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ABSTRACT: Objective To explore the performance differences of various maize seed tissues in genome
extraction and nucleic acid testing to clarify the optimal choice and its impact on clustered regularly interspaced short
palindromic repeats/associated protein 12a (CRISPR/Casl12a)-based detection system. Methods In this study, the
genome extraction efficiencies of maize seed embryo, endosperm and whole kernel were compared. Through the
conventional polymerase chain reaction (PCR) cascade CRISPR/Casl2a system, the extracted products from each
part were amplified and identified, and the impact of the extracted genome on subsequent nucleic acid detection was
evaluated. By comparing the DNA extraction efficiency, amplification effect and fluorescence signal intensity, the
adaptability of samples from various parts in the test was verified. Results There were differences in the efficiency
of DNA extraction from different tissues of corn seeds. The genome concentration in the embryo was the highest,
followed by the whole kernel, and the endosperm was relatively low, which was in line with the biological structural
characteristics of corn seeds. The genomes in each part could be successfully amplified, and the cascade
CRISPR/Cas12a system produced a clear positive signal. The qualitative detection limit of the method constructed in
this study was 0.1 wt%, which met the detection requirements of genetically modified ingredients in most countries
and regions. Conclusion Differences in extraction efficiency are found among maize seed tissues, but all parts
supports effective nucleic acid amplification and CRISPR/Casl2a detection. In practical applications, tissue
separation is not required; efficient and specific detection can be achieved using whole seeds or randomly selected
samples. The method developed in this study does not require large-scale instrumentation and is suitable for on-site
detection of genetically modified maize seeds, demonstrating potential for application in the safety screening of
genetically modified food.

KEY WORDS: genetically modified maize; genomic extraction; nucleic acid testing; clustered regularly interspaced
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1.1 MR5RF

IR ER R UHT 12-5. ND207. Btll, DBN9858, %%
KT MON87705 ¥ i A lb A R AR 7= il o i W B A
Sorarb e (AL S B iE ORI T2

TP FEF 2 DNA $RBGLF 8 [DP342-01, RARAfLR}
FALEOABRAF]; T DNA 2485 U/uL). 2000 bp
DNA 4> Fiahrif . DNA BRI (6>)[FE H BEAEYHE AR
AL A R A, BiEBE(BY-RO100, FifE D1 Sy AE 6 R
A PR\ H]); EnGen Lba Casl2a (Cpfl) (M0653T, 3 [E New
England Biolabs 23 F] ).

I8 8 crRNA A T A TRE (W) B A PR
HlE, SR 2259 S0 45-12-2015 SEILR KLY K
FL G AT R DN T U o B R R OKR T 12-5 T LA AR
FE M PCR 7k ) BT RFAIANEE 1.
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Table 1 Nucleotide sequences used in the experiment

2R ST H1(5'—3")
SK12-5F CAACGTCGTGACTGGGAAAA
SK12-5R TGGAAGACAAGTTCTACGGGCT
CGTTTCCCGCCTTCAGTTTAAACTATCAGTCT
Target CGTTGTAGCGTCGGGCGATGT
GGTTGAGCTCGAGCCCG
SRNA UAAUUUCUACUAAGUGUAGAUCUACAACG
AGACUGAUAGUU

ssDNA /FAM/-AGTACCGATAGATACAGAC-/BHQ!/
qSK12-5F GTCGTTTCCCGCCTTCAGTT
qSK12-5R GGTGCCTGGAAGACAAGTTCTA
qSK12-5P  FAM-AGCTCAACCACATCGCCCGACGC-BHQI

