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BWE: A FHAMBEBHCY SSARANEAEL LKL FTREFESRG Y0, EBEFEI CRISPR/ Cas9
KB iR A MU CRISPR/Cas9 K B %8 4k p35S—H-CY S, #| A RAFHI-F 6958101k & KT CY
S MBI RF TR, BT AR FFe RT-qPCR #80 CY S AH SR E R, o el L5 R AR &R AW 3AE
ThMKAERGESAATARRE, RE LW ARBABA SBAHFE, L b ik | TUE Fibbhdelfi b4
A deli b 2 AR 2 AR, N RABRE LT E RT-qPCR &R AW, R E4ktk 2P CY S ABEehaxt
FA TR THEARBEP<0.01) . 5FERATIL,CY S-1.CYS2F CYS-3 £E AP CY S AE#EE
KFAEHSH A 031,045 o 0348k CY S RABESBERS THFEARAL HEPR, MEETHRBEEZFL

AL EHARRAREGREG L P ,CY S-1 REGKATRATLETAFE Ao 1342, 2FHTHAMNEE
(P<0.05),#.80 CY S AR AWH LA FHEeR, ZEARE AWHRMLERM F A RiAT CRISPR/Cas9 A FH %
HHE AR CY S KK 2 Mz SRATE S %48, B FE ALK, A—F AT CY S ARARRB/T T2
a At A Ak

FE#A 3. CY S; CRISPR/Cas9; 2k B 4 4 55 Tk

Site-specific editing of the cysteine transferase (CYS) gene in tobacco using the
CRISPR/Cas9 technology

Bao Xuemei 1, 2, 4, Li Yun 3, Cao Dong 3, Liu Baolong 3, Wang Honglun 1*, Zong Yuan 3*

1 Key Laboratory of Tibetan Medicine Research, Chinese Academy of Sciences, Xining 810001, China;

2 College of Education, Qinghai Normal University, Xining 810016, China;

3 Qinghai Key Laboratory of Crop Molecular Breeding, Northwest Institute of Plateau Biology, Chinese
Academy of Sciences, Xining 810001, China;

4 University of Chinese Academy of Sciences, Beijing 100049, China * Corresponding authors,

m In order to study the effects of cysteine transferase (CYS) gene on the growth, development and antho-
cyanin synthesis in tobacco, we established CRISPR/Cas9 gene editing system in tobacco and constructed
a double target CRISPR/Cas9 gene editing vector P35S-H-CYS. CYS tobacco mutant lines were obtained by
Agrobacterium- mediated genetic system, the CYS gene knockout effect was tested by base sequencing and RT-
qPCR, the mutation types of target genes were analyzed. Sequencing results showed that 3 mutant lines had
gene mutations at target sites, including base insertion and base replacement. Target site 1 could bind to target
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site more effectively, and target site 2 produced two bases mutations, both synonymous mutations of amino acids. RT-

gPCR results showed that the relative expression level of CYS gene in mutants were significantly lower than the wild

type tobacco (P< 0.01). Compared to wild type, the multiple of gene transcription levels were 0.31, 0.45 and 0.34. The

knockout ofCYS gene had no significant effect on tobacco plant height and leaf shape, but the anthocyanin content in

the mutant tobacco were increased in different degrees. The content of anthocyanin in CYS-1 mutant was 1.3-fold,

which was significantly higher than that of wild type (P<0.05). These results indicated that CY S gene can inhibit antho-

cyanin synthesis, which was consistent with the previous transcriptome analysis results. In this study, CRISPR/ Cas9

gene editing technology was used to design two target sites for targeted editing of CYS gene. Using tobacco as the

transformation receptor provided an important material basis for further study of the function of CYS.

m Tobacco; CYS; CRISPR/Cas9; Gene editing; Mutant
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E 8 # 12 (Lycium ruthenicum Murray) 4 # % (So-
lanaceae) #MfCIE (LyciumlL.) ZEE£ER, 2HE “2 BFA"
HEEROER, RROCERKESD, B FEATIREES
RERKAFHFEHESFEEFERH (Wang et al., 2018), LR
EESTEER, E¥F, B £E2EMEWSES®E (Zhangetal,,
2019), AREAMIE EFREW SRR ZEAIEEXRE, ¥
#*E7F MYB, bHLH F1 WD40 &SR MBW H&#7A ¥ &5
HMEERIEKIBIEETENEY S (He et al., 2020; Wen
etal., 2021),

