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Abstract This report describes recent advances in tissue
culture, genetic transformation of commercial rose (Rosa
hybrida) and in development of new rose cultivars by
molecular breeding. Rose is one of major cut-flowers in
global horticulture industry. Successful progresses were
made in development of new cultivars for pathogen resistant,
environmental stress resistant and petal color modification
by molecular breeding. New cultivars, however, has not
reported yet in korea, although lots of progresses were
achieved in each field of conventional breeding, tissue
culture and genetic transformation. Cooperation in these
research fields will promote screening of useful genes to
have specific traits on rose and exploiting of processes to
improve in the efficiency of tissue culture and genetic
transformation of rose, therefore, we hopefully expect that
new rose cultivars by molecular breeding will be released in
the near future.
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= Hill (1967)©] Rosa hybrida
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Tea Roseil‘}Ei adventitious shoot primordiumE] 71 W Hf oF-&

3?“4/\1 AlAFE Rl em 1990 SRk o]=d Au|
Lol £7] A9, shAL ‘ﬂbﬂlﬂl g, 1ear v
o 9 fAT 5 ot 22 oA AA el E
=4 RAlo] ¥ IE|QTh (Table 1). De Wit = (1990)
R. hybrida cvs. Domingo2} Vicky Brown?] ¢} AHo g
E, Rout 5 (1991) R. hybrida cv Landora®] w]Ad<: ¢ &
I £7] dHoA =g A2 RE A2 E

AEAE s o] % Arene & (1993) R
hybrida cv Meirutal©] 11} L] of A of| A A A E 4;‘1;(]
%L shoot FAS T3l A=A Aol TS gt
a} 9k Eat Hs1asa} Korban (1996)2 TDZ9} GAsZ 7}
540y R. hybrida®} R. chinensis minima2] 7] 4 H O 2 HE
=g 2|20 A shoot (3.3%)LF HA|ZH] (6.6%) 7t F
Alof| WA =S H 3 b glth E3F Visessuwan S (1997)
2 71U w352l R hybrida cv. Carl Red®} R. carnina®] ¢
327 2HoRRE WY AE LAY fES Fa A8
Al Aol 7hedhe Bl skt ok d A=A A &

o

W ore 4z ro b ox Lo
N
ﬁm{x

o
L

£ F7441717] S5to] ANO:2| ALE-S B3 R Iybrida
o =AW oFA] shoots] B4 &o] Z7bElo] AHeHgo) o
A

WS HsE vl e} (Ibrahim and Debergh 2000). Li 5
(2002a)2 R. hybrida cv. Grand Gala®] YHHE o]&35}4
organogenesisE E3f AEAHE At Tt

Ao)o) 9, £7) ool e, oy ol e leow
T AEA Aol i v} Qlth. Marchant 5 (1996)-2
hybrida cvs. Trumpeter?} Glad Tidingse] =1} ¥a]of /\1
A ZA A& AAE skt 2 A "o A% (Kim
et al. 2009a) R. hybrida cv Charming®] ¥z 2] o i—‘?“Ei
AA sz 2 7SS S A=A AAAAE
AL gk uk Qlet (Fig. 1) _’iES’J 2,4-D A jtof A 7“1“4*
£ fx5to] AAEHS AL =3 S embryonic
tissue= BA 7R ol A vl 2F3}o] shooto] A 2 HZ
& fEolo] R ABAR ARIAA EYest A7
£ ShigomA thor A8 A E3el 487 4
A= A=A A3 AAS SHsHATh R hybrida (Dubois
and de Vries 1995), R. multiflora (Canli 1997)2} R. damascena
(Pati et al. 2004)2] A2 Ao A shoots E3}3HO 2K
o zZ o] Aozt A Eo] ZAujofTtA oA HYEI} &
go] =& A S H gt vl It} (Antonelli and Druart
1990; Cousineau and Donelly 1991;
1993). 1 @] 22O &= R hybrida®] immature seeds (Arene
et al. 1993; Kim et al. 2003b; Kunitake et al. 1993; Burger et
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Table 1 Summary of plant regeneration system of Rosa species

