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MmN BEREEEHERNEL

?EEEE%T’ ?%/EAT’ E%}:ﬂ:, .E/],i%ﬁ’ Xlsﬁﬁnf’—ggﬂ ﬁﬁk’ %ﬁ']%, ﬁ“@‘é
JEsARL R AR 2z BE, 2 AERIHIRAL R SLR =, MRS 07 F ML AR E,
KA TR BORWE 5 0, L3 100083

BWE TR (Chrysanthemum x morifolium ‘Wandai Fengguang’ )& 275 5Hi& BF 20 7 B MR B
MBI IR MR F W Ale, BHAEREMPELY AL, LU RTINS FRENE R E MR, (B8 &80
AR RABEEAAAR R DO SR OASEIRAR, AN [E SME R S T FRE Y A KR 15 72 0 OB AR By s, HEERDT RAT
B T IR 5 AL 7 v TR AR G R R S IR AR FE AL ORI 52 . S5 SRR BH, & B 16 TR KOG AR 1 @AM AR R 2581 2,
BOE B 775 IMS+1.5 mg-L™' 6-BA+0.6 mg-L™' NAA, 7ML%HT70.06%, AN5E 24 i R %CN3.37; S2ik i i 28 A1 2 401k
FIA 5 2 AR R S 2 e K 4 7.5 mg-L ' #15.0 mg-L™". FikE7E1 K. ODgoo=0.8. AbFHES: b Jk MG 441 F Lkt 35
3K NAEBRALFER R, S FINE R IR P 158k, PCRE 2 R B2k A PE TS, #4b3FR N13.33%. WIFT4: R
SRR 3K — R i o % IR AR AT 4 K R D BE RN 3R AT 8 ) e R B 4> B R BT T AR, OB A R B AR R A R R
B SE

XA AL, SMEMK, BHMERARR, BAKRR, KRR

Zahah, G ERH, TEH, RRE, S8, SIZE, WBZ (2025). K7L TG A KOs A ik R g

3. WY 60, 597-610.

%1 (Chrysanthemum x morifolium) & 7= [F
CA3 0002 4F (A3 sk, =& AL S+ K 44 4R AN
HIFVURYITE . —. FERRE mPh 25, HefeilE
B, AT RRH AR AR, AR R I (5 4R
B, RIS E W (100G 242 B P18 SR 1 B A (it
i, 2012; WU = FIUEHE, 2016). BRI TREHARME
JEASE B MBI ST R A MR AL 1 PR, R E R 4
FEft 7RI RE. H AT, it # g K 5 FK (delphinidin,
Dp)ig R O Ihi B s tagg e, (HEth 2 R
B RN BRI, 75 2 — 2P MR (Brugliera et
al., 2013; Huang et al., 2013; Noda et al., 2013,
2017; Han et al., 2021).

Br KM R IR AN, KEH Z (cyanidin, Cy)i&
BRI AR EYLH . K4 % (Centaurea
cyanus) I K AE 4k 4% & (Meconopsis  grandis) 3 g 5
TREFZEEAMIMAE O, X— IRk

e H #A: 2024-10-10; #25%2 H #i1: 2025-01-20

T %52 EE (Takeda et al., 1996, 2005; Ta-
naka et al., 2001; Shiono et al., 2005). 7£# T Dpig
12 B9 AR 4 75 (Tulipa gesneriana){t 3l o I I %6 1A Tg-
VITLEE PR o] DA 06 8k B8 1 IR B, AT R 45 £
A3 N a4l L (Shoji et al., 2007, 2010; Mo-
monoi et al., 2009). [FIFf, 7EHET CyiRiz i (R
WIS THIZE ACCVITINE R B i S 80k (1
16 #6748 )y 48 {5 (Yoshida and Negishi, 2013). Li%
(2024) K IR, F AL dt M3 ARG FR) S 8 P 2 SO L
NIE IR FERR B T I T A T O, LIS AR LE 4 i
BEEFe™ 2 5 FA Y, W TCyR R EE
A AT YR, [FIS, S48 )T ARROGIE B =K
REFFAE, FAER HACHAK, R R A1E e H 2
ML Bk, AT E ORI ST R A e
R, HESLAGAE i Bl T ARG i 2 HLAR E I AR R st A%
AR RIC N E .,

HETH: B K HREE RS (No.32171849, No.32371948) 4 144 BHL 111 (No.2022S0004)

