K 1% 4
L, A HE KR A . 7551 ZmsPLA, W% B 51
I T IKE,  KIE A 192 2L R 5%
B E A 141 DRI FR R HE . ZmsPLA, W%
L4 R/ NTE LR 20.79 ~ 15.35 kD, 268 H 05
KN R K 5.16 ~9.29, Hirf | ZmsPLA,~y . ZmsP-
LA=3 MK PR H , A A KR

R1 ZmPLAsER B SRS

Table 1  Physical and chemical properties of ZmPLAs genes
e P S Hoks FE K (aa) A>T B PR AL FIKPEFEEL E L
Gene name Login number Coding protein (kDa) Theoretical Hydrophilicity Location
length Molecular weight  isoelectric point  index

ZmPLA ~lal GRMZM2G406951 453 48.32 9.20 -0.065 RS IN
ZmPLA ~la2 GRMZM2G117627 461 50.05 7.90 -0.030 ENEN
ZmPILA ~la3 GRMZM5G812425 453 47.89 9.17 0.023 IEEIEN
ZmPILA ~IB1 GRMZM5G832114 402 43.15 6.77 -0.318 IESTEN
ZmPLA ~1B2 GRMZM2G368610 523 56.08 9.29 -0.339 IEEIEN
ZmPLA Iyl GRMZM2G353444 505 55.99 6.29 -0.226 IESIVN
ZmPLA ~ly2 GRMZM2G359904 492 5474 6.18 -0.442 ETIIN
ZmPIA —Iy3 GRMZM2G029756 576 65.55 6.41 -0.680 TESIIN
ZmPILA ~llo GRMZM2G414278 448 47.84 7.77 -0.127 ETEN
ZmPLA ~1IB GRMZM2G153672 395 43.99 5.95 -0.321 RSN
ZmPLA ~Ily GRMZM2G021807 412 45.79 5.89 -0.399 i
ZmPLA 118 GRMZM2G331720 469 50.92 5.74 -0.134 HIEEIEN
ZmPIA ~lle GRMZM5G818106 401 43.18 5.45 0.052 TESIEN
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4R 1 Continued 1
FEH AR Hoks Gl (K B (aa) AR PR A H KPR FER A
Gene name Login number Coding protein (kDa) Theoretical Hydrophilicity Location
length Molecular weight  isoelectric point index

ZmPILA ~1If GRMZM2G 154687 402 4275 5.28 -0.002 MW
ZmPILA Il GRMZM2G124759 394 43.40 6.16 -0.209 M
ZmPLA 116 GRMZM2G321290 430 46.05 6.40 -0214 RIS
ZmPA-PILA GRMZM2G318860 937 106.07 5.67 -0.561 il A%
ZmPA-PIA B GRMZM2G023335 849 94.72 6.04 -0.490 A%
ZmLCAT-PLA GRMZM2G007157 412 46.17 5.58 -0.233 giiores
ZmLCAT-PLA 3 AC234154.1_FG008 443 50.93 8.90 -0.260 ESZAIN
ZmpPLA-la GRMZM2G426556 1252 138.28 5.64 -0.125 A%
ZmpPLA-IB GRMZM2G451672 1132 125.64 6.17 -0.110 Ml W
ZmpPLA-Ila GRMZM2G123764 391 43.09 6.46 -0.104 i
ZmpPLA-TIB GRMZM2G471240 428 46.58 9.29 -0.173 IIEEJEN
ZmpPLA-Ily GRMZM2G117378 436 46.85 6.03 -0.131 EEYN
ZmpPLA-II8 GRMZM2G349749 435 46.55 6.13 -0.181 IEEIEN
ZmpPLA-Ile GRMZM5G865811 439 48.45 7.63 -0.207 Ml W
ZmpPLA-1I{ GRMZM5G814389 423 46.92 9.27 -0.217 IRSIEN
ZmpPLA-Illa GRMZM2G030223 460 48.94 6.29 -0.207 giores
ZmpPLA-I1IB GRMZM2G 114036 435 44.77 9.17 0.035 W23k fA
ZmpPLA=1Ily GRMZM2G414047 443 4597 9.37 -0.020 ETIUN
ZmpPLA-Ille GRMZM2G002993 454 46.57 9.63 -0.043 RIS
ZmpPLA-1115 GRMZM2G058414 438 44.82 8.84 0.068 ENEN
ZmsPLA-a GRMZM2G105362 165 17.38 5.16 0.294 ESNEN
ZmsPLAB GRMZM2G072578 192 20.79 6.95 0.168 RSN
ZmsPLA~y GRMZM2G045294 141 15.35 8.60 -0.174 s Az A
ZmsPLA,~8 GRMZM2G033820 168 17.82 6.09 -0.016 ETIUN
ZmsPLA—& GRMZM6G781015 154 16.42 5.23 0.065 Anffhas 18]