EHFRIAMNERMAICRRRET SEFT ESH HEEXH
R2R3-MYB #REAFERE LrA N2, FHX LrA N2 EEHETTL
BEIRTE, LrA N2 @RXFER KR, EEESEEE
FHi% (Zongetal.,2019b), ¥ LrAN?2 & EREE S5 £
HE ‘Samsun’ BT T HFHIH (Zong et al., 2019a), &
RREH, ¥ METHRELE CY S) ERAMAESTREETARR
&, BEDNEE CY S BRBTRE, H#HTEWE BEDH,
7 CY S EEAITIREHFRESEMKIE (T 6%, 2021), B,
EH CY S BERREWTIRER REAHAR, IEH—FHHFE

5%,

APERECENEEEYNEREEEEE NFEH, H
FES5THYMHFUCEESNMERE, B, £, HEHASREN
TE, WELRE (EEAT, 2021), H2S5EWHEAE
FIRR, T8, FE EERRE (FEHRFE, 2021), McLellan
F (2009) ZIL FMt &R E S BRREERFE T A EELRE
R E, FN, FETREFNEEMNFR. NtCP1 5H
R XA E R R A A BRI 45, 2 AtSAGI2
HRIFEH, REZENMFFRIE, 7TMEEZENR
B TFARCER (Beyene et al., 2006), BRIIEITFFIE ESE
AfEWSh, EHEME W, WENTS5REH FEENEM
FERE RS, B CaCp (Xiao et al., 2014), 7K 0sSAG39
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(Liu etal.,2010), H#% SAG12(AhlawatandLiu,2021) &,

CRISPR/Cas9 F5t2 4B & 4 B E e

MM AES RPFERZHREFNE A (Bortesi
and Fischer, 2015), H B¢ #& B9 #1 2 (6] (% %6 B = 5 %1 4 &R
(Jineketal.,2012), AHEEAEME, BEUENZE ARES
s, EmES ENATEREDT. B 2—fEERER
HEYHEZENSHEY, CRISPR- Cas9 EFEG B ATEMHER
HERERGETRT SR T ZNNH. &5 (2021) F
F CRISPR/ Cas9 ERHGRBHEAE AR TEME K326°
2 HIEm S A2/ 5 EE, CRISPR/Cas9 fiAK REGEH
BEARRERCREER, RERERETE, HKEHE (2020)
FIH CRISPR/Cas9 B AE RGBT M &S EHEMA R 8306
By CPS2 Z[A, #KfF CPS2 & Z&ff, IS, CRISPR/Cas9 K
FERERRETER HEEEREE atp2( XEHESE ,2020), 5-#
ER B S RE BT R 5 49 B8 NtDXR( /N ER % ,2019), NtPDS
1 Nt- PDR6 (Gao et al., 2015) S EERTEUESE, A
CRISPR/Cas9 SIATEME HRITIREHTAIN FHBLE T B,

AFFFEAIA CRISPR/Cas9 ZERETIA, HiE BARHHR
RIS E RV S IR 588 (CY S) ZEE, 1% It 2 MERL SO TE
R, DUASCARSE, R THE CY S53EE, A CYS
HREAEFRITHHE RIS B SR AR A S5 iR,

2 R 51

2.1 NtCYS IR g sid it B ¥k

PALE RS b oA 2E X SE IR 4 42 159 pYL- CRISPR/Cas9-
MH EFE&HEHENIEL, HZIH NtCYS BERGEESF
FIEREE] sgRNA i, %8 #AFIRE L AR HFE DHSa &
S, PRECE FEREHATETE PCR, £&WA/NEIA 500 bp,
WM A/, EFHERERRETNRF, KIS NCYSH
H FAgEEMA p35S-HCY S, BEZERAERNELERT &
LBA4404, E¥% PCR &EfHMESH 7R, BHER RMEE,
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CYS-1

2.2 NtCYS FEFEYRR A LGSR IIE R 5 ik
i

FIARBRITENSEERER, HIEsTRERERET 2d (
1A-D), BASCEFFERESR 7 d (E 1AL, MBERE SR
FRESEST 14 d (B 1A-IID), VIS8 NERBFREETEMR (
1AIV), £IREHE, B, DUsSEkE gDNA FElR,
FS[# CY S-F, CY S-R ¥ CYS BEH, H15F]3 #kfH 1w,
#4259 CYS-1, CY S-2, CY S-3, 3 PR S 5 55 4= 5040 B o
H, # @, HESEREERNHEER (B 1B),

