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Table 1. Summary of genetic transformation studies in apple varities and rootstocks
References g2l Introduced genes  Adiaal) &l gall Scion/r ootstock Jwa¥l/ ciiuall

Genetically transformed M. domestica varieties

LS ,9 5_53all M. domestica wikial

118 117 53 52 28 | PinB, MpNPR1, Endohitinase (ech42), Exochitinase (nag 70), | Ariane
Puroindoline-b
148 34 33 | GFP - green fluorescent protein; GUS - [-glucuronidase Braeburn
146 | LelRT2 Balenghait

171 170 122 121

GUS, synthetic green fluorescent protein gene (SGFP), pC58, p
pGV 3850::1103neo

Delicious, Red Delicious

68 60 40 34 33 21
174 157 152 144 88

stilbene synthase, PGIP, Attacin E (-sp), T4 Lysozyme,
hordothionin, S3 gene silencing (self-fertility), Mal d1 Rnai
(allergy Apmlus), dan) 545 ) 5aS ) sila g 58 5l yaa s 3l aladind 5

Elstar

147

rol A

Florina

124 102 78 34 33
165 125

Polyphenol oxidase

Fuji

19 131211 97 5 4
77 53 52 51 34 33
106 99 98 97 89 88
116 115 111 110

121 120 119 118 117
133 130 129

158 157 155 154 144
198 185 167 166 165
202 199

PinB, GUS, MpNPR1, MB39(+sp), T4 lysozyme, cecropia
attacin E, cecropin B, SB-37 (+/-sp), Shiva-1 (-sp),
Endohitinase (ech42), Exochitinase (nag 70), (RSV)-F,
synthetic green fluorescent protein gene (SGFP), DIPM,
hordothionin, Puroindoline-b, HerV{2, Vfal, Vfa2 and Va4,
MdMyB10 (o) swad), ACC synthase antisense, Amino
cyclopro A Apple Pane 1 carboxylic(ACC) synthase 2
antisense, Proteinase inhibitor,

MdMyb10, MdMyb11 (53all C3&iy) Jaes

Ascorbate Peroxidase ( 3\l s ) dlgal)

Poly galacturonase ( / Cell adhesion),

Gst promoter, XV Epromoter, Avidin streptavidin,

Gala,
Galaxy,

Royal Gala

144 121 88 84 83 6
157

Hordothionin, GUS, synthetic green fluorescent protein gene
(SGFP), g2ps1

Golden Delicious

121 63 62 61 27 23
212 138

Aldose 6 phosphate (A6PR) antisense also called S6PDH,
Osmyb4, synthetic green fluorescent protein gene (SGFP),
GA 20-oxidase

Greendleeves

174 152 42 41 39

stilbene synthase, PGIP, Phosphomannose, Lc (leaf color),
MdMyb10, MdMyb11 (metabolic) isomerase ( pmi)

Holsteiner Cox, Gloster

102 68 35 33 21 7

iaaM and ipt , Ace-AMPL, Ai-AMP, Rs-AFP2, Attacin E (-sp),

Jonagold, Jonagold King,

190 | T4 Lysozyme Jonagold Red, Liberty
129 119 91 17 16 15 | Rab, Endochitinase, Vfal, Vfa2 and Vfad, Gai gibberellic acid | Mclntosh, Wijick
214 | insensitive
214 | Gai gibberellic acid insensitive Gravenstein
45 44 43 | Thaumatin Melba
33 | (Gus) glucuronidase Merlijn
125 124 101 90 | MdTFL1, Polyphenol oxidase, Antisense Sorbitol 6 phosphate | Orin
Dehydrogenase (S6PDH)
171 | B-glucuronidase (GUS) Pink Lady
68 57 56 | Attacin E (-sp), T4 Lysozyme, Dpo BpMAD$SA (self fertility) Pinova, Pilot,Reka, Piral,
Pingo, Remo, Pi-AU56-83
196 | pSCV 1.6 (with selectable marker npt I1 and GUS reporter uid A). Queen Cox
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Table 1. Cont......

Genetically transformed apple rootstocks

Lﬂb‘gﬁw\cm‘dﬂi

214 209 | rol A, Gai gibberellic acid insensitive A2
177 | EPS depolymerase gene JET-H
164 163 139 | rol A Jork 9

76 75 7320 5 4 2 1 | HrpN; gst-1, Rol B, Attacin E, Dpo, MpNPR1,cecropin SB-37, | M.26

118 117 116 98 | shiva-1, lysozyme, rol A, Phytochrome B, rolB,Gst promoter,
192 179 133 130 128 | XVEpromoter Phospho mannose isomerase (pmi),

211 210 208 195 194 ZNT1, ZIP4 ( Zinc stress <bi 3l dlga )

