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B-y-A BB & RMERFI GABA B2
FZHL KA EE A, I, 2R

1A P RERZREBAHFERE S EEE, KR 430070;
2.8 RIS B A R AR AR P MR AR L, KA 3626005
SAEPRIERFEEHAFFR/BERMLEF AL REARE TS/
RUERMHIFE TR B LD EDF SR H TS ERET, KX 430070

WE bk AR S WS 09I E BT I R -v- 8 B R (PGAD 7K 15 T80T AR T A AR5 v A AN R bR i g e
K G T I B ), 9T SR T 3% 7K M B AR €83 (HILIC LC-MS/MS) 4381 T PGA #E MR i J5 i H v 200 A4~ $E 1 44 35
Y& Al SRR PGA A FERE AL HF B AR bR & L 22 A IR BT A BB B0 s PGA AL 35, HEAG I J v
ALY AL (SOD HT A AL WAR R B 3t B AL (POD, 2 553 4L 7 4 59 35 21D 7 £ 19 E AL | (PPO, 525 4
B 02 58 B9 PG s PGA S AR M b L-B &R & 1 TR 73.200 4% 1 v- 2 H TR (GABA) &
WIINT 1.6 £, N6-F LIRS a B 2.3 A5 SR AR A BT 3R AR 109 AR I 8t A5 AR HoP L 13 A

AR IR 5 b P Y 22 S i B B 2K F

KR R B AW MR Y s v EEE TR VIR G RAVEE

hES%ES S144: S666.304" .3

RB-v-B A B (poly-y-glutamic acid, PGA) J& &¢
0022 4 I RERE 4GR) L Btz b i T AR At
A B VR AR 2N . PGA TEHEAE
Aok R ST b RN, PGA FER T MION LB R
MR SRR R I (GAD) ¥ L8 & R Ak
Y@M TR (GABA), GABA TEM Y A £ Fh W
TIRE G« 45 A0 PR B8 pH LI 9 Bk U R 7 L
A AR R E ST A UEIEIE A R
HMIR GABA, A3 A G R AE W) N I GABA JLFil
SHER FAE 4 B FE K ET A e A il
(SOD) T & Ak ¥ B (POD) F1 £ 1y 4 4k fili (PPO) 3
ol i 355 55 AR M R DG L AT AR Sk O 1 A R Y
AR AR 2 — . BT PGA MG b b 4 3
A2 X PGA TEME B R B & B HIROCR P &
PGA W/ERMLEIATI SR AN 2 . BRIV R4
SR (PGA) 7K 5 T T AR G FH A A A 1 bR B 470 M A
O it 1Y) 52 o I >R H 2% 7K AR B 038 (HILIC LC-
MS/MS) 34t PGA AR5 i Fr v 200 A8 ] 44 35
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XEHS 1000-2421(2020)05-0108-07
Yo s A8 Ak XA N G4 1 i A T A e AR
Yo, U R R A REMGERMET LN
FHER AL S B A 0 B AR 48 . oA TR A MR R PGA (1)
YEFIMLE 34 Hb & 4% PGA AR 124 8 BRIS JL Rl
1 MBEFE
1.1 B4 HE PGA RIEBREFEANNE

TR 30 7E A b g Ml K 2 [ 5 AR I 7 ol o R =
DR A7 o S0 AT . AT A Rl Dk B8 AR ) Al Cltrus
maxima) M ES K E 35 d B, 4 5 B &
B 50,100,200 mg/L B RK-v-A Z MR W HEE, CK
WG KD . v 2 W A gkl K2kl
A W 2 I o o i S o 2 A

FEAL RIS Y 2,46 d 435000 7 Al i i 7 3 A
filg B 9% 1 . SOD 2k JH & 0 M (NBT) 2% . POD %
FHAANA W 7L \PPO SR AR AR — i, MR 48 STk [ 9-
10 i J5 ¥ 3 A7 I A o
1.2 PGA R#RERMEZFHEKMIAE
R 7E R A K FE SRR R EF ST .
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A3y B DL R R B 200 mg/L Y PGA
VTR S Rk 280 mL, Xt B g i K kb B

B E 3 S E MR P T, RIEKE
P (Citrus reticulata Banco.) TH AR B J5 IR ¥ = 4
H, AH:70~79 cm;B 4 :80~89 cm;C Z4H:90 cm
Ph b iaBeaf | 2016 4F 3 J1 6 HES 1 kab#,4 H
6 HEE 2 AL .5 A 6 HWEIC 3tk = fe 48 .

