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Abstract

The major objectives of fruit breeding lie in improvement of cultivar,
easy to be cultivated and of high quality, in order to produce
unexpensive, delicious fruit both for fresh fruit market and processing.

Recently, fruit breeding in Korea has contributed to breeding of several
superior cultivars in major fruit crops, resulting in appreciable
improvement in qualities such as skin color, taste and fruit-bearing habit
concerned with productivity,

In spite of accomplishments mentioned above, the need for both highly
disease-resistant cultivars and long-keeping, physiological
disorder-resistant cultivars to meet long distance transportation in the
temperate fruit crops of apples, oriental pears, stone fruits such as
peaches, and grapes grown in Korea is rapidly pressing more than ever, as
cultivars of today susceptible to pests and diseases and vulnerable to
physiological disorders are very expensive and time-consuming in

post-harvest handling and management. Thus, imporvements made in the
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above problems through breeding level will lead to the really enhanced
productivity in fruit industry,

The major impediments of tree size, the long length of juvenile period
and the highly heterogeneous genetic composition to the improvement of
fruit crops are responsible for the lower amount and rate of improvements
of fruit crops as compared to annuals,

Considering the expected limitations of the above problems to be solved
through conventional breeding methods and strategy, a turning point of
breeding a near perfect cultivar would be laid down if innovative
breakthroughs in biological technology will be realized in applying some
of the techniques of genetic manipulation at the molecular level to the
cultivar improvement of fruit crops, such as the selective insertion of
ONA carrying genes that govern desir&ble characteristics,

More than anything else, those traits such as fruiting habit deciding
productivity, elements of fruit qualities conditioned by monogene, and
disease-and pest-resistance of vital importance for successful fruit
growing are urgently desired to be improved by advancement of
biotechnology for they are more than difficult and need long period to be

attained through conventional breeding method.
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AFe2RE AeFFol wWol =4dH AL 1906l dof2E gt 1908 A

2yigo] AASEAMFE o, o] A7 = FF2 At 21, ¥ 40,
Epol 21, X% 60, ¢e3F 19, 713, AF 13 & 7HE 187EF o223y
(537%,1976) o] ZRedlN F&4, v, MUY F ol 53 ¥R AFY
5 &5 3 B3 oMFHE 8 FFL=AM dE ApiFEI gl o] A7) o F
AN E AXRAM clavnt ol Fej A4 FF AR AldL WYzt dEo
SE714ke] A FuA ghaeigd.od, 1960dt) ofF sgd77t HdsiEd
A SFATF7L ThA AlFEC] Mo olE A= AufEFol A NER FF
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a8y FiAE U/ Ui §5S B I FABFol e
HollAe] FYEr} ol Hrie AHs] 27Ee ¥ Yol HE3] hE51
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e FEINF AFL Fay ¥ Ydd £ ¥ F= HAA HE
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3 2 AdReogyE ] Pt AANE dUsled MER FFo= S5
cha] aejA e o &dte AL UEI: £RAANEe] JIE FFAAC
o goezT e A RXE Aes ALHrHMoore and Jenick, 1983).

ufeir e g ol FFA SFYPLE EEY ¢ = U /A
Z3e] ¥5 shsidel o= xlle wel & SFUe A 43 A

ojtt.
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2 QoA 19609t of ¥ QeldTLold o BY 4 FFYAE FUoE
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2. 34 5% A7 W%
7t A 3 RE

Saugtelld 2] FARRE Hofld Tl 2], REXIL Jlon, ¥z
%2 (Malus asiatica Nakai), Suj(Pyrus serotina Rehd), ©F(Vitis
amurensis Rupr) T3 #2 vt 2pEe] defet S 955 A g2
2y 29¥ E235 wElsld £ 47 3F 1,5998F3 26094 HFE BR8]
3 en(gHedrl, 1994), ‘BT 434EF-E ol A2 =UstaTt
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A& Aol
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domestic germplasm collection of information and
introduction of germplasm from
foregin countries :

l

isolation

virus test of leading cvs.

l | I

virus-free stock disease & virus test
production pest test

virus-free stock production

release to test of general
growers characteristics
test of general
characteristics
l |
establishment of applied to germplasm
long-term preservation breeding preservation
for germplasm [
release to
growers
mother plant for selection
crossing

computerized system

operation by synthetic
management system

Fig. 1. Schematic representation of collection and preservation for fruit
germplasm in Korea,
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FAE 24T oJAY 4 A HELS i
uh) Ae -3

Atte] A FEAEE BUslke AR Co2A T 94 fAEEd A4
Bxa]4d McIntosh Wijick?} Golden Delicious® Luj¥t Zz}, T2z} B4
ol 1112 Felso] F&AZE gt AuEFel ol shsdel dyFch. A
o] B&=)4d FAAE cloning He=d] F3Rchd olE ¥ F&AE& B FHF
of 47 oldY 4 ol& Zo|ch

3, Adeidole 30 FAxF #BAstR glEd 17 fdzlel €4
mutationo] Yol AMENY] mutant’} HEHTH(o], 2B, AaBbCe — 2E}
A< AaBbee). A M dwarfisnd 37] 4 Eoigy] SA2Hd, .4, ,
dy )7} ejsiz glct