6 | g2psl MM111
97 | Gus M.7
210 208 195 194 76 | Phytochrome B, rolB M9/29
45 44 43 | Bar N545
79 | rolC Malus prunifolia
Marubakiado
201 | rolC Malus prunifolia
Ringo Asami
207 | rolC Malus micromalus Makino
176 121 | Ans RNAI Anthocyanidin synthase Malus siervesii TNR 31-35
neidzwetzkyana
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Figure 1. Representation of the apple (Malus x domestics, M. prunifolia, M. robusta) transformation procedure, based on
Aldwinckle & Malnoy (3)
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Table 2. Genes used in genetic transformation of apple

Al el B daddiiual) 45 gall
Reference Results gkl Donor &) gall Juaa Gene
Over-Expression 4ijgall Jajia s
Genesisolated from apple Wil (e 4 gjae cilijga 1
9 LAl i g olall 8 s M. domestica Borkh. MdPG1 (Polygalacturonase)
Changesin cell adhesion/Maturation
13 12 Scab-resistance Malus floribunda 821 Hcr V2 (R-genes)
117 3kl al yaYl M. domestica Borkh. MpNPR1 (pathogenesis-related gene)
Fungal disease resistance
51 5 yad (g8 (il sEY) &SI 55 2y a3 | M. domestica Borkh. MdMYB10 (MY B transcription factor)
Induce anthocyanin accumulation/
red apple fruit color
119 89 Scab-resistance M. floribunda 821 HcrVfl (R-genes)
185 Scab-resistance M. floribunda 821 HcrV2 (R-gene)
Genesisolated not from apple Wil p& jilaa (e 4d g jra cilijga 2
131 Fire blight resistance Hyal ophora cecropia Attacin E
)l dxall)
111 Fire blight resistance Hyalophora cecropia Cecropin MB39
Ay ,lal) dsall) A glaa
198 Scab-resistance Trichoderma harzianum ech42 (Endochitinase)
17 16 | OmdaaSe A8e chlaa gl Trichoderma harzianum | ech42 (Endochitinase) Nag70
i oty Alad 55 saall YL g Trichgderma (Exochitinase)
Ly fstin Y 8 6 Atroviride (fungus)
Taglia €Tl i oail) e b juma
L e
Scab resistance. Negative correlation
between growth of transgenic lines
and endochintinase activity was
observed. 6 of 8 transgenic lines
expressing endochitinase were more
resistant than control.
174 Antifungal activity Grapevine Vstl (Stilbene synthase)
Jadll 3alina Alled (VitisviniferaL.)
174 Antifungal activity Kiwi (Actinidia deliciosa) PGIP (Polygalacturonase
Laall salicas Alled inhibitor)
120 115 | Insect resistance (light brown apple | Streptomyces avidi Avidin or Streptavidin
moth)
(2,)393\ CLASS\ R..S\)é) Gl pdall da glda
76 Root induction _ sl Gd Agrobacterium Rol A (Hydrolyze phytohormone
rhizogenesnii glucoside A)
194 Root induction ) sall (aadas A. rhizogenes RolB (Hydrolyze phytohormone
glucoside B)
79 Root induction sall (aadas A. rhizogenes RolC (Hydrolyze phytohormone
glucoside C)
53 Antifungal activity Wheat (Triticum aestivum) PinB (puroindoline)
Laall 3aliac Alled
45 44 Melba Thaunatococcus danielli thaumatin
(Plant)
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Aglal S 1 AlaY) Slaleadl Dlaial (i Cliéaag - (41)

.(133 (116 <1)

s e Al o clal & - @Al edhes 1231

il oda cilad . ypeail) 3l 30l Jal e cNSsig

:e‘dilw‘

Odin cacetosyringone (sipasind) A5l Adgd Gl -
Gliyse 32e e uadll 3043 (betaine phosphate) <oliu g
AU pall LG el e adl 8 () dud
A, tumefaciens (LSl )

