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Abstract: Color is an important indicator for evaluating the ornamental traits of horticultural
plants, and plant pigments is a key factor affecting the color phenotype of plants. Plant pigments
and their metabolites play important roles in color formation of ornamental organs, regulation of
plant growth and development, and response to adversity stress. It has therefore became a hot
topic in the field of plant research. Virus-induced gene silencing (VIGS) is a vital genomics tool
that specifically reduces host endogenous gene expression utilizing plant homology-dependent
defense mechanisms. In addition, VIGS enables characterization of gene function by rapidly
inducing the gene-silencing phenotypes in plants. It provides an efficient and feasible
alternative for verifying gene function in plant species lacking genetic transformation systems.
This paper reviews the current status of the application of VIGS technology in the biosynthesis,
degradation and regulatory mechanisms of plant pigments. Moreover, this review discusses the
potential and future prospects of VIGS technology in exploring the regulatory mechanisms of
plant pigments, with the aim to further our understandings of the metabolic processes and
regulatory mechanisms of different plant pigments as well as improving plant color traits.
Keywords: virus-induced gene silencing (VIGS); plant pigments; metabolic regulation;
virus-induced gene silencing (VIGS)-derived technology

Wit & 5L D241 FN 3% 38 7 91 bR 28 (expressed
sequence tag, EST)IFH AR M & i , P L (58
PRAF AT AN RE, (H LD Dy Be i 4 AR
T ARSI RE AL Ik, R b F R Y
FEPRe R etk 55, (HAE—ERor Y, BT
LA P A BN i, ORI
LAY RIS R T RE . R Tk = B8 AR TR
WAL HALIR R R, B TR S REMRE T 5+
P 1E 3 v B R SR Bt Rk R HIE . SR
I EERE Sl AE IR R R LRSI RE,
AT GBS B 25 R B R SR R SN
JTER (virus-induced gene silencing, VIGS) & Fifd
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FHIR R AR RIR A, REAE LIRS 2=k
Tk, YT AR AR IR SRR R,
e N R AR EFEIRESEZA
GEAHSE . VIGS BORAT LR T3 T4 Fh A
SERIE B AE R 1, 0 nT LA TR H 220 cDNA 3C
FEIN P E AL &, i WEE VIGS T3y
Rfele sk BRI E S 58 MigE LA,
T S B35 DR ) g 2 e e UG ik AN o e 4 e .

AR T T AN FEREYI ARSI, [
BHES SRR CEVER . Ve sl s 5 |
VRIS | S B R R | P AR R IR
G IR R AR K S DT R R P B R
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BRVERAL, TRy FT T E s Y
B, AZERT VIGS FiARAENE MR 6
K. AEERAZER 4 FiY R R A
FEHLRIBESE BN, USR] VIGS BORTE
FACA R ) £ R A PR A5 S5 A FE R A T

EEVANIEL7/K S0 ety | N M SO VA (A IS EGeXii i
YEE AR EE A RS

1 VIGS W2 F .4l

1.1 mEFSHNERBIAR

B, MEEEEE AL RNA Ji 5 A )il o
G iE R RS R A EAR N, S
Fm EREAD . RE, 5% RNA R
RNA 4 EF(RNA-dependent RNA polymerases,
RDRP) i) &2 1l il & & OR: 55 RNA (single-
stranded RNA, ssRNA ) &A= A B3 i A [7] A0
FEEM, FPAEXUE RNA (double-stranded RNA,
dsRNA) I 5| & 5 X B N o 18 348 Y 2 65 1Y
RNase IIZEFR: VRN VI Dicer 254
(dicer-like, DCL)H Jill 3 U1 #| dsRNA, JE &
21-24 nt BAAME T3 RNA (short interfering
RNA, siRNAWUEER, S 5185 . iR ffLis
BAMY AN R U (post-
transcriptional gene silencing, PTGS):d #2*, &
YIG =419 siRNA/siRNA*XEETE Argonaute 4%
JEEE T AGO1 KYTT A N S EK 2 45 siRNA B
Bk, b siRNA*E Ry ofe & B -HRRR 5 R
i 1] 5455 siRNA 5 AGO!1 25 141 %6 - B4 At
HHF—EE M RNA S U0 RN & A K
(RNA-induced  silencing  effect  complex,
RISC)F, i) 4 BB A5 IR I 4% A%, RISC 1
[r] 5 1) 5 | VR T A0S 40 Jo v A P 1
mRNA (2R 1%, R Sesls 5 PTGSY,
[F, siRNA ] LATEAH <R 0% A 8] 28 AR k1 7 4 F
iz, mZTE EAS RNA HKBPE RNA B4E
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B (RDRP)Y 4 5 i K5 5, FRE i 22
() B RS A IR g ds i, ik e AR SRR 2H 41
FL 1 3 D5 A 2 i B DT s BRI R (] 1A)
1.2 REFESHEERKEARER