92 I TE 1 SHEEMEP# T, KB E
2016 4F 4 H 6 HE 1 kAL ,5 A 6 HE 2 kib
.6 H 27 HWEICEMR = A BOE, 50 BRKAE
MH& 321 F PGA A0, 50 #f FH T Xt BRI 5 .

I i ] IBM SPSS Statistics i 47 1
LB A B0 GE 1124 20 Hr , LA HI I 22 53 19 2 /KF-
1.3 $EmAE®HE HILIC LC-MS/MS EE &4

DFES BIH 4. F 200 mg/L PGA & #E Kk &
PO B B 1 L/#K B9 30 d ARFE 1 YKL 5 3 IR
WEHJE ) 24 h BUSEE R A, R AR UR . C AR T
—70 °C AR KAE , AR 6 NMEYFEE,
FEA IV E BB J5 Bk i 80 mg. 43 A 1 mL
R OB KW Ve + Vi * Vie=2:2:1),1R
JiE 60 s; IR A 30 min,2 ¥K; —20 CHLE 1 h Uil
TEEM T IES S T 4 °C .12 000 r/min 8.0 20
min, _EIER TR T

2) s i 2 . FE A R Waters T-class #
RO A O 35 (Waters) #4720 8 . [ AB 5500
QqQ JRIEAL (AB SCIEX) #E 47 B ¥ 70 #r. (038 4%
s A A MKW + 25 mmol/L & BRE 4 25
mmol/L Z/K(pH 9.75) . Jigh A B A M. HEME
T4 CHZHFELSD, HIER 40 °C, wHERH 0.3
mL/min, ###E & 2 pL, WAHBSEZWT :0~1 min,B
AeFEAE 95%; 1~ 14 min, B A 95% £k ¥ 7% 1k 3
65%314~16 min.B M 65 %ML F] 40% ;16 ~
18 min,B 4EH57E 40%;18~18.1 min,B M 40% £k
PEASALF] 95 % 518.1~23 min. B 4545 7E 95 %, FEA
BAFI BB 6 SRR AEAR RS 1A QC HEA LT
R FPE A R G R e M R, RS A R
1 AB 5500 QqQ J i 1% CAB SCIEX) i 47 Jit i¥% 4>
Br. ESTURAMI N 80 B, 350 °C s TR,
350 C; AW, 11 L/min; TR % .10 L/min;
B HE .4 000 V 8-3 500 V. 435 8 1F
W5 L R, 500 V55 8% K J1, 0.2 MPa, R H
MRM #& 2 W5, &~ MRM &+ XF 1 45 88 1 [a]

(dwell time) A 3 ms, & HEERES ] R 1.263 s,

DEAEAL PR, R MRM Analyzer (R) X 200
AR Y MRM 5t 06 B8 78 47 4 B, 75 31 25 A5
Wy i s TR, BROHE R DL RBUE r AT i B 2 % Cai
S T ) v A AR A i X A ) R AR
AFARIE RS 43 #r . L HILIC #8 = ROBAH 235 -QqQ MS
MRM £ AR Ny 43 B F & % 32 A~ KEGG i #% iy
I 200 AN AW W aE 47 88 1 e & A A, B S SR
MRM Analyzer #C4F%5 504 i 17 4 BE

2 HERESMH

21 B.y-ZAEBXYHEEM & 3 EEXERN
A

50 FI1 100 mg/L PGA FEH#EME 2 d J5,SOD jif
PEH B & F CK;200 me/L i PGA BEHER T 2 d
Ji »SOD 3 P44 8 2 % T 100 mg/L ) PGA AbFH,
3BT R R PGA BeiEMIET 4 d J5,SOD &P
W E® T CK,200 mg/L PGA A3 5 100 Fl 50
mg/L B PGA b3 Z MM AF7E & ¥ 2 5. Ab3
J& 6 d,100 mg/L PGA 4b A 1 it SOD 37 4 & 3
T CK #1550 mg/L PGA ZFE (& 1A), 1K 2 g
S ARG,

3 Pl B ¥ PGA 43 2 d J5.POD ifitE 5
CK ¥4 % 2 5,100 mg/L PGA RHEME 2 d
J& - POD I& ¥ 2 % % F 50 mg/L PGA 4b#, 3
Fh BT W ) PGA BEfEMIET 4 d M1 6 d J5 POD
PEH 3% = T CK(E 1B),