t SLFES—EE
* JBiRfE# . E-mail: silandai@sina.com
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TESAC TR AR RS, W DA B (27 T 5,
2012; Naing et al., 2016; Z=E%E, 2018; B
s 2025). ZE[A]H#Z(Lim et al., 2012; 2= % %
2018). MR (EERHT, 2010)F1E 345 (Song et al.,
2011; 22255, 2014) N Mk, TEE IR A RN
EENAR S REZMERKZIEYAELATR, 55
A H LG BNAS TE T o34k o TEAG IR AL L Ak Rk
SEH, R R R AME A . VR A5 (2013) BLER
4 AT AR (C. x morifolium ‘Shenyun’)H F 4k
R AR, FC DK BrOFR JE [R5 N FopA Py o X i ffE 45
(2019) LAM Fr R AR, S T ) ) B b 4 R AR T
HE(C. x morifolium ‘Yuhua Luoying’ )i & SGs AL #4k
W FR . FEFETE(2020) LAt s, @A T H
P46 4 AP (C. x morifolium ‘Jinbudiao’) i 4E &
AR R, LR B R N2.5% . (HAREE 51610
B R EAR, MM ERFEE, BAERLEERA
BRI AW FCA R LA AR T AROE 7 e ok
R AA, R RIS 56 16 T AR B LB 97 L, IR 4Tk
SRAFEUF I B A RUR o AW SO AME AR fE A
AR NP Rk B S I R AT IR R, AL T 4E
TIRRROGHI AR R, IR IR AMEIEB S 5T
G5 BN SIEIAZ T P 1) A ik R B PRI G 6 DR T e A
e 1 LAl

1 #MR5ERE

1.1 SEIRMRL RIS
ASHT TR AR KL 937 0 ARXOK (Chrysan-

themum x morifolium ‘Wandai Fengguang’), Fi#E
TR T IR B S 0 O BB IR AR iR
J#20-22°C, HIAT G, J6REERE 454 pmol-m2-s™,
S II9 16 /0N 't 78 /)N i RIS o

1.2 REEKRE

BUER O R RE, RERMFr, REETIUF, S0k
TR KK R 3070 B, Bl JE N Z AR K R
TR IBEA0 73 B o £E 7 TAE &t F75% Ol E R
3080, JCRIKMFHE2IR, FI2% I BRI DL 46
Jrel, RREISEBNRERM, (RS, MCHwIK
Y6, KHmAEIE A BT, i AMSE IR, Bigf
20K JAERISTC B, RIA]HEAT 4RACHE IR

1.3 BBGARFSMAEFTL
IS R AT . DA oM PR, B R
L EBI S, 390.5 cm x 0.5 cmfy4E, 7R IE
HZRI2AY) O, PRI T8 7R b DU AR S 4
B, EHCG R B B A s, & BED10.15 em.
DAZE [F) 2 9 A AR, B AR 250 DL R 1-377 22 B,
PIRZ0.1 cm 2, Pl T35 9R 4 b

P FE6-BARIE SN (kinetin, KT)A £ Z41 i /4
RARMMAEK BTN, % L8 (naphthylacetic acid,
NAA)H12,4-DA F ZAEK R BB KRR TR, Lk
BAMHED A KRR E, GRS F i EIF AR
W B C b, Lot 120 B 2R 25 (R 1) . b HE
1620 AR, HE 3K 5 9235K 5 4ttt/ LR Ml
AN EFAERREL

1.4 FRERKETFE

¥ 2L )2 mlE M &0, 25, 5. 7.5, 10#1
15 mg-L™" R 8% % (kanamycin, Kan)fJA3%: 773 (%
). HL6FKanikZ, FHIKERIKER, FIRE
SHF6ZE 0 Z - 559235 K 5 Giit AMi it dr =R
For A, Gk H A 0080 Il S s 2 A I Kan 3 5
HESinE = LIRS ¥ = ) 07 I i e O
3. 5. 7.5. 10f112 mg-L™' KanfIMSH; 7 dE 1, 4Fh
IREEBERIAN R E 2, EHAR I35 R E S AE 3
(AR, i A i 2 AR AR I SO G Kanik JE

R WOIHBUE T LAE B R R TT

Table 1 Culture media for callus induction and adventitious
bud differentiation

No. 6-BA KT NAA 24-D
(mgL™) (mgl™) (mgL™) (mgl™)
A1 15 0.0 0.2 0.0
A2 15 0.0 0.4 0.0
A3 15 0.0 0.6 0.0
A4 15 0.0 0.0 0.2
A5 15 0.0 0.0 0.4
A6 15 0.0 0.0 0.6
A7 0.0 15 0.2 0.0
A8 0.0 15 0.4 0.0
A9 0.0 15 0.6 0.0
A10 0.0 15 0.0 0.2
A11 0.0 15 0.0 0.4
A12 0.0 1.5 0.0 0.6




1.5 IEER&HE
M—80°CUKAH Bt & A ¥ R ik 2tk pBI121 (&1)
IGV31014< AT # (Agrobacterium tumefaciens) i i,
BT EfE G, £ TS BRI/ IME kg
EE, 7£450 mg-L™" Kanf150 mg-L™" 48
(rifampicin, Rif)fLBR:FRE: FXIZ, SR 5 HE T-28°C
BorAm E S R2R, HEHPIR W HEM. HXHE
AN SK BRI B VR, B2 B B Kan FIRIfIF R A LB KE
Frkkh, B T28°CREIK R 1r 77 B2 WALV
T8 B VR PCRAS I AR AT B8 Hh 2 15 & A7 O 20 20 VIR Bk
BT EARRNCVIT, ¥ EH B ISR A AT H
LA 100 LB HEATH KRG 7%, 2 800 xgis 0210445
WA B R, FIMSH: I & .