Route of Plant Plant Explants Plant growth Shoot elongation References
regeneration regulators

Organogenesis R'. }fy brida, R. chinensis stem 2,4-D TDZ, GAs Hsia and Korban 1996
minima
R. hybrida cvcharming root 2,4-D BA, 2iP kim et al. 2009a
R. hybrida L. immuture embryo  BA, NAA BA, NAA Burger et al.1990
R. hybrida cv. Grand Gala leaf 2,4-D TDZ,BA,GA; Li et al. 2002a

. . R hybrida cv. .Domingo kinetin, L .

Somatic embryogenesis and VickyBrown leaf NAA, NOA kinetin, NAA, NOA  De Wit et al. 1990
R. hybrida cv. Landora leaf, stem BANAA, 2,4-D BA, NAA, GA3 Rout et al. 1991
R. hybrida cv Royalty filament 2,4-D, zeatin NAA, 2,4-D, zeatin, Il\Igogriega and Sondahl,
R. hybrida cv. Arizona etal BA, NAA Murali et al. 1996

- fybriaa ev. & P Kinetin, Dicamba u :
R. hybrida cv. Trumpeter .
and GladTidings petiole, root 2,4-D ABA, IBA Marchant et al. 1996
R }‘zy brida cv. CarlRed, R leaf, stem NAA BA,TDZ Visessuwan et al. 1997
canina
R. hybrida Heritage
% Alister Stella Gray root 2,4-D BA Sarasan et al. 2001
R. hybrida cv. sympath zygotic embryo 2,4-D, BA Kim et al. 2003b
zygotic embryo, B .

R. rugosa cotyledon, radicle 2,4-D Kim et al. 2009b
R. chinensis cv Old Blush leaf NAA, GA3, BA IBA, BA, GA3 Vergne et al. 2010

al. 1990)2} R. rugosa®] zygotic embryo (Kim et al. 2009b) =2
FE Az gE 3 AEA Aol HiuESGIth E
3t R. hybrida®] ¥12] (Arene et al. 1993; Marchant et al. 1996;
van der Salm et al. 1996; Sarasan et al. 2001), SFA} (Noriega
and Sondahl 1991), Z2< (Murali et al. 1996) 5 T}oFoF 22
SR A M Zad S Foto] AEAz= Aol st

o] B it 2L & AFE oA += R hybrida Marssia

Fig. 1 Plant regeneration from root explants culture of R.
hybrida L. cv. Charming. A: Callus formation from root
explants; B: Embryonic tissue formation from root-derived
callus; C: Globular somatic embryos on embryonic tissue; D:
Cotyledonary somatic embryos on embryonic tissue; E: Shoot
formation from embryonic tissue explant; F: Multiple shoots
formation from embryonic issue explant; G: Regenerated
plantlets; H: Flowering plant developed from embryonic tissue
explant. Scale bars 2 mm (A-E), 1 cm (F-H).
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Fig. 2 Plant regeneration from leaf explants culture of R. hybrida L. cv. Marssia A: Culture of leaf explants; B: Embryonic tissue
and white structure formation from leaf explants; C-D: Early stage somatic embryo formation from leaf explants; E: Shoot formation
from somatic embryo F: Multiple shoots formation from somatic embryo. Scale bars represent 5 mm (A, B, E, F), 1 mm (C, D),
respectively.
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HEo| Au] ZAujoFE node, leaf, immature leaf, stem, =2 Al o 2 o]Z o]} A7t
filament, ovule, petiole 59 oj2] L2 o] ALEH L itk I A Aulo] BASEFS % o A4 =Y HHoR
Bu gule 53 BE7e) $94 Aok 27 o] FAUHL ) AR WHolE Agrobacreriun S o] %
AREE = 223 AEA AR o] ull-$- TheFslA] genotype 3t & A A3k B (Firoozabady et al. 1994; van der Salm et

