T ¥2#4% Chinese Bulletin of Botany 2025, 60 (6): 968-977, www.chinbullbotany.com
doi: 10.11983/CBB24164 cstr: 32102.14.CBB24164

BRI -

AE=BEFBERREL

; 1 1 1 1 =1 s 1 1
Kicdk', FRE, TEMR, BE, FEA, wEW, FH)L
T2 ST
R K S A AR PR 2 1 T A TR R €0 16 R A ) T S R A R MR R T B8 A R BT R S
W 570228; 25N K AR 2B, $TBH 550025; *HE bl k34 Ay B2 R 2 B8, B 430070

WE  EL KL= A (Viola x wittrockiana) B A R, DAL fh A B BRI AR A SRS A RE, 0TI R E T AR
R PR FERAL . &5 SRR, PXPRMHRMA T RIEZ O E B AR RE LA, e R ESMER . DLS R
PXPHIH IR A AME AR, AT AR R AL, 25 REW, &ALES RIERFREEN1/2MS (& 8H)+30 gL j#EREi+1.5
mg-L™" 2,4-D+1.5 mgL™" KT, RN % B S HEMEF I R12MS (R H)+30 gL ¥ #M+0.05 mg-L™" 2,4-D+3 mg-L™
6-BA, Fi/ETH4 2 KBSk, Tl Flik(67.33+3.06)%. A& H 4 E B 7 5 IMS (R4 0E)+30 gL i +0.5
mg-L™' 2,4-D+1 mg-L™' 6-BA, 1458 R $43.29£0.22, LR 7 91/2MS (A EH)+30 g-L " #EHEHE+0.1 mg-L™" NAAFK
AR BRI F R SR JE R IA AR, AR 9 (84.4446.93)% . I ALEE S T SRR E RS B E AR R, BT K
W= OEAEF AR, A BRI R A BRI TR AR SRR .

XEiE  KfE=E, W, TR, HIUER, 2RI
ik, ZRE, FEMK, B, FEK, WEN, 2L, BE, 25, Ef (2025). RIE-CEHAEKREY. MY*

i 60, 968-977.

K16 = {4 % (Viola x wittrockiana) /& % 32 &l
(Violaceae)#: 3¢ J& (Viola) A A Y), HALHIK,
AT E, o OIS O K I (Vukics
etal., 2008), & EEMAFFLIZMI T, Wt
[I5F 1L In MY 2 —(Gandolfo et al., 2016), K{t=
CEAMEA B EEWEME, (R 2 PR A
R F A 5t (Tang et al., 2010; Gonzalez-Barrio et al.,
2018; Fernandes et al.,, 2019; Gongalves et al.,
2019; Nurfiez et al., 2023). Fifi [E P EFF 7l 1 P
RIE, RIC=OER T RIFEGK. Flun, EE
BRI TTFRER L, W O AT =
b, AN ZE AR BARAL LB 5%, T RIS E R A
B, I — == R (A RS, 2023). B
MNT=EER R RAAFEEZ Y, HAMT=0%
MG EE T R R R, AT K w0
ZEEFMER,

e H #A: 2024-10-28; #2252 H #i1: 2025-02-22

EVEMEHEMER, £ HE
KL 7o R A E Fhon] SRS 80 e R 76
FRIMER, wfe e, B TR, Bum P &Pk, A
MEA T HFIME AN E T 54 /1. EEMEAR
C 3 B2 T FE A5 H8 (Eustoma grandiflorum) (Mer-
curi et al., 2002). i t5¥ I (Rosa rugosa) (Nanjaraj
etal., 2019). H1LZ=4-1¢(Pharbitis nil) (Bhardwaj et
al., 2024)F1K1¢ %% 74 2 (Petunia hybrida) (Xu et
al., 2021). JREAI A AR 22 TT R AR W) & Pl 2k A,
BT H AR R A EER L. ZAENEEER
BARCAMRIE, HHAF(E— LA & . BabberflKulbhu-
shan (1991)# = &R T IRH A& 1M 7 Bl
44 mgL™" 2,4-DFI2 mg-L™' NAARIMSH; 325 |,
RIG T AR, HEHR KGRI A E ZF .
AR R T R =B AR, |
BARFET LR, RGP RE L, Hxf@fd