1.6 BIERILERTFE
WU IE ARG X M 1 A% Fe A B DR 2R g AT ke, B9
THES FRIT (8] BRI B L 1R YLt (] Je L i% R [|] (3R
2). FLEONAEE, MAFIRESR, HNEEL10-
13NN Z . 30RESIFHERE, &, AELF
ERRRE R

2518 2 B T ARG IR AL (R 1) Bk AT ks 7%,
TisEFR 0 8] 4 82 AFI0R .

FIMSH: 75 B B R AT B R, R et
T E S, I ODeoofH 751 50.6. 0.8F11.0. 471l
BRI R B TR R P TR g, 2
B IE] 7505 10F1154 %, WR Frak R a7 4%, 1
RV M 1A 78 53 B i

RYER G, FIRAT X2 AW, HMERE
TRAER AR F, 2Rl 71, 2F13 K, H
400 mg-L™ R VA IR 104080, To T K 3434,

E1 HEYRIEEApBI21HI45H

S hidn 52> 2 — e e —

AR AL AT ARROG PR SR AR R0 ST 599

FTE AR Tk 4y, BT 7.5mgL™" Kan Al
400 mg-LT R R MASE SR (K1) b

1.7 HEEFER

50 mgtt }, KA EdwardsiE B E K 4IDNA (55
JEZELE, 1999). 51 AL RV EM B R A IR A
A&, F51%35S-F (5-GGAAAAGGAAGGTGG-
CTCCT-3') #1 CcVIT-R (5'-ATAAGGGACTGACCA-
CCCGGGCTAGCCTTGCACGACCTTC-3') Xt & %
IS T2 B AR K CeVITHHTPCRIGI . 4
S LAddH0 . BF 4 B HRDNARTFURLAE 25 1 %
FF e K % B 2 %o AR - PCRUR B4 % - 2 L DNA
BifR, b FHESI&1 pL, 10 pb PCR mix, fn
ddH,O%h AT A 20 uyL. PCRx MAZ/F: 95°C5%7
Bh; 95°C15%), 58°C15%F, 72°C15%>, 3441 ¥F;
72°C55 4.

1.8 BBGiH 55
A BLR 2 205 & Tl bR (BRI E %5, 2015; BI40
g5, 2017; BAEHESE, 2019; filt, 2020).

H A S =T 195 20 1) A R K A R A
#)%100%;

I3 E = (G Ak AN 5B B I A 1R B0 A R A
#)%100%;

AN T8 TR LR =00 A IR S 2F B A A
ANTE T AN A EL

AR R =(HE AR A 2 B R P I A E 5
F)x100%;

M 2= A (1 SR A B30 A ML A 5 £) x 100 %;

AR AR =(PE I T B P T E ) x100%

RB: T-DNAX BtA 4 NOS-pro: A<AT B I Al & B R R 3 3 7, KanR: RIBE R P bric s, NOS-ter: £H &K g5
A IR R & 11T, CaMV35S-pro: TEMRAE M5 #3588 1 CeVIT: REZMIEHE T E AR, LB: T-DNAX B AU A

Figure 1 The structure of plant expression vector pBl121

RB: Right border of T-DNA region; NOS-pro: Agrobacterium tumefaciens nopaline synthase gene promoter; KanR: Kanamycin
resistance screening marker gene; NOS-ter: A. tumefaciens nopaline synthase gene terminator; CaMV35S-pro: Cauliflower
mosaic virus 35S promoter; CcVIT: Centaurea cyanus vacuolar iron transport protein gene; LB: Left border of T-DNA region
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F) FH Excel F1SPSS# 44 %o B s i3k 47 B K & 7 %
2 87. FDuncan’s% & th 1L T 2 7 B E AT,
FHMZE 3 M LE B s b i) 2 S IR K.

2 ZR5ITe

2.1 SMEFEBEBERRAZN
73 BT ARG A A A 28 1 7 = A
SRR, BB AR AN R A T4 A AL

w2 LTI RO GIAL Fe ALk AR Ik 1IE 2
Table 2 Orthogonal experimental table for genetic trans-

formation screening of Chrysanthemum x morifolium ‘Wandai
Fengguang’

Treat- Pre-c_:ul- Concentra.tion of Inf(_ection Co-cul-
ments ture time Agrobgcterlum tu- tlme _ ture
(d) mefaciens (ODgoo) (min)  time (d)
1 0 0.6 5 1
2 0 0.8 10 2
3 0 1.0 15 3
4 1 0.6 10 3
5 1 0.8 15 1
6 1 1.0 5 2
7 2 0.6 15 2
8 2 0.8 5 3
9 2 1.0 10 1

B Rk, BRIR35 KRG Gt A A B RIAS 8 2 AR i R B
GERE, MR R4 RIS I G4, 28
RAEZFIFER Ik, (NAEA8.AQRIA108: 775 731k
H R E19.44% . UL SME RIS, 559%
12 RIS AT 2, 559724 KA 4R 4%
b, (AALZEAT. A7, AQRIA1 28532 b 24k, Hidh e
AR FREE R A RO B i, 7 AR IE57.32%, A
LR R HN.85, LUZEIR T E N AME AR, KEFR8
RICRE A, B FR18 KA FIF MGk, BRA4
FABK FRIEAb, 70 AR 10F0RE 77 5 2418 IE# 1L,
IR R A1K70.06%, A€ A ARECNS.3T (R
3; E2). Zi b, VIZEMIEENSMEM, @A H YR
A E ZE AL T TR i (B B R, 7 RS 28 2R A R R
Hsperm, DRI  AE it RO ARG P AR A4 2R 8 S ) B i
HMER R ZE R, OO, T AN E SR
it PR AR R AR R