AWIE CY S BEWMINGE, NEREERZAF FIHTY
BHBHATMF 2T, MEFFINHERE & (E2), CYS1.

cYs-2 CYS-3

A 1 THERE G, 7 S 2 0RE 2 THETR (GBER
C, ABHH G), CYS-2, CYS-3 7R 1, S5 2 A9k 4%ET
HERE B (GBI A GEIRANC ABB®A G, FEBRF 7
HHERER (B 3), CYS-1 EERBEHTF (ATG) /& 33 f1
34 MEEZEFEA ‘G", BEFTIEERDE ETRFEZES
£ 71 MREROENERERZEIE, CY S-2. CY S-3 A 14,
K% I (G ik 8146Molecular Plant Breeding >4 A),
HESEEBAV(HER )TN ERER), ERA24, 2
MREFRIYHE LT, Hor, CYS-2 45 CYS-3 7 275bp 4k
HREZET, CYS2% /5 C (FMEE ), CYS3 4 S (L8
i), RERE RTESSHEREER,

CYS-2, CYS-3 [P MESAMSR S48, CY S-1 728K 14 2.3 e WA ETRWE
——————————————————————————— CCT B B B i
CYS ATGAGTTACTACAATCAACAACAACCCCCT TETCCCTCCCCCGCAAGGATATCCACCOEAAGGTTACCCTAAGGACGCATACCCACCACCGGGG 100
CYs-1 ATGAGTTACTACAATCAACAACAACCCCL TETCCCTCCCCCGCAAGGATATCCACCOEAAGGCTACCCAAAGGACGCATACCCACCACCGGGG 100
CYS-2 ATGAGTTACTACAATCAACAACAACCCCCT GOTETCCCTCCCCCGCAAGGATATCCACCOGAAGGCTACC CAAAGGACGCATACCCACCACCOGGG 100
CYS-3 ATGAGTTACTACAATCAACAACAACCCCCT GTETCCCTCCCCCGCAAGGATATCCACCGEAAGGCTACCCAAAGGACGCATACCCACCACCGGGG 100
LTy |
Target 1
CYS TACCCACAARCAGGGTTACCCACCACAGGGGETACCCTCAACAAGGTTACCCTCCTCAAGGGTACCCTCCCCAGTATGOTGCTCCACCCCCTCAACAACARC 200
CYs-1 TACCCACAACAGGGGTACCCACCACAGGGGTACCCTCAACAAGGTTACCCTCCTCAAGGGTACCCTCCCCAATATGOTGCTCCACCCCCTCAACAACARC 200
CYSs-2 TACCCACAACAGGGGTACCCACCACAGGGGTACCCTCAACAAGGTTACCCTCCTCAAGGGTACCCTCCCCAATATGOTGCTCCACCCCCTCAACAACARC 200
CYS-3 TACCCACAACAGGOOTACCCACCACAGGOGTACCCTCAACAAGGTTACCCTCCTCAAGGETACCCTCCCCAATATOOTOCTCCACCCCCTCAACAACARD 200
CYs AGCAACAATCTGGTAGCACTGGCTICATGGARGGATCTTIGGCTGC [GCTOTTECTOTCTCCTAGATGCATGCTICTGR 283
CYS-1 AGCAACAATCTGGTAGCTCTGGCTITATGGARGGATETTIGGCTEC TGCTGTTGCTGTCTCCTAGATGCATGCTICTGA 283
CYs-2 AGCAACARATCTGGTAGCTCTGGCTITATGGAAGGATGTITGGCTGE TGCTGTTGCTGTCTCCTAGATGCATGOTICTGA 283
CYS-3 AGCAACAATCTOOTAGCTCTOOCTITATGGAAGGATGTTTGACTGC TGCTOTTECTOTCTCCTAGATGCAAGCTICTGR 283
————————————————————————————————————————————— C, TGETECTCCACCOCC -~ —mmmmmmmmm e m e
HE K12
Target 2
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Figure 2 Base sequence analysis