osall/ adeill sale -

(Ol jhae -

AgNO3 (165) dadll cilyis 385 -

(100 «89) Sl gl -

Uy (iga & Wl oe (66) sAls Hammerschlag i

daildl cle) sl gy 35 Gyl oo LiSLyeY) g Ja

Glibadl o adiye S5 ae emela by B LS el

Y e Al o o8 daslall Al 080 bt o3 dpanads
.(153) bl Cilag ysmy Jaiis

el e apaal) Lad Jaal — &<, ¢l sa pladdud .10.3.1
skl Balias Aasvie Allad <l i i Al gAY
oda ciled LAiline Flai alayy @bl ) LA saliass
& oSl V) 1 dISay G lysozyme agysid I ol )
By bynal 5yl Hldlly (geamll Gigas Bay A ISHes Ay
Cun LSl AUl Asalll g AndlSa) cluhall ey iyl
ALE Ly sl (B Aegydall Apladll Al Jpaly Cilial aliaa o
Erwinia amylovora LaSall sa (sl 128 ey cay 4Ladl
G2 By el s DA Bl S5 gl wmsai Lalla 3l
smd Uy e Jladl gl A o2 Gfald) e 2
s () Cuaddiul Ol Kl Baliae Glifign 8 Gl)ge
Gl gt e ladl oy Alld) Akl clasiau)
ydia Gliayeal 3aliae Glisigyd Gliygas T4 lysozyme 4 )sall
daxiial Al gkl cileds .attacin E 5 cecropine 4
Ohadg g2 @)yse9 bovine lactoferrin (gydll b Y 45 )50
SosSY) dss e 0l leaiy g3 @lally depolymerase
ssaall Y e SN elal .exopolysaccharide a)lSa
Gaal Coelals aalall el e Ja AU Asdll (alel Ly,
&b %56 - Ajlia Aailly las 3ybll Jsha (e %5 b YL
((153) Lilys saall e aaLal
S owml A clad ge @AY de sl
Gy ySuall Balias Spa Glaty o 3le A5 Temporins J)
Rana  as)sY) sead) gaiall ala e (ge Agiee dpssls
Al cad el aci o35 temporaria Linnaeus, 1758
Lginall pe clanad) o3 el 5 o mapal) (e pulh Il
58 Wil Ll jmes 10-13 Johy a ofell e
3alias Addlady  johadll dalias Allad clliay (3l Temporin A
sl sail agiadl 138 @50 e psaall JSEN padial LSl
Bate Anije Cladd Aaglie Walladl s opee Jene s
@A) yhall (el Jads
Wl & 5alidl 4adllls (Jones 1901) Bergey et al. 1923
Aled cus Ally Phytophthora infestans (Mont.) de Bary
Phytophthora (gl (gall A< Lgiw Vso udl 4 5 a8
y 5yS el s A erythroseptica Pethybr., (1913)
-Mefanoxam Jladll (gyladll auall hadd daglie sl .alasl)
&S lys Saall 3alime ligigyl cliyse e 8y88 (gyal ALl clliag

E. carotovora spp. Carotovora
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() Jiall) CDELY) Sty osll) uiis (86) sl axalls
Jiliig (136 125 (124) lgashii aay 8ydll haud aliils
<124 (107 <106 <101 <86) layes (186 135 (49) duslual)
.(214 <213 <203 184 <179 <176 <149 <146 <138 (125

clal alatna) o ARG (oo candll 130 3 il
Ot Aplailly A (abal) Y diaglie Gt Ly ol
daglia Cpuent Caagy Ul 8 ) cllyeall (o ARl 3 Joan
Jgyhailly 44,81 ol

A yhadlly 4 k) il daglia 1.2

A, Gahayl L 1.1.2

Jsl Al dsalll culS — gpuigl) 45Ul Aadll) (hpe (1112
by G s o lall Sl Qo) 3 Rdagiose diia aal Lays
x4 Herb S, Aldwinckle swdgnll 3aba (i) oS daals de gana
LoSll Lgiaslie (il il (& Cljsall (0 S 230 i
Glayy Erwinia amylovora ofiSall ALl Zadlll (g el sl
i) EDE G i) S5 (3 Jsan) o ladll (e Asliie
Jelsall 3sm Laa ccilimpaall salimall culisigpll zlul cdabia
overexpression dajidl el ) dadlly (i i<l du )
Attacin E Sl )gall Crandin) My g lally dlall Gl Gl sall
Bypaie Dl Saall Baliae Cliyse & 45 anysillls cecropin
e K35 (3 Jsaa) Al Asdlll apel daglaall 3ol Caeadiin
Gl (B Al ladll 4 dalall saly ofalll e
oo Byeal) dibiad) el Cilial AW dadlll (ol dalail)
=5 +(130 <128 <111 99 98 95 69 67 (54) iysall o328
@aal il Lattacin E &)sally gl duadl e Jgeanll & cells
ol Lo pe Ajlhe Anallly Laih %5 sy Ayla] 5yemall 0l fKI)
Wby e e 2ld QLS Y Jbs) o6 3 % 60 o
desane Cuedd g (131 ¢130) 1998 ale & ddial)l (oylal)
8ysaall CLISH 23] Alial) Cylaill (e Biase daal Ji)sS Arala
Slahall @l @ jelal G L caligipll Allaall daliaal) b gal) o3¢
e duclilaal) SB-37 &)sally daull) attacinE 4)sdl Jas of
Hyalophora cecropia (Linnaeus, saturniid moth Jalll 4.5,
oa¥ Bl e lysozyme agsilll Jlaill cbiyses 1758)
Gl dagliall Cyje LS dpisill 2l T4 zlaall Al
b AgSl) Ay aladnaY ABles Gk Jexl Tay 85 .(4) 3sliie
Aba aldl ol cua ildl «Dresden Pillnitz ¢aeys e
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Aaphally (OES st s aaeSlisiis g Gl Jfide 500) dysad)
leiad 2 Ghs¥) jee oa LSl eYh Saghill cundl (gAY
Cisall arll (212) 05sals Zhu podinl S8 .3yad 55l - L
¢3»S (TIB) temporary immersion bioreactor (gsnall Jelially
L Gl o3 ansins of (Says -M.26 & Jal )