HETH: 5tME B ARFEEE 4 (No.ZK[2022]095) . [H 5K H #A #} % £ 42 (N0.32160719, No.32060365). i M 17 H & &5 6 % 5 H

(N0.2022-013) 133 75 24 WF 70 4= G138 BHIFR 8 (No.Qhys20230-215)

* JBIRE#E . E-mail: tpeng@mail.hzau.edu.cn; wjhainu@hainanu.edu.cn



ZURS IR MR, X R E SR E, e
& #fa 5 tEATEAE(Wang and Bao, 2007). ikH4
(2009) A ZEBUNAME K, WA ESL T RIE=(OE I E
FEF AR R, (R AE B A 7™ B S A R DR A 45 )
BRIAW(2013)RIE T =B E P AR, HIFRTE K
HPER, RRBIAE AN . ik, H AR
BT KA = 0 AR e AR R

KRAE =08 i 2 0 % 52 & (Viola) 470 2% 22 Tk,
FEE AR = EHE (V. tricolor). FEAEEZ(V. lutea)
B /R ZE #3%(V. altaica)ZF(Nauenburg and Buttler,
2007). xEesEAGE N FARBIN T4, BT KAk
=R 2R B, KRIE = BB 1 s E s,
R WAL 2R, AS[E] SRR P2 R ) A7 AE
ZEF o AHF T LLRTE = (B84 SR 1 I i AT AR A
SRR R, I E IS GBS K IE = B E AR R
1 i B LA S AMEAR IR, R0 T AN R B 3R 5 A 4
LT AEF IAERSIFE, i S ik
FAET, = B0 A B R B AMA AT R S 1k, )
BT AR R, BERNKIE=BE YR K&
HE DR Ty RS0 IE B9 8 H R B Al

1 EYE

PLKAE =% (Viola x wittrockiana Gams.) 8™ i fif
CJBG. CJCJBG. KJB. PXP. LLBL. SX. KM#
ATSLAE Sy Szt kRl . ATSLI 7 B g A Fh-1- 2 7
(Ernst Benary Samenzucht GmbH), 47/ ¥ Fiili
TR EZ £ A7 (Pan American Seed Co.).

2 BRERSSERFN

21 TEEESF

EEU )R = B E R, BT O KWM5 mLE
OEF EE TES B, HERAKEEM 1R, H
70% L BEIHEE30FP, LR AKMBE3 IR ¥M+E T5%
RE RN IR 105080, R KIEBE3 X .
eI B S5 R TR AR 7 AMS (& RE)+30 gL
FERER R IR0 b, R RRORL. M4 K HT7-8 i
T, AT EGALE S, B34 HE(25+1)°C,
St I B8 BE 92 000 pmol-m™2-s™", 6 & 1A 16 /N
R /8/INI IS . K57 HEpH5.8-6.0, W7 gL B g

HKiaES: KIE =B ERRET 969

22 EMFEE

AN FFELZ1 emH AR FI0.5 em?it Fr 7E g A A,
AT HELRTE S B UEIR AR 5 R BT

WLNFH SRFIEYT (1/2MS (AE85)+30 gL e+
1.5 mg-L™" 2,4-D+0.5 mg-L™" NAA+3.0 mg'L™" GA;)
b BEESIR30K, WRFE(2541)°C. MEIFiC A4
LK, githEE,

WY 1R TR 5 ESRAS 0 A 0 2V 7% 31 Ak 5 55
HEF (1/2MS (A2 H#)+30 g- L' BEHE+0.1 mg-L™" 2,4-
D+2.0 mg-L™" 6-BA) #1770 bt 9% . 33 41 F12.1
. 30KRJAG TR,

H R = (I A 2R A M A A M R e ) >
100%; 7328 =(H 3 2F A0 AN A4 B0 4 M AR 5 ) >
100%.