50,100 mg/L A9 PGA 4b¥ 2 d J5,PPO it
HEETF CK,200 mg/L 2B M E PPO W& M i
FET 50 mg/L By PGA 43, 50 mg/L ) PGA
KPS 4 dL Al PPO T M 25 T CKL 100 Fil 200
mg/L PGA &35 PPO % #3025 T 50 mg/L
PGA 4 (F 10) .,

22 R-y-geBXMREMERKNSHEHOZME

P 3 kg SR R R Ak L0 X6 B S B R Ak AR T
o 2 RSO AR AR B SR 5 L X BRORE K BRE X
BEHS . TEACER A R AR AR I, X R B A 3
HEAR AT HT AR R A A S5 4
PR LA, R 2 B (P <<0.05) . B A A B S
55 b PR LS bR R R e AR B 4R s (P <<0.05),
B C 241 Ak 5 5 4 BAT b4 22 5% R B 3% (L I
4A.B),
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BCK B50 mg/L PGA B100mg/L PGA
2 000 @200 mg/L PGA

SOD activity

SODIE#/(U/(g - min))

PGAALFE 5T )/ Time post PGA treatment

@CK E50 mg/L PGA H100 mg/L PGA BCK B50 mg/L PGA H100 mg/L PGA

M 200 mg/L PGA
R 60-IZODmg/LPGA _ 12 000~
a2 e
= 50k = 10 000f
Cz F o
\E/DE 40} 59'; 80001
B S35 39} C 5% 6000
#3 #Q i
i g 20} H\'[i 3—: 4000
3 10k I~ 2000}
& A i
0 o 1 5
PGAALLF 5} IE)/d Time post PGA treatment PGALL 5} IE)/d Time post PGA treatment

AF/NG F A FIRAE «=0.05 KFEZES B, F . Different lowercase letters in the data of the same column indicate the significance of
the difference at « =0.05. The same as below.
1 PGA S EXHEMH FHEBEAYELEE(A) IRLWEE(B) S B ELE(C)F MM
Fig.l1 Effects of PGA treatment on pomelo seedlings leaves’ activities of superoxide dismutase(A),

peroxidase(B) and polyphenol oxidase(C)

EPGAALFE PGA treatment BX}HE Control

g a .l
Z, 100p _Y_
£ sof
g
A 2 oe0F
§ 401
iz
#® 201
JE TR AR 200 mg/L PGA AbFE, Left:CK;Right:200 mg/L 0 L |
A BA CH
PGA treatment. Group A Group B Group C
S -+
B2 PGAAIEFITEAMELEHR AL Treatment
Fig.2 Photo of pomelo seedlings after 200 mg/L WPGALZ PGA treatment BX B Control
PGA treatment and control 100r g 2 b a 3§
£ oot 2 +
2 8o 1
: 70
2 60
PO
E a0l
& 200
R 10
0 —
A BA CH
Group A Group B Group C

AbFE Treatment
A YL Bk 70~79 em; B 4L Bk 80~89 em; C 4L Bk > 90
cm, Group A:Plant height 70~79 ecm; Group B:Plant height 80~
89 cm; Group C:Plant height™90 cm.

B4 kEBEAHREWEZE PGARLER

B 3 kEFEEMRER(A)FIXER(B)RE MK (A)MBER(B)WETL
Fig.3 Phenotype of Yongchun tangerine scion Fig.4 Changes in plant height(A) and crown diameter (B)

trees(A) and control trees(B) of Yongchun tangerine tree after PGA treatment



%5 5

SRBL A Rov- A E R MG B AR PERFT GABA 1932 1

111

FEIK F 7 M TG e 7 0K 3 B AR KO 3 P, 200
mg/L ) PGA b3 1 f A 5 X B L, S 4 bk = 4
T 12.3% . /b FRANXT BB AR S AR B 2 R R
BN 3.5 B/ R B0 3035 4.8 B/ Bk L o B Ak
FHETN 38.6 % (P <C0.05) (& 5), R4 B A %
BT AR B R A 104 R 2 L 2000k

