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FE kA 63— 3N AR (HPLC-MS) #F %0 4 48 5% #F B A B (FP1) Ao PJ574(FP2) B 348 5 69 # 4 B & # (FT16.
FT23) 89 4F F oo Rt 5 § AR M A RSB A S L FARBH ARG ERFRAE ARBLEF R AREEZLEHT @
FEMAERTORIER Z, 22, AN I RI>IN BRI E-FI R DI E S TG A AG KA A h 448 F K
Yo 0hik 2RI AN L-SLER Bk K BB 10K, 122— 8% = K B Ao o e A M0 AR R R0 R 2 S A £ 00 YR
% K, FP1-FP2 41 FP1-FT16 41 FP2-FT23 424 #1 4 9,23,13 N4 H £ 5 Kt 4 ,FP1-FP2 4845 A £ F Kt £ & 0340
B LS BR B 5 s FP1-FT16 445 A1 2 F XMt 40 £ % 26 BLA & i el 2 e 3 8 48 52, FP2-FT23 44 A £ F Rt 4 £
2O E B2 L-B R 16-2 A Az FPI-FT16 A% F & E R K A B A A mfl £ F ey £m, e — 72
B LA R AN S RA S FRABRMEIL, W RE S e s AR P RMER T FRE, L8 LT R
(ELISA) % 2l 35 4E | 45 K AR A P 09 B Kk B B4 B & 4.2~6 pgkg Z 17, 7 % K S AP ) £ 5F B % (P<0.01), % 4 & B 45 &
WERABEHALCZTEFAERFR, IS B ZMNFEREANBAABEABKNELGOFLARE, 2 . LR F
AR ERBAES o RM AL EFRTRYABEGBRSBR ERERKTRALEF B TRARAAR, E4A R
e AS R A P A AR (0 T 6 pekg) AR A E B R KRB, BT B R A7 (60 perkg) , 12 2T AL b A5 R K

AT BEAE R, EHREEFHTAELEREERFRE S FHRIE,
KEEIE HARAGL; ML, EFKBAF; BFEF; ERFEHR

XEHRS 1009-7848(2024)06-0410-13

IKFE (Oryza sativa 1.) 2 R 5 — 2 0 $#
PEPRR A ) R 1 H L (Ge-
netically Modified, GM) + AR £ /K & Bkt B+
O R GM AERBR 1 AR DA 3235 77 AR
(45 A T 35t AL 0N A, 18 AT R AF AR B AN AT i
BHE AR | R AR AE AN (unintended  effects)P!
HETVE A FEARAE Y 09 5% B UK A 2 2Pk — B A%
SR, RS TG R 2 A S GM KA R
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B sl R B AV ZHAE N B 2R A AR EOR
AE LW BAE Y Y 70 AR 22 5, 90 F T FAl GM
Ve 5 R AR PR A ) 4 T R GE o BT

R4 %% (Metabonomics Y Metabolomics ) 42
Xf AR R N A Y R AT E B A, OF SRS
Py 5 A B s BRAR b 22 TR AR R G R BB 9T O 1 H
] AR 2H 27 T 0 A 2 M R AL G A 2
MM EERR JUERRMEGERS, A
EZH 27 3 B D) LU ) ARG 2 2% RE I o BT 22 A A
YRR P S GM VR 1 22 4 P VP Al B AL T 42 7 |
FRAMHYE L.