2.3 BGALRFFEFENHFERMKIL

H4 PXPJG B B AR 4 R EY 1Y 235 77 2% |,
Y255 5% 3 B4 N 1/2MS (R 45 9 )+30 gL i +
1.5 mg-L™" 2,4-D+1.5 mg-L™" KT. &AL B F 50/ 1
W, EHEI3X. BIEIORER I EHALRSEFHEIFL
KRS . BiE, A RRBM B HR R Ty
WREFRIEF FHMAT MMERE 3% . R AL FE R A5 H @ 15 40
41, EE3W. BFREMH2.1% . 30K E SR,

24 SUIEFRENFIERMAML
BEFHEBHLER AR R L, 37
EFE T SR TR DARMS NI AR 73, FEE
N30 gL~ AN R R S (UM (REHT L 5 BRI A 22 250 .
AR E(0.01. 0.05H10.1 mg-L™")f12,4-DFIA 5] 4 JiF
(1. 2#13 mg-L™)6-BA. @it IF A8 ik 56 48 1+ 3K %
XA B g, 3 R AR PR (A). 2,4-Dik
JE(B)MI6-BAWKE(C), &AM EINIKF-. RH
Lo (3%)IEXZ kI Wit e AN B 7. EHES WA
[ AL AR IORZ R R 7K1 KPR 3. REAk
PRG0S B L . B %k AFF2.175 . 30 RG4S
e, it — B E s, AR ARTE R
SMEARE NS S A, S,

2.5 IEFEIEST
R 3 AN 2 A TG B R IR A o S SR A A
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55 HMS (A4 H)+30 gL~ #kE+6-BA (0.5, 1. 2
3 mg-L7")+0.5 mg-L™" 2,4-D. B3 &MER2.175,
TR ERFEFISNAE L, EHEI3R. 30KR/E5 5
FAEHAL T E GIRES o HFE R B =3 5 2 B He b 2
ST (88

26 ERFFREHBRK

AR A 2-4 emi), K H B B AR 7R 1 4
W 37 3 B2 IMS (R % B )+30 gL JE i +0.1
mg-L™" NAA, B3R FE2.17 . fRfh kb BLE:F304
FAW, BE3W. 0RGHITERE. FriAfmik
MK 235 cmi, KBRS FTJF, Him3K;
B S A A 2 o SRR RV TR A v, BB
WRETR, W4 BHT R AR 20 (8 A e R =211, viv)
i, G RS IR A A KRB AR R =
(CEAR AR MR B/ PP R AR S 500)x 100%; #5426 =
(FCHE A R HU e R AR S 5) % 100%

2.7 BRGSO

HM I Excel B2t 7 £ db ¥ . JHSPSS 20.0% 43t
TR = 5 BT

3 &R5iTe
31 TREISMBSMEGHBRBGARNLE
SR

R AN TR] b b KA = €0 2 R R A 12 e T Y 1 8 57
2, M JE, R AR D) O AR R G A A

R/L DFE= RS LR

gL RPN EGHS R A0, RS, e
A A R, R H SX AR
W E, J9(95.0042.72)%, PXP i H i %
ik, 4(89.386.76)%; LLBLIIM /il @R, A
(73.89+3.47)%, CJCIBGHI M A & K H AL, N
(29.44+6.94)% .. 8 FRIFSEEA AR H 05 (91.90+
3.01)%, i T-Faam b % ((49.653.98)%) (£1).

TE AL REFE R, AU SXATKMPT A i i F 7 A= 1
T A-242F 5, HR R R R A 55y
th, UL AN E SR R KL = B E AR R
AME AR AR 5 10 7 40 28 e o 10 AN e 3
FL b PXP 1 4 i 1 20 2390 4 e B, 9(15.83¢
1.44)%, wEm T HEMmM. ZE6%I&, HHiEPXPH
A9 A2 B AR M A

3.2 Yify2iEFEMNHAMBGALTULIEFH
Al

KPXPIIH AR TY1RIY285 35 35 . 15K )5, Y2
B R EE IR D) O AT AR IR A 2 TR S BARE
Ferh, HY1RFREALL, Y2R: 93 i E UK
FEES, 55 500 @00 44U B o W ) A 0 LR
B O R MY R IR AR b A A A0 1 ELAA
o MRIE AT IR SR T IR S R, A E e AgE
G A 2F, TG BRI s IR A5 AR SE T IX —
Mo Y2REFRE BTG H U1 %A (18.52+
1.28)%, MY15EFE: EJfF M & H A0 24008
(10.37£1.28)%. Zi L, WEY2WEFRIL NG EEIIA
LF SR (R2).