Table 1. The mode of inheritance of horticulturally important character in

apple.
Character gene Source Reference
symbol N
Burr knots bu, bu, Northern Decourtye, 1967
Spy
Malic acid Ma Lord Lambo | Nybom, 1959
urn
Self incompatibility | §* 8% §? Northern Knight et al, 1963
multiple allele) Spy
Red fruit skin aaBbcec or | Red Del, Lespinasse. 1984
Aabbce A, B,C 3 independent gene
AaBbCc Reinette A+B—yellow, phenatype: AB
de Landsbe | A or B—Red, phenotype: Ab
rg or aB
abC—russet, phenotype
‘abC |
Compact type habit Co McIntosh Lapins & Watkins, 1976
Wijcik M. Wijcik: hetero type
Spur type single cultivated | Decourtye & Lantin, 1969
recessive | apple
mutant Golden Del—Spur Golden
(AaBbCc) D, {(2aBbCc)
Starking - Redspur
(AaBbCc) {AabbCc)
“~ Starkrimson
(AaBbce)
Dwarfism d, d; d; Northern Decourtye. 1967
Spy
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A prgde f4d

e @@y AZelBR 1, 244 FEET HiiFe] AUtk sl A
3, 4 ooz Wi Helx thE EFLE HA AN ¢ QU] wiEe)
g Ede] 2 EF 4L o dittae v o Fesich o] A
o] A9 AFAY Fagsd FA4H, VAU, F9Y, R 52 U
EE 7 £5 KA o AL gle] §RI]e] &) wo] sHetict

njFof A= vigke £4E 4 ©Y FAAE 2RI M floribunda 8213} =
HEFZ A2 B3 o] f-AAE o)ANIE =¥E 100de] AX ¥ A,
A7HA Liverty 5 1070 $3& BEQ 0} vy, QS $HAx A
BARAL Ao Aol w2 FAHe] Al IH, opdF Agol €4
o] A} polygenic controle]l gl31 ofAdFo] -H-d3t sourcedl Zol: test E
= sib crossE U o3 Mrjo] AU O TN recessive gene homozygous®
o2 grgo] uzich.  Polygeneo] Z|uishe A¥H £5-& AAE Zfol 3
Y AYE AB WIS B 24U AYE AAE dUstd] AP gene
pool-g& BHEe] Urte Wd& AHgRc)

oh) U344 f4
Atzte] AL ARE AL Sd DY [FAAe] g3 Auiga glen,
sourcet Cox Orange, James Grieve, Northern Spy& AF&3}3 gl W3 =
78 fAe] BFM= Northern Spyvie]l Erolehe T §Ax71 Aujsh= A2
= ¢8A glen, A 43 Long Ashton drLofr W3l ot MA cis
ofl Northern Spy& =ufste #MZF A¥d WA 5L {49% ¥} ch
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Table 2. Mode of inheritance of resistance to major diseasé and insects

in apple.
Character Gene Source Reference
symbol
Resistance to Erisoma Er Northern Knight et al,
lanigerum Spy 1962
Resistance to American ceder Gy McIntosh Shay & Hough,
rust 1952
Resistance to Phytophtora Pc Northern Alston, 1970
cactorum Spy
Resistance to Podosphaera P1, M. robusta | Knight &
leucotricha MAL 59/9 Alston, 1968
P].z M. zumi
MAL 68/5
Resistance to Phyllostica Ps, Jonathan, Mowry & Dayton
solitaria Ps, 1dared 1964
Resistance to Dysaphis devecta 5d, Cox Orange | Alston &
i Sd. Northern Briggs, 1968
Spy
" Sds M. robusta
MAL 59/9
Resistance to apple scab Va Antonovka | Dayton &
PI 172612 |VWilliams, 1968
" Vb M, baccata "
Dolgo
y Vbf M.baccata "
Jjackii DgR
" vf M. floribun | Williams & Kuc
. da 821 1969
" Vm M. micromal "
us 245-38
4 Vr Russian "
seedling
R12740-7A
Resistance to Alternaria mali alt Jonathan, | Saito, 1984
Gala
Rm, ot M.asiatica | Satio, 1988
M. baccata
Rm, R M. robusta
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2) 2% /37 ML

b WEes 3% 8y

o A¥7l=

Al gy HEre= EAEEY FAEAAE AEAE TS
7ol AptEle] g1, AHe FFEAFE B #FSHs el d73el al
t},  olghziol iRl AbelA EApgAol A He FES FAAF xe AT
o8 A% FHo] sttt wiA gl EAZF FAHA d= IS, A
R, by 52 xadeield o¥d dozd FFdloor shetl o B¢
Azuhd, AEOA o B 43, AYE B 7 F 24 AF Bol A7
Aot  EY A wbEvEE M-toxin B 22 tiA F4£F o8 7ol
A3 AgE ZF FAelrh

o YH4d A3} marker RA} P
M. floribundacis Hei%t M4 gene?} RAPD 54 band Zro] dAzhg A7
A3}, 8-12 bpE 7}x|= OPD 20/600 primer7} Vi geneZtol cross linkage®| o]
o A7 A} glenm o] Ad= T ] A3 F-eul et RAPD Elu]7}
Mg gxe =z AFFHZCL

Table 3. Linkage analysis of scab resistance and the RAPD fragment
originating from M. floribunda in the progeny '90/15’.(Hemmat

et al, 1994)
Locus Phenotype® 2 2 2 Recombination
XA XB XAB frequency(%)
A B AB Ab aB ab
vi OPD20s600 10 6 1 11 0.57 1,28 7.00° 25.0%8.2

! Phenotypes: AB:scab resistance and has OPD20/600, Ab: Scab resistance
Without OPD 20/600; aB: scab susceptible and shows OPD 20/600: ab: scab
susceptible without OPD 20/600.

z Gignificant at the 0,01 probability level.
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Table 4. Cosegregation for resistance and RAPD marker in the progeny
'93/22', (Hongyu et al, 1995)

Total of OPD 20/600
Subset of
plants Present Absent Recombination freq(%)
Susceptible 48 8 40 19.0£3.1
plants
Selected 110 88 22
plants?

In the selected plants susceptoble individuals may be present, so the
true recombination frequency may be lower.