22 EPEKEDHTIXBEENRNE

1E6-BAFINAALL & (A1-A3)H, IH-A A1 25 i) 3 2 24 1E
A B AR e, Fr R A B R R
A1 (MS+1.5 mg-L™' 6-BA+0.2 mg-L™' NAA), 2]
R RO L 7R R HA3 (MS+1.5 mg-L™" 6-BA+

R/3 YA A T FIZE A0 46 16 7T ARG A R S MEL AR TR R S

Table 3 Effects of different plant growth regulators combinations on the regeneration of different explants of Chrysanthemum x
morifolium ‘Wandai Fengguang’

Leaf Petioles Transverse thin cell layers

No. Differentiation aci/%iftfiit(i:ci)inst SL d Different(ijation ag/%enftfii&ir: 8{1 d Differentiation aci/%iftfiit(i:ciinst SL d

rate (%) production rate (%) production rate (%) production
A1 0.00+0.00 c 0.00+0.00 c 57.3216.87 a 1.85+0.29 a 36.51+5.50 ¢ 3.37+0.28 a
A2 0.00+0.00 ¢ 0.00+0.00 ¢ 0.00+0.00 e 0.00+0.00 ¢ 42.79+4.28 b 2.53+0.32 b
A3 0.00+0.00 c 0.00+0.00 c 0.00+0.00 e 0.00+0.00 ¢ 70.06+2.84 a 3.37+0.22 a
A4 0.00+0.00 ¢ 0.00+0.00 c 0.00+0.00 e 0.00+0.00 ¢ 0.00+0.00 f 0.00+0.00 g
A5 0.00+0.00 c 0.00+0.00 c 0.00+0.00 e 0.00+0.00 ¢ 9.79+2.29 e 1.111£0.19 ef
A6 0.00+0.00 ¢ 0.00+0.00 ¢ 0.00+0.00 e 0.00+0.00 ¢ 0.00+0.00 f 0.00+0.00 g
A7 0.00+0.00 c 0.00+0.00 c 36.35£3.38 b 1.62+0.60 a 45.93+1.28 b 1.51+0.31d
A8 8.59+0.44 b 1.00+£0.00 b 0.00+0.00 e 0.00+0.00 ¢ 41.95+1.88 b 1.62+0.21d
A9 19.44+4.81 a 1.2840.25 a 22.56+4.55 ¢ 1.11£0.19b 46.30+3.21 b 2.73+0.22 b
A10 8.33+0.00 b 1.00+£0.00 b 0.00+0.00 e 0.00+0.00 ¢ 31.31+#3.50 ¢ 1.4410.27 de
A11 0.00+0.00 c 0.00+0.00 ¢ 0.00+0.00 e 0.00+0.00 ¢ 16.67+0.00 d 1.0040.00 f
A12 0.00+0.00 ¢ 0.00+0.00 c 8.33+0.00 d 1.00+£0.00 b 34.984+3.90 ¢ 2.07+0.12 ¢

A1-A12[FEK . RIFIA /NG = BE R RS A b 2 ] 22 57 {2 % (P<0.05).
A1-A12 are the same as shown in Table 1. Different lowercase letters in the same column indicate significant differences
among different treatments (P<0.05).
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Figure 2 Regeneration of different explants of Chrysanthemum x morifolium ‘Wandai Fengguang’
(A)—(C) State of leaf, petioles, and transverse thin cell layers cultured in A7 medium (Table 1) for 0 day; (D)—(F) Regeneration of
leaf, petioles, and transverse thin cell layers cultured in A7 medium for 35 days. Bars=1 cm

0.6 mg-L™" NAA), i Ji 78 M2 & Fr A AE IE# 44L,
W B AN [R] SME A4 234 B 75 AR A TR 1 AR BE AN T
7£6-BAFI2,4-D4H A (A4—AG)H H- F Fl - 241 A4S g

WAk, R ZEEEEASRE IR P REIEH 4k, 4
EFAUNG.79% . W7+ WA AN 25 8] 3 2 35 T ZEKT
NAA (A7-A9)HIKT. 2,4-D (A10-A12)MFhiE A4 K
WA IEH 4k, HI3RAMEAR I EKTHINAA
(2 & b A A0 R B G, U5 B T A S R R R ITINAA
IR T-2,4-D. 25 |, fE5 16 TG A &R 2
L, 6-BAFINAAR SR A KRS, &d
5443 AR R P A R 2K (R 2 4k LA KT R
NAAH &, @EEM o, 6-BANI2,4-DA & 1 FAE
RES=E=P

23 FHRBRMBEHNKE

Kan e 5P H ARG BUAE 3R, X 2R RH 4T
Kanill a3 Al T oUrE vk L. 300 R, AT
Kan¥xf i35 3 2k v, 251813 /2 T8 g i K i) @ 1