2.2 EXRPLAsEREFREHNRGHL D

T TR PLA JE PR SR A% 5 R 51 i
ZREPE I T K PLA S 5L DR A4 85 11 50 510 A
RAERKBW . FAKPLA e — 5 4 1 51 LT B
A B R HEA AR S I HLS A W Y B B A —
SEMERE . R T HRSY PLA 7E 501 5 5 A 4
FESEAL LS FR 43 0PFE ok KA URE I A0 2
() PLA, 2L R 515  pPLA JE K 0% | sPLA, J& [H 5 %
MR ITIN AT T RERBWImEE 1), R
G55 W R ALY PLA SERBERI 43K 34 K%,
oK PLA JERI G0 SR8 TiX 3 MG, 440
SR HEARAIE 5T 2R B AN [RIAE P P o 144 5 A SR ) o
T F ARG R AR, HEA & BE AR G, I A
TEARPERP a4 . A, RGBT
SEIRRH, 1K PLAs BER K55 B 7 AR P K R 11
FGRAZBGE, 5T MY rE T RV A R 200

R , X AEERAT G = A B A PR IR 5 Ak
(22, FLUAHHTE B ST A 434k AT PLA FE 1K
G N2y i ol 7
23 EXPLASEERRBEEMREZES T

1 2 AT 1, 384 K PLAs BE 3 A E 1 ~ 85
Petafh b o 1 S Y AR ER 2 A 134 PLAs Jt
P RO 3 S ek, 5 6 1~ PLAs 5E . 1655 ¢
AR FALE I L AL ZmsPLA-s, FETARE] 54
I AT R B 43 B AR e L 8 B PLAs JE IR R oA 4 % B BB
HREMEF, 7ERBELWNERF T, 1R T PLA,3
XTJ& T pPLA

UNGILYL e ] B 2 s NS B W &
IR IF AR IR PLA £ R 22 18] JE A7 7 23 JL 4k X
B, FOKRSKREZIAAFEAE 161> PLA LR LR X
B, K5 IR IT Z M AEE 24> PLA 6 4] (1 2L 2
X o XM Tk 5K R PLA 3 RELAT I ] A9 AL
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¢, H PLA ERAE 3R ATt 4778 It PLAa 5 ZmPA-PLA B, X S5 LR ERJE T PLA, W 5%
A, IRl —Fh PLA SER A SRR M 2 B, ORI P A AR 5, 15 B S0 35 PR AT B2 A Ak i v i ot
HNFFAE 3N PLASER LR XS, ZmPLA~IB1 S RS G 77 R 1, B oK PLA FE R AE ROk
ZmPIA—=IB2 . ZmPIA~ Wl y 5 ZmPILA~ 1 ¢ . ZmPA-  JERZH 25 AR As 3] 748,

VVipPLAJIB1

meuwm

%
OsppLA. =
" J"Bj\' VvipPLAHIE2 >
OspPLAAIly- - -
ol ZmpPLAI -

ApPLAAIN—

—ZmppLage

ZmPLA14a1

ZmPLATAIE

1
“ZmPLALy,

T AH PLA, B H BB s B R pPLA 5 HBEALR 5 C Ry sPLA, ZHBELIT D o8 ZmPLAs 2 (HHEEA

Note: A, PLA, protein evolutionary tree; B, pPLA protein evolutionary tree; C, sPLA, protein evolutionary tree; D, ZmPLAs protein evolutionary tree.