W U FoE g4 AR

A ¢ Faold 32 L AR 20l 29HEE AYF Y AN
B35S AIsH ko ZAFY Auizt olgTh webd Uy E Aok By
A3 ol HYSolol shedl, WEAUGA NE A9 FA AUse A3
whge] Lzjaolx},

o) E39 25, S4uA 29 _

Bl TR FFHE g3 S4olu ST Lo] o3 £ £FI} g2 Q)
o BHEI Yol B2 EFZ i point mutation TEG ¢ RFLP
5 27194 Apge] 78,

H4RolA RFLPE o]gs8le] Az} 21828 BASNOR 3208 Eut @
T7h 9 9IS ABATE RILPE EFY AXE otk AT RLPe o7
N chgae, A2, =¥ At 2e, WAy Fhd2 A8 B4 5)S
8l4:3F RAPD 7|3} PCRY] WM L2 4FoHE RAPDE o|£3t 97Ax}7} o}
4 WEF 3 Q) |

2h) Iy sl
2T Y5 3N E ZAED anRe Bgslelol Tt Haol B
HRaAFolAE 285 w7}t d&de] B ¥z wlEe we AV
2A ok webd o] A9 wjuige AN ST Pt 28 &

IHHolth.  ERt Z7)o] w7}t BHEL stenospermocarpictt EofA] ujuje}
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g d& 4 vkl BHEZ o] mulrt THsstA Eeol FEIA
58S ¥ 4 vk, ED vl Fol eluiHo] £F Ao]g2g WA

P, 47 B 27 4% 5L 8 recognition pollend AHgatel Y
o o F o) Bl a|Fulgo s SAEMNE PAsts JI&E suse] Atk
olel gt AEABAE Pul Bl A8 AT BEHAU B Lu]e] Fg 3
A @alEd 71 & Rolch

ul) EAHo] &F

Ed¥olL single cell 420 dojutm2 A4} Abpol Holdg Ay
7% chimera ‘WAo] Awtat 7 2 EAF SR WA Hrl

HZ ety 2ok 7ME o] 8% W ¥l §Fo] FpEololMe
PupstA 2AER Qrh. N BdEe] Rr7le HolHS Foul F8%¥F ¥
E-go] i Hol7l ZAEE= o]FHo) glrt. Wb somaclonal variation FE¥
3 Holzl 23, 4 Wol Y& sMeAe] WL} epigeneticEo] & A
Ao| gittz ¥}, E3Y somaclonal variation maximum variation2 @& 4
9101} optimum variation HE-go] W2 APo] glurix Yrt FARENHI
Bddol 830 AR 4 §FI|&o] A" F ol=vl 53] Y varker
e o e Agie] fAx 4 mbel, AF AU FF S5V R
25 9|8 genomic typing Soll RFLPL} RAPDE ©]-8% <+ 9l& Zejth
3 3 East Maling @20 & PRE o] &5l EMLAA A3} ofE o A%
A EZ9] genetic finger printingg LEY v} olch

up) g 2

AESEL TeT slgo] ohlst shie AzbPolel: AMlE AN
A7 B} §AATol 2 JIHE T uled 2ol el MTe BA
o) mobHo} & Aolth, Troldt 2 XA Azl U wjeEd 4
2ol BoAg NPozA FANSAE R7I5He Q77 400l Ped 3
wja) Als}, wh 2eRAETH tholm Mol bdstel, jHEge) Beln 43
o] Wo ABEZOT AUA o7F Wk

W, Al 2l ke ATRERRde) Hi Sy Ae oy AuAd o
3} YEgo| Fo} AgMolx] Rajry, Ew, sEme, Atk 5 A%3R
AN vl Hol§ Bl heterozygosityd B2 FE7IA| Boldy AUE
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ALehd 7Y oizby 4ula] 5 S40] slsE Aolu},

A}) At} genome mapping

HrEE 55 EEY, Y U Y A jHe BT ¢ AL Ex 8
ol 285 ANE IdESL SFHEL FUAII] HAHL ol BHE
A2 A EE Adsle] m- Fasith. weld ZE Yoy ¥az B3 e
markerZt2] AE T} genome A|EE 2P slo] opalel Ao} ot
of o] &8stz Wekd EAFoltth.  nZ2 £ CornellthzlolA 1988 4-E)
wappings Haste] g2 AAL M3 g3, 93, ZapA ojejz] & 89 67)
=S et H3HY Z4E U8 R Al AN SHAARES go|ehy|
ol £% o] HEAHFl= European apple genome mapping projectE FEd7
ZHAZ eI glo] o] Rofol gol wtn Qlu, YEE $EU 2 2m
B 14 2ol wls) ZRTACIL SAEN o] JhsY ABUNTS BB
3 HASta gl ApAEd 2eles)t ARE F40= DNA marker AW W
genome AL7} AH4E I gleh  f-Elutel dojdFaol s 2T PR W RAPDO]
A7t Alat, Bgol EF A7t olnl A=E (o2, 1994), gene mapping

< 9T W RS A4t 2PdEte] o] Hof AFE s iz glch

th 243
1) AusE
60t ol F ABE 292 1968 wholA whl 24(FgHel, 1970)& A=
S= Ab, Bgol, EE § Seluale diE®d 2ojmg 40 BEGN & 187
EFFol SYHATh  AllME 889 ¥3 &40l HE 2%, % T 47|
EF, MoldE welg myelel My, 23w Qakey, w2, 3
Abl, 9% F BE $EE Hiolodt 9, Wulzd, HNE Wy £ o4
F, Z=elMe e Fu 5 27 £20] S4HYHEEATH, 19930).
A SHEFY o AYENS BY BAZA(FE, BI), dEIA(
E), oEA 93 e (FE), FWUY LA(EE), 47 oulzEF
B), AMY YB(ER) Foly o] & Mo} 7], 434 i Pa T

off Y

Ao

A B 543 UUAIIT glo] mulgEolN PN Y WAS ol
d 4 olE olg HoZa UTHAIRY §, 1989).

145



W SxoAE Hu shdes WAsE dust $4, BE, A7), F
N5, S71Held AREAZ AAHGED, 5§ otErhe ¥ g 7}
rmane] 2UE AN 2T SIFe Ve EFTEE T

g3, QR 4zuls] FEFU oA USY 4& EFo2N KU
52 24W BFAIE 7]E Azl wja] Sl A AMY F4& A B
stelol Bgo] UehE Slth AN §, 1994).