F4  RIBEFX TR ZE A HE SR
Table 4 Effect of kanamycin on transverse thin cell layers of
Chrysanthemum x morifolium ‘Wandai Fengguang’

Concentration of Callus formation Differentiation

kanamycin (mg-L™") rate (%) rate (%)
0 97.22+4.81 ab 69.44+12.73 a
2.5 100.00+0.00 a 16.67+8.34 b
5 80.44+4.72 bc 5.56+4.81 bc
7.5 63.89+12.73 cd 0.00+0.00 c
10 50.00+8.33 de 0.00+0.00 c
15 33.33+16.67 e 0.00+0.00 c

[FFIAN R NG - BER R AN R AL BE ) 22 53t 85 3% (P<0.05)..
Different lowercase letters in the same column indicate sig-
nificant differences among different treatments (P<0.05).

M, FFReIEF LA ESF . B Kanik B 13 n,
WA H LT TN A Z BT FRAR, 251028 5
A, EKFH. UKanikE 7.5 mg-L, e
PR 2 A g . Rtk ET7.5 mg-L" KanfE A%
TR ZE A1 2 1 I SR Pt e 48 5 (4; 1#3).
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B3 RAE AL AAROE R L RS

(A)—~(F) #2150, 2.5, 5. 7.5, 10f115 mg-L R A% Z A3 2 55(# 1) £ KRB . Bars=1cm

Figure 3 Effect of kanamycin on transverse thin cell layers of Chrysanthemum x morifolium ‘Wandai Fengguang’
(A)—(F) Growth of transverse thin cell layers in A3 culture medium (Table 1) containing 0, 2.5, 5, 7.5, 10, and 15 mg-L™" kana-

mycin. Bars=1 cm

EA T KanIMSE; T2k, AN 2R A Kot AR
R HACE 2 . BEKaniRE 3G, ASe 2F MR
BRER . MKanikEiE5 mg L, e
LA, R IBAL, MKanikEik7.5 mg LT,
FERR LA S . B EES mg-L™ 1 A 1E T AR
AN E FFE AR I Kanlifs St £ (%5; Kl4).

24 FEARRABLHZUEFRWEL

T SRS 6], BRROUR FBE L AR et 1) AL 5 R () 2 5%
M) A 0388 A e A T B SR TR 3% AR 9 o 1 A R i
ITiE, RiR30 KRGS R, bR, AEHAE
R BN (K 6; Kl5).

241 FUEFREHER U SFE KRR
SEHR A R R Y], TR FRORM, FUrkzF ot R A
1.73%, A5EZF 0 REANN0.22; 223 1R Fils: 77
DACRATIE R RT.76%, A€ FE R A EIE = £1.06
(RT)o 5 L, HAETTRROCAEFALHT 75 L T IR
LAt it o 24, M SRTHPUIE S AR ACR, Pilss
FrEGEIS AN 1R .

F5 RIBE XTI E 2 AR
Table 5 Effect of kanamycin on rooting of adventitious bud
of Chrysanthemum x morifolium ‘Wandai Fengguang’

Concentration of

Average number
kanamycin (mg-L™")

Rooting rate (%) of roots

0 88.89+19.25 a 3.56+1.02 a
3 30.44+4.72 b 0.50+0.17 b
5 0.00+0.00 ¢ 0.00+0.00 b
7.5 0.00+0.00 ¢ 0.00+0.00 b
10 0.00+0.00 ¢ 0.00+0.00 b
12 0.00+0.00 ¢ 0.00+0.00 b

[FFIAN R NG SRR IR AN R AL BE ) 22 57t 85 3% (P<0.05)..
Different lowercase letters in the same column indicate sig-
nificant differences among different treatments (P<0.05).

242 HEEREIRMETFE KT

AT T 1 0K B (ODgoo) NO.61, AL T
H MR RIAN SE 50 AR B IR AR 090.8
B, @OHLFEFHRIL0.11%, Pk /b m] 4
1 %9.95%, AEFERANEREE0.9; HHBIKE
NAONS, BAGHLTE TR P F R A E F A4
R, WAET . 255, SRR IEZE
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Figure 4 Effect of kanamycin on rooting of adventitious bud of Chrysanthemum x morifolium ‘Wandai Fengguang’
(A)—(F) Rooting of adventitious buds in MS culture media containing 0, 3, 5, 7.5, 10, and 12 mg-L™" kanamycin. Bars=1 cm

R6 A [EHAL KA B AL TR G HUME 2F A K R RZ e
Table 6 Effect of different transformation conditions on the growth of resistant buds of Chrysanthemum x morifolium ‘Wandai
Fengguang’

Coefficient of adventitious

Treatments Callus formation rate (%) Differentiation rate (%) bud production

Browning rate (%)