BT AR 2 2 PP A A i RV 4 1) A 108 00
— NI . Chen SFOBIF 5T 5 3k A
A 5 5 X Rt 48 IS T B BAE DG AR A2 A 15
B B IR e LY B e DR R e i DR R R AR
WA K, TR 5 oR R LGRS =R
Zhou SFMLL T4 Hu e B PR K R A A B KR 1Y
PR, 45 R W] AR R A PRI DR B A X K 2 4L
P A= 7 AR 52 | 5 AR 5 BE KUK RS AL,
B IEDK RS R IERE | H SR I A R RS
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B4 o Chang S8 R AR R ) A 4 2= 05T T 5%
BE KRG 5 KSR KR b b 22 ] i) 22 AR, DA
T A [ 486 A s 1) i b o5 018 R 9K K e 22 T 1 22 5
R I R R IR a3 AR 4 1) A S A KT ik
PR, T 36 DR 5 L 1) £ 9 ok 3 A A A/
Ogawa 551 1 SAH (431 GC-MS 43 #r Lb 45 %
DRI 7K e it ol B FL AR 5 FE DR SR AR AR, R A%
SL A LR E SRR A LR oK S s
JERN U A AR B 7K e SEAR S B, R
HH I ) A 2 A R T AR SR AE R A A AU
T GC-TOF/MS £ AR 53 Hr K U8 T P> 7= HiL i 5% Be
FE P ROK S HoR A A 4 2, 25 3 S AU H il
LB 2 0 o £ 3 ™ e B TE B B DR ROK I
HORARIORBIFTE—E 2 5, 72 R gl At
U8 Br PR ) FOK A 4 22 S T o i 2
PR b, AR O T A R DR R DK I o A R 2 2 1
G E LR PAEARTE] P A [FRE R 52 DL
e B TR 5 2R AR R oK 2 [) A5 AR ) A 2 22 /)
B/ X 4y R PR R 5 3 PR A r 0 A 1Y) 22
S, RSN ERERAFAENA
RHE AT CHE AR () ) 45 A I R
i Ffi—— H AR 1 (FP1) F1 PJ574 (FP2) J Hifk 3 K
i Fl(FT16 FT23) R, JIi 7 #6473 T8 25 5 il
it AR A A 2 BT LU B E AR SRR 2 ] SR AR
SRR R 2 A 22 5, AR AL 2 AR
A CM BRI & Stk B R aE 548 i
PANER = 2 N S o e B N RN B U 7
R R FITXUES:

1 MRERE
1.1 R 5iEH

KRG I A (transgenic line, T) %
F KFEEA (parent, P)— 05 H L1975 5 5 57
IR AZ 285 40 B ) 2 — AP IR JE P 2mG2—epsps F4 1L
5 A R — Rl T M s 20 2L A T — AR AR
PREEE R SE D SR (T) , 2 2 A5 2 F i Ak
PRl it Ao LA 3% - SR o H AR (FPL) B HAAH
N ) B T Rl (FT16) 5 A ah Fh PI574(FP2)
L AR L B e 2 AL i B (FT23)

4 A R R AR AS RO T T VLA BN T R
FH DX e [ 7K A A0F 58 A B i DR 6 i b DR FH )

IR FEREASE 6 Phx6 17F0 4 , A #E 20 em, & 3
YR H Bt S DALt A T 00 L it e A
F T R FHXT A 22 FRAR SRR R A 5 0T
b3 78 0 IR A0 JE BURE L 2020 4E 10 F I3k K Fe
T, HARWE TG 4 CI A7 B4R 3 #4744 2
W5,

HBE (46 =99.0% ) , 38 8k Gl R BHEE 2 7 5
G (Ll =99.9%) , FE Bk IR BHE A 7l 52-5
RN AR (2L 98.5% ) , L it Bl i T A= AL B £ i
AR AFE; HEE (LC-MS grade), 785 Tokyo
Chemical Industry 23 7] ; B R £ (46 =99.9% ) ,
PO AR F DA HLAT () B 5 A RS F) 5 EOK R
T ELISA Rl &, 5 838 584 TR A
PR
1.2 EF5MHE

H1850-R ¥ VR .0 AL, WA R AT PR A 5
BE-2600 1514, AR UL /R AR il 1 A1 PR A 5
KQ-100TDV 75 5 i Ve 2% , &7 56 A AU A TR
Al ; MB-96 412U} 5 2% | Wi VL 98 REAL 38 47 BR A W]
U3000 AR 5L, FEBR R /R BHE A ] QE it
AL FEER QR B AH]

1.3 Hik

1.3.1 FERlE S BRSCHR[ 1635 UM UL IE &
KA H R/ — B K R b 80 Ar, B i ¢
Ji X K RE R AT R EE AL B B R
TCRKIEYE 5 ), FHRIRHT 70% £ B#i2 3 min,
5% ERANIZ UL 5 min, 70% LB YE 30 s, JoIA
KMEE 6 K, B S 1 RIE VR 100 w4 1 76
PDA Kig2 ik I 28 CHRAMF TR % 7 d, 1E K 50
2R TH )T B X R