Saol ERolAE WA 7HE We) AMEL e 4E £34 A5, 85 4
4F nidel E E3Y g EUW oW HFHOE $4siche BE
Mg olom, Ha Bale] $4u ZAFolU wEE XU VR EF
Aol ah=dls $E427t 9AH D Yok

sol Hool MUY F E2E FUBZY A Fyelt ¥A 24F
o) mgolzks Rold A3b7t lUHCHelEZ B, 1994).

aulgEe dradel $3 TH 5 3L 2ol olE nhe Ao
Aejold 22slo] Stome ¥, Hrh I ozl TYHW WA 1Y
2% 437t 71 Relth.

i

>

Table 5. Newly bred and released fruit cultivars,

Apple
Cvs. Year crossed Year bred Parentage
Hongro 1980 1983 Spur Ealiblaze X
Spur Golden Delicious
Chukwang 1982 1992 Fuji XMollie's Delicious
Gamhong 1981 1992 Spur Ealiblaze X
Spur Golden Delicious
Whahong 1980 1992 Fuji X Sekaiichi
Pear
Cvs. Year crossed Year bred Parentage
Danbae 1954 1968 Chojuro X Cheongsilli
Thangkeumbae 1967 1984 NiidakaXNijiseiki
Chuwhangbae 1967 1984 Ni idaka X Danbae
Youngsanbae 1970 1986 Niidaka X Danbae
Soowhangbae 1966 1987 Chojuro XKimizukawase
Gamcheonbae 1970 1990 Okusankichi X Danbae
¥hasan 1981 1992 Hosui X Okusankichi
Wonwhang 1978 1994 Okusankichi X Waseaka
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Peach

Cvs, Year crossed Year bred Parentage
Yumyung 1966 1977 Yamatowase X Nunomewase
Baekmi josaeng 1963 1983 Mishimahakuto X

Nunomewase

Cheonhong 1978 1992 Garden State Nectarine
selfing

Baekhyang 1978 1994 Garden State Nectarine

open pollination

Grape
Cvs, Year crossed Year bred Parentage
Cheongsoo 1978 1993 S.9110 XHimrod
Hongdan 1981 1994 Campbell Ealy XHimrod

Seedless

2) E9de], #UAR f AWF o A

Frold EFE0 2 HS5E ATt Bddel ASE FF +3Y 2,
Hgolold €Y=L 24pHo)A HulEgoHREY 2HHol)7t
AduEo] @37 Aigo 2 RFEL olon, FFAYTE IgFes [
AE3 QItHZdE &, 1989).

Aol M= F28 27|FAATA Bl wlolxe Ane] pzpHol= e}
yh BAatee] 307} ddEe] eVlE Bed gt

el AdE Aozd FFsES 5718 AqHA f-3tA HIHE
2 gk

A +HAF AEFA ATESE B A9y, w7, Ad3Z7 Helst A%
Wil BE, 44 Fo Ho/IHEERE Uehd A% Fd& Zapgolch
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Table 6. Mutants selected and released.

Fruit Varieties Year Mother plant Changed
selected | cultivar character
Apple Wangsil 1988 Fuji Fruit size
Oriental | Soojeong 1988 Niitaka Skin color
pear

Peach Wolbongjosaeng 1985 Kurakata Wase |Maturing time
Wolmiboksunga 1985 Yumyung "
Changhowonwhangdo 1992 ? Maturity

Citrus Shinikjosaeng 1972 Miyakawa wase |Maturity
Whangkeumhakul 1960 Hakyul Color

3) HEFF = A

1960373 -& B¥3hA 2 Fu W2 FFol 2UHT] A3stdn,
= 443 FHol % w2

5 168Fo], el 4=

£%, Hpoldie
£30] A8 EL
ol ke we

Zlei® e,

A% BEZ 5

w=&o] A= glc)

105F0l,

3. ¥ H48F BEe} 4FY 0§ A

7h &EE®e] 4%

Yo% A4sFe BEE A FAVYH Guiael

Fo= A=t olch
1) FAN%

254 B3 AL BES Y Folch

& i FolA 3= RE 2d& il

N SE7Le} A
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FEZA Aol HI] Fo4A] HE olfe AR, fEvigldA e o
F-2 BAELE o]&H7] wie +RF FBABE AA LHHIFA] AT
HEI2 fFAF o oFslr] wFeltt.

A% Hel2 FRIEE oA Eake] WMo} o] 3R Q) HYo] At
A 7Hr)

Exl, 2 FEt JelE {257 ool N2 2 AL Hade
Hodell 23t ¥ oz Fdo] IA &5 4y £42 HEol S F8
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Arf, Fdol cf3t Lu|2te] Ao RARCH HE Z3=E 5 gle] FAAle]
it 714 A7 Bl 34 vehls g BolEE A pule 4% AF
of ¢ Fa3 Qele] X i vk

ol%e] EAAES Aot 1T He W AR e AL HAsHE
L=Fo] ALHEA glent 2] FAAQA £Ag AN Ve o8 Ao
2 ARS8 4 ot

T 1FHel glo] FAYALL 294 EE golrh. I 32 £3
olghs &olgl o] A2 o W2 Fao] BYHOoT 2841 Ao]r] o
(Stevens, 1973) AA =L otg A=Y £a3 8§42 HvtE= Zin|, 213
#F B, E 8 FoE ATl HEFHI ook gto] 4% B
=71 5 AR vzl 3FuES RASla AFe] SN 87 BN
ok Fich

WA, 2H|Abe AAsIa AT S FoRich o] ARl I =2
£3o] AR ol FHo| 7Y LY TS YEhiE A=) A5
B FAple 4AE, AEeR FEEch e dAs AU, AES YR W
Av UR 2o, 23 d/E0] god 4 glo] it REHSHAAME
ALl ofrtolrt B o (crisp), 2Fo] FH 3ok Adshd A H1Y g -
71A Bch(Aha}, 6)).