E1 EX KB BEFNEEHPLASERRLXR

Fig.1 Evolution of PLAs proteins in arabidopsis,rice and maize
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TabPAle [l 3.9
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w1
TaPLAI-1B2- 9.4
2
TaPLAI-1Y3 1L32 ’776
TapPLA- ¢ 12.25 ZaPLAL-I 0 13.31
R TTE STESEIEAN L
TapPLA-1$ 15.36
el ff 16,66 i B [EISIS R wu-1o3- 16,36
w1k e 2] U= Bl
Tl 1875 (N S =18,
ot Ty 200 TofLicTe 002 g B39 5
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[ Ty ff 2168 2.9
wems s M, wmTAY
25 17apPLA-My 2.2 £ w200
TapPLA-TIS - | 26,64
TapPLA-6 . 28,52
30,10

VE: A Y AR SE L30T s B LRI HT .

Note: A, Chromosome localization analysis; B, covariance analysis.

B2 ZmPLAsEERKRERBE LMD HRILZEDN

Fig.2 Distribution and covariance analysis of the ZmPLAs gene family on chromosomes
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2.4 EXKPLASERLEHS T SRTFEME S

FIFH GSDS 15 28 W 3 % ZmPLAs 35 R 45 ¥ HE 47
A3HT. FRIEI 3TN, ZmPLAs 16 B R (4 41 T4k H
TERF R FEZ B S — 2 f 225, W — K
WG AFAE — LA . 7 ZmPLA R, Zm-
LACT-PLA,a A ONHN BT, ZmIACT-PIAB B A
10 NN T 3 ZmPA-PLA, o B 21 4R T, Zm-
LACT-PLAB HA 18 MMM T AR B 1~2
IR T AE ZmpPLA WEE T, ZmpPLA-To B AT
16 MM T, ZmpPLA-IB HA 18 MM F . ZmsP-
LA, W IR 5 R AL, A P R 3 ~ 44, 3
K ELE P TE 1.5 kb LAY .

PRSP BRI M 26, ZmPLA, V. 536 1 B3 i 2
F R EA 1A ThRe g sl - 76 DL PC N IR

WENR TR A A BT = ST Lipase_3 %5 14 3§,
(PFO1764), 3% 3 W] ZmPLA,~ ol ~ ZmPLA~ 110 5
At 1 175 Tl 2 I8 14 2 2 G R 38 5 TF ZmPA—PLA o Fll
ZmPA=PLAB ™ & BT 155 FE R SF 10 & & 45 A Bk
DDHD(PF02862), iX I PA-PLA, 5 51§ A F %k
Hohp% 52 AE e L A EEWAH EAE . 7E ZmpP-
LA K G, A 1 5 #F EL A Patatin #% 25 1 (Pa-
tatin—like phospholipase, PF01734), iX fifi pPLA V. %
R [ s ELAT i it AR T %) R, 6 iR o A R A
SHRFEEEH. SIFEE, ZmpPLA-Ia . ZmpPLA-
1B EATE T 5 AR W H 2 45 3k (Leucine rich re-
peat, PF13855), iX & B ZmpPLA- I, ZmpPLA-IB 7]
RES 5 A ZE R BOeTE AR TR G S 4

ZmPLAt-lo1 [T
| _® » @a ZmpPLA-a
ZmPLA1-a2 [

m

2ZmPLAT-l03 [ e )
P W W™ O ®» ZmpPLA-lla
ZmPLA1p1 [ e

bt ZmpPLA-IIB
ZmPLA1-p2 [ e i
T ZmpPLAY
EL B — - — .
Lw om o e o ZmpPLA-IE
ZmLCAT-PLA1BI e ) =
o ZmpPLA-llE

ZmPLA1-Y3

ZmpPLA-B

ZmpPLAII

Zriaa
izl s, geip
rns  CHMD

meplade | ChRHO

ZmPLAt-la ZpPLAI

ZmPLAT-I ZmpPLAIE T2D
g

ZmPLAT-ly ZmpPLA-Illy

ZmPLA1-IE ZmpPLA-llle

ZmPLAt-le ZmpPLAIIG
ZmPLAT-IR
ZmPLAt-IIn

ZmPLA1-10

e

ZmPA-PLAta O e o)
mmmmmm

ZmPA-PLATR

Legend:
CDCDS T upstieans downstionm e ntion

ZmLCAT-PLAt e
w T
ZmLCAT-PLA1 e

TE: Ay PLAs ZERIZ5H 534 s B oA PLA, 45 BT H 0 C o pPLA 25 B2 R
Note: A, PLAs gene structure analysis; B, PLA, protein domain; C, pPLA protein domain.