50r 150
a b
= 45F 445
B0 40t H40 4
O =
= 35f l B35 2
g 3or 130 & _‘_;
A 25t 125 B«
f, 20} {20 & 5
15t 15 g
£ 0f o 2
st Z b 15
o B 4,
PGAALEE  XPER PGAALH X ER
PGA Control PGA Control
treatment treatment
ALH Treatment
E5 XkEAMKEKEEEZ PGARER
HksS oSN TL
Fig.5 Changes in plant height and number of branches

in Yongchun tangerine tree after PGA treatment

{0 8t Color key

-2 -1 0 1 2
WA Value

ARSIy 2 600 27, WL, PGA Ab 3 3 38 m
THARZER v IR =5 1 7 v MR
23 PGARERFMEFH 200 MEmRiSHMHESE
vk

% HILIC LC-MS/MS # i) 48 34§ 2H 2% 7 ¥,
XEREA Y 200 Fp AR P 2E 1T MRM 43 #1246
F 109 MY, X AR Y QC HEA Y
RSD<C30 %, Ut W1 52 50 & Ge fa € T §E . %t PGA 4b
FRADO B 2 M 22 S A (IR 3 <<0.05
H7A AT E>1.5) #8472 IR 28 2% (hierarchical clus-
tering) , PGA Ab B A9 4% T 38 28 18 BUAE [F] — 5%, X HR
M) 6 ANEEEARRE BN, R, RE
IF] — % P9 A AR B A AR Bl R AR B (& 6)

FESEAT PGA b FEFNXT R 2 41 AR A ] (1) 25 5248
WY 43 A B, R B AR S A A, BT DL DU R
PGA Kb FEAR & 55 %t R i 2 18] AR08 4 28 A ) 25 57
WEME . AW LB AR <<0.05 H AR S 5>
L5AE Sy B 35 1k 22 5 0 19 O 32 A o i2E 17 22 AR
FORRH(E 1L.E 5, PGA LI 5% BEMI L. A
13 AR e B0 3 0 25 5, o N6- P 6 IR e

Adenosine 3',5'-cyclic monophosphate (cAMP)
sn-Glycerol 3-phosphate

Glycine

L-Glutamic acid

L-Dihydroorotic acid
-L-Z-Hydroxygluterate

Malic acid

gamma-Aminobutyric acid (GABA)
Pyridoxine

2'-O-Methyladenosine

L-Methioninegluterate
N6-Methyladenosine
Adenine

VRN
Moo M
O O U O

AT LI, EORRT MBI @R E S Fold change {6 K/NHI 5. Red shows up-regulated, blue shows down-regulated; color depth is

related to the size of the Fold change value.

& 6

PGA b IBAMMBANERREVMHNERBRER

Fig.6 Hierarchical clustering results of different metabolites between PGA treatment group and control group

% (N6-methyladenosine, m6A) . v-& & T R (gam-
ma-aminobutyric acid, GABA) ., JIf = % (adenine) .
% B (pyridoxine) | 2'-O-H 3 i # (2'-O-methy-
ladenosine) 3% g (malic acid) , L-F i & R (L-
methionine) fll L-2-hydroxygluterate %5 8 A4

455" - B2 B 17 Cadenosine 3',5'-cyclic mono-
phosphate,cAMP) | L-% &% (L-glutamic acid) . H
& MR (glycine) . L-— & FL ¥ MR (L-dihydroorotic
acid) A H #H-3-#5 R (sn-glycerol 3-phosphate) 4§ 5
AR T (R D,
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Table 1 Metabolite information with significant difference after PGA treatment
i R 2 FR KEGG ##2  {R ¥ I E /min AR X 1 75 S 3 5 BRI HE A
No. Metabolite name KEGG Retention time %22 RSD Fold change P-value
N6~ 3t i i
1 - 3.685 0.081 2.268 0.001
N6-Methyladenosine f
3,5 FRMR PR R IR 1P Adenosine
2 C00575 7.894 0.118 0.653 0.001
3",5'-cyclic monophosphate (cAMP) o \
KA
3 R . . C00025 11.955 0.087 0.732 ¥ 0.002
L-Glutamic acid
FEIET i
4 C00334 11.146 0.118 1.645 0.004
Gamma-aminobutyric acid (GABA) t
5 HE M Glycine C00037 10.841 0.200 0.681 ¥ 0.006
6 FRIEZS Adenine €00147 4.710 0.203 1.546 A 0.009
L-— S35
7 -1;[‘(?:;5%. . C00337 8.600 0.122 0.616 ¥ 0.012
L-Dihydroorotic acid
N 1% it
8 [tﬂ;_ C00314 2.703 0.113 1.747 A 0.014
Pyridoxine
2'-O-H SR 4
9 C04779 2.621 0.194 1.871 0.030
2'-O-Methyladenosine !
10 JZ%M . C00711 12.251 0.101 1.263 4 0.034
Malic acid
-3 R
11 H{m‘ B €00093 13.256 0.197 0.373 ¥ 0.036
sn-Glycerol 3-phosphate
L-H & iR
12 FRAR C00073 8.266 0.155 1.654 4 0.038
L-Methioninegluterate
L-2- ¥ 3R —
13 RER—M C03196 12.020 0.185 1.706 4 0.039

L-2-Hydroxygluterate

WA FREP, YV R T, Note: 4 shows up-regulated, ¥ shows down-regulated.