Sgote] Feels 3] XYsta 3] FA3tH HFe| I3 weoen E=
HA dolZd 4 glojof Rtk ol pFolut Aol Yol HE =4l F
2l 3 AAZIZY ol LI ER JHe¥ HAL O X7 8] F=Ha 4o
“gololof Rt

chal, Ho] olgTiY AHoE SB{sta efol Atk A A
< 12H3 02 A2t oo of3] FriFEE AN Foy FFEFI} Hrl
HFEE 27EE 558 g vehie 59 840 23¥cl. &, A
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Aol nl#sle] £LuH|ALY] FAE F F Yook 3l o] 2 HFHE flIHAE
TUY FY, MRt gz, FuHY Hyo] o HCE N2 FHE AF
2l @zl Alzlol s F2 Fo] HIEm, AL oo Ty F d5o] ¢l
HA 7} Folol Pt BHE zuHwoe] 2 bPsHE So|yt 2w wiEo)
HAzmst & 4 ot

Fokufol M= Selitehs e zbd w7t AEEech 2Eu go R oix
Al B HadFolAE F3 AR FHE AXxT) o4 dEdNE %
Azl Zziy v oty do] FUSt AR ARIPE AIZHCE Al v
=, A= B, FEYo] £ Hx HFHCL

EeoldMs WATME U= dEodMes Auze 74 g
1 g8 Hedum Az 2y HIole RE Fojuit e
Aoz AN ck

%ﬂlfﬂlxﬂ-&f o] MFEHEN, © gt ASATS 5 N 2T =3 Yo|
A ZHAc}

ErlE= , dEL Fapdo] HMIEgeLl HIoe dELS e clek
317F FAEe] w2 A, wy My 2o EFo] &4 RFEIZ it}

AL E s} Fo 249 Y2 S Aol PU¥e Ik Helst A
ZE AT 2ol meElde ol E¥ EE HelE Wojd JAT Felrl MEHACL
F, AMoguje] ¥FuUYHI ZIFoA Wl EFEHY Yrlk 1 ylof
A7)0t e 82§ YUl FANT FRE qofstd o} KA
o), 1994).

Table 7. General Objects for quality improvement by different fruit
characteristic in Korea (Compiled from Research Reports, Fruit
Tree Research Reports),

Category Objects

o Taste o Blanced properly between acid and sweetness,
- high soluble solids
- acceptably high acidity

o Flavour, rich

o Aroma, rich

o Freshness o Flesh texture : soft, fine, crisp

o As juicy as possible

o No mealiness & softening

o Appearance o Cultivar of highly bright fresh coloration.
- color - overall uniform color,
- diversified skin color,
- fruit shape - symmetrical, regular shape

- exoctic fruit shape for high-class present
- size : large, very-large or mini-size
o Fruit skin o Sense of feel : tender, smooth
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Table 8. Quality objects by fruit species in Korea,
(Compiled from Research Reports, Fruit Tree Research Institute),

larger than
300

400

middle cvs,

Apple Oriental pear Grape Peach
soluble early cvs, early cvs, early cvs, early cvs.
solids 11~13—more 1l—more than 13 more than 12 = 10-—more
(® Bx) than 13

middle cvs, middle & late cvs. middle cvs, middle cvs.
13—more 11*12—more than 15—more than 11™12-+more
than 15 15 18 than 13
late cvs, late cvs. late cvs,
15—more 15~18-»more 12~13—more
than 18 than 20 than 14
Acidity early cvs. acceptable same as pear Same as pear
(%) 0.5—0.3 blance between
acceptable acid and sweethess
balance acid and
between sweetness
acid and
sweetness
Grit - a little— - -
negligible
Skin fresh red, fresh dark blue peaches:
color bright, yellowish red, white dark red—
uniform brown yellow attractive
yellow fresh green fresh red
Fruit early cvs, early cvs: large berry Hakuho strains
wt. (g) :200~250— 250--+larger than cvs, :10—+20  2007250—300

small berry nectarines:200—
size 6—wmore more than 250

400~600—600 than 8
extralarge:
more than 500
Seed - - Seedless -
Aroma richer than richer than Yali Muscat aroma -
Jonathan
Taste better better than better than better than
than Fuji, Shinsui, Kosui, Campbell Early, Hakuho,
better than much better than better than better than
Tsugaru Niitaka Kyoho Hakuto
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2) it EAE i

o &3 Ay

2atet Akt AuiglolA FE PAE HY dAME =FYL 10aT ¢
BA Do ZA At AP Ao FH(3404]7D) 2 11xE X=x|3hH
T2 IEe] ZFex by AR oAAE g st Uri(Ed,
1994).

3hH, dsolu]i= 122,0009/10a=A] AN FAR0] 555,00041/10a4] 20% o)A}
& Aa|stel FAaafulo] Qo] HehZ w7} Aiklo] uh$ 2 Bl 2 Alx|8}
I eS o ArtHEAA, 1994). ulebd HE A3E EFHAES A
SZo)A Aujy BAHE A 9% 1 2 SEER H £ QU

A7zl F8 e ol Aaadel Mg 7t A ofy-Eol ofdE Felel
B3t 50 wid f2¥A =N E3he] W FchMoore and Janick, 1983).
a8y oY ATE AL o] 8¥ wi= WpE el B2 R-§¥3ellA
E7h dolut 1a5E ¥4 Ao ¢ 549& dA He F97 Ul &
F4 olgge] dUch. JIE 4EFY BEYS AAISIEA olE oPIFY A¥
d JAAE =93 Zo] 7Hsdithd P i $440E 4& ¢ IS
Zlojt}.

el B Folut F3o] AEE 71 ATl 49t W3 2F
o] FAE gAY EAE ARA AYE AxE AFstan k= EF
of AalH o8 Ho|rFlrf sH= Zleojrl

o HPLELH L AP

o] 71487 -4 ool 1 Fay 2942 2%, 53 g 2 W
Sodelth. A HIRY YIFolA T FE= T 2 e RS 2
Bk F28 2] FHo Ex2t o] FU AFudAE Uitde] ot FF
2 FEvel AN AL FAME WU HPER Auidled ol &l
Weh  meld AN RRAU VRS BAATE 2L GdANE st
uf-- F 23},

B BRFAGEMA Ay FarEHE 22 gy, dg @ Bgiis
of tigh ykgelct e FPHHE Sl RS 45122 JRERE $4
e oA Eg] iyt Hgd2 e S5 SiA ¥AI= B9t ¥
t}.
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Be 3ol AL, Wi Ae 5 DALz BT AR 344
2ot ABe Uk AV FAALY olgol s AP A3} #4
off #EE zlHe] F7Hgle] uwhel FFAZY 7¥= F7H RolrHMoore and
Janick, 1983).