Table 1 Rates of callus induction and differentiation of different cultivars of Viola x wittrockiana

Callus formation rate of petioles (%)

Differentiation rate of petiole-
derived callus (%)

Cultivars Callus formation rate of leaves (%)
CJBG 46.671+4.41 cd

CJCJBG 29.4416.94 e

KJB 55.56+2.55 b

PXP 43.3317.64 cd

LLBL 73.89+3.47 a

SX 41.111£0.96 d

KM 56.67+1.67 b

ATSL 50.56+4.19 bc

92.50+1.25 a 4.17x1.44 cd
91.67+4.16 a 3.33x144 e
90.00+£1.25 a 6.67+1.44 c
89.3846.76 a 15.83+x1.44 a
89.79+3.08 a 5.83+1.41 cd
95.00+2.73 a 10.00+2.50 b
94.58+1.91 a 6.67+1.44 ¢
92.29+2.95 a 11.67x1.44 b

HUENBRE LT HEbr R AR/NG FREFROR & A8 ] 22 7t &% (P<0.05).

The values are meansSE from 3 replicates. Different lowercase letters indicate significant differences among different treat-

ments (P<0.05).
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Table 2 Effect of different media on the differentiation rate of PXP

Type Callus formation rate (%) Callus growth state Differentiation rate (%)
Y1 (1/2MS (sugar-free)+30 g-L™" sucrose+1.5 93.56+1.16 a Pale yellow, loose, softer 10.37£1.28 b
mg-L™" 2,4-D+0.5 mg-L™" NAA+3.0 mg-L™" GAs) texture, fast growth
Y2 (1/2MS (sugar-free)+30 g-L™" sucrose+1.5 95.67+3.47 a Yellow, dense, somewhat 18.52+1.28 a

mg-L™" 2,4-D+1.5 mg-L™" KT)

hard texture, slow growth

BUE NN E R KT E AR R . AFVNG T REFROR % A B ] 2 7t i % (P<0.05).

The values are means+SE from 3 replicates. Different lowercase letters indicate significant differences among different treat-

ments (P<0.05).

3.3 SUBFENMURBEEES
PLY235 77 3 1% T (1) PXP I 48 8 45 4 43N 52 56 44 k),
BEAT /ARG R R AL o 85 SR, 45 SR 2H A 4H 41
IMEER(26.67%) e, 175 135 SLIG 4 @A 4 20 4k
#(8.33%) i (K (K 3) . M HEIE K /N AT AN [F] 7K 7
b B A Z B S . JE T A H KA2>KA3>
KA1. KB2>KB1>KB3. KC3>KC2=KC1, & H|ifs
HA2 NAR ZE LK, B2 ABRE Z 1 K,
CINCHZE M EMAT, 46 HIWA2B2C3 Atk
PG HUAPXPIH AR A SME AR, Bofk o s
S 1/12MS (A8 4 8 )+30 g-L™" 3 35 B +0.01 mg-L™
2,4-D+3 mg-L™" 6-BA. i+ HHK 2 (R) AT 15 i 3K &
XF o A B 2 e Y R A>C>B, R 43 4k %
1 R 2 MOR BI/IMR DO BEIRFI S . 6-BAIKRFEF12,4-D
WEE J7 2 W3R, WU A e i sg e B A
REMG¥E X, P N0.017 (P<0.05), * UIHE
TERh R saR gt A W E . M2 R, 2,4-Dik
JEA6-BAIK L [ PAE 73 7] 90.25410.2, 5 i ix 24
R TEAR LI & T AT R R E . 28 AT,
B R S 553 5 A AL S Ak o AN IR [ R SRR
SEMMbFER T, 6-BAWKEM2,4-DIK X
B LT AN B2 . BV KORAS AR — B &
AR T A2B2C31E 77 3 EHIGIE LR, 450
33N (27.3343.06)%, LT & 1F 28 3% 56 Ab H 441
Ui A2B2C3 Ay i idi o A IR dik

R RR0 A B 15 3 R E I UK (Satyavathi et
al., 2004), i K{E = E L RIEN, FH— AR
MESRER R . NEEFAREN ML, BATiE
WOHESNEA S, IR AMERE, #1778 K15
S EBEY2EFRE N EIE SRR, A2B2C3 N>
SR TREL . S5 R EoR, DA AR HI A 9 S ME 1A R B
BhEmA R, EERINGEMEEIL(56.67£5.03)%,