PRt 29 500 mg 2848 3% 1M 9 R OKFEA T 2
mlL EP & il A 0.6 mL 2-% 2K N & iz (4x107°
mg/L) I (=20 °C)EL il , e PR % 30 s, A 100
mg BEESER , AU SR, 55 Hz WS 60 s
ZE IR A 15 min; 12 000 r/min 4 °CE 0> 10 min,
B B35 300 wL it 0.22 m B85 3 i B8O A
kMR, BB A A H 20 pl 1R A5 K
QC FEARIT ) FH A A R AR A H#E 4T LC-MS K, &F
ANFESIEAT 3 AW E G E
1.32 %547 RA ACQUITY UPLC® HSS
T3 1.8 um(2.1 mmx150 mm) (%4, B 3h ok FE
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2024 “F-55 6 H

R ER N 8 °C, L 0.25 mL/min M3 ,40 °CI
PR, HEAE 2 WL SEAT R B PR BE , U B AH by IF BT
0.1%H /K (C)-01%HMR LM (D); METFS
mmol/L R K (A)-Z M5 (B) . B EEVEIR AR P
0~1 min,2% B/D;1~9 min,2%~50% B/D;9~12
min,50%~98% B/D;12~13.5 min,98% B/D;13.5~
14 min,98%~2% B/D;14~20 min,2% D-iF # =
(14~17 min, 2% B-fafE )08

1.3.3 Ui Ar  ALES A A 55 B IR (ESDD
IEfE R B, IE B TS L Rl 3.50 kV,
TR % fL R 2.50 KV, 8575 30 arb, fi 1<
10 arb, BAIEEE 325 °C, IS #E% 70 000 4T
S TRV 81~1 000, 7% ] HCD #E47 —
S ZA1% R H R 30 eV, R R B A HERR 25
¥ Gl MS/MS {55 B0

1.3.4 I f0 5 6 (ELISA ) I 5 A5 K v 5 K R 5
KSR RS BS5.0 g MY RE B R ORFE S S
25.0 mL 60% H EOKIE IR A5, BITIRY 5
min .4 000 g #.L> 15 min, B 50 WL F 35, # fE
R SRR UL HEA T ARSI

1.3.5  JKAERhF 2L BCA SR ITS iy fF
2 THT T 75 19 AR o~ A o 0 A TV 1 G TR A
b, TRV VR JT DS AUF I 40 83, ] Minkagene
pLANT DNA kit {7 & X%t 4 4 FE A B DNA 17
$EHUS, FIH Thermo NanoDrop One # & 45 4h
Sy GIEEE TR DNA B 40 ANk B O E A A
A 3ASEEALFRA) DNA $EEUH R,

PLEEHUR) B DNA it , MR 4l 18 rRNA 3

[ PN % Sk 1] [ X (Internal Transcribed Spac-
er, ITS) &+ HIHIdm 51 % 1TS3 (5’ -GCATC-
GATGAAGAACGCAGC-3") Jr¥i 5|4 ITS4 (5° -
TCCTCCGCTTATTGATATGC-3") #EATY 1 | 5 v
519 ITS4 77 A & 12 P88 2L ) Barcode, T X
O3 FE SRR, §THE X Bl 5.8S rDNA Al ITS2 X
W2 PCR RN 45 194 CHAEPE 5 min; 94 C
AE M 305,52 CCiB & 30's, 72 CCHEfH 30 5,30 M
;72 CHEH 10 min, PCR iK% 4 :2x Pre-
mix Taq 25 wL, 5% (10 pmol/L) 454 1 pl, £
He DNA 4 50 ng, fll ddH,0 #h5%F 50 wL, FH 1%35
FOFRHEE S L UK AT PCR 7= 90 1) i B B8 Rk
F| H GeneTools Analysis Software (Version4.03.