VIGS 5175 —FhiER L2 i A
PR 174 Bt A s A (UL DNA S8
B 2 si AL, T ARFT TR (Agrobacterium)
R B FAMEN . RN 4Dl R AR
il A I 25 A ssRNA R eEtsiti, FEam et AR
SPE RNA B4 RNA Pol IDULjin 5 S ) 13
HEG i dsRNA. dsRNA £ DCL3 PR3435 VI A
24 nt A siRNA XUEE®, HIILALEF HEND (hua
enhancer 1)7E: 37K ¥ 2'OH A& E 1 ASHIEE
LA E i LAkt S AEAZ IR P S AV T PR AR
fifto BEISZH AR sIRNA B 0Z% 2 40 A5 )
AGO4 [ FJBAL RISC FHfLis \dniif, 755
DNA WAL R R EAE L mRNA ()5 3)
TRAE L DT SE B EE SR oOK P Ak T R
(transcriptionalgene silencing, TGS)™ (K] 1B).

2 VIGS HAZEXAE M ER#
B 5 B R A

K bR —ZRRME 2R AL S
HRERBABTHEDE . REAMHALGSE R
NHFREER A B Ess el VIGSHR
TERICAE D) H S8 S ZAH L e F e 73 2
TR (E 2A).

2.1 EPE MNERIEPIRER

B 4= JL AR d AR )L BEFE BE R B T
(geranylgeranyl pyrophosphate synthase, GGPPS,
H GGPPS 4atid) 24k B 3L 75 6 B % (methyl
erythritol phosphate, MEP)i& 4% /= ¥ & Wi 2t
BN R A A e A L AR i R LSk
FEW R (geranylgeranyl diphosphate, GGPP)) 5
fig'l CaSSUII 25l K (Capsicum annuum var.
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Figure 1

conoides)H /) GGPPSs /NI FE[R R E H , 1l
TRV-VIGS RGNl BRI P CaSSUIL 3
ik, SESa T AME, CaSSUII-VIGS
MR RS R M BRGEaFR A RS MR
i B AR
22 HKPE NREK
B\, NAFEML R G M (phytoene synthase,

PSY, Hi PSY #l)ifk 2 Fl GGPP ZEA 464,
TG 15-0K-/ AL R (E 2A). PSY i
15 AR A RE GGPP i sE 4R &

NERAYE SR R, HOEtEOE T2 B
REBUKFE, i, PSY B RIS REEE MR
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RNA JH#/ 51 PTGS. B: DNA JE#/ S TGS
Molecular mechanism of VIGS™*. A: RNA virus-mediated PTGS. B: DNA virus-mediated TGS.

FR, IR AL BRI R AR I
ERFit HAR (Gossypium hirsutum L)H GhPSY W33k
A Lot R AR AL ARG F
(Solanum lycopersicum L)W SIPSY1 TEHSZRE (0,
BB R B, R BeE R KT 1
S, SIPSYI [UTBRS BN S MR BET
P, JESAREIE HARL O A B ]

bije, NEFMLLRER 4 B HLLMEHE
PAE LT B 2 R AL R, X —id R
JNA TG 21 2 I A i (phytoene  desaturase, PDS,
M PDS St ia sl 15--/\EF AL EFE PDS
12 BELERT, #AbR 9,15,9- =I-¢-51 2
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MR, XSS FE IR PR
VG, FEHEYMSRIFORI LAY b
FD A VE TR 2 R T4 PDS
HEIKRE(Oryza sativa LYW, Fonht Ve eyt
SO A TR AR 2 S B Y8 & B 1
HAL AL RO REL CHE MR R
FaI T (C-carotene isomerase, Z-ISO, H ZISO Jmtidh) &
Sttt PDS M) SR, iR SIZISO HITTER
SRR AR P FE LR R, EREEH