CYS MSYYNQQQP%VPPPQGYPPEGYPKDAYPPPGYPQQGYPPQGYPQQGYP 50
CYS-1 MSYYNQOOPHWCPSPARISTGRLPKGRIPTTGVFTTGVEPTIGVPSTRLE 50
CYS-2 MSYYNQQQPiEVPPPQGYPPEGYPRDAYPPPGYPQQGYPPQGYPQQGYP 50

CYS-3 MSYYNOOOPHIVPPPQGYPPEGYPEDAYPPPGYPQOGYPPOGYPOQGYP 50

CYS-1 ESRVPSPIWCSIPSITTATIW - —---------mm-mmmmm- 75
CYS-2 PO--GYPQOGYGAPPPOOOQONSGSTGFMEGCLAALCCCCLLD o4
CYS-3 PO--GYPQOGYGAPPPQOOOQQSGSTGFMEGCLAALCCCCLLD, 94

CYs PQ——GYPQQGYGAPPPQQQQQQSGSTGFMEGCLMLCCCCLLD% 94

AIE CY S BERSESREMERBEE X, X HEE
(WT) 55235 (£ (CYS-1,CYS-2,CYS-3) B EFESE#
TTHE, 5RER, CY S-1, CY S-2 1 CY S-3 HEHKR
FIESESEYRTHEIME E, Hf, CYS1EFESER
EWTEHAR (P<0.05), BRHERREEERESEN 1.3 & (B
4)o

2.4 RT-qPCR

RERI =R R EFIR CY S ZEF5I, DA NtA ctin
ANSEE, HEFER (WT) f12=% M4 (CY S-1, CY S-2 #1 CY
S-3) fEH CY S AN RIEE# /T RT-qPCR #ill, ),
RIS AERIRE S 8, CY S-1, CY S-2 1 CY S-3 =ZTEEKR
FCY S B FERKFEEHSFH 0.31, 0.45#10.34, HEE
K FEHEH (WT) (P<0.01),

1.5 ZREMRHEHRER SR CYS HEFIR S
HF CYS-1, CYS-2 f1 CYS-3 KEMFFIS A SOPMA FEERIK
T R S5HHT, CYS-1, CYS-2 #1 CYS-3 —Resiny:
EEMPAS CYS ARAER, H, CYS-1EBHUEEFH
REMBFEAEILE, ELREME £RARTE, HFEE
TR AN TG (87.32%) F1 FEHEE (12.68%), T CYS-
2 5 CYS-3 AR RS TRWTH s, FEERFA
a- $BHE (20.43%), FTHEh (68.82%), IEfREE (4.3%) DI B-
£y (6.45%), 8 TMHMM-2.0 TELEEE4 4T CYS, CYS-1,
CYS-2 f1 CYS-3 BEEWBEERKX, &£RETR, AT FEORNBEE
2 EH & (Number of predicted TMHs) #9240, #]Fi,
X 4 FEERYERINETER, AFEFBEERX,

Z 0.15 5
[+ 9
20
_ 5 010 - :
2E 005 -
=
4o g
e 2
ir 5 0.00 T T T 1
< WT CYS-1 CYSs-2 CYS-3

