e & Crops 2026 (5) : 166-170

DOI: 10.16035/.issn.1001-7283.2026.05.019

CRISPR/Cas9 EFE4wiES GABA AR M 5 EF R

RN

w2

CHIDHERBR T L, 410000, IR ICYD; 2 BRI SRHAR L FF SIS R GR A SR U0, 161000, FRAEVTLFFFFIG/K)

# E 4+t CRISPR/Cas9 £ B %449 5y-2 A TER (GABA) % 2T % & PCR Aot F PCR A 7 ik, i@
i % GABA % 5o A A & KW A7 3t tk, 20t S A4 7051345 7], AR A PCR FAMNFE | A7
SERG I MIEA R T, A RBETX 0.01%, 2R, HAKF PCRAMKZ PRAEELAHFFMH, %
K& PCRAGMAIT 4T, AT HAN, RAKAK, 18 RHEfdfEE AR HF PCRIBEL S, A AD LA
MAEK, ELFIRERK, BT EIHE, LLELSMEEFRARL BT X THOMEAN, ZH kRS
AR B mBAAD AN T 7R RIE, FAFITARANARET T A, HADEL L FREHK LI,
KR A KRB, y-ALTH; %Kk PCR; #F PCR

BN gHE AR E 2012 F Rt LREER 772
RORVE, JHAE 2 A4S BRI AR A o Jinek 51
T 2012 “E A HI CRISPR F 4SBT & (K% 4 ; Cong
S5R1F 2013 43 i CRISPR R4t i Ut of FLAZ 41
Be DR 2H 3k AT g B8 . vE [ R %% X Emmanuelle
Charpentier 5 3€ [H £} %% %X Jennifer A. Doudna T
2020 F R I tH — Pl ik R 9 6 D7 V5 T 3R AS T 1 DL
IRAZEEB, HIbZ J5, B gm R )2 B A
FIGEY . WY B BN A A e T

R R ARAS A T R R AR, 1 AR AT s
TRFE DRI (1) 5 1) G 4 AN 600, BN R SE 1) DNA B
HEAT I BR BRI, X6 AR A (R Bl 5 32 AT ok i
&, IR BN B 13 K LA R = ) g, 0% H
bk R R oA g R . R A RIDIRE . ORI
e BRI o I R, Tk, FIHIZEOR
FRIAH AT TG HCIRR , IV 2 MR DTS, W
TEAZIRE (zinc finger nucleases, ZFNs) . ¥ %
H TRV IR ES (transcription activator-like
eff- ector nucleases, TALENs) . #[d][A] L EE 7
FI NG/ H 18] Bl SCE P A MR RBREE ) (clustered
regularly interspaced short palin-dromic repeats/
CRISPR-associated protein, CRISPR/Cas) [-101, ¥{
L E AR 25 (cyclization recombination enzyme-
locus of X, Cre-lox) Fl)t#% CRISPRI'-51%E, H %
Tl 1) P 2 K] 9 %8 432 R S0 PR AR 40 o ol S L 7 Ml
o, FB oy M IR A AP AR A AR . H AR A

CRISPR/Cas9 £ AR H T miy-2 5 TR (gamma-
aminobutyric acid, GABA) #&ififf, I C#it
AEMRE AT H A DS); 2021 4F4], i [E Toolgen 2 ]
FH] CRISPR-Cas9 B i iy il B2 K &AL Hh T [X
AT 7 H AR, IR ROk 3 4R i R AR
A SEI R AR -100; 36 5 A7 3k JE R 2 A TR AR
AIF] CRISPR/Cas9 HEARIEH T 2 K 4 45 (1 XUt
45 (Agaricus bisporus) , 12 EAEWY) A A Calyxt H
TALEN R E: & 1) e i B AR BRI K 5 =i
PR b ROETE R R R i FE I
2 I R ER AL

BN HAT g1k, xS 3 DR 2H g 54 P 1) B 3
B ATRRIE . H AR R BUN & SR E A X F Lt
R B R g 4R AT M SR ARV ER G KR
Wy, REEIAREYE R, s HEYFH BT
R, AT AN 2061 FH 385 (R 4H 2 A el i (R A )
AT FHMeE. &R, PIfE. b, B
) R ORI S 5K e A EOR  5E E A
A D g EE o , R iR AR N 5 e B A
AEYEEESZ B PR RS, REA B A H A
HAMKAER, SFEAEMERKEEYRKAE TS
A, WURLE SUNFE R A, Je HANE. SR, &2
P, HleW., D% ESREAR, RET
ARGINAMERE D R AR A A, P DR R 56
BRI H PR AR OC 1) 2 B E Bk}, w] S AR B
F )2 A iuE sl

FEBRA: K, FRFT R AR SRR, E-mail: libbyyxy@qq.com
BN B, TR AR SR WA B AR, E-mail: zhen-zhen@coustoms.gov.cn