1.2 UFE5E%

ME204E 43 Hr K5 HE 0.0001 g, HEEFEIFEH 2R
(FENABRZAHE]; FSI-A0S BB ME R R HBAA
MRS w]); HH-1 fE IR KI5 (BN e 3E AR R A FRA D),
DNA ENGINE peltimer 54 HiH% 5w A (3% [E Biodot 23 #));
DYY-6C Hi ¥k A (4t 5t N — £ W B H A R A F ),
GenoSens2150 BEAE BAG BT (L i AL 22 25 PR 2
f]); VORTEX-6 e A#% (1T HAR DUR A HlE 2
7i]); Nano-300 i 4356 36 B 1 (bt M B A 284 BR 2N 7);
CFX96 Touch #¢3tE it PCR Y (3 E Bio-Rad A H));
D3024 &£ LHLEEE Scilogex 24 H]).
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PCR §"#{K & 25 uL: DNA 4R 2 uL. IE i 519
(10 pmol/L) 0.5 puL . dNTP (2.5 mmol/L) 2 pL . Taq fif(5 U/uL)
1 pL. ZEMH(10%) 2.5 pL, ddH,0 2 AF, PCR 4 14 Fi
FFALHE: 94 °CHIZEYE 5 min; 94 °CAFE 30 s, 58 °CiB K 30 s,
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WEEE I L Sk AG I PCR P 48R
1.3.4 CRISPR/Casl12a F_X.3n% #n
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RT3 i SR G RE B PCR {XFE 37 °C T4k 30 s
Wa R A R B EAER EE, P45 CRISPR/Casl2a R4 )i
1.3.5 441

DU IE R RO 12-5 YRR BHM:XTIE, WPt
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1.3.6 REE S

X 8 JBCA R R 6 oK e PR 2 5 A e e PR R K B R 4 VR
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S LS R LI I HAAR R 22 R o SRR MR EE S R
WK R IKEE R Tmage T 84T Fr SER 8R4 (41

SPSS 26.0 # AT, B MK P H0.05, 5236 Kl 5 3
JH GraphPad Prism 10 221l .
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HIF AT IRBUSCR LB, X TS 3 R 4H 1T B AR JE A PCR
P, BRI KRR A B orRNA 454, G Casl2a
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Fig.l Schematic diagram of genetically modified maize
seed detection
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Fig.2 Comparison of different methods for extracting genomes from different parts of maize seeds
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Fig.3 Comparison of genome extraction efficiency between the rapid extraction method and the magnetic bead kit method



LERE Ul

MG, S BTN R R R 2H SR BUHCE KT CRISPR/Cas12a 61 {4 28 A2 1R

191

23 FHEFRIKEFQVNYT BL R

Iyl IR U N4 HHE T CRISPR/Casl2a &
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X, ZERANE 4A PR, A U BH T Target Fe81 T LA

Wi Cas12a 85 FRGHY S UTRITEME, SCBZOLE SRR,

T4 B DR 4 A ) S BB PR 45 2R, B TC e S PR 4 B
SRR 8 ST | et e Qi o N o L 9 e o A B P
YTk O Casl2a B ARG RO BEME . X2t T
Cas12a 2K [ (W B0E RBURIL crRNA 58 4 BRI #E AR
DNA JFAIPY e R4 1 5 I DNA IRE TR, AR5
7kl DNA HBIRAIR, RREA 345 A 0E Cas12a & F1if;
HIEFA DNA 2R R 5T, 7T LR SR 8 e s Rl i
B LER, BHAS crRNA SH#LFS 45610, R Zxt
T ORI LSR8 A TR S

% (AllFB 2259 S 5-12-2015 SEHERAE ) K L
P2 i ARG B TR R B0 R XU 12-5 B HEAT A= i il
SEME PCR ik ) BET519, 8- Wik i T 2%B B s ik
HLUKIOIE, 255 AN 4B FrR, 53 R AZs F 0 BE S B0
PE, A L DR K R 2] B 1 8 7 A T R SR A, AT
SREE Zioale
24 ZREX CRISPR/Casl2a {F RIEIER ARG

JoF B 4 B A B R B OKR AN IR R Ak B [ 4
N1 B AR P 34T CRISPR/Cas12a PRSI, 45 5 an &
SAFR, FRPERE & 0255 7E 20 min JFRIA TS, 1E
B SR T A 35O RS 2 H s BRI 5 3 R R OK 4k
Rk AL, 2R LLHEAT PCR PB4 IF G
CRISPR/Casl2a R4, 784G MR, SO S0 KA
PRI .