1 80.91+£10.48 bc 3.33+5.77 ¢ 0.33+0.58 b 0.00+0.00 ¢
2 94.84+4.51 a 0.00+0.00 ¢ 0.00+0.00 b 0.00+0.00 ¢
3 86.96+5.54 b 1.85+3.21¢c 0.33+0.58 b 0.00+0.00 ¢
4 71.11£7.70 cd 0.00+0.00 ¢ 0.00+0.00 b 0.00+0.00 ¢
5 79.554£9.91 be 8.84+0.44 bc 1.3340.58 a 0.00+0.00 ¢
6 64.07+7.56 d 14.4416.76 ab 1.83+1.04 a 28.5245.70 a
7 81.85+£3.61 bc 0.00+0.00 ¢ 0.00+0.00 b 18.15+3.61 b
8 95.96+3.51 a 21.0049.78 a 1.38+0.40 a 0.00+0.00 ¢
9 96.0846.79 a 1.96+£3.40 c 0.33+0.58 b 0.00+0.00 ¢

b F1-QFIF2. FIFIAF/NG B3R R [ 4 B 1) 2 5 535 (P<0.05).
Treatments 1-9 are the same as shown in Table 2. Different lowercase letters in the same column indicate significant diffe-
rences among different treatments (P<0.05).

T2 IR RO AR T 1R R ¥ 5 9 ODigp=0.8 (#8). FFRAR(RY). Bk, AN EZE ) R 1 s R
FFEE 12 it 5] 9650t

243 REMEHEFEKOFME

BATH IR RSB, PIVEZFMURNAEFAERAS 244 HBFREEFEKHZNE

B, 0 12.93%R11.18; ARAT R AZ YT RIIE N REARKT I 1R Y5 125 (0 R4 T 3L R, 76 FR IS

FA0H150 81, FIMEZF AR MAE F AR AT E KO TREAT IR, ZRUEIR(R10), LB TRIN (X
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(A)—(1) =i ELEARER-9 (FFR2) P LRI Bars=1 cm

Figure 5 Genetic transformation screening of Chrysanthemum x morifolium ‘Wandai Fengguang’
(A)—(1) Growth of transverse thin cell layers in treatments 1-9 (see Table 2). Bars=1 cm
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Table 7 Effect of pre-culture time on the growth of resistant
buds in Chrysanthemum x morifolium ‘Wandai Fengguang’

Coefficient of

Pre-culti-  Callus  Differen- adventitious Brow-
vation  formation tiation ning
. o o bud produc- %
time (d) rate (%) rate (%) tion rate (%)
0 87.57 a 1.73 a 0.22b 0.00 a
1 71.58b 7.76 a 1.06 a 9.51a
2 91.29 a 7.66 a 0.57 ab 6.05 a

R8 NT A VBLIAR B X 45 1E 5 ARG HUIE 2 AR K s i
Table 8 Effect of Agrobacterium concentration on the
growth of resistant buds in Chrysanthemum x morifolium
‘Wandai Fengguang’

Concentra- Callus Differen- Coefficient
tion of . o of adventi- Browning
formation tiation . o
Agrobacte- rate (%) rate (%) tious bud  rate (%)
rium (ODeoo) ° /" production
0.6 77.96 b 1.11b 0.11b 6.05a
0.8 90.11 a 9.95a 0.90 a 0.00 a
1.0 82.37ab  6.09ab 0.83 ab 9.51a

[FFIAS RN G - B R AN R AL #1122 7 85 2 (P <0.05).
Different lowercase letters in the same column indicate sig-
nificant differences among different treatments (P<0.05).

[FFIAN R NG SRR IR AN R AL BE ) 22 57t 85 3% (P<0.05).
Different lowercase letters in the same column indicate sig-
nificant differences among different treatments (P<0.05).
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Table 9 Effect of infection time on the growth of resistant
buds in Chrysanthemum x morifolium ‘Wandai Fengguang’
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Table 10 Effect of co-culture time on the growth of resistant
buds in Chrysanthemum x morifolium ‘Wandai Fengguang’

Differen-  Coefficient of
tiation adventitious
rate (%) bud production

Infection  Callus
time formation
(min) rate (%)

Browning
rate (%)

5 80.31a 1293a 1.18 a 9.51a
10 87.34a 065b 0.11b 0.00 a
15 82.78a 3.56b 0.56 ab 6.05a

[EFUAS [F) /N5 - B R R AN R 4b B R) 22 7 {2 35 (P<0.05).
Different lowercase letters in the same column indicate sig-
nificant differences among different treatments (P<0.05).

XHEA AR B, T A TR Pk
AR A R RO B e, Horpdis s
SRIUMEL A vy BB LR Ak Rk b, 299677
RIROEZE 8] 2 ) e ad& L R I (8] 3K

245 AERFFHIHEEHLIROTME
CAHUPE ZE AR08 BRI AR, BRZE P a R
AN (RAN), AR ZO % 3 A0 R B B i /N R
DOAR G 18] > TR VA L > TR 77 I [R) > JE 05 IR I T AR
PaA R 2 K AR I ME, BfE T IR 1K ODeoo=
0.8. 1R Y574l K ILHE IR 3R AN AL AR e 8
AR R

25 HEFRFHLE

LG AR YL 2K 1A 2 341, JEid Kandi bk, &
LRGP . X B T T DNAK I 4 58,
A 2R PUIE 1 225 PCRET I 38 H 4 B B 14 H 1 2%
i, HPHPEX IR —8, HAR1BkRIBRY B 2 B M %
H, H.ddH,OF0 5 4 BIDNA ¥ R 4488 1 i 4678
(EI6). ) 58 2R 2 4 R Bk B8 - 0 B 1 2 A
CeVITE Ll e N &4 TR HE R A v, HL3k152
PRBAPESS, BHIEZN13.33%.