Fz3 K= EEAREFHIECAR
Table 3 The orthogonal experiment of adventitious bud
differentiation of Viola x wittrockiana

Factor )
Differen-
No. A (Carbohy- B (2,4-D C (6-BA tjation
drate concen- concentra- rate (%)
sources) tration) tion)
1 1 1 1 8.33
2 1 2 3 13.33
3 1 3 2 8.33
4 2 1 3 26.67
5 2 2 2 23.33
6 2 3 1 20.00
7 3 1 2 10.00
8 3 2 1 13.33
9 3 3 3 11.67
K1 0.10 0.15 0.14
K2 0.23 0.17 0.14
K3 0.12 0.13 0.17
Range (R) 0.13 0.02 0.03
Order A>C>B
Optimal level A2 B2 C3

L BV SHRRGIEA i, SRRV 4TI (67,334
3.08)%. B 5AN, (LT AL RFIT 2
YO S AR A 2 3 AT S

3.4 6-BAFI24-DIEAXAIESFIEENFE

5% S AR G B B 2 B R R SR AT RS 95 . 10
KJG, BAGEA TG IR AR & 2, 3 &
ST AL A R UL LR . 30KJE, AlF4L
R REE R AR, SRR, HE6-BAK
FBEfH TP RBR ST RS Rt . FTATE=
£ B AR S I B 3R 16-BARLE IR 1.0 mg-L™" . 18
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ZoBF IR R AR, N3.20£0.22 (#4), %k AKHMHEAM, S REG, RN 64441
B [N 52 B R FL B E R, WESFSE, B 6.93)%. SR IR AL, A T 3 i ik
KR IR tF M. Gt TRAK, BIRGERIA85% U E. AR
PR KA =t SR R T T AR R ().

35 ERBHRRGEER

SRR EY, K OQEEAREEASER B 36 Wik

ARG SRR (1/2MS (R ArpE)+30 o L VEERE MM FIAE PR B IR ST TR0 R UM AR
+0.1 mg-L™ NAA) B3 2 R FFAR AR, IRAANMK, A R DU AR R AR % E X E E (Long et al.,

T4 WA N AL = 6 B F AR W
Table 4 Effects of plant growth regulators on the adventitious bud proliferation of Viola x wittrockiana

Type 6-BA (mg-L™") 2,4-D (mg-L™") Number of explants  Proliferation coefficient ~ Growth situation
Z1 0.5 0.5 45 2.20+0.20 ¢ ++
Z2 1.0 0.5 45 3.29+0.22 a +++
Z3 2.0 0.5 45 2.73x0.23 b ++
Z4 3.0 0.5 45 2.18%0.17 ¢ +

+ WM F KA, WA, F5<0.2 om; ++ BB F KA MK, 0.5 om<H E<1.5 om; +++ BGTHMAE K IF, 3F
#>1.5 cm. BAEASRER KT HELbR MR . TR FEER R &AL 2 57 &3 (P<0.05) .

+ Fascicular buds grow poorly, serious vitrification of plantlets, bud height<0.2 cm; ++ Fascicular buds grow moderately, 0.5 cm<
bud height<1.5 cm; +++ Fascicular buds grow well, bud height>1.5 cm. The values are means+SE from 3 replicates. Different
lowercase letters indicate significant differences among different treatments (P<0.05).

Bl Ke=tEmwaHaime
(A) JCHIH; (B) MHAMEL; (C), (D) BALNE S, (E), (F) AEZFL; (G) A, (H) %S (1) B, Bars=1cm

Figure 1 Regeneration via petiole-derived callus of Viola x wittrockiana
(A) Sterile seedlings; (B) Petioles; (C), (D) Induction of callus; (E), (F) Differentiation of adventitious buds; (G) Proliferation of
adventitious buds; (H) Induction of root; (I) Transplanting. Bars=1 cm



2022). HAl, ERJEEMAL IR LA REST
SHANDIHRIE, BIEAEEFK(V. odorata). KAt T
(V. philippica). 7l #3Z(V. serpens) bl [z K H 3 (V.
canescens) (Wijowska et al., 1999; 2%i%%, 2016;
Jha et al., 2020; Khajuria et al., 2021). =@ EH
R g N i)z BABH I E R R, Homak
KA 1) P AR R AT FARTEAR D o ASBIF 5T AN [R] it Aol
HMEAARZRAL | R AT R A S AN B DL AR s Aol
TN = 5 AR A S AT AR I, AL TR
) = O E MBS AR AR R, NH R & Kistfe
AL BEE T Rl