(143 3) il el

gl gl Cpaatl) Jal e Al sl Auaigl) iyl .2
1989 sle i Uiy Hpaall £l clbls g JN) Ll ekl
058 o lels e s e Gl Zlay iy s (83)
A3 ad e el e Lol deuds dimamy 3l b A5
J(3) Wl b rlay dibi)l Glicall g el Jaa) Wls
ahinas ylail) Z YY) Alaye 8 8ysaall il Gilial 3 Jax
psede Gl ylad Coad ALl et e il 5y ptnall il
Baall jsall lialy cpaaill CVSGsn s oo gk
skl Aoy Al A ¢80 A QLAY b ga g dunlial)
) 3558 NPt &ppal pladind 3 s Wy Joxall i)
N g o el e ) (ealelS (ganll slal
Slo pamis U5 Y s (Wb danall el Sl by L)
Juct oy ey Ofinldl (e Ty S age qls Gl
Aagliall l)ge Aalugy QA e sadina je Glely pladiuly
D) silasiugd sl aladiul S (56) dpall claliadll
(118) sl cilyse ol aladiul oen (211 42 <41 (40)
Bl ol liall Zgd gl LAY ) Dage S i,
cliall i ) clical) o3 il (Sars L Aldiaall dylail)
cliall Jadi lgindl J8 e Lyl clically duabiy)
(190) Al cpull :ie ApaSdl (el daglial i)
<131 <130 <99 (98 (70 20 ¢19 18 (5 2 1) Ayl Aall;
(46 39 <30 <17 <16 15 B) W&l ya :die dyyhaills (132
162 154 <119 114 91 <89 88 72 59 (53 52 47
Yy lpiall dasliag (24) adall Galulls (206 <200 197
(syaie Jsmal [ Cilial) a3ally (120 115 112 (84) gAY
dagliey Yy (44) liel) Glane daglies (214 (213)
Aaitidly bl phall @layy) Lssdlfasd Gl
Gijll slga) ¢(146) sl el Jead ¢(138) 55,5 ilial)
opadll 558 by ¢(203) Su) muailly HLY) aese ((179)
Oo Aastpall Claall e A8 e Wl L(184) A8 dysadlls
LS ppends imeall dpaall Gailadl) :ded ellgiudl U8



Blail¥) 8 Gl ¢ LS 3jliay cdgyiSall dpaliey) (B sn
Caaal) e CadSl cainty Al palial)l aliaialy Jiladl
depolymerase  lySill sasaiall Shaaler @ysall JA8) & a8

Glise 4 oSany Jlly E. amylovora EAL z4 (.« (DPO)

@l Jpal & Gstlsl CaMV35S Jidl Juw e cAilias
(3 d}-\a) (177 57 c20) Pinova cauall s M.26 5 JTEH

26 T4 G capysinlll Dysar ppadl Ll Ga Ll e cYOL
& aseall 3w oS Lsaturniid & e cattacniE i/ s «Lyasy)
Al Al (i ya gpaall T HEY) ecclld o gualisd 134

.(68) Esll

Aadlll Aaslie Cpent] deddieadl Al Ladlpuy) Jias
saaxiall Sl agest A jeall Sl Jalsall Loy & 3Ll