#B7E AEgso] i A3 A |8 I Ao} BARSE
" $ Qo] A Fo2¥ $55%71 & Zojrh

o A4
o] AR AuiRgont Augdel] R Yol WA FFHAE A
A FeEns 0¥ SFEEI} Aok 53], X9} Alzbold FF7 AdA
2] xjo]7} Wol £F& B Jizke] J& 27Hch

o 5%

vl o] HIRT oA A o] Hele HAIHIA X3 HAPo] Flof
va, upEEd R Ul stress, Z7|AAAE, $A7 At B AR 4=
g4 BF BY, 1YY TY F oy 29 FF #E Zolojof ¥ o]
th  o|F EANL BAEE keled 7 A8E {FHES 2T 3
$HE A7 A5 oA dx FEAT F55740] Yasicl

o AFE v Y ALIFH
o] wel} ¢ FPY o] A ALY EFo] MU e BT
g2do] 7Hsd otk & ALuFEo] Foi¥H FFol MUdrhd R
B8 Aed Fgol 7HedtAl Hol W3 BF S43 WA Fed,
23y A7} 7HeEA € Aot

o 737 W Az =
Az eHaAg WA ed FE4 7P =] wFe] S ok &
Aoz sizafol AAL 22 A EFS 4% FAHde AA 4EY
& 4 9lg Zolth 23 ZiEbd FFL 23 AMFHE Fo] 14 B Rt
A7) BdAE £40] AFHE HAEL ol8E ¢ vle HelAd FHEE §F
Azt € 5 Qg Felrh. EX Y G A7 e +HAT
of dalef 2p7e] o|¥3}r] 4 FF7de] Wasich
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o IEE FTHE
A 2N SEEEE tRE 84 Au=Ee 438 F FFA A
g_}:ﬂ- =g esiet $a o, ojuf Byg 23t ¥AS 2 FF
FledA Aurd Bdo] ulmd 4% B3 anjuos o gslojor A
o] Bro] Autzow wlad ¢34 Uehd 7Hsdo] T
AEys 2o £33 ANE ot AGPAE BE i Ak

Table 9. Characteritics to be improved by major cultivars of fruit
species in Korea, :

Fruit Major cvs. Problems

Apple Tsugaru o Considerable preharvest drop.

o Poor skin color

o Russetting

o Too early for "Hankawi” season

Sekaiichi o Poor fruit-set

o Poor skin color
Calyx end necrosis 9)
Relatively lower soluble solids.
Consumer ‘s preference lesser than Fuji
Poor skin color
Consumer 's preference lesser than Fuji
Poor skin color
Fruit shape lacking in uniformity

Jonagold

Fuji

O 0 © 0 0 O O

Oriental Chojuro o Much grittness
pear o Skin darkening disorder.
o Relatively small size
o Maturity
- late for early September "Hankawi”
season,
Susceptible to leaf rot,
Severe russetting
Susceptible to Yuzu skin disorder.
Poor skin color and acid in cold north
central area.
o Skin darkening disorder.
o Astringent
o Not so high in quality
o Susceptible to leaf rot-like disease.

Nijiseiki

Hosui

Niitaka
Immamuraaki

Okusankichi
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Fruit Major cvs, Problems

Peach Olkeumdo o Severe russet and cracking
o Relatively small(200g).
Hakuto o Short shelf life - 7 days.
o Not so productive
Nunomewase o Poor quality

o Not so early for off-season June market

Grape Campbell Early o Poor quality : 13.5° Bx
o Berry shatter,
Kyoho o Low cold hardiness,
o Berry shatter,
Himrod o Berry shatter.

L ZE&AHY SFUHe 2N

relld AFEHY ST ZLWARFl FHE o] FL BRxFHog FoAW
ol %3} w4 %5 W] ol&=x glrk

SEEE FIS AU F58Y FANAE B3 3§ 20048} Zo] dFam
2 Adad, AF gdiie] /71, ok=de], ¥ieA #7] 5o HolsA
E HEsZ HolPtE AfA=oA AAN frATE AUk Zolth
ol KFAAL FF¥ol= S 3 8lol ejold Argelt]

S GHAE sla gddeln] Ade] 23l 7IWo] A HgE 1A
o oIyt e SFTWHele BRI alol delld 4AYT SFHI H2
st old&3 BAZL elrt

Aay, AL Bol AEHY FATAS W ATLENH FE¥US
=g 5 9k

B4, ofF FEEFTAAN HAY SEE dYFoR Adshe Aol E7FF
steh. o=t IS shE /AR 244 2l g3 EFFY U 24
& RA817171 o1yct

A, AAF L= YPstE WolF o] 83 B2t urh

a], dIHstA] oS =7 Held] o] ojych

tHAl, il SRI|Ze] i gL {FEFE 270, A A,
Bl w2 =8g 23}
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o BEHITE AT FF/Y FUAA

GERMPLASM

exploration, collection, evaluation, maintenance

== | evaluated ecological and phy
siological characteristics
with quality related factors

artificial crossing
or open pollination

— artificial induction [— spontaneous bud
of mutation mutation
. Biotechnological
breeding

characteristics measured & tested

o disease-resistance

stress

o high quality selected
(for fresh market, processing)

‘o high density cultivation -

o precosity, high yielding -

o adaptibility to enviromental-

- aroma, firmess, flavor, other flesh
textures, maturity, attractiveness,
soluble solids, acidity, juiciness
and overall qualities.
Standardzation of quality grade and
inheritance of quality-related cha-
racteristics.