WHFRRY, fEHAERRWED, MY EAERI%
FIHL KA B E 52 (Satyavathi et al., 2004). ASHF 7T
FIFH8A it Fil AL = 8 AT P AR RE Jy ik, 45
NPXPHAR IR 36 PR A R fe e (1) o 1 — 5
PR AE T HARAE N AR, i EE2. H3RER,
Aoy A B AR &, T IA(67.33+3.06)%, i B LA
F AR NIMEARS T 2 E S, WL H RO
A FERIAME, IS = AR B AR . AT A XS R
Ei(Lolium perenne) I 7 B, DAFEAH ASMELK,
AR R R A A AR A = F100% (4 R
%, 2014) BOTEAMUATIRAL AR AR &, KRR = 7
A B, WM JE BRI AL AR AL 5 1) 2 AR L . SR T,
R FAAFAE TSP . w5k, REPXP
PR AE RE 0, AEA[R] ot Ao ) FR) 22 S AL AT A B 6 4
s Aknl @ AT 5 FAE R ARSI AL bRl
DT R A S AR RE D L R R Hk, R
B2 IR E BT 5 T AR, (AR R R S, A
I, HMEAR RS AN B IR 6 A AR A T R G B R 3R
LrUAAT A AN [7] B PR B8R 2% A T A2 0 3R A5 P AR 26 1 1 A
P, A5 i SEES I E AR A o

T AR Z B T AR TR, Hh
I PR R A A K R AN 73 R R (B T 45,
2024), i R R L RE g SE I A 21
FAMRA . KRR RS EBHEY T 3 &0 H L
DEXME(Ma et al., 2022), £=BE@HGHRFES
Hr, 2,4-D A IE S — B e 20 R A AR AT R
(Babber and Kulbhushan, 1991; Wang and Bao,
2007), {Hid kg 112,4-D 5 SERE B IS . AT
FAEBAT WA IR L o4 5 S AR, RIES 2 F A=
B HIBFEI R, XA 52,4-DIRE mA K.

wKiaEE: KE =B ERREL 973

I, fEfEs s ik imik T, WE 7 EKR2,4-D
WERE . mRENEGHLS TR =B EHAEK
RS BEAEEZ N, AR SETIASH R
A —3(Wang and Bao, 2007). {H i & @15 20 23 1)
BT EHAANEE, XK = B AR A
B, HEHHREFES, B AR R
[Rlo AR 2 A 2R ) 1 A OCIE R 3Rk, i Ak
KOS S PRI, N Re. e
BV B AR FL AW R, KTX @ 2155 SR
it % (Khajuria et al., 2021). A5t oSz £
INIKT @A H SRR TR, 2RaE, HE S,

W S o LR A0 AL 2R 05 9 v e L R R 4% A
I, 18 I — % ~30 g-L" (Encina et al., 2014).
Mo g AR AR R, 7 A 7 2w S N R B X B 7R
H AR A AU IR AR & A 23 2R
(T 7, 1998; Ameri et al., 2020). WA 5 KN,
FUHEPEANMG R AR SRR RIECHEEN.
20 g-L ™" 5 B T AR E S0 0 24 (Oncidium hybridum)2
[RIERZE TR, SN2 2 HE L Re A B R LRUER
(Jheng et al., 2006; % H 4%, 2020). & & &
#(Ziziphus jujuba) @1 41411 5% SR8 (kA5 B2,
2021). ABFFLRI, WEHEFIZ A E & K=
B IR E ML, 30 gL g ERE S KIE = A
I AEE %, R E B b RE 3R 2 N 1/12MS . (A
4pE)+30 gL RE+0.05 mg-L™" 2,4-D+3 mg-L™
6-BA (383). fEZ2#57R5E FAN 8 B AOR A e, 3
VR H0N3.29+0.22 (#£4). BEHE6-BAWKE i i,
RS2 ZE R R A 1 S PR AR . E N 8 SRR B S
Beh, 246-BAIRIE A3 mg- LT, HAKERL . R
MM, XL ZFE STV It A e 2F, Ho I3 5
e WAEZFBR/DIR . ERSEERIGHESY, 1%
JEIZ L FER6-BAIREE, H SR E6-BAR N &1, &
WIE6-BAML A ZFE S IEH R E, LASTILA & 2F 189 5 it
Ko