Ly saall leie 3dsn
Table 3. Traitsrelated to resistance to diseases expressed in transformed apple.
&l L ) gl Saaall Ad3aal) & gall sl jraa cilall
References Principal results Promoter Geneintroduced Geneorigin Applecv.
Agrobacterium tumefaciens (AU ¢l b A%
190 daaM 45 ge (A gall yuad o)aad) CaMV35SFMV | iaaM and ipt Agro. Jonagold
A3 s all Jis ( ) tumefaciens
Silencing of iaaM gene expression was
observed. Reduction. Also, abolition of
Crown Gall formation was observed.
Erwinina amylovora (fireblight) 4 bl 4adll) (e
130 5 Aaglae A L) 5 dwaigs SB-37 Pin2 SB37 Synthetic Gda
Jiall e 3405 | CAMV35ES (+/-sp) Shival peptide
Some SB-37 transgenic lines with partial (-sp)
resistance cultivated in the orchard.
111 110 | & deslie 330 duige Y 7 3 ekl Osmotin | MB39(+sp) Modified Roya Gala
33 25w siSidaglie) ala l Cudl | 2 ally cecropin
2aLa)
3 of 7 transgenic lines showed an increase in
resistance in greenhouse (2.5 to 3.3 fold more
resistance than the control).
98 5 4| s A slie dusigall YL any <iyelil | PiN2 Attacin E Hylohora M.26
128 e dagliall a3y Jaall Ay oals ) CaMV 35S ceropia
(AMV) das il 5 a5 5 5L80 iy plasin orall Adl8)
Some transgenic lines showed partia
resistance in green-house and in the orchard. (giant silk
Increased resistance when signal peptide and moth)
trandation enhancer (AMV) were used.
68 o A n aslie digall YO ams yedal | PiN2 Attacin E Hyalophora Pinova, Pilot,
) eala sl ) (-sp) cecropia Pirol, Pingo
Some transgenic lines showed partial 2l ) | Elstar, Remo
resistance in greenhouse Liberty, Reka
CaMV355 T4 Lysozyme T4 Bacteriophage
97 5 4 | Sl s daglie dudigdl) CYN any @eil | Pin2 (attacin E) | T4 Lysozyme T4 Bacteriophage
99 e Aagaall (3l dls oAl CaMV35S (T4ly) o 4 e 5l L Hyalophora Gaa
attacin &5 50 g &) sall 028 cecropia attacin E
Some transgenic lines showed partia
resistance in greenhouse. No increase in
resistance when this gene was combined with
attacin gene
57 33 7 <ell | CAMV35S Dpo phage IEalh Pinova

2l 85 saall e A1) S blay)

) sanl s A el U gina (S5 ] G5l 13
7 of 33 lines show less disease than the non
transformed genotype in greenhouse, but this
difference was not datisticaly different,
except for oneline.
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Table 3. Cont...... 3dsa gl
20 Slol Aaglia culaa gl 3y Ul dsall dagleal) 33y | CAMV35S M.26
Dpo caMV35s Gstl
Increased resistance to fire blight. Higher
resistance observed when the Dpo gene was
driven by CaMV 35S promoter.
5 2 1| dadll dis daglie duvigall Y alae cSUal | Gstl HrPN Eriwinia M.26
a3 (o Bl Jeal JEall 8y ala Sl ) 8 3 (3300 aal) amylovora
7.
Most of the transgenic lines had partial
resistance to E. amylovora in greenhouse and
in the field. Two of these lines showed alevel
of resistance similar to the resistant rootstock
M.7
115 33 _hiay 4y Ul Asallh Aba 1 (& S alads) | PiN2 CaMV35S | MpNPR1 Apple Galaxy
26.5 sebl SV Caiall b 986 M26
(%70 0) SVl Gaially 455l S
Significant reduction in susceptibility to E.
amylovora of 33-86% for Galaxy; M.26
showed a less substantial reduction in
susceptibility compared to Galaxy (0 to 70%)
19 Of Lmmd ade Audigall OYSL) aey ekl | CaMV35S DIPM Apple Galaxy
AUl Aadll da slaall 3335 5 5 DIPM 4
Some transgenic lines showed silencing of the (
DIPM genes and an increase in resistance to
E. amylovora
Fungal resistance 4 hill (&l pa da glial)
Altenaria mai
45 Nd CaMv35S Thaumatin Thaunatococcus | Melba
Jaa e daniell
(plant)
91 Tadigall YO & aang A e A8 | el s Rab Plant Mcintosh
EJM\ P MJGA
Wound inducible Smaller disease lesion and
spot size in transgenic lines compared to the
control.
Venturia inaequalis (z 43 «3)
17 16 | <YL gad o dnle Ll 48de culaa gl | 2 CaMV35S Endochitinase Trichoderma Mcintosh
8 6 iS5 i sl 5 duaigal) atroviride
3ad cumddsl LAl e deglie S| dudiga (fungus)
( ) % 99.7 0

Saasl GlS (Abadl 48 )5l dalue (10 %) %90
G A S ) e Adlad B a )
o Al ST CulS ) gall SIS 3 el il

aas sl (i) sall e sl e 5 _pamal) il
Negative correlation between growth of
transgenic lines and endochitinase activity
was observed. 6 of 8 transgenic lines
expressing endochitinase were more resistant
than control. Disease severity was reduced by
0 to 99.7% (number of lesions) and 0 to 90%
(% of leaf area infected). Exochitinase was
less effective than endochitinase. Some plants
expressing both genes were more resistant
than plants expressing either single gene
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Table 3. Cont......