study on test method and inheristan-
ce of disease-resistance,

study on marker genes of compact &
spur type and their inheritance.

bud burst, tree shape, juvenility &
their correlation etc.

resistance to cold-hardness
water-logging, and drought condition

Prelimi

nary selection

l

regional

adaptibility test

final selection, naming and release

Fig. 2. Flow chart of breeding procedure of scion cultivars in Korea,
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t}. 2}4e] 9lo]AM Biotechnology$| @t 713z} o8 AW

I FEPoE JPiAg st ddd FAselvh. TR ZA Al
AAE 7R 3] Fete] nlAMIE AAY EUbeEez ZASNE A9
g FAZAEL wig AFAYEIY Zo] rii-feola FUXFH A 53 )
49 2= wrh

uleta e8] EFMBols FAbHAsHe 194 2AEe v AYFIY ©
2 Agraele] gch

25 BEEY S| H4F o2 yo| AR YFHFY oL T
AEo] AHFerige] 23 BE, JHY 4 drkd FEFYo] A2 FF)
o] A 7]eslA © Fold, ok&y o FIATL ABIYH 4+ A
o] A-g3lofl glo} mi$ oJu] gliz viigol ¥ Zelrt.

a7t HA5E ARE o[ Tl AxFANF fetaleld Aui=E e 2
48 F4es AYTHEr d7UEa Fp8F ol & AW 55 A=
2o}

1) Organogenesis®} Somatic Embryo genesis.

AL} zAujore 2 RE 9] AEA Ei3= FEATS A o] {43
Z24g 9% Azzo] Ak ot P2 FEA PN AHIoME 2T
L 71 AEA AEste] AR AP A7AINI UREHZ o] e PPF
g o]-8% Ao SF AT Y Ao g yivjHct

Table 10. Organogenesis(shoot induction) in fruit crop species.

Species Explant! M/J? Citation

Actinidia chinensis S.R M Harada(1975)

A, chinensis S M Barbieri & Morini (1987)
Malus domestica C J Kouider et al,(1984)

M, domestica L J Liu et al.(1983)

M, domestica L M Welander(1988)

Prunus amygdalus S,E J Mehra & Mehra(1974)
Prunus armeniaca E J Lane & Cossio(1986)
Prunus avium E J Lane & Cossio(1986)
Prunus persica E J Hammerschlag et al. (1985)
Pyrus communis L M Chevreau et al, (1989)
Citrus grandis S,L J Chaturvedi & Mitra(1974)
Citrus limon S J. M Bouzid(1975)

Citrus sinensis S,L J Chaturvedi & Mitra(1974)

= Cotyledon: E = zygotic embryo: H = hypocotyl: Inf = inflorescence: L
leaf: P = petiole; R = root: 5 = stem: ST = shoop tip.
= mature: J = juvenile.

= h O
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Table 11. Somatic embryogenesis in fruit crop species.

Species Explant! M/ J? Citation

Actinidia chinensis SR M Harada(1975)

Malus domestica N M Eichholtz et al. (1984)

M.domestica CL J Mehra & Sachdeva(1984)

M, domestica L M Welander(1988)

Prunus incisaXP.serrula R M Druart(1981)

Prunus persica E J Raj Bhansali et al.
(1990)

Pyrus communis S J Mehra & Jaidka(1985)

P. communis P M Mehra & Jaidka(1985)

P. communis N M Janick(1982)

Citrus grandis N M Rangan et al. (1968)

Citrus limon N M Rangan et al, (1968)

Citrus sinensis N M Rangan et al. (1968)

Vitis rupestris L M Stamp & Meredith
(1988a)

Vitis vinifera N M Mullins & Srinivasan
(1976)

V.vinifera E J Stamp & Meredith
(1988b)

V.vinifera L M Stamp & Meredith
{(1988a)

Vitis sp. S,L,P M Krul & Worley(1977)

! € = cotyledon: E = zygotic emgryo: H = hypocotyl: Inf = integument: L
leaf: N = nucellus; 0 = ovary: P = petiole: R = root: S = stemi ST =
shoot tip.

M = mature: J = juvenile,

2) Somaclonal variation.

F4=oll 9lo] A somaclonal variationo] tidleli= nigtzlsix] o} Wi T o
Holo] whe A AE g3 AP glort ZlviolA Kt ZgHd A
W y)do] AgEe] By eyl Holg 27 AAY 4 oz g FHont
Z1E} -R-8% HolAANE AHeE {7 @ AUH = & Z|gAie] AAH
A 2% Al AEs] 719% ¢ & RAolth
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Table 12. Somaclonal variation in perennial fruit crop species,

phenoxyacetic
acid

Family Selection or Variant Heritability
species screening unit  character or trait! Reference
Malus Shoot Resistance to U Rosati et al.,
domestica regenerants Phytophthora 1990
Prunus aviumX Protoplast- Salt and drought u Ochatt & Power,
pseudoceracus derived callus tolerance 1989
and root and
stem callus
Prunus Callus from Resistance to U Hammerschlag,
persica immature Xanthomonas 1988b
embryaos campestris pv.
pruni
Prunus Regenerants Resistance to X, A Hammerschlag,
persica from embryo campestris pv, 1990b, c
callus pruni
Prunus Regenerants Resistance to A Hammerschlag &
persica from embryo Pseudomonas Ognjanov, 1990
callus syringae pv.
syringae
Pyrus Leaf pieces Green, red, albino U Abu-Qaoud
communis and variegated et al,, 1990:
shoots Chevreau et
al,, 1990
Pyrus Protoplasts Leaf morphology, U Ochatt, 1987
communis rootability
Pyrus sp. Stem and root Resistance to U Viseur, 1986
callus Erwinia amylovora
Citrus Callus from Precocious u Reman &
aurantifolia seedling flowering Dhillon, 1990
stems, roots, peroxidase and
cotyledons, polyphenol -
and from nodal oxidase activity,
explants of canker resistance
mature plants
Citrus limon Nucellar Resistance to the U Nadel &
callus Mal secco toxin Spiegel-Roy,
1987
Citrus Nucellar and Salt tolerance U Kochba et al.,
sinensis ovular callus 1982: Spiegel-
Roy & Ben-
Hayyim, 1985:
Ben-Hayyim &
Goffer, 1989
Citrus Nucellar Tolerance to U Spiegel-Roy
sinensis callus 2,4-dichloro- et al., 1983