25 b AW LK AE = (5 5 PXP I S S,
JE I AN (R R A A TR T TR A b S S BT L B R R
UL R R FAE 3T 2 05 Sk, A& Imikt s
RO AR FE R R, RN TR E S KA =
BEREARR, AR T = O8N E SRR
MR, A Ja 3 I A AR KA = 0 AT AR
R B MR T EOR S
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{E& sk A RA

SKikEE: SRR . AT EER A SR BRI
SERRSES, K M EUE MRS R B, &
A%, B TR, VRN e RS, ML
R 2 o BIEAES RS £ W
FEE L. T BRI S 80

SE
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INTRODUCTION: Viola x wittrockiana, a member of the Violaceae family, is recognized as a commercially valuable
ornamental species due to its diverse flower colors and potential medicinal applications. However, its vegetative prop-
agation via tissue culture has been limited by challenges such as low regeneration efficiency, procedural complexity in
existing protocols, and genotype-dependent regeneration capacity. Previous attempts to establish regeneration systems
for this species have been reported, but issues including inconsistent callus differentiation, low adventitious bud forma-
tion rates, and high dependency on explant quality remain unresolved. Consequently, the development of a stable and
efficient regeneration system is considered critical for enabling biotechnological advancements, including genetic
transformation and large-scale propagation of elite cultivars. A systematic approach focusing on genotype screening,
explant selection, and optimization of plant growth regulator combinations is required to address these limitations and
facilitate the species’ genetic improvement.

RATIONALE: Regeneration capacity in plants is highly influenced by genotype. This study aimed to optimize the rege-
neration system for V. x wittrockiana by screening eight cultivars and selecting petioles as superior explants due to their
higher callus differentiation potential. Key factors, including plant growth regulators (2,4-D, KT, 6-BA) and carbohydrate
sources (sucrose, maltose, trehalose), were systematically evaluated. Repeated induction cycles were employed to
enrich high-regeneration genotypes, enhancing overall efficiency and reproducibility.

RESULTS: Petioles were identified as superior explants, exhibiting a significantly higher callus induction rate (91.90%)
compared to leaves (49.65%) across eight V. x wittrockiana cultivars, with the highest differentiation efficiency (15.83%)
observed in the PXP cultivar. The optimal callus induction medium was determined to be 1/2MS (sugar-free) supple-
mented with 30 g-L"1 sucrose, 1.5 mg-L"1 2,4-D, and 1.5 mg-L"1 KT, achieving a differentiation rate of 18.52%. For ad-
ventitious bud induction, the highest regeneration efficiency (67.33+3.06)% was obtained through repeated induction
cycles using 1/2MS (sugar-free) containing 30 g-L_1 trehalose, 0.05 mg-L"1 2,4-D, and 3 mg-L"1 6-BA. Proliferation of
adventitious buds was maximized on MS (sugar-free) medium with 30 g-L_1 trehalose, 0.5 mg-L_1 2,4-D, and 1 mg-L"1
6-BA, yielding a proliferation coefficient of 3.29+0.22. Rooting of regenerated shoots was successfully achieved
(84.44%6.93)% on 1/2MS medium containing 0.1 mg-L™' NAA, followed by acclimatization with a survival rate exceeding
85%, validating the efficacy of the established regeneration protocol.

CONCLUSION: This study established a petiole-based high-efficiency regeneration system for V. x wittrockiana through
genotype screening, media optimization, and repeated induction of high-regeneration genotypes. The protocol significan-
tly improved adventitious bud differentiation rates (67.33%), addressing long-standing challenges in regeneration of this
species. The system provides a robust technical foundation for genetic transformation, gene function studies, and
large-scale propagation, thereby facilitating the commercial development and biotechnological advancement of this
economically valuable species.
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Observation of somatic embryo developmental stages during pansy regeneration. (A) Spherical embryo; (B) Heart-shaped
embryo; (C) Torpedo-shaped embryo; (D) Cotyledon embryo; (E) Mature adventitious bud. Bar=1 cm
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