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Abstract

With the rapid advancement of molecular biology techniques, the limitations of traditional molecu-
lar biology experimental teaching have become increasingly apparent. These include fragmented

CHEIREE

XESG|I I ABAeEE, BN VIGS HiIARBI N FAY) S SLIR A se i ). B EE KR, 2026, 15(1): 13-19.
DOI: 10.12677/ve.2026.151003


https://www.hanspub.org/journal/ve
https://doi.org/10.12677/ve.2026.151003
https://doi.org/10.12677/ve.2026.151003
https://www.hanspub.org/

IRoeift, BN

experimental designs, an overreliance on verification-based experiments, and a lack of integration
between cutting-edge technologies and practical applications. This study integrates Virus-Induced
Gene Silencing (VIGS) technology into the molecular biology laboratory curriculum by designing an
experimental framework that utilizes the Tobacco rattle virus (TRV) as a vector, tomato as the model
plant, and the functional analysis of the SIPDS gene as the research focus. Through a series of experi-
mental modules-such as VIGS vector construction, Agrobacterium-mediated plant transformation,
phenotypic observation, and gene expression analysis-students gain mastery of core molecular biol-
ogy techniques used in gene function research. This teaching approach effectively improves students’
molecular operational skills and scientific research abilities, offering valuable insights for reforming
molecular biology experimental teaching in higher education institutions.
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1. 5|18
1.1. SRS FEFIEHF IR

TERRER, T AV AV KB MBS0 IR, B e LA AR IR 7 A
FURIEEA R IR, JPEFIEOR, 853 E B FREIMGIHTRE /1, FF@ LI R DhRewt 7T B R R [1]. 28
M, BEEEMPHAPITRIOE R, RGN HEM S e WA S T 2 O IR 5 i 8 2 AN TG NOE
IFACN A 85 77 75 SR I )

B, SCIMAARR R IRk . 2 HORRI o AR S B URAR A AL IR HAR AR
NFFSLIRIH N, W RIREL. PCR ¥, BEVIER:. MUAIEE. XF A" BeESEF
AR T EANEORMERERAE, TR SRR “ B D) Re B AR EE el S T SE R R I
I, WM C EFAE RS . X R R AR, AR A, R E L) T AR LR
Hrig FH RN R A RS2 B 1v) R e G 5%

Fk, WUEvESEES St s, A SR EA L . HATR 2800 TR S S B R A TR
NTEHIPER, A R R IR R n RS USSR R, 1% 22 S0 my DUIE I R A4 k) & 58
B R TR U B ERAERD AT, (RN T SIS R Y JE R ] A = R X R SR B sEe
BORAE RIS, AT IREEH, (HARMEN 72 AE T EE . BRI PR
A IR T, M DAL S R RIS 5 —— RIS AR A el @, R AT W SRR T B Rk S
OINT S S R R RS . KLU, AR RN S U B4R B ROk

WAL, SEEG N AR S RTVR R R R S bR R P T . TSR AESR, T AR EOR R R,
CRISPR/Cas9 & [X|gm#t . 7 #5155 F 3L K YT ER (virus induced gene silencing, VIGS)Z: A B N EHIF 577k
AU %0 TR ARMEARR T AV E LR T, REZEARIFRBNREZ T, FEEEER¥H
A 5 R AT B A A2 5 SRAFFE B vk 22, MELAH 2 “B TR o “Brfekl” R T, 8
GINABIER . ARG WA I TARRE, 75 332 ST OGEOR, 0 7 A s I A,
FEAS T Aol 554 )
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Bk, X7 AEE SR EEE AT RGECE, SINEREYE. AU TE. RICIERISCIRTH , FE
AL BLECSERMI R U S A B, C RO il s A d Bb e N B R A U1K .