ﬂmi

of YL WA ¢kl BE EFo| FEHo2 ZE4E 5= al 1996; Dohm et al. 2001; Li et al. 2002b; Kim et al. 2004;
AE AEA WA e gkl ofH ot (Marchant et al. Chen et al. 2010; Vergne et al. 2010)} particle gun= ©]-&3t

4l
1996). AA7FA] 710 Al A YA A7 SHE Ao = bombardment B}5] (Marchant et al. 1998a, b) 5¢] FiL &1L
T ol Golgt B FFof g Eof glow ofA 7t Qlth Agrobacteriume: 0] &3 FA A L 7 A A
A A 80 2tttk AujEdoAs 71w A 7HO = genome ol 1~2 copy ] A copy = =
AEA YA AT e o] QA Ghrt A 2art FAE JEH, 53] HaE] EAEo] 2 gene & A O0E =
et w2 20 F=7F of Hal o] & Aok §lo] 7hedt asA FEAR 7Y F shtol7] o A e
shootE F=ots A AEAE d<d 7HA dee Al FEAAS A4 gl F2 o] &5l Sk Iy
ko] E}E o] vs] Ak ofef& Hol k. wEkA  Agrobacterium W7 FAHASE WS mgo] Wil A5}
HASES A FEAS 58S wol7] feiAe dA BATA 2 AIREo]l @tk ©o] Sk e A<l
P 2ot A Eol & I SAA L Fo] AdYE  FAAS AEAE FESH=T Arabidopsis®] ¢ 4
o]of 3t} 3~471| 4 (Zhang et al. 2006), B4} 2~3 7] ¥ (Clemente 2006)
o] AQ =1 v} Aujo AL 9~12 7| ¥ (Dohm et al.
2001; Marchant et al. 1998a) & Q@ A]7Fo] A Q E T} o]
Hk5ko] bombardment & A A ML 7o) AH|E Q7
AA AER AT 7|HE o] gste] Al Bkl A=A 9] genome Wofl E=9f copy = =Y A
2L EFEE NI A Alme wol ofFojgiet. 7R AIE A HARRe] A=Y O R QIR gene silencing
k& Firoozabady & (1991)0] Amje]  HHAY, =AY 7o wE AlRE, AAA ] AulA],
filament HjoF O 2 HE] § == friable embryogenic tissue 2 TR B So& ] 1 ARgo] AlgtE L Qi
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Firoozabady & (1991)¢] #z Au] FJAAZ 2l o]
F 251X = R hybrida cv. Royalty 2] v Az 2 B
Bl A. tumefaciens LBA 4404 (pNos NPTII/p35sLUC)&} A.
rhizogenesis 15834 (pnos NPTII/p35sGUS)E Al-&3}o] GUS
2ONPTII 447 =l JA-e ArlE Hisiiic
(Firoozabady et al. 1994). o]% Mathews %5 (1991)& R
persica x Xanthina®] WA A2 E AFLAE Y
ZA|A A. tumefaciens LBA 44048} 35 1] %F5}to] hygromycin
NS 53 FAADAES YSelglon FAABE 2
©20] GUS WAL S5t A=A AHeH} o] =
oj%& R USFATE Van der Salm (1996) 52 R. hybrida
cv. Moneyway 2] rootstock®] 7] AHOo 2 HE Haolg #
2|9} A. tumefaciens GV3101E& FFu|dsto] nptll} rol
geneo] = FAAL AEAE MLt 4 5
(2004)& R. hybrida cv. Tineke 2] BRI ATIAE A, tumefaciens
LBA44045 -Fulefsto] AnjofA GFP Hd 3 H ek
= 590w ST} (Table 1).