%} CRISPR/Casl12a Kl R&E43 7 #AT Casl2a WeJE

(Il 5B)FI Casl2a 5 crRNA ufl(E SORILIL, $FiSmRAE
SCEG S5 YOG PR 2 pl . Cas12a (1 pmol/L) 1 uL .crRNA
(1 pmol/L) 1 puL . ssDNA (10 umol/L) 2 uL. . NEB buffer r2.1
(10x) 2 uL. PA ddH,0 #ME 20 pL #AFH, KA I] 20 min.

25 FHEFESMSHR

N AR EEST T %, ARSI AT, R
FEH FOKRWPT 12-5, ND207. Btl1, DBN9858 Flks 3 Kk
2 MONB87705 FlE-# £ AKMATHRE T . G5 E 6A
B, RN TR 12-5 AR 2BHMEL R, &
WA 1 B RAT B 1
26 FHAERBESH

P 1 L R T KT 12-5 356 R 4 R 30 e K 3k R 4T 3
TIRA, 315 100.0wt%. 50.0wt%. 25.0wt%. 10.0wt%.
1.0wt% . 0. 1wt% [ 7% 58 [N FOR JE RN AL, T 2 s
TEo HRUWE 6B, 6C Fin, WAL 12-5 i o5 3
o, BICAEZE L TE, A HE ST A O B E R R
0. 1wt%, FFE TR bR 22 5 G R ML IX X 4 5 TR A 43
I sk, HA R R
2.7 FiRERRMIEIE

NEAEABFFT R A PCR-CRISPR/Cas12a #6:30 J5 7%
B HERS PE 5 T Sk, S (R 2259 S
-12-2015 %% FE DA Py J F07 G B A Rl 0 A it B BE 7 K
KA 12-5 B AT A i FlE : PCR Jr ik ) SE it o 5 PCR
D7 OB UE o S IOME R R 2 B IR E R AT 1245
ND207. Btll, DBN9858, 3L KE MONS7705 FI il
FORFDFAEA SR IOE F A I AR, 255Kk 2 PR,
ST WAL 12-5 BEASBAG I BHPE, B SR 8 R —3,
WA 5T ) 15 M 7T 5

A
3000 r WEEREE12-5  BRERk12-s HETEK AH
S = A o AN S v
6000 DS aanAs g 7 8 9 0 il ik
L Lt
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3 /H o WEBRT-IR
E 4000 | ¥ BEERIE-A0RE 1000 bp —
P ‘_. PORIEHE 750 bp — e
X / Pediyk-4ok. 500 bp —
2000} 1/ e K
= 250 bp —
HHHH e rensaass
0 e o S Y .Il 100 bp_
0 10 20 30

Bf [f1)/min

TE: AL RY IS LR LAY CRISPR/Cas12a REMMEE AL, B, S ALY 38" Wy i) B AR FSE Je L vk 14
4 CRISPR/Cas12a £ Il i} S DX 20 77 38 Ft) o B4 B0 AIE
Fig.4 Validation of the necessity of genome amplification for CRISPR/Cas12a detection



FH1TE

192 B 2 4 AR I 27 4
A 8000 C 8000
_ 6000f i 6000}
= gt 3
< <
% 4000 MM @ 4000} + Casl2a:crRNA=1:1
»- Casl2a:crRNA=1:2
& 125 nmolL g ¥ © Casl2arRNA-1:3
2000} +50.0 nmol/L 20001} .t' Casl2a:crRNA=1:4
*75.0 nmol/L ",ﬁ gasga:crl;l!llj]g:}:g
~+100.0 nmol/L —o—Casl2a:cr! =1:
-0 ﬁ
0 () Lceseescoscosce ? ?
10 20 30 0 10 20 30
5[] /min s} 1] /min st ] /min
TE: AL PHPERE S SE 986 5 K5 B. Cas12a ¥ JEE; C. Cas12a 55 crRNA Hifil,
Fl'5s 44k CRISPR/Cas12a A R I Uk A4 Ak
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Table 2 Comparative validation results between the proposed method and the standard method
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