Line

020

3378

148 L rA N2 B REHEEMAES FERATE RELER+
EREFANEIE, DU THE LrAN2 I MBS H4ARHE 2
REANFRRER, DUHEAREERNSR, £ 39 M EEEAF,
CL16576.Contig3_All ZZE T & A 83, log2FoldChange
7 6.02, F A NCBI, # CL16576.Contig3_All ¥ 47 [H i k.
*F, CL16-576.Contig3_All (CYS) EEAEMEMEE iR iR
FFl, LrA N2 SREFREHEFSSEFTRS REXNEHEE
Hig#EE, A LARE, T CY S TRAREE, Hit, &
W5k A CRISPR/Cas® EFEGHBHIR, * CY S BEE#HITE
Hgmid, LAUHMT CY S ZFEZE Molecular Plant Breeding &
MAENEREBENET RS AL, EFEE, CRISPR/
Cas9 EFEmBHR AL RBITIE, 2021), LRFTAH TA TEHEN
BitmeRNSEWAERIE, B S B R R TH
BRo AT BARERAT ; KFTEREZS540M DH5a FIR AT 3.2
sgRNA Rt R AR EHUREE CRISPR/Cas9 4RI IR
HER, REHFBEFVELEHSE 1 MEE, K1 5 DNA
FFIEE 2 MIBRENENEE, FENFBRITEREEES
(Brooks et al., 2014; Srivastava et al., 2017; 3K#5%F , 2020),
PUE SRR 2R B —F0 8 Tl s aV R R 75 2 (5K
%%, 2020), Watanabe % (2017) F|f CRISPR/Cas9 ZH%
BEA WEHEEE -4- T/5EE -B (DFR-B) BT S48, DA
BETEIERNZER, EREW 75% MEFSEFHEE, EBFE
28Tk, CRISPR/Cas9 /M SAYHIR NtMY B4a AT NtPA
L, NtC4H, Nt4CL, NtCHS, NtCHI, NtF3H g5 EER
RiE, BETHEETFESE, WEERAETYE (Luo et al,,
2020), EHit, ABFFEFIA CRISPR/Cas9 EEGHERAERT
* CY S ZAERR, BEHETSWNEEHEKNERMETEN
EVERNERFEN, FEREMH, FPRERET 3 MEERK, X
3 MEEERADEUNT ERARE, F—MEANETHER
100%, SEEXFENSRBEEA, BEFHRSE, MM CYS-1%ZE
AIEREFLT (ATG) 5 33 #1 34 MEEZEEA “G”, WE
FHIREERUETHEZESE 71 MEERCTEIEMN &KL,
i CY S-2. CY S-37E4E/8 1 58K 2 Ay R £ THESR,
FEEE2NMEREBER, RT-qPCR &8 %M, CYS-1, CYS-2,
CY S-3 S5 HRFEF CY S EEMENRIEAR EERTH LR
(WT), X5 CRISPR/Cas9 FIRER: CYS HELRME—H, &
BRI, B MEALR, AT RASEEUR 1 B AT R
Br. FIE, CY S ERGEE, £EASHERREAEX L, Hhm,
rHR A

EREMHABENL, MEZHREEFEETESEREER
AEERER, AHE CYS1=THMES, AR, B8
%0 PCR BREI =¥ el &8k

EEESEEERTTHEE (P<0.05), & LrAN2 & £
FROGEMEEAEEERRRRIAER, ¥4 #l, CYS
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EREF ARSI E HIEF 2R S AR

CRISPR/Cas9 FRIAHAMME  REAVNZE 355-H, K
BARFR : 5% PCR BEIUF=9) 1.5 pL, AWFFRRIIFFIF R
IET CY S ZEEMFEERET ENEWS A HEST — e/ H
ER, OHREM T LrA N2 ZEEPRIAHSIREEEENE
I ER,

4 MBS E

4.1 RIepHEl

ABFLL ‘Samsun’ MERNKXEH K, CYS E BF
FIHARBMARMPREMS>ERE (FELRE, HR2SH
B LBA4404 WEATEY IR ( L) B HERAT ;Bsal
PR &l % A 17 B8, T4 DNA ¥ # B8, PrimeSTARR Max DNA
Polymerase RO45A M H E£% (KiE ) FR AR, 8E
PYLCRISPR/Cas9 14 B RV R AN IR LN,

IR AN FEEE, SSAWRAHNTE, K23
FIRERIERA CY S, MHELEMF CRI- SPR-P 2.0 (http://
crispr.hzau.edu.cn/CRISPR2/) 80 &L (%), A#FFRH
FEHFES I WSEETE TR ( LE) BHERAR SR,

Bl BEMEANERABLS YHEEE 10 umol/
L, RRN&EFEA 1 ul E51%, 1ol KEY, 0 ddH20 % 10
ul, RNZHR 90° C 30 s, BARBH, REWELEMIER B,

gRNA RiF&EHIE  RABTRBENAR, ¥H MEA
FEOEN Atu3 FEEE £, RAEFR (10 puL): Atu3 1 ul (20
ng), BXGHELS4 1 ul, T4 DNA ¥%#EEE 0.3 uL, T4
DNA #%#%88 Buffer 0.3 uL, Bsal [BHI#EFIEES 0.3 pL, Bsal
PRI PTEE Buffer 1 ul, ddH20 %h= 10 L, KRR 37
°C5min, 20°C 5min, #/T 5 MEH, EBOAERY (1ul)
TENEE: ¥ i8R, S5—% PCR ¥ ik L5149 (U-F) f
T ##351% (gRNA-R) fE4 PCR 51%7, 5 —% PCR = ¥iER
10 %, FI@AS# B, BL & B2, BL ##{T4 2 % PCR #18,
1% FASEEEEREEE K (150 V, 30 min) ¥ PCR 7=%y, IRt
170E Uz,