B3 EAKPLAsHEMBHERSEHITEEBREMBIH

Fig.3 Gene structure analysis and protein structural domain analysis of maize PLAs family members

25 EXRPLASEREEKEZBERAREET
KIFRIE DT

R T IRFE ZmPLAs 16 E KRR R T MR T
()2 BAE B, XF ZmPLAs £ [A] & B B I 4l 21 3%
TR O SR W aE AR R o Sk B A T A
(Bl4). Si2R3R, ZmPLA ~IIn T SGA R b2k
W E , ZmPLA~ Tyl . ZmPLA~Iy2 . ZmPLA,~Iy3 V)
K ZmPLA~ 110 754 58 A K By Be 2 A B8 i 3Rk K
S, HEIN X 4 KR DR A A TR A K Y B B B AR
o B4R ZmPA-PLA,« . ZmPA-PLA B
55 ZmpPLA-Ia . ZmpPLA-IB {E RN K R B Bl
AFRT & 35 0 A 95 v 114, AR 3K 4 A4 25 R XA 9 2
KEHFHAEZEMIERN.

2 KA 2 B ER MG AT, PLA, WS AE AR
R rp Y Tk 2 B A S Y Rk kB, Hod, Zm-
PLA=Iy2 JCieAEARFAM: Fr o IR ERGA . ZmPLA~
lal . ZmPLA,~Ia3 . ZmPLA ~IB2 1E M F i R ik,
A B 5 S B R TR R B ) R 38 s ZmPLA ~
lol . ZmPLA ~1a2 .ZmPLA~la3 . ZmPLA~ 181 TEAR
VAR, H Ay B A B O (R B T R R
iK. 7E pPLA WEZWEH , ZmpPLA-TI{ FEAR Hh R 4
ik AEM A IR ERIA  ZmpPLA-1Ty . ZmpPLA-118
ZmpPLA-I1e TEAR P AR R I BRIk, Hrp ZmpP-
LA=Ily . ZmpPLA-1I8 3 ik 8 o 1 sPLA W K%
H, 2R F N IR R . X K PLAs AT REAE
£ e 1 2 AR
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31 8
$E¥*ﬁ§%$38/\szLAS%I i o 2

| ZERIER R G R BT B K55 —
j:% , @% PLA, . pPLA il sPLA,, 43574 20,13 1 5
ARG, 18 SMART 1 Pfam E47 45 #4588 2047, &

L PLA, & A “lipase3” 45 ¥4 5% , PA- PLA, &% A ©
DDHD” 454438, LCAT-PLA 547 “LACT” 254435 , pP-

LA & “Patatin” G5 ¥4 388 . %F F 2K K FE L Rg IF il
%0 PLA (R 55 26 1, PLAs 3 PRE 307 A
PyRAT A A AS R R b A 25 2L ) A 4H 2
HBEA —E WIS, PRk ik S8 AN [R) A8 9 19 A (]
PLA BFBL R TR RELE 02

PLA AR 45 25 T St e A AL W Ag SN-1 10 &
Pk SL K A . FEFFAETT PLA, T od DA 44 R0
FEMESE hRE SRR, EGh b, PLA, TR B F 7
LR R K- BRI, % SR A AR AU P
IF TR AEKS 2R R AEP RO R AR
BRI IR, FE ZmPLA Jfi A 4 bp B B, T LI
T TOKTE A IR B R R, X se R BRI
XU PLA s TEA B AR i B AR

pPLA J& T E AR K ff B S I0 , vl 7 A Vi i g
5 R (FFA) AR B A9 35 1 H W B . pPLAs 2 524
Yyt A FE R B 55 5 A A K DL S
NEAEAYIIE FERRARIRZE T, 251 pPLAI
TR, T FBOENE R AP 0, AR X

SRR RZE . AR 20T pPLA MESEAE M
Elﬂi'éitii@hﬁ] AR ZmpPLA=1Ty . ZmpPLA-I1S
ZmpPLA=1le Fik 8 1 X U6 IH pPLA 1€ K M i
e A AR

sPLA fi (bW i 72 SN=2 37 5 /K At , A= i Wiy
PR (FFAs) FITE LA . FFAs J2& 2 il B2 S Ao i
K, 25 2R E S LS, LAk, PLA i
Z 5PN Z MR T R, A A: K AR fif
KA o B v LA G, sPLATEAR Y B
A SRR P R SR AR
SHE Lk
[1] WANG X. Plant phospholipases|J]. Annual Review of Plant Physiolo-

gy and Plant Molecular Biology, 2001, 52: 211-231.
[2] RYU S B. Phospholipid—derived signaling mediated by phospholi-
pase A in plants[]]. Trends in Plant Science, 2004, 9(5): 229-235.