1.2. mHESERTIR(VICS)BANBRRSHARMKLE

VIGS BAE TV RIAN RNA UTERNLHI[2] . 4 SRR RS, 26 MO 0UEE RNA (dou-
ble-stranded RNA, dsRNA), F-#15 3= 4H i () Dicer BEHR B ZI K — R 41/M T3 RNA (small interfering
RNA, siRNA). X4 siRNA 5— 25 E A SEATRE &4, A5 5T MY mRNA 44, NS
MRNA FIFEAR, SRR, A FRTE FARRE R 0 FRaA K [3]. FERCEEAS b, BFFCN DL I F e iy
HbRE R B i 2 A, SRS FIFARAT A R, e T B s 2R BERT UUER, A A
FFIRM . Fln, FIH VIGS HIARPTUERE in 41 % Wi & E5 5 (phytoene desaturase, PDS) IR IA J5, fHi 32558
NERARZIE, MERHI AR [4]. HEET RNA FHH CRISPR/Cas9 £ 4mfHH AR, VIGS HARTEHR
SER Y T RO AR . B, KT IRLTEM G R B R T . BT SRR S S BB R A,
VIGS A LAEREE A KK B W BLalvRr e 2 2 Se L N D e m b, Mt Fi L DhRe . tbdbh, EZEAR
AR FELeHE R AAED B AR A b, RS R A R R AR R M BLFERT . 5T VIGS HIR A
BT AT B AL SO0 R . BRAE D IR . AR ERSEIL A0, H AT O R B T3 50 AR B
WRETT KRG DNEEZFHEYEE DI, BOV DR A= A EE T A2 —[5].

1.3. VIGS HARSIANER S FENFSSRBFHEN

B VIGS FRGIAARI S TAEMZERHY:, BAZTHNTEES mERE TSR A e
e

— 751, VIGS ik R T AR T A AR TR O R, TR T — e B HaZ ™ R
PR o X —Se BB SR 22 AL RERE 2R S SR AN “ R IR B “RA” B SE BT TR AR, R IR AL B SE I A AR
RN RGO, PR B TUEARAE SEBR BT R 7 St S AR &

J1—7J7 M, VIGS 46 BARRIR A S Bt . fERRSLIG R, B SRIn T F R 2 A
B, HE RS BRI REEAT HITAN AL, T ARG SRS [ R . SRR AE RANEARNS, SRR
SIMTATREM IR IR, I BRI SER AT HE A o XA IS REAR K BBR 1 22 A R B 70 il AU At 1k 1]
FIRETT, BigR 1 PRI RT B2 >4

HAT, CAR VIGS SR 5HASLI M A RS0 Hlin: JE5URRMHE VIGS Sl 5 NAEYIFR
T ARPER LSRR A[6] . HIBAEYFE . SRR A S0 N SC I IRFE R VIGS SKi 5
FARLE G ISR BI[T] [8], LIEH] T iZBARLEARL > T AW I P I E A GHE, AT T T
Rt T EESE, R, EREGIEARE T RS E TR FREARRE, IR AT sestd FE AT
HEAIPAG, RKG VIGS HiRE R e BB SLIR . STk, AWHTURYE 7 AEYSLR #er B
by, FEREAN S HCE R PRI VIGS BIARMA R, b2 58 BB T I S IR, IR 2 B .
I, AHIE T £ A BT TS 5, RIVAT DA E DR SERET TE R SR AR, R m] LS ARl AR 7= AR ek
FHELT BB 05> S AR AR MR S A DB e B, SEMGIE AR SE . BRIk, ARBETEHs VIGS HRTGIA
TSR, RO TR A IRTTEEIE  BEIR AT N I R AT A R R AT

2. KEMBFH R
2.1. KK ER
AR LA micro-tom S EANSEIG AR, SIPDS SEEH T AENHT T HBR, AU KRR, SER Y
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WA R R BRI RIE L RIS — RAISLER, AR AS 5, AAERERIEOR, #T1
LRI TREIIMEERE ), HFR A AR R 4.

22. SKIRMRI SR

2.2.1. LIEHH

& AT AT (Micro-tom) 40T . KT 2 54100 DHSa AT B2 5410 GV3101. HfRE
DNA RAEHAF &, Tag DNA RABHA & o4 lRIE . 1@ A% DNA difbRIGRFI & ki
HOARIE . RNA SREGARI & REEFARM & LB B9, RINER. KRB R, WWER. AW, B
flghE . 50 x TAE %R FEIKZE P 12 UeiBi(10 mM 2-M5 0k Z,6% 2 . 10 mM MgCla. 200 uM 2Bk T 2 )25

22.2. SKH{UER
PCR X HLMKAX BEERBAC. VKA. BSOHL. KiK. MBI IR, TR,
HAIE, LmL A%,

2.3. LIt

231 HixwE

ERAR A Fr s A RNA $RBGRF S PR i RNA, R S sl R S 3R cDNA. i
FEA ZH 4 PE R 3R SIPDS J:[AIf¥) CDS J7%1, SR LA cDNA AR, Wit 5149 14 SIPDS 1) VIGS F Bt
(300 bp). 43RG IEER Fr Bridid Teas ve P I 7 s8] pTRV2 kL b, SR N KT B, Jlid gk
PCR @ BHYE RS, FHHEARMT . FEEUNF Ef TR, 4 NAKFF B GV3101 H, Fidid Fvk PCR 3KHL
FEIMEvCRE. R, # pTRVL F1 pTRV2 73 BR B N RAT R GV3101 H, FFiEI H % PCR SREBH M e o