05.0, SynGene) X PCR F=#ibf1He BEXT L) . H
b DNA £ 4lifb mU5 7] 7R SE s S R A IR
7y @8l Tlumina Nova 6000 - & X #4 & (1) 47 1%
FICEBEAT PE250 )T
1.4 HEFESH

i i Proteowizard #1F (v3.0.8789) 5 3k 15 1
JEUIR O e i mzXML A% 30, FIH R(v3.3.2) 1Y
XCMS 2 )7 #1715 (peaks identification)
W 3 v (peaks filtration) | I X 5% (peaks align-
ment) , 15924145 5% [t (mass to charge ratio, m/
z) FLR B4 B[] (retention time ) 22 I T] # (intensity )
A S B s I B T ERAR 15 165 A
&4 F (precursor molecule) , i & FBL= K15 16
151 iR+, FHEIEE excel #1752 40
BT o AN ] 2k 0 1) B0 RE A5 R AT LU 3K, %o B ik
A7 W T AR B AL Y H — 1K (batch  normalization) o

i 1] R 18 5 ropls B 47 e e /N — 3fe 12: - S
77 BT (partial least squares—discriiminate analysis,
PLS-DA), Pl P<0.05.VIP=1 DI Z 4 P<
0.05 19 25 XA P R A7 07 2 |, 75 3] 22 S AR
TR Y %6 B e A RS B 2 7 B (O
TR R 2 <30x107°), Jr SEAR 45 MS/MS 5 i
3% F 5 B AE Metlin (http ;//metlin.scripps.edu) ,
MoNA (https ://mona.fiehnlab.ucdavis.edu//), DL K&
W T K 5 A I ot R B 2 v DG E T R AR AR AU
PR 5 B . LC-MS FISH2H 7 Hdi 750 M A oK
SLON A HEAT AT

IKFEFIF A B ITS ¥ 518 Raw Reads 48
o uE, EBR5IY, 15 38 55 1 paired—end Clean
Read %46 , 48 5 P4 (i v 43 204 R4 v B,
UPARSE % ¥ i#E47 OTU R 25, Fl FH usearch —
sintax # &> OTU BACERIFH1 5 Unite B4 15 i
FrHE X AR A B A5 B . 26 T Rh 22820 Hr
i R A AT R 75 2 850 T

2 #ERERH
21 BELHH

Ry FEHE A [ e ok 1] g AR A Qi 22 57 DL R 4% R
an (R A 22 S X IT A AR AT R A (I
1), PCA 1553 B LA 2 A 84, A 205
G BRI 53.1%, Hodh PCL fi# B 34.5%,
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PC2 i B¢ 18.6% ., BAFIKMEEHAREE —
BRIP4 A2KHE, 0 4 A FER AR 2 5
fRK, FT16 L& FP1,FT23 i & FP2, i 3 K 41 i
BIEARREAA  FE I 7E PCL PC2 il i) [ 44
i, EA FP1 553 FT16 FZ7E PC2 fill A
25, MFEA FP2 553 FT23 324 PC1 il
FHEZES ., PIASEARTE PCL A PC2 #l ¥4 22
5t FP1 FP2 fFfii] LA K FE 3 FT16 FT23 L55%
R[] 249 FE 05 ol B 81X 43, I B 5 ol 0 46 4 i
i B s AR A R LR, (A A AN R R DA AR
WY RS RAER D25 . B HMDB
(https : //www.hmdb.ca/ ) ) £ i 40 04 2, A& B L
T 448 FACEH (I 2) , (045 75 DA SER 42 41
WKL ,23 A H B T R 4E A R 112 AR
5,27 AT IR 5 AR R 22 AN AR ) T A
R, 142 AR AR .

4 A4 SR REOK T 45 T 30 AL i 2
RIS HrAEWME 3 iR, FP2 5HE 345
PR RIS W SZ, AT FP2 5 HE 3 A4
AR B 53 25 S R P AN LR A B FT 16
FT23 3k — 32, U B 4 56 D5 5 i 1 A 4 3 22 i
3 AFARL . T B G DRt o 55 R 7 53 A ] f £
WP 22 SR B R A Rl FT16 F1 FT23 1Y
B B R T R s, JUHR IR R M
FP2 DI IEMR VR N 3 FP1 IR KL AW ER N
*,