3 W it
31 PGA S#BEAREKRAEHEEHXER

ARHFFTLE R T PGA BEHLE 5 7k 35 7 iR B
A 2 VT 1 bk v L ot A R0 0 A B, B MR M
B FESCET L AWESE R B PGA b 2 RE $2 /&5 A8 bk
SOD.POD,PPO3 Flt fiff iy 7% P , X 5 i A 6 F
Z A0 R 28 AT DBk B e A DG il A SR — 3 .
ALY B AL T I 2R AR N AT I — Rl b E AL 6 s
it , & RE i Ak R A B B8 - 1 el B Ak AR AR i
AL A TENUVIR AL S5 S A R B B O E
FIE T . 8 SR A 5 A It R o S 4 T 2 A 1 3
BRid e R R G rh i L BB A AU B IR O, - M
H, O, FEAH Y R AL B 2 i A b 2 4l 0 7R Y
37 38 A7 E 14— A ity ST S HL AUk 7 ) TR S ) T
XoF 95 D ) EL A L 1y 2 W) Jo E R 1 RE M L X AR 4 B
L EEEERT .

32 GABATI m6A£5 PGA T4 KK
Tt

m6A JEEMAEY mRNA &2 b5
iz — . m6A &M & 2 4 Al 3% 1Y, Al 7E 1 ] 123 [A]
B H RS N LI R . BR T RNA fE7E
m6A B4 Z /b, DNA ) m6A t7E 4575 m R Fr £
ORISR LE N 1 22 40 I A A W rh bl A ok OF
HE— 2B FEAE Y /N BURT N 2 40 0 45 = 55 BLAZ ARk
REN%E . m6A TEH ¥ DNA &l 5 B 5 5t f
2 i iy 0 v e OCEREVE R . AR B SR 4 AR R
PGA 4b P H bk 55 X% B A BR A LE m6A #2055 T 2.3
.2 PGA 5 m6A BYARfb /K P B A A G, 1
R m6A Tl fiES 5 PGA X942 A4 K A1 F S 2 .

HEABESE 1 GABA A T2 oF A8 4 19 A2 K
ISR s E DY S GABA 2 5T N pH
S8 AN = O T RN = N T W )
SEIN 373 I RVIN ERER LU R AN E A e RE R ()
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o B FE PR R A 5 H2 v E AT PGA WE AR b
L5 0 MR AE BR AR L LS &R R M 73.2%., 0l
GABA LV T 1.6 £, 76 GABA &8 /Mg - 5 1Y
T8 OL T o AH A 7 A 45 300 A K F8 bR A5 DA SR 5 S AL R
JyHaE oA WA B bR 8 1 B4 . PGA Ab 3
Bk GABA &, X — 45 RIERT A w58 o ik
K ULARAE XA AT — 2P R R PGA X Y 11
PE AT AL B AL TR O
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Effects of poly-y-glutamic acid on seedlings trait and GABA of citrus
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Abstract The effects of poly-y-glutamic acid (PGA) aqueous solution irrigation on seedlings trait
and resistance-related enzymes in leaves of citrus were determined by measuring plant height,crown di-
ameter and enzyme activity, HILIC LC-MS/MS was used to analyze the changes of 200 target metabo-
lites in leaves after irrigation of PGA. The results showed that PGA treatment increased the height,
crown diameter and branch number of seedlings. The activities of superoxide dismutase (SOD) , peroxi-
dase (POD) and polyphenol oxidase (PPO) in citrus leaves were increased after PGA treatment. The
content of L-glutamate in citrus leaves decreased by 73.2% , while the content of Y-aminobutyric acid
(GABA) increased by 1.6 times. The content of N6-methyl adenine increased by 2.3 times. The results of
quantities of 109 metabolites analyzed by targeted metabolite showed that the difference of 13 metabo-
lites between control and treatment was significant.

Keywords poly-y-glutamic acid; seedling of citrus; target metabolites; GABA; resistance-related

enzymes; seed breeding
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