MR AR, SRR SR R, 9,97
TIR-FARLLERAE I D R LA (C-carotene
desaturase, ZDS, H ZDS ZmtD)Ai A2 2 b
Z M (carotene isomerase, CRTISO, M CRTISO
) I e ML UL i e A0 R 21 4 8 4 S X3 i
2L . ZDS Fl CRTISO H:HHZhRE ek il 20
S SISl N7 A e oY G A 1 26 2
¥i(Eschscholzia californica Chamisso)', EcaZDS
MITCEREEAE I h B N R & L 16 15, 1
N EcaZDS JRYIM 818 D RIGRIER, 1EHEH
WE A " YUER A A8 W (Brassica
oleracea var. albiflora Kuntze)"' BoaCRTISO F£[K
M, S FECEHE DRGSR Y RIE
T, MR RS DR AR,

N T 2L R AL BE R s LIS B T 28
I D RGBIEER L, TR el
(Iycopene e-cyclase, &-LCY, H LCYE Z4ifis)f-T
A e XHZ5 o-lE PRGN, MHE
41 E B-F ML (lycopene B-cyclase, B-LCY, Hi
LCYB #hh) WK e & 5 16] B-73 3 il B
# N R U M (Nicotiana tabacum L.)
Nie-LCY1 Fl Nte-LCY2 FITTER T3 B-J3 3 W %5

NI o-53 32 2SHA B b R = IR AR
MM [Eriobotrya japonica (Thunb.) Lindl.]H g it
AR ST ALL R B-IMEERIY R EiCYC-B
AITLER P BAAL P2 2 b AR, AT
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AU R Bz B 022 TRV-VIGS Bl T SR
(Capsicum annuum L) CaLCYB F:[R s JLTER
CaPSY/CaLCYB 2 /\HE N S BURMIZL R A9 &5 5 .
TR, Rgi A e o E b
I BIAN e IRAE e 21U (e-ring hydroxylase,
e-OHase)MIVEH T 234k Bt &, B-iHE b
R1E B-IFAL N (B-ring hydroxylase, p-OHase)Fl
T K5 iR 4 i (zeaxanthin epoxidase, ZEP)55 AN
] ()R B N SRR B AL T 77 A B e
Hh ) A A B (B AN B- R B BT RN BB AT &R
LM e ARk (Actinidia chinensis Planch.)
th B-OHase i 5E[H AcBCHI 4wt , AcBCHI BT
R FEEERCR AR KB . IR BB
WA AL, B-EASY DR SR IEY,
2.3 KPE NEERE

TR, RS PERIAE  2 2L A
(carotenoids cleave oxygenases, CCO, H NCEDs
Hl CCDs 4ty nl IAEALREE A58 b 220U
AR, A B A W TS A AR )RR (A
SR, WEIR) . ARG Y (-2 5 2 1)
@ KR AP SR LR, vk
TG M Capsicum annuum var. fasciculatum (Sturt.)
Irish]H Y CaNCEDI Fl CaNCED3 , SHURSL Xt
MREHFER. 3 A, B-I% DR Sh &M ot
AR B3N, Feifirh SINCEDI B 55 KF- T i
81%J5, HLHIiY& R (abscisic acid, ABA)H R
ik, RS HARETE AR, A8 Bk
(Prunus persica L)W B LB FPUHA
B RIZEER S b R A S K R R 0
FERY), 2 iR B AR 2ZE R0 S CCD4
PIIRETE A ¢, TURABWEh 1Y PpCCD4 JEHH
&, RAMTER SIS A ARTUE, H B-H
BN ME RS RN,
24 XPHET NERFEFPE

B SRPR R R HIEEN S D R AR A
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SERREDITEYE , S PR EZL, BT
VIGS FEARTES AR D R AU sfia 45 b 1 1
FHAERTER A S HH 2 AR R A
(% 3A),