2.3.2. BMYHERTAERSE

KT AP FEES A E 7R L /NMER T, TEMYIRE PRI, BRI 25°C, 16 h/8h ik
b, BEEMNAFH TR, HERKH. BRER pTRVL, pTRV2, SIPDS:pTRV2 K HIIA LB
BRI (5 A 50 mg/L RAFA& 2, 50 mg/L JOKEEF A 25 mo/L FHRF), 28°C. 180 rpm i RIGFE.
BIYRAE 3000 rpm B9 10 min, ZRJ5 R BR G SRR, # OD HiIH%EE 1.0, & 2h )G, ¥
pTRV1 5 pTRV2 5% SIPDS::pTRV2 % LLiR & o H 1 mL VE ST 28 BB, AT M1 R S N it -,
SRIE Ak IR R R AL, JRIRIET . [N, $SRECREFEDTER MR AT R AR P i RNA, RO
% cDNA J&, 18id € & PCR £ AR SIPDS &K i) ik 7KF .

2.4, VIR R

MFEHFIE, AR, FER 1 SR BRI LAl . RADIIER . BRI R IR IO UE S5 5050 1 AR o
W2t A R VS RE L, AR SCAR AR T IR SR VPN 22 AR X BRI SR IR B RE I SRR L, B Ja X 2 A 1 2
ARCRBATER G VR -

2.5. B WIS B fRR I %

1) RNA $EBGERE b AT B8 tHELFR AR, FRIK SR TR 1% 1R AT BE R H T S R AR A 1 R rh R A
Y075, GIN T A RNA B, 38 RNA #FEfR. B, A iy T R, 7230 XU 24T 8R4
FLATRAGIAER I RNA BiE5 5

2) ZEFIN VIGS FrBEy A, s IKA 281 . %I F] BERE S i AN B, Bl PCR #3825 1F
AN FEL XA R B A AR 2 46 5 AT 20, s I R PCR (¥ SN 2 A (iR IR L A fef
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e ) 588 SR A e I i

3) RIGFF AR A EE AT RGBT R K. W R pr A R AR, B B R i BB
WL A RAT R RN, R R R, BN 37°C. fERF IR, MK RRER.
PORFEZ MR-, [R5 7 IR 5y 28°C

4) VESFEAM S, RABLAE IR . —J7 ] RE i T A W RIE BB R A G B . 53— 5
ARSI KD o BB RRID A 100%, [F) S PRCER M AR A m A k. BRI, TR A
BT IR MIRAT B, H OD B ARFFAE 1.0 2. RIS, [ —HEZ2 it —etm ik, CRUERENS Ik 3 R UK
JRIIREAR o

3. KBERSHH
3.1 HifktE

CAFE AT AR, 3RA3 T MRS RNA,  FIKEIIAR B 1(A). 285, LLE RNA SR,
IR 3545 cDNA, T LA cDNA YA, B3t PCR 3575 T SIPDS 3£ A1) VIGS F B (& 1(B)). ¥4 SIPDS
B VIGS Jr BoE 43 pTRV2 8k b, B AR EH, il 7% PCR 315 7 FHIERE (4 1(C)).
PR LI AR NARFF B, BT PCR 25 R [FFE 7R SIPDS:pTRV2 T N 1 (] 1(D))-

B Marker 1 2

5000 bp [
3000 bp (R
2000 bp [
1000 bp [

750 bp S8

a
o
o
o
ke

350 bp

tcegt e

Figure 1. Construction of the VIGS vector for the SIPDS gene. (A) RNA extraction. Lanes 1 and 2 both show the RNA bands
extracted from tomato leaves. (B) Amplification of the SIPDS silencing fragment. Lanes 1 and 2 both show amplified VIGS
fragment bands of SIPDS gene. (C) Identification of positive E. coli colonies. Lane 1 represents the negative control, and lanes
2~8 represent different monoclonal colonies. (D) Identification of positive Agrobacterium colonies. Lane 1 represents the
negative control, lane 2 represents the positive control, and lanes 3~8 represent different monoclonal colonies. In all figures,
Marker represents the molecular weight standard