22 m#E. . EASHEERKENERRIEY
bk 8

2.2.1 PLS-DA Zr#r PCA i Args &, MAfb
Z 0] GEARSHEBFRR Z AR5, ik
BN BEESFWAEER, DX
A LeXF 21 HE 17 O 5 /Iy 3 ¥ — #5043 # (partial
least squares—discriiminate analysis, PLS-DA) &l
4 2} PLA-DA 1343 &, 7] WL L X 2 (] 35 A8 5
B P BRCRBAF o REAS AT RS 40 S T g
K R A S AR ], AR vk BE A
TE22 5, FEFEAR S I3 1 o R PLS-DA B8 1)
T 1 W EREHEEE (variable importance
in the projection,VIP) KF 1 454G t Iy P
{H (BIE <0.05) T4k 22 5= M 2B A0 . FP1-FP2
A K LA 3 200 422 AR FP1-FT16 4H

A 152 A2 A= ; FP2-FT23 4125 7R ™=
WA 199 4>, o] UL R 22 AR B 2 TR
FEI SR S AR 22 5 0 L S AT, AN [R] L XA
(25 S AP o A 2L, ¥ 3R B R R i 22 S AR
Y HedR R, R Ol SE IR IR 5 . AH H FP1-FP2
2% FP1-FT16 FP2-FT23 4 Y& JLM2 . 4 Bh
PR A 2 B 25 AR A o LR AR T
0.18%~2.24% , i K AL 5W) B Bt M5 1 ) o 2
SR BT E T 1.12%~3.74%, Rk
TR oA 7 L 25 SR AN BITE S% LA
222 ESMREEWFIEHE ST T EI PR
GM R K (1 AE TR0, 76 BT AT 5 1 b A v s 2ok
22 S K 30 AR 1 S R TTER A B
JRHEAT T (R 1),

FP1-FP2 4119 2= %R+, 5 FP1 A LL,

Scores Plot

© FP1

F RS 2
PCA2(18.6%)
(=]

o ° o>
o 1

> %
44
_6 E T T T T

-4 -2 0 2 4 6 8
TS 1
PCA1(34.5%)

B 1 #EXK#A FP1.FT16.FP2 #1 FT23 i) PCA 54 &
Fig.1 PCA scores of rice samples FP1, FT16, FP2
and FT23
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Fig.2 Summary classification map of metabolites

of FP1, FT16, FP2 and FT23 rice samples
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Fig.3 Heat map of the first 30 metabolites of FPI,
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Fig.4 PLS-DA analysis diagram of rice samples

FP2 A 114 B, 19 AT, E2AH ERRE
A AT IR (IR SRS A ) R BT (T2 AR
PR G I 45 ), Sl B DR N 4 A 2R (42 B BB R

PR 9-I BB SRR ), Bk KL G W) (L-FLIR |
SWE UUEE ), DA R LR (RN AR N N-2
Bk Z IR 5 ) #e MG 22 HE T, 22 Sl KAy 5 MR
AR K Ry K IR B A T 90 =X o B 2 IR g v

u KA w BB w SEE

FT16, FP2 and FT23 rice samples

FP1 vs FT16

b
@GU

B=152

FP1vs FP2

A‘i

FP2 vs FT23

2=200 2=199

ZEER » BOKLED » HIETIELER u SMEMNE » sEE

5 BREAKLLxHBZESZKEYHMHECSGE
Fig.5 Pie chart of differential metabolites among

different rice comparison groups

W2 N- -5 E B2 M Deltal2-RU5I AR )2,
FP1-FT16 41, K 2425 S AW i K74
IR EE N FORF M T, X FPLFT16 2 5
R A 8 A~ LM, AL & LR (4n H L ai AR i
R ER RN IETR AP LR R ) EoK
R R I A% TR (N 4R R ) B B (i 4
IR ) A K A6 20 (i H #8468 ) s FT16 47 22 A~ F