AERE: HXEFHHAA (2022HK031)

HAG B #7: 2025-04-29; #5= B HA: 2025-07-17; ML H Rk B #1: 2025-07-22



S 234 11

/NS CRISPR/Cas9 2K 4 GABA 7 i bR £ il 5 92:40F 72 167

S S E IR BRI 5, (HBEA AL
BEFERIASER T B (M R R, BRI 5 i AN IE
TR R R AT I, T A 5 DR G AR 4 P e S P ARG DU
J7 iR LSRIFUS), Zhang USR] ] PCR K S %
- PCR J5 VA 5 PR G 48 R /KRGS AT AL, 9 %) 2
R G By HEAT T @ M, 25 S R IUAB K AR 1E
% (RSD) <25%, MWMZEMEL1T%I0E PN, UHi%T
R AR VR ER, HONEER g iRt 7
— AT HE 1) 8 YA E BRI 7 . Chhalliyil S061
FER T8 A b A R A g R SR e
PCR R 7V, I iERBE . Frmthng, ©=
PRIEH] 0.05%. A< SCEFXT CRISPR/Cas9 i [K g 1)
1 GABA 37 1 ¢ PCR AT PCR A 77
s AZTTVE T LT A= 3 A AN 5 R 4 i 7 5t R
il i CRISPR/Cas9 & [K g 1 =1 GABA & i, B
AR ) R R R S, AR, R
SRR A IR (i T BB AR, il s AH DA I
PEFT TR, JENEY A RS

1 RS

1.1 i3ty

CRISPR/Cas9 J& K 4 45 1) % GABA 3 fifi B
ol K244t GABA S EHH AR 19 f4%.
13 ANAS[R] B A 28 il it FfRE iy b ) SRR R %
PSR, RIFTHhE. HA, EmE. 2. m2
Wi BE. EEFVEE.
1.2 RIEFE

WRIG T 2024 FE1E LRI IA IRV A A A
FFIE IR G LI E R B = AT
1.2.1 DNA #3 ffff TaKaRa MiniBEST Universal
Genomic DNA Extraction Kit Ver.5.0 2 BUiRk 7 &
(TAKALA A7) MNFEAEHR T2 DNA.
I FHAZ 2 25 (1052 4300 5 DNA [ FE T Ao/ Aaso-
Azeo/A230, VATEALFEEL DNA HIR =ML R IE M.
B DNA [ 2 300 ng/pL, A FE-20 °C#% .
122 ®AZEFPCR fHHWIGEEPCR 2GR
%, qTOWER2.2, f#[E) #E47 5L € & PCR Kl
SR 2 PCR 9 38 FE /5 4. 95 °CHlAE % 10 s,
95 °CAF 14 15 s+ 60 °CiB K S AL 1 min, 3£ 40 4>
FEIR, 7E 60 °C N KA IAF S R VAR REFE:
SR 2% PCR R A W 12.5 pL RS9
GABA-F 1.0 uL. FiE51%) GABA-R 1.0 pL. #R%t
GABA-P 0.5 uL. ¥4 DNA 2.0 pL. #hEB4iKE

25.0 uLo

1.2.3  #5F PCR i Tl xU8F PCR 4U#4T 4L
7 PCR &l . %7 PCR My /5 N #a3h
95 °CHIAEME 5 min, #IEHY HE 94 °CBE 30 s\
60 °CiE ‘K 60 s, £ 49 MEIL, 1945 f5 34T
98 °C 10 min HJ# K 7E . #5 PCR & 20 uL 141
KNAR R KRS DNA 20~30 ng. L5149
GABA-F 2 Fi#51% GABA-R % 8~15 nmol. 5%}
GABA-P 2~10 nmol. #{“# PCR ¥ # [ Mix TRV
10~15 uL. REAK.

124 3K Z &M RKE DL CRISPR/Cas9 4
105 GABA il DNA AREMGEATER EERG RS, Fa
T S 1 2 IR 40 5 A 40 1A R R = 0 0 5.0%
1.0%. 0.5%. 0.1%-. 0.05%. 0.01%7%1 0.005%,
ANBRBERRREWIEAT 3 IWEEY W I B, @i 1.2.2
(1262 & PCR AL RS0 EY R R R . R
PRI 5 50 59 1+ DNA $2 DUBOK 34N P47 2 1)
(K] RSD fH., 24 RSD<<25%F A Ha4A 22 46l pRI201,
125 3l4p3AHAE 2 I iER B 1B MK R
HIN 13 ARV B A= 24 1) 2 3 Al CRISPR/Cas9 Ji i
()7 GABA i, 3@id 1.2.2 H5EH 5% 5% PCR &l
TTENE AN [RIBEAR (1) 0 TeAF 1EAT 3, B0E 5 MR
itk