2.6 1Tt

2.6.1 SMEGARBNFEEETME

SAE AR R MER R 24, . 2B fE
Me . ACEFLEFEHI B FHAE, EARBENEKK
BORSFI AR ) 20 W2, Rl 360 B 1 A 1
RN ST AR RSB EA T . F T O 7 (3 HLE
PRI A1, K 22 O Fe 2 IR B i Fr B 2R B R AN

Coefficient of

Co-cultu-  Callus Differen- adventitious  Brownin
re time formation tiation bud oroduc-  rate ("/?
(d) rate (%) rate (%) p °
tion
1 85.51a 4.71 a 0.67 a 0.00b
2 80.25a 4.81a 0.61a 15.56 a
3 84.68 a 7.62a 0.57 a 0.00b

[FIZAN R /NG 7 BER R AN [F AL B 6] 22 57t 8 2% (P<0.05).
Different lowercase letters in the same column indicate sig-
nificant differences among different treatments (P<0.05).
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Table 11 Range analysis of resistance bud differentiation
rate of Chrysanthemum x morifolium ‘Wandai Fengguang’
under different transformation conditions

Concentration

Pre-culti- Infecta-

Fac- ; of Agrobacte- . 77 Co-culture
vation . tion time -
tors time (d) rium tume- (min) time (d)
faciens (ODego)

K1 5.18 3.33 38.77 14.13
K2 23.28 29.84 1.96 14.44
K3 22.96 18.25 10.69 22.85
k1 1.73 1.1 12.92 4.71
k2 7.76 9.95 0.65 4.81
k3 7.65 6.08 3.56 7.62
R 5.93 8.84 12.27 2.80

A(EHEE, 2017; XIH] A, 2020; ¥, 2020). &3
AR A% (2013) LAOAN S AL it Foft ) 1 i AN =5 BN AL
FEAR, BT TCAME AR SRS AN [R5 1 i A 1R 52
SURRW Z RO 2B AR T T . £
B A 55 (2015) LLAG 1E A [F) S 1A D9 1l 1E AT 15 A2 3%
Ir, RBLCAE T AL N SME AR A E 285 3 R B
HOONZER, MR IR RE. AHE TR 1E
FOTARROEA FAME KT FAEF T, KILZEWE R
(AR ROR e, FL OO, R B AR
7=, SN FEIR — Bl IRIMAEA L 16 i e
WU B AR RCR AR T 22 A R (= 5 55, 2018)
XA B 2 T E K R RS A A R T LR, A
[ 5 7 ity ot P2 ) B & A MEAR SR T AN ]

262 HEWEKBEHANFEEENZE
TR A A T 75 710 0 i IS R AR P52 0 A/ A A 1) A R
A7 535 R T LN A KR B B s T A 414,
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Figure 6 PCR amplification on the resistant plantlets of Chrysanthemum x morifolium ‘Wandai Fengguang’
M: DL2000 plus DNA marker; 1-15: Resistant plantlets; CK1: ddH,O; CK2: Wild type; CK3: Plasmid

N > 24 2 A R T B A S 25 S A2 404 . 33
i LA o A T 4 L 43 2 3 RV R B 1 AR K 3
T, ARTF RS EG AL e 2 (B E
4%, 2004; %%, 2020; Bernula et al., 2020; Long
et al., 2022; Bff%%, 2023; KR 5%, 2024). %
A AR, 6-BAFINAA % F IR AL K3
7, HANEF2,4-D. KT )IAAZE(Renou et al.,1993;
I 25%%, 2013; Adedeji et al., 2020). U1 %(2025)
SHIIAE 3 # 5(C. x morifolium ‘Jimba’) () i Fr A2 44
RIATRAG, RILLE & 055 4 205 163 72 7 6-BA N
NAAZ & R T6-BAFI2,4-D4H 4 . Naing2%(2016)
RIL6-BAFINAALL A RESRAF HUF M AR AR 2F, W&
T6-BAFIIAAZ & . AWF5EH, 6-BAFINAAZLL & 2175
SR R AR A KR T RIS, HREKTA
NAAZL . ABFFEERI, fE Ak R L H,
6-BAFINAAH & 5 A F| T @A H LT A 734k .
AT, FAE ARG 25 18] 2 I3l A 97
HHMS+1.5 mg-L™ 6-BA+0.6 mg-L™" NAA, I
i AR JR 3 IMS+1.5 mg-L™' 6-BA+0.2 mg-L™
NAA. YI{E%5¥3 52 A (C. x morifolium ‘Fenguiren’)Z%
6] 34 J2 1) 5 3 23 A6 B 97 2 AMS+2 mgL™" 6-BA+1
mg-L™" NAA, M} 523& 4 4k B 97 3 IMS+1 mg-L™
6-BA+1 mg-L™ NAA. %516 & ARPHM A A 58 28 0 et
R 7R IMS+1.5 mg-L™' 6-BA+0.5 mg-L™ NAA.
P AT L, 4218 it A A ME A A R A AR
&R A KA E R LB 2R A o S R g

=)
B
&

AN [F) it ot 26 A BRAS [R] 28 B IR A B8R /KT LA Box
AR A R R U AE A R (22 %245, 2018; £
L4, 2020; REIESE, 2020; A%, 2022).