F24% H ol

HARBAGERGRRAT FoNALE FERNLTE

415

P AL FE AR R e L-KS 2R N- L T2 AR
) KA G Y (L-FLIR A B2 ) IR BT (S) Mt
TR BEIR 117N (bt ) B %5 ) % . Horh FP1-FT16
Ay FE vk 2 R UMY A 23 47E FP1-FP2 |
FP2-FT23 4 h ¥ Jo ke I 1) d 3 25 5 A 2k
JI5t 4R R | o R R R 4G BE R | HC log, (FC_T16/
P1)Hy 4 XHE KT 4, FP1-FT16 47k H # 30
MRy THAE 742 R ETE FP1-FP2
B AR EOK AR AR R AR L-FL
BR G M W5IWE IR IR 10K, 12Z— 1+ \ Bk — M iR N-
L-s R, Hixsez SRy me Ry
FP1-FP2 40 AH R, #H L FP1,FP2 1 FT16 (1) £ K
IREE I AR AC R AT LA A 2= AR Y
T,

FP2-FT23 4, KR 24025 AR i K 4
SRR B RS L A X FP2,FT23 i %
TRk 2 A A 24 4 LR O & R (L-

o 2 KGR R TN R 5 ) IR T (1672 S A7 R
iz A DUMGR (TSR3 B2 45) | B K IR BT |
KA e (1S IEM BRAF - LR RR ) A B A
FRgEAR PR s EwsE)% .6 ~F
Vi, A5 IS 0 (TR Deltal2—Hi 51 B £ J2) (48 3
iR (L-HE R )%, Hrp FP2-FT23 Ay £ 51
k2% S ACE Y A 13 N 1E FP1-FP2 FP1-FT16 4
I TCR IR R =R, M EBRRBRISIIR R
B2 L-MEZ R 16— 72 AR R , H log, (FC_T23/
P2) L XHE Y KT 11, FP2-FT23 211 % H /Y 30
M ESREYHAE 17 422w E FP1-
FP2 A B, HLBR K 25 25 4 A A0 e 3o i 2
SACIH Y B AE RS FP1-FP2 A, M
FP2 99— B BE LR TR 1 HT B IR | S 0G|
PRAT . bR 2= S AE FPL A FT23 Thy b
P, 4i 42 Be -2 \S—0—B-D—# (%5 ) Al L n 0% it
a2 AR AE FPL Ml FT23 ity R,

®1 EFANARALERPEENESZKGEY
Table 1 Differential metabolites selected in all pairwise comparisons
%3 log,(FC_FP2/  log,(FC_FT16/  log,(FC_FT23/

FP1) FP1) FP2)
Deltal2-37 7] B & J2 g i 3.00 -2.95
Astringin g B 0.80
3 RE 0.63 -0.87
9-0x00DE i -1.21
10E ,12Z—+ N\ = ¥ 8k f& -1.51 -1.20 1.29
G BR B R& i -1.78
IR E F2a RE -2.89
A 5 FE B2 LER 14.91
16— H Az A9 B fig F 11.75
EPA (d5) R& it 3.08
76 & v BR g 1.50
Tt A2 B RE 1.14
I-+ (%) B fi& -1.20
9,10-12,13-=F AR AL TIe F B2 f& -1.79
9(S)-HPODE RE i -1.93
B BR RE -3.04
(S) ML % B, fi& -3.27
AR AR 83 1.47 2.04
RN LY. -0.88 0.86
& A 3.3 -1.52
A R AR -1.67 -0.81 1.33
N-ZT Bt—5 4B N3 -3.42 -3.57
L-Pe 2B L. 93 14.70
-BLAFF R AR 1.70
L—7%& 2 BRI AR, AR 0.95
L—48 8% 2 AR B -0.83
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(&A1)
31 log,(FC_FP2/  log,(FC_FT16/ log,(FC_FT23/
FP1) FP1) FP2)
FERES 33 - 8 1.21
wk vl 7 s BR - 8 1.12
AR R KT B Rk 0.90
Lk # % BB -1.08
3-(4-# L F k) sLE R kB -1.30
WLEE B kAL A 2.02
£ #Lm B KA A4 -0.56 -0.63 0.39
R A IR AL AW -1.44 1.90
— R E B B KAt 4.78
H & IR AL AW 1.13
H F AR B IKAC Aty -4.04
YA % By h B FAe e A& 1.61 -0.67
BLAR & My & B F Ao e £ K -1.27 1.02
O X, 3 B2 2 B BS B A T Aot kK —-4.45 4.59
IR fn B 3 B E T A Yk & 2.79
6-# 3L A B VP B WY ETAgEE -0.60
TR A BR SRR TR -0.79
W (4-3 R F )P B SR R -0.95
By Ak i SR M A TR -1.28
o ok 2k IR TR -4.09
M 3R BR -1.76 2.68
By v ok A B -1.88 2.80
17 8 ¥ B A B -1.89 3.08
L B 3F BR A 4.06
RAE1,6-—FFix e 3.09
P k) K4 R 4.84 3.46 1.17
0GBk E = K Jo X 3.52 -3.74
JoFE H T K g AR 2.14
5-0-B-D-7# (3 ) # L w74 B & g0 K 1.75 -1.52
EESE=EN K g KW 1.30
S—F A B hER 3 & g R -0.98 1.45
TE B = AR & 4o X -1.13 1.22
(2R,3S)-3-F Jh 7 £ A ok #hon & & g0 R -1.38
v ok & /R & g K -2.22 -0.97
ARG B H AR & g R 4.41
AR K Jo X 2.44
4—vEolk W B2 AR ] -0.81
BRI R T B & fm R 4 -1.41
8 dm & g K -2.06
N-Z B-DL- ¥ 5 &8 & g R -2.29