#{A 35S-H Bk 0.5 ul., Bsal FRHI1EIEIES 0.5 pL, Bsal
PRI M TEE Buffer 1.5 uL, ddH20 %= 14.5ul, 37°CHe
7 10 min /5, FA0 T4 DNA %#8 0.5 uL, T4 DNA Ei%Es
Buffer 0.8 uL, KRR 37°C2 min, 10°C3 min, 20°C5
min, £ 15 MEH,

B RGFTE  FEBEIRARERLE RipFER=
A4Hff DH5a, & LB EMEFTIERSSFEE (100 mg/L FAREE ) £
Wik, 37 °CH#E5F 12~18 h, BKEX # &, £/ CY SbF, CY
S-dR 5 [¥pi#{THE¥E PCR £ &, HE iR EETEW TR ( b
) B ERA AliF, WFERFSETRET 37°C, 200 r/min
&M K 12~18 h, #FHFHE TIANprep Mini Plasmid Kit &
BVERFIE (O #DP103-02) $25REL, &

021

4.2 AT E T S R G 5L

B EEHFBIARN p35S-H-CY S, RAFMESANIRER
HEBZS4M LBA4404, EESHFHME (100 mg/L FHFEE,
100 mg/L FAEF ) B9 LB Bl {E8EFFE T 28° C §55% 48h 5k
E¥sakE, FAHSH CYS-F, CYS-R#{THETE PCR B2, Bt
EfHME A MRS LR FiEEN LB WAREFFEST 28 °C,
200 r/min & THEEE 48 h £74, OD {EX 0.8 K, RAHE
BT R £ (Horsch et al., 1985), ##ENHEE (10
mg/L) Hiff., FH DNAsecure Plant Kit #Z & E 4 DNA
HEIOAAE (B0 ) 2 TO REEFEMEEH 5 DNA, #)
FA31% CY S-F, CY S-R #{T PCR # HiHiktirk, #EfHitl
¥, PCR RM{E#FE 50 uL, HA DNA #ik 2 uL, 2Xsantaq
PCR Mix 25 pL, 3[#4& 1 uL, ddH20 21 uL,PCR K NHEFF:94
° C i35 % 5min;94° C 3514 30s, 58° C B2k 30s, 72° C iEfH
1min72 ° C £%3EfH 10 min, 30 PMEFR,

4.3 HHEL CYS S35 (A rke i

FIFHS % CYS-F, CYS-R ¥ 1 CYS ZHFF, PCR Pk
E WS, #E#E pEasyBlunt &, AR HFE DH5aq,
37 °C#55% 12~18 h /&, #{TH ¥ PCR &%, HREE£THE
Y2 (i) BROIER AFETIFE, FIH AlignX #4757
EF7I K CY S 2% BEFFIHITHN 247, HHTHEZERS
Tt

4.4 fEH RS RMIE

FRERZY 0.3 g $F4E 8, s=fr{RifErt A, A0 0.1% HCl 7K
7AW, WX TR 24 h, £ 530, 657 nm ZMIEIERE
AT B E (A530, A657), HRIBAR Q= (A530-0.25X A657)/
M (Q BRIEBTESE , M RRMEUHE,

5 £5RiE

R X #f RNAprep Pure £ SE Y S RNA FEEUR
FIE (B OVER ) Cat.#DP441) M E£RAE (WT) fIZE T4
(CYS-1, CYS-2 1 CYS-3) AY/2 RNA HATHEE, WEMEN
Nanodro A BAUE RNA ¥REM &, 1.0% HAEFEERLHEIK (150
V, 30 min) B AR & RNA A9RE, A PrimerScriptTM
RT Master Mix (Perfect Real Time) (TaKaRa, Code
No.RR036A) ¥ I 2 E AT B RNA R¥ R4 cDNA, FH#H
B 100 f&1E AR, ¥E#E NtActin fEAWNSEE, CYS-F,
CYS-R fEN3EER PCR 5%, DIFERMENMEE, HT
RT-qPCR &4, CYS ZEREMHEN REERMH 2-AACtEBITHE
(Jiang et al., 2020), 3 IREYFES,
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