[3] MATOS A R, PHAM-THI A T. Lipid deacylating enzymes in plants:
old activities, new genes[J]. Plant Physiology and Biochemistry:
PPB, 2009, 47(6): 491-503.
MATSUI K, FUKUTOMI S, ISHII M, et al. A tomato lipase homolo-
gous to DADI1(LeLID1) is induced in post— germinative growing

[4]

stage and encodes a triacylglycerol lipase[J]. FEBS Letters, 2004,
569(1-3): 195-200.
[5] CHEN G, SNYDER C L, GREER M S, et al. Biology and biochemis-
try of plant phospholipases[]]. Critical Reviews in Plant Sciences,
2011, 30(3): 239-258.
BALSINDE J, BALBOA M A. Cellular regulation and proposed bio-
logical functions of group VIA calcium—independent phospholipase
A2 in activated cells[J]. Cellular Signalling, 2005, 17(9): 1052-1062.

[7] DESSEN A. Structure and mechanism of human cytosolic phospholi-

[6

—_



138

2R - FORBARNGTE A BE DI RS e MOHAEER A 26 F T i 22 5 3k 21

pase A(2)[J]. Biochimica et Biophysica Acta, 2000, 1488(1-2): 40—
47.

[8] HOLK A, RIETZ S, ZAHN M, et al. Molecular identification of cyto-

solic, patatin-related phospholipases A from Arabidopsis with poten-
tial functions in plant signal transduction[J]. Plant Physiology, 2002,
130(1): 90-101.

[9] MARIANI M E, FIDELIO G D. Secretory phospholipases A(2) in

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

plants[J]. Frontiers in Plant Science, 2019, 10: 861.

LEE H Y, BAHN S C, SHIN J S, et al. Multiple forms of secretory
phospholipase A2 in plants[]J]. Progress in Lipid Research, 2005, 44
(1): 52-67.

MANSFELD J, GEBAUER S, DATHE K, et al. Secretory phospholi-
pase A2 from Arabidopsis thaliana: insights into the three—dimen-
sional structure and the amino acids involved in catalysis[J]. Bio-
chemistry, 2006, 45(18): 5687-5694.

STAHL U, EK B, STYMNE S. Purification and characterization of
a low—molecular—weight phospholipase A2 from developing seeds
of elm[J]. Plant Physiology, 1998, 117(1): 197-205.

STAHL U, LEE M, SJODAHL S, et al. Plant low—molecular—weight
phospholipase A2S(PLA2s) are structurally related to the animal se-
cretory PLA2s and are present as a family of isoforms in rice(Oryza
satiwa)|J]. Plant Molecular Biology, 1999, 41(4): 481-490.
SCHERER G F, RYU S B, WANG X, et al. Patatin—related phos-
pholipase A: nomenclature, subfamilies and functions in plants[J].
Trends in Plant Science, 2010, 15(12): 693-700.

CHEN G, GREER M S, LAGER 1, et al. Identification and charac-
terization of an LCAT-like Arabidopsis thaliana gene encoding a
novel phospholipase A[J]. FEBS Letters, 2012, 586(4): 373-377.
CHEN G, GREER M S, WESELAKE R J. Plant phospholipase A:
advances in molecular biology, biochemistry, and cellular function
[J]. Biomolecular Concepts, 2013, 4(5): 527-532.

SINGH A, BARANWAL V, SHANKAR A, et al. Rice phospholi-
pase A superfamily: organization, phylogenetic and expression anal-
ysis during abiotic stresses and development|J]. PLoS One, 2012, 7
(2): €30947.

MAY C, PREISIG-MULLER R, HOHNE M, et al. A phospholi-
pase A2 is transiently synthesized during seed germination and lo-
calized to lipid bodies[J]. Acta Biochimica et Biophysica, 1998,
1393(2-3): 267-276.