) A S 60 AR AR AR A 5 B AT A L
Tl OC , MM R AR5 7R 32 i Gl B i
HREMVER . Faid, WRKY ZKGEH W
M . A %% 53 [Al F (transcription  factors, TFs)
SIWRKY16/17/31/33 Be 5 SIPSYI W5 3l+45
4, T SIWRKY22/25/54 5 SIPDS I JE 81 1454
SIWRKYs HULER B0 A S0 R B 8 1 4
AR5 R AP MADs-box FIEHYF: T
LeRIN REME AT £ M MR RO AR RS M iR
AW G5t B OF 458 n PSY. ZDS Hl
CRTISO, LeRIN WIUTER T2 LeRIN-VIGS #R R %
B MR NP GEL S VS SR SR i DO VS
A5z A5 B0 RIN [ 2875 23 3 5 52 1 1%,
B, FATh RIN 28487 2E 1 SIRIN-MC ReIIE
SIPSY2 BYFER M SIPSYI W33k, FERLM
BRG] , SIRIN-MC KN TR 2
INH SAE R B, PR BB B
) R-R B MYB #4355+ DIVARICATA1 7]
DLIE S T IS IR I A A, (R E B LR,
CaPSY M Cap-CHI WA 3l F e 9 DIVARICATAL
SRZNEE , TUER DIVARICATAI W35 5] i 2 4R
BRRUE @, [RII2EEHE b RAEY)G DGR TE
DIVARICATAI-VIGS #h Z it g 2 R a0,

B TR BT VE AL, et 2 3 i 32 i
BMEEE S, L[N+ PIFla @454
SIPSY1 J& 87 1) PBE box JGIHNH SIPSYI )
sk, ARSI E PRWHER, Uil
B SIPIF1a J& , TT KGN 554030 (A E DT R 4L 24U
kb, PIFIa JUERAGS B 4H 40 SIPSYT 45 EAD
— 38 NAC FIG I s R T gl 4l 2 5 Fin R
SERRERAY R . SINOR-likel H 4% |- SIGGPS2
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PG5, ARET MRS ., SINOR-likel WU
BRFF SINOR-likel-VIGS HZ 1y H 5z rh e
568 700 P G ) R 7 | BRI B S e R ) ) B
Btk @B,

3 VIGS SARELTRRMHR
*F Hy R

TEHE ZAE A i — Rk 2 2 £
R, B THEPIL, it RELERELEA
M@l FEREAMAAEY S, EHFZE
R A S R B D RE W i B JF i VIGS
HORTG B — 20 %5 5E (K 2B),
3.1 TEBFRAEYIRAK

1 7K N & R & FE /K f#% [ (phenylalanine
aminohydrolase, PAL, B PAL 4if)J3 3h11) 3 M
PN, RNAIRZE T . R HALTE B
SR, PRI A AN SR A,
HAET R WA AR AT AR 0, bR
B CaPAL FENIFRIE, T2 CaPAL-VIGS
FRAWGHT A B p CaPAL VN AL SIEHE R G
BUAE G B EEPIIE PR, 16F R R B0,
M R 58 A&k, TR RRZH M v ) — 356
G DX IR USR5 22 21 BT,
3.2 BEZEERK

1% /R Wil 4 i (chalcone synthase, CHS, Hi
CHS %ifth)Jje—Rh R A0, LA 1 o010 St
il A YEREIIRY, 3 1N Al A 7
Y FEHEIT, bR AR R ) 4R A IR
FITER, N I T B A AR A 52808
CHS 2 FEAEMEY b7 AW 433, 5
CERURE R A 1 PR, CHS {Ekr
ek o HSY AR AL R G, BUEHE Y
EREE ., DU BRIk (Actinidia eriantha
Benth )21 {6k ) AeCHS FEH, SEAEMRH
BB R, 6T R O i E R ik Ay
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A2 4E W %4 (Gerbera jamesonii Bolus) H' A9
GCHS1/4, i GCHS1/4 [3RiE T I8 2% Ik &
9 70%-80%, FEDUER R MR BTEIZEY o5 i
WL, AERAS L 1A, 2 /R A4 (chalcone
isomerase, CHI, H1 CHI %) & — Pl 43 52
py s 0 I BUIE: i e 752 < N B e R PN B N R
Tty A E B . R (Morus alba L.)H
MmCHII Fl MmCHI2 WIS SEAEE R &
T A