Bdswal

53 52

SV sn on il L) e b
oalis) o sy S el bl dwsigall
Adady ualll e adi e 55T ae G e sadll

Sl Sy sl
b S (Al S Y1 (e A Al

Negative correlation between growth of
transgenic lines and endochitinase activity
was observed. Reduced growth appeared to
be associated with high lignin content,
peroxidase and glucanase activity. All the
lines with high endochitinase activity
exhibited significant reduction of scab
symptoms.

2CaMV 35S

Endohitinase
(ech42)
Exochitinase

(nag 70)

Trichoderma
atroviride

Ariane
Galaxy

32

Wb REAFP2 @sall e umall 3kl ekl

32 8w il salias

Ace Ljsall e umall 2kl ekl aalaly

4 ey 3y Glykill Balae ddlad AMPL

Llal clblall 4 e Cilaal

Rs-AFP2 expressing shoot showed 8 to 32

fold antifungal activity compared to the

control. Ace-AMP1 expressing shoot showed

4 fold increased antifungal activity relative to
control plants

CaMV35S

Ace-AMP1
Rs-AFP2

Onion
Radish

Jonagold

21

Nd 22ase e

CaMV35S

Ai-AMP

Nd

Jonagold

88

Decrease in scab symptom development

CaMV35S

hordothionin

Barley

Golden
Delicious,
Gala, Elstar

53

s (Rl YA Gy 9655)
6 ol 8 iy malll aay (%064) Ol iall
SVl YL B Aaglall b osaly) Laadl
1 2 Asdigall
Reduction of symptoms in transgenic Galaxy
(55% for best lines) and in Ariane (64%) after
inoculation with the apple scab race 6. No
increase in resistance was observed in the
transgenic Galaxy lines after inoculation with
the apple scab race 1

CaMV 35S

Puroindoline-b

Wheat

Ariane
Galaxy

13 12 11
167 166

Hcrvj2

Hcrvf2 confers scab resistance to the
susceptible apple cultivar Gala Acquired
resistance is race-specific.

CaMV35S

Hcrvif2

Apple

Gala

119

Val &) sall 5 el dodigall Y & el
W ool A el 83 58 334 ) Va2
Viad 4 ) gall 3_aall dusdigall C¥IL) CuilS
ALl e cpall Rl ST
Transgenic lines expressing either Vfal or
Vfa2 showed a significant increase in
resistance to Venturia inaequalis. Transgenic
lines expressing Vfad gene were as, or more
susceptible than control

Their own native
promoter

e palad)

Vfal, Vfa2 and Vfa4

Apple

Galaxy
Mclntosh

185 89

Gl ks A&l (e HerVf

(W&l e i) ga3) L5 Aaea Cisgenic
HerVE genes were isolated from apple and
introduced to apple producing cisgenic plants.

Rubisco

HerVf
Hcrv2

Apple

Gada

Based on Aldwinkle and Malnoy (3) with addition of some references

.(3) Malnoy Aldwinckle
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B Jay & el ) ALyl L(19) 'S ola) Ciia
SISl e 755 400 (e L Aagl o ggiad aslg
Ryse Jsb iy moneall sl JelS Jubs cciin ) Lia
By SVl il il Ui el Bype Juluds casls
Sall (O] o ) Duaiidl ppadll Jelin cihlas) el
Rdagiouall &5l Uy ) e uantl Uil Alaaall bl RT- PCR
Gan 8 dsl) by e o @S e s DIPMs

lysia o panal & @bl dypadll o hall ol 4yl dadl)
gl ity « E. amylovorage Ea273 4stdll aDlul 4sial)
Al L(19) V) (s o) Aaglaal) abayl N AdsY)
Copaill 5 DIPM (i) Capadl Laddiuall lgadi Adylhall
e harpin I Gajsall delall e Jelay Al odigpll e
iy (60 Da) weal) (45 ) 138 elliays .(134) E. amylovora
Jibant) S gy Anlall WPl duiel pa Jasiys il 3)L3)
e Jeléy Al harpin NEa gdisydl Jes ) cliysall (Jee
@siny RNAT Jalaiall by (Sye JWaa) 3 ((HIPM) &l gy
Clily LSV Al Cia 8 Bl o2 Jsh JelS e
A(3) Al Al (el A gl A05Y) sl
Ol alaiall Jajiall i) e ZAE) Lndliuey) Gadel
PR spall onsally Glaiall Cupsall ) - (Slal) (mpall 4laind
o Al dlead) dagliall uf) Lapus 2 el e (NPRI)
gl on L iysa) ortholog Gillae (e Adlia) A3 JI)
M.26 Jua¥ly SVl Canall 3 (MPNPRL o ) (52 Lk
i) E. amylovora Ayl dadlll LSy el el & .(118)
(0 17.5-355 Ciigh Cum salll Adpe agpla b 5yemall SVl
Lalall ) 8 %80 4 Ailie (gsaally dppadll 3y bl Jsh
Gl e oY Loslidl 30l s culS celly ) dalayl
laas Venturia inaequalis Ul i L 31 (alhd)
-(117) Gymnosporangium juniper virginianae ) DY) c\al
Oe Adla) das ) Leatny Al Cadall dadls dasliall 3015 )
MPNPRL alasinl deay )l Jah e lpuas L5
Logliall lyse paen of Cam Al Aaa (Alee bl i)
@hi o i gy Liie e il Bl L) gAY