26.3 RITENSHBHELEEEZUEREL
TERFF BN S BAE A, R AR R & 3
TAFETREL IR A] . AT B B ROR P . AT T AR Gt
(RIS B IR0 (] 55 . FEARGYAT, X AME AT & 2
[ () TS % RE A (e A o 22, e MR R R I R
B AEAR YT TR R, PR YRR AR BRG] K
P BIIANRE R B T T AR 5 vy AR G i [
KK, AFESHWBEWREKLRSE, HFELY S
B BRAG . RAEERS, SMEAR S R R LS
Fr I (]t 2 S M AL B AL B LN 1, SRR H
DR G BRI DR 2E P () BB B, O 2 A L R
I[85 R T4 i S A 8% GRS RIS, 2011; T Ih 4%,
2014; #h5Z%, 2016; £, 2018; F L3, 2020; 4
BE5E, 2023).

PABG AL S AR oAb AR, 21 R 5%, 18
AT B T B B ODgo=0.6 FF 12 4L 10434, JLi% 982
K, HEIREEFRER, ZifERRFE R EN2.5%. V)
1E26 7 A K 22 (C. x morifolium ‘Nannong Fencui’)Tit
B 773K 5, LAODeoo=0.5M R AT B 12 4e10%%h, ks
IR, MIRFEFRTR, Bl E 5% &AL i %
R 6 7% & B8 A% S A I B AR ROB TS 972K, 12
P50y, JLRFIR2K, MIREFFRE R, PHEEM RN
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Establishment of Regeneration and Genetic Transformation
System for Chrysanthemum x morifolium ‘Wandai Fengguang’

Jingjing Li", Yanfei Li", Angi Wang, Jiaying Wang, Chengyan Deng, Min Lu, Jianying Ma, Silan Dai’
National Engineering Research Center for Floriculture, Beijing Key Laboratory of Ornamental Plants Germplasm Innovation
& Molecular Breeding, Beijing Laboratory of Urban and Rural Ecological Environment, School of Landscape
Architecture, Beijing Forestry University, Beijing 100083, China

INTRODUCTION: Chrysanthemum x morifolium is one of the ten most famous traditional flowers in China, and it has a
rich variety of cultivars with diverse floral colour and shapes. However, varieties with blue floral colour have not been
found in the natural chrysanthemum, therefore, breeding blue chrysanthemums has always been a goal pursued by re-
searchers.

RATIONALE: The total flavonoid extract of C. x morifolium ‘Wandai Fengguang’ could turn blue when adding appropriate
concentration of Fe**, and its living petal cells could also turn blue with the participation of Fe®*, which proved the feasi-
bility of breeding blue chrysanthemums with Fe**. Meanwhile, C. x morifolium ‘Wandai Fengguang’ can bloom both in
summer and autumn, with early flowering and long flowering period, which is also an important material for the study of
flowering period. Therefore, in order to cultivate blue chrysanthemums and achieve the targeted improvement of flowering
period, it is particularly important to establish an efficient and stable regeneration and genetic transformation system for
the C. x morifolium ‘Wandai Fengguang’. However, chrysanthemum has a long history of cultivation and complex genetic
background, so the regeneration and genetic transformation system is not universal among different varieties.

RESULTS: In this study, C. x morifolium ‘Wandai Fengguang’ was used as the experimental material to study the effects
of different explant types with different combinations of plant growth regulators on its regeneration, and to investigate the
effects of relevant factors on the efficiency of genetic transformation with the Agrobacterium-mediated genetic transfor-
mation method. The experimental results showed that the most suitable explants for the regeneration of C. x morifolium
‘Wandai Fengguang’ was the transverse thin cell layers (tTCLs), and the optimal culture medium was MS+1.5 mg-L‘1
6-BA+0.6 mg-L‘1 NAA. The highest differentiation rate was 70.06% and an adventitious bud coefficient was 3.37. The
kanamycin selection pressures for the differentiation of the tTCLs and the adventitious bud rooting were 7.5 mg-L‘1 and
5.0 mg-L‘1, respectively. The optimal procedure for genetic transformation was pre-culture for 1 day, ODg0=0.8, treatment
for 5 minutes, and co-culture in the dark for 3 days. Fifteen resistant plantlets were screened on kanamycin medium, and
two positive plantlets were confirmed by PCR amplification, with a transformation efficiency of 13.33%.

CONCLUSION: This study laid the foundation for the gene function analysis and targeted improvement molecular
breeding of chrysanthemum by using this kind of unique variety resource, and provided reference for the establishment of
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regeneration and transformation system for other chrysanthemum varieties.

Key words chrysanthemum, explant, genetic transformation system, regeneration system, transverse thin cell layers
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