1.SIPDS EF# VIGS FHiAMETIZE. (A) RNA 28, 1 0 2 jkEHFRFIEMAEMRMT A RNA &% . (B) SIPDS it
BREBRY . 1702 kEMRRY IR SIPDS VIGS R & . (C) KT EMMEELE. K& 1 KRMAMIER,
KB 2~8 BBV A E LR IEEE. (D) RITEAMETELEE. K8 1 KREAMXR, kg 2 KRAMXTR, ik
1B 3~8 KRN AR LR EREE. FTEEFH Marker KT FEIRE
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3.2. SIPDS EE B TER
ERPYE TH G, RIEMMEESE 20 RHEIHEAAER, FEEFARKBREMNIAL, 1M

Xt FEZH TE 38 35 AR AL (] 2(A) e BUEAAREBAL I Fr Fn s BRZE i, 52 5 PCR #& SIPDS JE K R IAKT, K
LA AL FRAL I Fr i SIPDS & [ 3R IA K- 0 PRI, 3R B SIPDS & KR IETTE S (E 2(B)).
A B

1.5 SIPDS

SIPDS::pTRV2

1.0

s

0.5

Relative Expression Level

0.0 , |

Figure 2. Identification of SIPDS gene-silenced plants. (A) Gene silencing phenotype, scale bar represents 1 cm. (B) SIPDS
gene expression level. All data represent the mean of three biological and technical replicates. Statistical analysis was per-
formed using SPSS 21.0 software with Student’s t-test, and different letters indicate significant differences at P < 0.05
2.SIPDS EEHITEEMREE . (A) EEREEFR, #RHKEZ Lem. (B)SIPDS EEFRIEKTE. FIBEHEHIESE 3
REVFEEMIAREE . RIF Student’s t-test I FE, FIA SPSS 21.0 REGHITHITZE D, FRIFHHKKRP <
0.05

3.3 XEEEHEM

1) RNA FIUT AR HFyEE R Ik RNA B,
2) SEIGHRAEERTFE, urwepiy
3) ARG — I, k2R MR R R

4, BETHIMR

T TS LR BEAAER, B VIGS BARBINSELRHBEE, » FAEM LR IR R
H S SR BB R S ATV, SEIR N A SRR BEIRIREE S SCE) TR, TR T NI RIUER B AR . ARAT A
THRAL, BRI RAIG SRR RIE I e R 5% . SR R LA B R SIRE L,
ITAAERBE Y M2 T 51 %, Fen Ok 1A EMRESIVE . SKIR IR — IR ER I AIE, W RNA $2I
ROR B S PR I R T3 il TN Ja SRR 7 2 — R AN . G2 BRI AR
M, Il E & PCRIGIE 1 SIPDS A ITTER NS, AURZI R 2 BIRHR R AR ¥ 5 8, HET
X 7> FEVIAT FURIR IE 4 Gl VIGS BORIISKER, SAE RGHEAR TR SRy 1. Sk
. BRI FAL. R RN RIARAEE HE L ) TAEWERR, EEIBikE R4, E5E PCR X
LB IR XMERE TR SCIRIIGE, AREET T AR RRHE4E S S e T, NEARRMFE A
PIRERI ThREWTT . VEMISA% O R S5 AR i B 2 U PR R SR 2R AR S
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5. 45

AW FHRIER] VIGS SKIHCAA R, KR DIRENT FE BT A ARL LRI . ik 7L GE 30
O CEBORERAE . BREBYE” R R I SRR B B (U AR R R A RS R A
RS, BRI T AR RES, fTE DAL MBS . VIGS BIRIIH A
NI THEYASLITEN TR E AR T, FR D256 ] oy A m BOT f 5 R D RERIT FU R LR it 5%,
HEB) SR8 2 NBORALSZ A1 BT BE FT 55 IR (TR T

H VIGS LI #H A AP fE . B, 2SR 2 s B0 TAEM MR BE, HR%E
I S A AR, T S B DA R SEIG T 6 . VIGS SEIGHUA IR IR I, FERY . #iik
g S RUUBRE PR CSE SE B SRR Y, 7 I BCAm (G, — B Al e i RS SR ik g
T RE P ECIRAE A WIRSCILBEE HAR. HEAh, ABEILH VIGS SLIG & T AL K ThREWT T, & & LIEY)
WEFOR ERIBERITRE, (EXT T AN shEmt FOFAE M, PR RA I RRYE. ik, RKRTIART
i — DB HEENE, RIEAF LT SR, HIESSHE ANH R,

B O
TR A SR AL R ORI SCRE BT A .
EEMA
IR L YE A7 B i J2 RN A S ERHIE S 375 H (RC2023005)
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