LAUREANO G, FIGUEIREDO J, CAVACO A R, et al. The inter-
play between membrane lipids and phospholipase A family mem-
bers in grapevine resistance against Plasmopara viticola[J]. Scientif-
ic Reports, 2018, 8(1): 14538.

LAXALT A M, MUNNIK T. Phospholipid signalling in plant de-
fence[J]. Current Opinion in Plant Biology, 2002, 5(4): 332-338.
MUNNIK T, MEIJER H J. Osmotic stress activates distinct lipid
and MAPK signalling pathways in plants[J]. FEBS Letters, 2001,
498(2-3): 172-178.

NARUSAKA Y, NARUSAKA M, SEKI M, et al. Expression pro-
files of Arabidopsis phospholipase A IIA gene in response to biotic

and abiotic stresses[J]. Plant & Cell Physiology, 2003, 44(11):

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

1246-1252.
JANG J H, LEE O R. Patatin-Related phospholipase atpplaiiia af-
fects lignification of xylem in arabidopsis and hybrid poplars|]].
Plants (Basel, Switzerland), 2020, 9(4): 451.
YANG W Y, ZHENG Y, BAHN S C, et al. The patatin—containing
phospholipase A pPLAlla modulates oxylipin formation and water
loss in Arabidopsis thaliana[J]. Molecular Plant, 2012, 5(2): 452~
460.
LIU G, ZHANG K, Al J, et al. Patatin—related phospholipase A,
pPLAIlla, modulates the longitudinal growth of vegetative tissues
and seeds in rice[J]. Journal of Experimental Botany, 2015, 66(21):
6945-6955.
ISHIGURO S, KAWAI-ODA A, UEDA ], et al. The defective in an-
ther dehiscience gene encodes a novel phospholipase A1 catalyzing
the initial step of jasmonic acid biosynthesis, which synchronizes
pollen maturation, anther dehiscence, and flower opening in Arabi-
dopsis[J]. The Plant Cell, 2001, 13(10): 2191-2209.
SEO Y S, KIM E Y, KIM W T. The Arabidopsis sn—1-specific mito-
chondrial acylhydrolase AtDLAH is positively correlated with seed
viability[J]. Journal of Experimental Botany, 2011, 62(15): 5683—
5698.
TAKAC T, NOVAK D, SAMAJ J. Recent advances in the cellular
and developmental biology of phospholipases in plants[J]. Frontiers
in Plant Science, 2019, 10: 362.
LA CAMERA S, GEOFFROY P, SAMAHA H, et al. A pathogen—
inducible patatin—like lipid acyl hydrolase facilitates fungal and
bacterial host colonization in Arabidopsis|[J]. The Plant Journal: For
Cell And Molecular Biology, 2005, 44(5): 810-825.
LA CAMERA S, BALAGUE C, GOBEL C, et al. The Arabidopsis
patatin—like protein 2(PLP2) plays an essential role in cell death
execution and differentially affects biosynthesis of oxylipins and re-
sistance to pathogens[J]. Molecular Plant— Microbe Interactions:
MPMI, 2009, 22(4): 469-481.
LI M, BAHN S C, GUO L, et al. Patatin—related phospholipase
pPLAIIIB~induced changes in lipid metabolism alter cellulose con-
tent and cell elongation in Arabidopsis[J]. The Plant Cell, 2011, 23
(3): 1107-1123.
LIU C, LI X, MENG D, et al. A 4=bp insertion at ZmPLA1 encod-
ing a putative phospholipase A generates haploid induction
in maize[J]. Molecular Plant, 2017, 10(3): 520-522.
YANG W, DEVAIAH S P, PAN X, et al. AtPLAI is an acyl hydro-
lase involved in basal jasmonic acid production and Arabidopsis re-
sistance to Botrytis cinereal]J]. The Journal of Biological Chemistry,
2007, 282(25): 18116-18128.
LLJ, LI M, YAO S, et al. Patatin—Related Phospholipase pPLAIlly
involved in osmotic and salt tolerance in arabidopsis[J]. Plants(Ba-
sel, Switzerland), 2020, 9(5): 650.
MOSBLECH A, FEUSSNER I, HEILMANN I. Oxylipins: structural-
ly diverse metabolites from fatty acid oxidation[J].Plant Physiology
and Biochemistry: PPB, 2009, 47(6): 511-517.

(FTAE R 4% Ah L)