223 R[] HRE A 2 [ 22 A LB e i R
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Analysis of Non-targeted Metabolomic Variation in Transgenic Rice and Warning
of Mycotoxin Risk

Lai Zeping, Zhu Junli, Zhao Yan”
(School of Food and Bioengineering, Zhejiang Gongshang University, Hangzhou 310018)

Abstract The main objectives were to evaluate the substantial equivalence of metabolite composition in transgenic rice
and its parents, and assess the risk factors in rice from two aspects of metabolomic variation and mycotoxin content.
High performance liquid chromatography—mass spectrometry (HPLC-MS) was used to analyze Japonica rice varieties Nip-
ponbare (FP1) and PJ574(FP2) and their corresponding transgenic lines (FT16 and FT23). The results were as follows:
multivariate statistical methods such as principal component analysis and partial least squares discriminant analysis were
used to detect 448 metabolites from rice samples. Different metabolites were screened and it was found that the concen-
tration variations of zearalenone, L-lactate, 10E, 12Z-octadecanodienoic acid and spermine were significantly affected by
gene modification or variety differences. There were 9, 23 and 13 unique differential metabolites in group FP1-FP2,
FP1-FT16 and FP2-FT23, respectively, with the highest variation in FP1-FT16. The unique differential metabolites of
group FP1-FT16 mainly included deoxyguanolate, coffee salt and gluconic acid. The distinct metabolites of FP2-FT23
were mainly prostaglandin B2, L-cystine, 16-hydroxypalmitic acid. The unique differential metabolites of FP1-FP2 con-
sisted of inositol and stearate amides. The effects of transgenic breeding and variety differences were similar, both of
which affect arginine biosynthesis and multiple amino acid metabolic pathways to a certain extent, but the variation of
metabolic pathways in different varieties of transgenic rice was different. Enzyme-linked immunoassay (ELISA) showed
that the zearalenone content in rice samples ranged from 4.2 to 6 pg/kg, with a significant difference between the two
parent varieties (P<0.01), but the content of zearalenone in transgenic rices was substantial equivalence to that in the
parents. Fusarium was found to be a common endophytic fungus in rice by high—throughput sequencing. Conclusions: Al-
though the variation of metabolic components and metabolic pathways induced by transgenic breeding may affect the nu-
tritional quality of rice, the extent of variation is not greater than that of rice varieties, and it is within the safe range.
A low dose (less than 6 pg/kg) of Fusarium toxin zearalenone was detected in rice samples from four rice samples by
untargeted metabolomic analysis technique. Although lower than the national standard (60 pg/kg), Fusarium toxin may be
synthesized by endophytic Fusarium fungi in rice, and there is a risk of fungal outbreaks under certain conditions with
significant accumulation of toxicity.

Keywords transgenic rice; unintended effects; non-targeted metabolomics; variety difference; zearalenone