s daal 0

AUie alll pull aey — il ALY ol Gy 2112
Al LSy L allall o lail paen & e ly3l g ) 8 Gage
alall WA Jead (olSa IS 8 Ll 8 el S8 LyiSy e
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s 5ysae lils 5 dal (0 4 CulS (Y1 el i
el s i) o3a s 8 (177) Ayl dailll Ll daglia
Ji 4L 5)5ae Pinova s ADs 33 Jual e VDL 7
&l Sy Pinova salall 2Y) clally 45he 4yl dadllly dlad
o -(70) Ly Alana s3aly ADLL sy Jilan) 38 sf Dl
L)sall gad @ Lodie Ayl Aadlll inyal ST daglie cidaagl el
Grnally Gl QU Gisall aSal i ()LSY) a5l JIDPO
Guall 354 .(20) CaMV35S isdll (e Yay gstl oyl
Gllaiul (e degana Hiad GlSHe gl Alee A (ol
Jola a8y LAaliie cNVaee Gl ally Jila)) @l b g )
Gilama Ji Gyl e bl e liall bt G gl
OS5 Adlise Cifjinay &l Ll gy DA e 4l dicitors
«E. amylovora 4yl dadlll LSy o harpin N Jladll g5l
E. amylovora LSl 4aa3Ul seaell aia A3 Aples e 50l
Loslall Alatiad s Gpb o g Ly Ol e ) L
harpin s 5all 455l Jaa) 2 cclld L (SAR) dpiSall 45leal)
Al NOS Ljsall L) Byl a3 'M.26' Ll Jual 4 N
(2) sarall dalally [y o3 gstl sl Sl el Al
Dsaall @l cblall Jaad) 8 HLaaY) (e mle 08 Cyell Cua
I M.26" U e Ly Alsad) clones <l e )
b DS Lalidil «gstl Séaal ge harpinN &ysall o (g5
Laslie (grine Lot LIS Jedaly AUl Asdlily LD (il
AUl dadll aglie Jual sa5 (M7l Jual o slia (s5ine Jalay
peh 50 b Laf aela o Ly Aaed) il o3gd (Say
& Al dsall Aoglidl apan b harpinNEa sl il
Sl o Lad ALl Sl e (psSmsy +Lis Aasigall Ciligi)
Ul B AT bl Lelatd (b LSl )
il dagl ) Aokl Bdled 583l GhLI e US
ol Fippal Aoglial) gl dge iyl Aadlll (mal daglia
zi E. amylovora harpin N of I &la) -l (e 3550
dSiy deldy @l ddpE (piapel) uall il (35 )
S cilail dgud (LRR) (el e S ol gn ilae
s Gasy ol 1) L(DIPMS) il dgadll g/ C
Canad) bl e 506 Al dadlll LS o6 ol Jelal)
e oasall sl Jelill wiag DIPM clisal) il Jayin Caxgs
zonall olaWl sl e z55 400 Jad) & (DspE
ijsa JS (e (Non conserved) sysiall @hlidl e Lall jaial)
asiin & il %50 (o B8l Aty el Lgany G S e