HEE 3-F2 4L (flavanone 3-hydroxylase,
F3H, B F3H gith) 23k m b — = L2,
WE—A7E 2 FhERALEE(F3H A F3'5'h)RI1EA R 4>
T A E M S R, TR A
A FIARAE T Y GhF3H . GhF3'H I GhF3’5'h iX
3 ANRERRYFRIR, MAELT 4R A A A 7R R AR
B, Hob GhF3H 1R RN R R AR f i B 1
TTER K G [Glycine max (L.) Merr. /P sF3°HI F&
, FEEEWKGRIEEEMORTUCERIH,
MRz RN L A3 T A AR 5 S ot A IR

3 PR AT Y ) 38 e A A i il
(dihydroflavonol reductase, DFR, i DFR Zifid)
W IR T AR SE B G (A8 R P e AP piEk
W (Rosa rugosa Thunb.) "' i RADFRI, ffi
RhDFR1 % 57KV LU BREEAR 2 70% , 3 BAEE
HBLEE e, T RE B E R M
fif(anthocyanin synthetase, ANS, H ANS Zwfi)hn
SRR I 2 d5E-3,4- I, AT LU A TC (R T
%14 )5 i (leucoanthocyantin reducase, LAR)If 5%
T 2,3- 5 2o ke -3-BE PV i o AR
(Vaccinium corymbosum L) VcANS WUTER, S
B VeANS-VIGS Bk F 5% fbk R AR AL T RN
Rl , RERIB NG ARTE S5
7R A LB NH-35 (cineraria)F Y ScANS
G, HPEERED G B2 g, B
R PR € AR > A 0T
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TE B S 3-0- ) #lf 2L 4% 7% 1§ (flavonoids
3-O-glucosyltransferases, UFGT, H UFGT %ift) .
H R T2 B (acyltransferases, AT), H JEHE
#4 [ (methyltransferases, MT)BEIEAL | FEfk
HIEACVE I T A e R & R e e
RH, &1 F R ¥ iz F M (glutathione
S-transferase, GST)%% iz J5 fiff £ 76 W 1 T 17,
LcUFGTI T34 8{(Litchi chinensis Sonn.)% 741
I U SCEEVE T, TE 7 RO B e 4 Fir 40 i
LcUFGTI [ Tl MR IR SR 1z (1 (BT,
Rrgtl F1 Rrgr2 WIMERALTEBORLL I H R4
W6 PR S S T, DR BOE b R B S A
R IEH RrGTI A RrGT2, REf BB AL LT
AR, AT FE I, 2 dE-3 4- A ]
DI %% 7€ & & i6 JR [ (anthocyanidin reductase,
ANR)IE U, 2,3 B e-3-BE A N IR BT R &
WY . UUER A % (Vitis vinifera L)SFSCH )
VANR JEPfE VWANR ikt B TR, F3
ANR BHEPEREACTT ANS BEEMET S, Hke-3-
RERLR TR AE T R AR ETF, SRR 24 HL
IR,

3.3 #HHRNREIEE

WHEAMEEZF MYB, bHLH, Wd-40
I b-ZIP 4 Fhk% LR R4 (K 3B).  LIEET
REYA AR CHS. CHI, F3H, F3’'H F%
% R2R3-MYB ZHE 5 N85 . W10 > Jm
(Phalaenopsis spp.)fi %)+ R2R3-MYB K Ji% 1)
PeMYBAL 5[ 1-HE4L 1] PeCHS 1 MYBST1
ghE 5 S A IS PeCHS %% 5%, ULER
PeMYB4L ‘T3 PeMYB4L-VIGS k7 5% la#k
AL, AEHRE | 2250y 0P i 0 o 2 6 ) 2
W, BT E TR B (Vaccinium
myrtillus L) VmMYBPA1.1 %% 5 K 7 0] DL
EH RAEWE BRSO IL R VmF3'5'H
AU S 1, DUBRIBSR GBS R VmMYBPAL.L 1Y
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Rk, SRR CGRERMRER, 4
HA SO i & 052, W ymCHS .
VmF3'S'H SR 1k 8 % T,