Marchant 5 (1998a)-2 particle bombardment 7] &2 ©]-&
5ol R. hybrida cv. Glad Tiding®] Wi AH A E o]-§ 3§
A A3 4~385}9 3L, Marchant 5 (1998b)2 chitinase 571
A ol gt Sutyo] APAS 7H Au] AEAE
WdFsto] SHEo 13~43% e As SRId e =N
WA o] AFF N 7S 2

o} AR 7R
Agrobacterium2 ©]-8-3}7 1 bombardment ¥ H-S ]85
5

L 68

ool A meo vAe 8oz FoEG
Agrobacterium ¥} ¥ W% THA 9 o] B A AEx

o] Aej4 e 7} F 25kt Dohm (2001) = &2
2o AAX Agrobacterium®| Z 8% (preculture) T} o]
Q3% Qolo g 223}, YEP vl X 9| A single colony =
Z35}o] overnight = HJ ¥ & 1:209] H|-&= A3 A AlF
< T minimal A BjZ]o] A B]A% o] YEP uj#] Kt} g
AR ago] A vehdohar sk E3F o]52
Fajekgt A o] 24417 5ok A7) A uj
&0 ot A3 A H ] A7 uf ok
ok ®an shgich

E e F8 89 4EY

o oo o X HI

sl
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Dol
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rlr

"o 7| Zko]| gt o]sfo|t}. Ming % (2007)2> R. hybrida
cv. Nikita®] A7F 2213} 9 2 AL cystein¥} acetosyringone
o 522 elo] dgrobacterium?} BEWFE T F
143t 982 v w3t A3} Agrobacteriume E3F FAA
o A W Aol Aol e Azl wolrjztew

2o] st 3447 QdofuhA BE 7T o sk o]
e AE9] Hho]7]2HE polyphenol oxidases (PPOs)2t
peroxidases (PODs)2| &S F3t #l=A Aret2-gof o
2 Hk2-0 & cystein polyphenol oxidases (PPOs)2} peroxidases
(PODs), enzymetic browning, thiol-group 2] HH8-2 2] 7H4 #|
O & AAste] 1 AR cystein A EA| Q| ALt HY
T Yol o3t vk A AlA A T-DNAQ| eHg 2] <l
=4S S7HAZIAL of2 T FHE A2

g
FSFHO R Agrobacterium TH Y
=
=

i

o B

E

Agrobacterium Y94 §AR}L2] dHel S 8 =5}0] acetosyringone
S Agrobacterium ¥} WAk BEU} w20 Hoket 4
S FAA magol F7HS oY AEoAE A5 Bt
glom Au|o AL cystein} acetosyringoneS 713t 7
£ GUSY| W Eo] Z7hgo] Hal &It} (Ming et al. 2007).

FAA Y FFY F= B3 Ao FEAAL ago] 9
=tk Li 5 (2002b)2 @A O] T/} F=7F Al
A3 A2 A AR AR A 2o 92
AZ a0 IS vk 2Tk R hybrida cov.
Carefree Beauty2] &), A A9} vj A AHAE Ao 2

2
UL A7 4

343t A} carbenicillin®] & 7}= shoot
o] QoS AAstR e 59 cefotaxime 2] 2] A
Q mAomRE A A F4L AT B A
gne A ag ANE A& 3EMd =4 A,
Al &0l who] 712) mu), A A 5 bkt a9l &4
o] o] 2ol AT Utk 0|2} P& RASL H Lo zH
Aol FAAS agol 3 St ok ohget 34
& wgw o) B30 0ol B 143 E & e A
oz ot
Ext 852 ¢t ¥0| UES L
HAEES o83 FAEY AEF N =82 229
AT 23t 5 A gh wskel WA wElo] Stk &
47079 =S Fool A4, N 5 AT 87
2Ef AU Wil 5 AEsHA 2EY 2o et WA
F5 A0S Botol Aokt BARAAE thpsto] 7}
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e FEE Soto] A AU M-S ERsta gl
ol2|gh AFAl= SHlAY woke] A= o 9fi= oft.
T2 392 Ao B9 FEFAAY S F
sto] WA, WA, Wahd, £9 daa w3txdS B3t
Azt 29 3F7] 24 9 A 27 (Tanaka et al. 2005)
T O AEE LS SIS =go] A&H o R o]Fof
AL Qlt} (Table 2). 2+ £AYESHY] 7 WY 9 &
Ed| o] gk A= 9] "ol 7|2k tiglk o] 9] Fo] §
o] R AL §lof oo} T AEF Y A= TS THE5E)
Hi fASE Aow dAHEHH