2 HERE5SR

2.1 SIYERETRREERM

S P FIRET (RS 57 M X 28 % PCR FIEF PCR
I ) U = e R, pYLCRISPR/Cas9 & 44
S AR H B G OB 1 R . AlEeimid
1 GABA -5 B AR R & pn 2L 8 7 B Xt bk, A

FLBR 1 Target 1 2200P [ 72 Target 2
1 Target 1~ Fbn2 Targe H 1) B [F 4 slyPDS
XXOOOOOXXXXXXXXXXXXXXXXXX Targeted genome slyPDS

(GGACTCTTGCCAGCAATGCT)TGG

XXXOOOO0OOCORIX XX KX XX XX XX

4t [X 6 Exon 6

H A5 1 Target 1

(GCGGGACAGGGTGACAGATG)AGG

XXOOOXXXXXX XXXXXXX XXX

YA [X 7 Exon 7

1 pYLCRISPR/Cas9 RGN SRIBE S EFEBEREIF N
Fig.1 Gene editing in tomato via
the pYLCRISPR/Cas9 system

H #% 2 Target 2



168 RIETS

Crops 2026 55 5 H

Primer Premier 6.0 X4 1E 71 3t i+ 5140 7 41, K H
Beacon Designer 8.0 B3 1HRE 7 IR EH T 51, &
it 7 4 AN R ERE, alan 4 G1~G4, B
S RE P A & 1 B, R %6 PCR J7i%
BOAE 51 IERE R e e, SR 2 s, G2 11
Ve MR, 75 BME (cycle threshold, Ci) A
27.09, FFEKMER.

&1 = GABA ENSIMIMREESR

Table 1 Primer and probe information of high GABA tomato
)
2L 1 (R
Name Sequence (5'—3") mpltication
size (bp)
Gl GIl-F GGAGCACATGTACAATGCTTTACC 99

G1-R CGGCAATGTGTTTAATTGCTTAG
G1-P  GAAACAACCCGCCTGGTTGAT

G2 G2-F GCACATGTACAATGCTTTACC 98
G2-R  GTGTTTAATTGCTTAGTGGCAGC
G2-P  GAACGAGACTGCCTGGTTGATGC

G3 G3-F GCACATGTACAATGCTTTACCAAC 99
G3-R  GCAATGTGTTTAATTGCTTAGTGGC
G3-P  GGAAACAACCCGCCTGGTT

G4 G4-F GCACATGTACAATGCTTTACC 97
G4-R  GTGTTTAATTGCTTAGTGGCAGC
G4-P  GAACGAGACTGCCTGGTTGATGC

10.0 |-

%518 ARn
5
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2 G1~G4 SI4iRsHEYY 8L
Fig.2 Amplification curve of the G1-G4 primer probes
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Table 2  Statistical analysis of results from
the DNA gradient concentration assay

3 G TG MR
Concentration (%) | 2 3 Average G RSD (%)
5.00 30.89 32.12 31.13 31.38 2.08
1.00 31.96 32.78 31.86 32.20 1.57
0.50 32.86 33.68 32.82 33.12 1.46
0.10 34.12 35.08 35.44 34.88 1.97
0.05 35.90 36.76 36.27 36.31 1.19
0.01 38.11 38.88 38.60 38.53 1.01
0.005 ND 39.62 ND ND ND

ND For A Rl 21 .

ND indicates that no amplification was detected.

*3 HERBEm@RMIIR

Table 3 List of wild tomato varieties
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Fig.3 Results of fluorescence PCR amplification curve
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Fig.4 Results of digital PCR amplification curve
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Rapid Detection Method for High-GABA
Tomato Edited by CRISPR/Cas9

Yuan Xiaoya', Zhen Zhen?

('Changsha Customs Technology Center, Changsha 410000, Hunan, China;
2Qigihar Integrated Laboratory, Harbin Customs Technology Center, Qigihar 161000, Heilongjiang, China)

Abstract Our laboratory established fluorescence PCR and digital PCR detection methods for the high gamma-
aminobutyric acid (GABA) tomato edited by CRISPR/Cas9. By comparing the gene sequences of high-GABA
tomato and wild-type tomato, we designed multiple groups of specific primer-probe sequences, and detected a set
of primer probe sequences that met the detection requirements by fluorescent PCR. The detection sensitivity can
reach 0.01%, the stability was good, and it was also specific in the digital PCR detection system. Fluorescent
PCR detection took a short time and was suitable for routine qualitative detection, with low cost, but its
sensitivity and accuracy are limited. Digital PCR was complex in operation, high in cost and long in detection
time, but it did not need a standard curve, and its absolute quantification was more accurate, especially suitable
for trace detection in low abundance samples or complex background. The establishment of this method provides
a methodological basis for the detection of genetically edited plants, lays a foundation for formulating relevant
detection standards, and provides technical support for biosafety supervision.

Key words Tomato; Gene editing; Gamma-aminobutyric acid; Fluorescent PCR; Digital PCR
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