NN DFR. ANS. UFGT % WD-40,
R2R3-MYB Fll bHLH % 5% [HF & &P 8 1504,
B4 (Lilium brownii F.E.Brown)"' LYMYBS5 %
SR AT LUFD LvANS J& 3l S 0 = F o
&G IR AT RER, LyMYBS fE4b
WP UTERIS , UUBRAR R AR s I R
1 %ot B 4 A B 2 8 A T 8 AR AT IR 4
H ScGST3 1JH 35 7T LIgE SeMYB3 #4152 il
WAAEF IS, SeMYB3 1T ER 5| e JI - 35 -
A B R A, AFE ScGST ENI 6 55
TETT A B 58 H 5 A R TR 2 1k 32 B O

AT S RWAEE R G M AR R R,
1M b-ZIP s FEPE) HYS 2 756E
X R AT R T A A (Fragaria xananassa
Duch.)H* bHLH <% #0601 [H -+ FVvbHLH9 A
DLFN EVHY 5 JE 1U5% s 58 & ke Rtk 455 FvDFR
PRSI, WIEH RNGH, THRORA,
B A FvbHLHO R FvHYS W33k, 24 s
R LLLEATIRPY, B CaHYS HEHUE
CaF3H. CaF3'5'H. CaDFR. CaANS # CaGST
AR B FIE 2, AR R A Y16 MU EE 2 A
T AR R e R R, CaHYS 1)
TUER B3 3L CaHY5-VIGS bk Z 260 F IRk
B, HERMTREKY 4 655,

4 VIGS EHXZRMH K FH
o8

ABEZ WA IR G 2, REns
R TR 6 . ST LR ST R
FAEIO0) T U T F LA
BHp, PRI VIGS BORTEREEZ R 5
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ERTERERE . SR T R H(E 20).

4.1 THFEZEEM
BSE R R TR T2 SR A% , 76 40 o Jo A0 N o

R A BN, T R 3 o R % fE T (tyrosine
hydroxylase, Tyh OHase)) ¥ 540 S W %4k A2
JiE 22 1 (L-3,4-dihydroxyphenylalanine, L-DOPA).
Y (5,2 P450 UM CYP76AD1 ., CYP76ADS Fil
CYP76AD6 #ilE ] HA B s B 2 S Ab TG Pk, H
1 CYP76AD1 A~ AU fE ff 1k & 24 1R %% b
L-DOPA tfig .4k L-DOPA j=AE 3R 2 10, 24 H
. M W 3 (Amaranthus  tricolor L) H HY
AtriCYP76AD1 JEHWIUERIG , AwriCYP76ADI .
AtriCYP76AD6 FI AtriCYP76AD5 %% /K K1y
R AL, MR R AR R R R ek,
BT R AR W] B/ M L-DOPA B R (e,
CYP76AD1 ()[R R YFerayh BAThae i, it
2 (Beta vulgaris L) CYP76ADG6 ) HIM T ERE
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Figure 2 Utilization of VIGS technology in silencing structural genes in phytochrome metabolic pathways.

Application of VIGS technology in carotenoid metabolic pathway (A), anthocyanins metabolic pathway (B),
betalains metabolic pathway (C), and chlorophyll metabolic pathway (D).
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Figure 3 Utilization of VIGS technology in silencing transcription factors in phytochrome metabolic pathways.
Application of VIGS technology in the regulation of carotenoid metabolism (A), anthocyanins metabolism (B),
betalains metabolism (C), and chlorophyll metabolism (D). Other plant illustrations are shown in Figure 1.
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Table 1  VIGS system utilized to silence the expression of genes related to phytochrome metabolism