H M St

2 1641715 @Ao] o|27] 7tA] A &F o= o] Fo]X]
al olr,]- }u].‘E_ %7_(40] 9z 1 Eodo|x Hus E

Bk
BH e A %27&94 ?éf%iﬂ 9] Aol wZof £

>
32 WAS D Gl 0% 8] 9T FRes
o ol

Zu) o] ojaE & el A=l SHkY (blockspot disease)> A¢
gt (Diplocarpon rosae)ol| 2Jsff A= 714 3 )5t
Aol ¥ Ao 7Ith D. rosae= TG YA conidia
HE 2 acervuli EIT 3l FAHHO ALS EUYA Ho
A717E Fet Ao o] A E A Sk o] Yy
stA Hth AdE o2 H JAFEHY Huto] 7Y
chlorosis®} 1] 7] Y go] fHkE o] 2Hz9] YAkl
Z 3t} (Smith et. al 1988). Marchant 5 (1998b)-2
bombardment 7]%&-& ©]-835}o] R. hybrida cv. Glad Tiding 9]
HjRFA e Ao chitinase -AAFE EYUT O RN 2+
of s 13~43% A% SHHH o] A4S 7H FAA
g An AEAE Adskdth ©o]F Dohm 5 (2001)
Rosa hybrida cv. Heckenzauber@} Pariser Charme &£ 2| A
A|szu @} Agrobacterium FFH]%S =3l 8079 A
& AEAE 2otk ol5 FAAA =AY AAEZ W]
oF Zubol et A 24 A dfztol Hls 60%
7F SRk ol thek AtAdE Hol SR o] Agde 7Hal
%

WA A HEAE HEAOR Ausieck

oZ‘: ot I

1

particle

E3H Dohm %
infiltration A¥S 53 FFo] 1 =
£ g A 2AS st Li 5 003) 712 A
FS Hole A FF5 NEstz] $1sted R hybrida
cv. Carefree Beauty @] Wl YA HAE 0]-8-31¢] Ace-AMPI
(antimicrobial protein gene) RS Agrobacterium 17§ 2
A A8 SAstdch 1 A% AT ABA
500702 62%7} npt I A A9} Ace-AMP1 T 7] 9] {2 =}
HATIE AL Belstgon AATHS WET A%

AAG AEAe ARAES Ede Haugh v °‘E} Ol-‘l}

1o
A
9
©
N
A
ol

t}. china rose= Z£o] 31 H2 Moy Jo o
Bol 4t A%7} Wel Aojibal 2ol §57
oAl FA g e gL uysol et
Chen 5 (2010)2 Medicago truncatula®|| | ﬂoﬂlﬁ

SHARE A tumefaciens GV31013}; &
=AE skt A H© 4
2CofA 109 H2] & -6ToA 14 T3 AIZHS 2
stof A2A e S o Ay 2is BF Ao Y §
AAA = 733% 9 BE2&S Holn A AP Fok
HAAR) AT S oSl WS BT M YE
8 40 4% Aol At sk @ Ay
A= =35 A= goll #rofsh=
IPT 574 AE R hybrida Charming2 embryogenlc callus©]]
olgd FAMY AT FUstol I
i =g

china rose A&

cytokinin A¥ g+

A grobacteri um:%



J Plant Biotechnol (2010) 37:414-424

glo #l Hobe A7 F7HE o2 daHt 53
sEd|ze) Hat AR A By Y 9L e §
Ao 7% o] o ojAW o AT ANE Bz
SAREA A AGHE A AEE AT AT 745}
g Qo oy

sp E

Bpae 8 ) mgolt A Eate] AAFAQ SR
of o]soA] FAbo] AAL WUT AU UV lighte] 73]

EQF ShR Akl o A =
°5qagﬂgz

A, A9 complex polymers AL =oF= :’-—"\—0]

A2 pH, Al2zo] BeF 9 A= M9 915 5 53
Z ol Q9lof 9]3) orange/redo]| A] violet/blue7}A] 3+ o] &
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