<91 16 «15)isiSlay (35) Alselisns (119 (53 (52) LSVl
DA e (53 ¢52) oyl cinall (Fie L aslin sl f (119
Ampl «chitinases) shill salias juadll ddlide Gllijsa gad
A) Vf &5)5e 3idas 4l (hordothionin i puroindolin AFP2
il gsi s cBaniall CHlVlls Lig sl b bl die 50 35ea il
P. leucotricha (A&dal (alully cjall daslie iliyse dayA ans)l
sy ol 1) sylaall gige olphaill el olis Jiny LAyl
cli ZUY sl dplill clapdly i) ik JS i
s & Lavie il s Al el ge oK1 25l e
m L Lipgm (6 I8 i 1 2 il Gl il S LS
Rl T i ) sl gl e S50 Sy ol el
L8 bl haiy Call ) ladl) sail dlafia ) dldias
il Al glal e sl alatiu) Laglia) 3 Jedis
oké e Agiedls cglucanases slSsles chitinases Ll
el gpm e lus Cigpeall) Trichoderma Ly sSulsl
anYl aliis Jhall clgdy e dlliy (Al
oo (AMP) lig ySuall 3aliaall @ladiad) anys Lepidoptera
S el G Gl e paall @33 (1998 ale b L lalil
ORI Al cleydl (wleal)
Lgall dadlKd) jhd e chitobiosidases endochitinase
33lmae 4dlad uyelsl Trichoderma harzianum  Ley sSyll)
sda 4 .(198) ol Jlall daglie (e ai of (Sayy shaill
gl Y& Jus) ol ¥ A6 Jual e i) QS )l
Ciiall (e dastie ST endochitinase (echd2) sy Lils
alilly Fandaall lpall adiy Lexie Uiy saall e Ve Jls,
Lo L ¢ and gl by aoall e F L AN gl
«(Nag70 &ijsalls echd2 Lysally (fsile Caiall gl il
OSela B-D- Jindd N- 1 33l exochitinase &)l
cShial L(15) T. harzianum daa ol snll Aa8lSall jlad (e g jmalls
achd2 Laidie Luad) ol G Ly 8yl YL
85ty ladialy Cpall dasliall (e dle s5ius (Nag70 Jle s
LossSibll dgpall Aa8lSall jlé iy .(131) m ai
OR o uaall (T. harzianum mu) Trichoderma atroviride
ahay Al i€l @l 4 L il Allsall claiy)
Liy kil s a4 i)l paiell sy oAl Lilsde
£1s) sl echd2 Ejsall o My Loy sl ik
il G e L 322 o Jpanl) 255 . ligd) Al
owad (e Hgliie Gilgiae g coally LD Q) sl

Jw  chitinolytic

o LSl ALY (e el gy ans 13 eoflS el L,
Glalaally aysll Apsall LSl 8 25 lg A (mpall a8 paiay
e shapdl Alladl 5o gl daylall & 4B G ¢ by gl
WY e LY Bl e Al IS my L alll ol
skl WA 8 Sy Sl g Aalall Cilisaell Jajial
Ciligayel) Clysinne ani aysll Lyl alill ol LSy Al
A b ISy JA0 Ak jue lyge A jped e Adled) A5l
Jdpt 5 iaaH 5 aaM :a AU ul LS e ol agia
OmS aall piaill jaaH 5 1AM ik yusal) () gal) 4ns3
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Abstract
Ali Bacha, N.M., M. Battha, A.M. Abdul Kader and F. Hassan. 2015. Advances in using genetic transformation to
produce apple cultivars and rootstocks (Malus domestica Borkh.) resistant to fungal and bacterial diseases: a scientific
review. Arab Journal of Plant Protection, 33(1): 1-35.

Genomic knowledge is increasing day-by-day and provides tremendous information that can be used for genetic improvement of
cultivars through conventional breeding or genetic engineering approaches. Apple (Malus domestica Borkh.) is one of the most consumed
fruit in the world. At present, modern fruit production and high consumer demands require developing cultivars of high productivity,
resistant to diseases and pests, have longer shelf life, with good fruit quality and novel health properities for assuring successful commercial
sustainable production. In most apple producing countries, apple is one of the most exported fruits where it plays an important socio-
economic role in agriculture and economic sectors. However, diseases are the main constratint limiting the growth of this vital export
industry. Genetic transformation is one approach to provide these requirements through enhancing potentials of improving the existing
varieties and developing new ones resistant to pests and diseases and cope with storage problems in the main production areas. Besides its
economic importance, apple has become a woody perennial angiosperm model for genomic research due to many reasons including the
development of a robust genetic transformation systems. Because of the high susceptibility to fungal and bacterial diseases of the most
important commercia apple cultivars and rootstocks, genetic transformation has been one appropriate method for the development of
resistant cultivars. Accordingly, apple was an early target for the emerging genetic engineering (recombinant DNA) technology. Nowadays,
genetic transformation of apple is a common practice in severa |aboratories to genetically modify existing varieties and rootstocks with
desirable altered characters to produce new varieties that would be superior in taste, healthier, easier to grow and pest resistant which could
be produced within a shorter time frame compared to conventional breeding. This review serves as an up-to-date synopsis of the genetic
engineering applications and resources available to improve apple mainly for disease resistance with emphasis on apple scab Venturia
inaequalis (Cooke) G.Winter, and fire blight Erwinia amylovora (Burrill) Winslow et al. which are the main diseases affecting apple
production in most producing countries worldwide. In addition, and for the sake of improving other characteristics of apple fruit, recent
advances of the technology and its limitations as well as public perception and awareness of GM apple, with future perspectives are aso
discussed.

K eywor ds: Genetic transformation, fungal & bacterial diseases, apple scab, fire blight, genetically engineered plants, cisgenesis.
Corresponding author: Ahmad Abdul Kader, General Commission for Scientific Agricultural Research (GCSAR), Biotechnology
Department, Damascus, P.O.Box 12573, Damascus, Syria, Email: ahmadabdulkader2@gmail.com
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