Pigments Plants Vectors Gene Plant tissue Reference
Carotenoids  Gossypium hirsutum TRV GhPSY; GhCCDID and GhCCD4-24 Leaf [14,28]
Solanum lycopersicum TRV SIPSY1/2/3; SIPDS; SIZDS . SIZISO; Fruit [15,29-31,
SICRTISO; SINCEDI; SIWRKY16/17/54; 33-34]
SINOR-likel; LeRIN and PIFa
Oryza sativa RTBV  OsPDS Leaf [17]
Nicotiana benthamiana TRV NbPDS and Nte-LCY1 Leaf [21]
Antirrhinum majus TRV AmPDS Leaf and flower [87]
Eschscholzia californica TRV EcPSY; EcPDS; EcZDS; Ecf-OH and Leaf and flower [19]
EcZEP
Nicotiana tabacum TRV NtCRTISO Leaf [88]
Brassica oleracea var. albiflora TYMV  BoaCRTISO Leaf [20]
Eriobotrya japonica TRV EjCYC-B and EjPSY Fruit [22]
Actinidia chinensis TRV AcBCHI Fruit [24]
Capsicum spp. TRV CaNCED1/3 and DIVARICATAI Fruit [26,32]
Prunus persica TRV PpCCD4 Fruit [28]
Citrus reticulata CTV CrPDS Leaf [89]
Vitis vinifera GVA VvPDS Leaf [90]
Zea mays MRFV  ZmPDS Leaf [91]
Hordeum vulgare var. nudum BSMV  PDS Leaf [92]
Hordeum vulgare FoMV  HvPDS Leaf [93]
Setaria italica FoMV  SiPDS Leaf [93]
Triticum aestivum FoMV  TaPDS Leaf [93]
Anthocyanins Capsicum spp. TRV CaPAL; CaHYS5 and WD40 Fruit and leaf ~ [37,59,94]
Actinidia eriantha TRV AeCHS Flower [39]
Gerbera jamesonii TRV GCHS1/4 Flower [40]
Morus alba MmCHI1/2 Leaf [41]
Gossypium hirsutum TRV GhF3H; GhF3’H and GhF3’5'H Fiber [42]
Glycine max CMV  sF3’HI Seed pods [43]
Rosa rugosa TRV RhDFRI and RrGTI1 /2 Flower [44,49-50]
Vaccinium corymbosum TRV VcANS Fruit [45]
Pericallis hybrida TRV ScANS Leaf and flower [46]
Litchi chinensis TRV LcUFGTI Pericarp [48]
Prunus persica TRV PpGST Fruit [95]
Vitis vinifera TRV VVANR and VvMYBAI Fruit [51]
Phalaenopsis spp. CymMV PeMYB4L Flower [52]
Vaccinium myrtillus TRV VmMYBAland VmMYBPAI.1 Fruit [53]
Lilium brownii TRV LvMYB5 Flower [55]
Pericallis hybrida TRV ScMYB3; ScAG and ScAGl11 Leaf [56,96]
Fragaria x ananassa TRV FvbHLHY9 and FvHYS Fruit [58]
(FF5k)
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(L& 1)
Pigments Plants Vectors Gene Plant tissue Reference
Betalain Amaranthus tricolor TRV AtriCYP76AD1 Leaf and stem  [62]
Beta vulgaris TRV BvCYP76A4D6; BvCYP76A4D]1, Leaf and [63-64,67]
BvDODA1/2 and BvMYBI hypocotyl
Hylocereus polyrhizus TRV Hmb5GT1; HnHCGT2, Scale [66,68-69]
HmoWRKY7/31/40 and HubHLH159
HmoMYB39 and HmoMYB- like
Chlorophylls  Oryza sativa RTBV  OsCHLH Leaf [17]
Hordeum vulgare FoMV  HvCHLH Leaf [93]
Hosta plantaginea HrHEMA; HrPOR and HrCAO Leaf [72]
Musa nana CMV  MaGS4 Leaf [73]
Pisum sativum PEBV  PsCHLI Leaf [76]
Solanum pseudocapsicum TRV SpCHLH Leaf [77]
Camellia sinensis TRV CsPORI; CsDOF3 and CsMYB308 Leaf [78,82]
Capsicum annuum TRV CaPAO Leaf [80]
Nicotiana benthamiana TRV NbRCCR Leaf [81]
Solanum lycopersicum TRV SIBEL11; RIN and NOR Fruit [30,85-86]
Citrus reticulata CTV CrALAD Leaf [89]

TRV: Tobacco rattle virus; RTBV: Rice tungro bacilliform virus; TYMV: Turnip yellow mosaic virus; CTV: Citrus tristezavirus
virus; GVA: Grapevine virus A; MRFV: Maize rayado fino virus; BSMV: Barley stripe mosaic virus; FOMV: Foxtail mosaic virus;
CMV: Cucumber mosaic virus; CymMV: Cymbidium mosaic virus; PEBV: Pea early-browning virus; TuYV: Turnip yellows
virus.
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