1 A = trait stable through vegetative propagation: U = heritability

unknown,
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3) Haploidy

RAHoR A= WEHelAS FLUHE o] FFY FE4E /AU
Qs ol A R ARE AN e §E, $35 AEY §
= 7HsdE& AX st & Zojrt
ntA & wl22lsle] ol homozygous planti= 8] AP FH
E2S #£37 homozygous genetypel® HE| MES3F, |, F, A 843 54
& HE53=d F2% #3233 FJEE AZTH Felvh. 53], tFFFo glelA
homozygous clonesZ Y F, JESE-E E& ¢ = F45 A48 4 4
o] f-2% Zojrh. ohujade] &3] HEH AANE o83t BE 7-1"—5“?1' Niike
Z¥o] homo¥} EHo] gl 20AE HFY = o, WA JYetolM= EAMO
«‘"‘l]u% HEY 4+ glo] F8¥4Y 17 7|0S dFEY 4 glo] &F AUE A
AAANY 4 ek IR d9A vivtels F2 E3]18E ol-&siha 9la vl
7t %ol WoRl: FHAMES A7, FHMAXEW GFA4, 32 7], 44
A, o] 44 Fol vt

3

Table 13. Haploidization by in vitro androgenesis in fruit trees,

Species Response References

Malus domestica C,R Nakayama et al.(1972)
M.9 C.E Ogata & Wang(1989)

M. prunifolia C,P Wu(1981) .
Prunus amygdalus c Michellon et al. (1974)
P, armeniaca C Harn & Kim(1972)

P, avium MP Jordan(1975)

P. domestica c Seirlis et al. (1979)
Pyrus communis MP Jordan(1975)

Vitis thunbergii C,P Hirabayashi et al, (1976)
V,vinifera C Gresshoff & Doy(1974)

C = callus: E = embryo; MP = multicellular pollen: P = plant; R = roots,

4) Protoplast and somatic hybridization,

Zafof o3 HolZjA] ¥ o] w2 AR k¥E 83k oM AUY
& B30 protoplast technologyell 213 R-8Hel F&E e §Fo] 7]
7Ve’d& AAste] 3 glch vt o™ protoplast® H-B SHY AEA

e 7le2 oA H A4S Exl B3 dent & &% WEe] AR
o dRE AFY 4 vt 7MedE AR A sl FHE FA 2

4 23] 7lefat ez s},

ol
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Table 14. Somatic hybridization experiments involving perennial fruit
species.

Parental partners for fusion' Result obtained? Reference

Tewperate Fruit Crops
Malus domestica cv.M, 25(C/CS)(+) Heterokaryons only James et al.

Humulus lupulus(L) (1984)
M. domestica cv.Fuji(NC)(+M. X Putatively hybrid Saito et al.
domestica cvs.Oorin, Senshu, callus (1989)

Starking(L)
Pyrus communis var.pyraster(L)(+) C-SH-Hybrid trees Ochatt et al.
Prunus aviumX pseudocerasus(CS) (1989)

! ¢ = callus protoplasts; CS = cell suspension protoplasts: HC = hypocotyl
callus protoplasts: L = leaf mesophyll protoplasts; NC = nucellar
callus protoplasts,

2 ¢ = callus: Co = cell colonies: SE = somatic embryos: SH = regenerated
roots.

5) Molecular markers.

o] FAEMoILL AN A=Y, MR HelHME A FAAY
A4, faA%e] A4, 27450 A&, pedigree analysis, single geneo] |
WjEl= =8 EA¥A, map-based gene cloning To o4& 7IXZ A=
molecular markero] Bt dF= AfpRofodE T @ @37} o] T2l
olrt.

Isozyme markeri: oA BrIA] FHoz {8 dE glovt AYEHE
isozyme?] %3 AMhwjEol AU JFATol 82 Isich.  RFLPL TRE
7h58t DNA 4=59] markero] A%} Linkage mape BE FoAd Hasht y
L Hgg "o Yok wekd gl K@ 2 ApiEe F YWY 73
At BEAY gd4, 29 el f3A Bl wole] 27] MY AER DNA
marker & 7j3te] Wasiel

6) &=t w2
N Fza) 208 82 3T Fo|debRE LA 2] antisense FAzt, 7
242 antisense FAA}, ACC YA X4 RFA EL antisense FEHA},

T

wejah @ FA MR (invertase, sucrose UYAFA, solbitol AHHEL
L), attia} @l §ARHmalic acid dehydrogenase, phosphofructokinase &),

kitinase, ZAZA7]ZA fAx, g 23 [FA= F& § 4 ded o
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#3872 cloningo] 1], € & AAFEC] W2 FHL 71&0]2 slrh

7) Transformation

fAx Aol7&e] BEE 7128 E5o dol BN LY HA(RAADS
olAAA ATY BFE UEs=Y glrh o] glo] FRWAL HR, U
22, U, AzA AR, B2 1M, 42y, f4d7] 954, g9y g
R4 ge 4y, AAEAAE B YT Qo ¥ A thatol
g 4 gt A2 YHQ gy ARl A 398 A vk UiEy
Ax}H(Bt gene), THX4(Co), AMBYA T, 73} A7) A W Yy B
fA=}, ACC M A, AZY B 3L 5 E 4 A Aolnk oy
ol fAAL dolol 3 BFAT Maks Tk gAw 34830
A o] Ropojl Ariste A= wlg A7) "R} %o Al BEE AF
7} 2aslofof & Holr},

XN o

o

Table 15. transgenic perennial fruit crops.

Agrobacterium-mediated
Tree crop Co-integrate Binary Others Reference
Citrus sp. - pCAP212 DNA Vardi et al,,
uptake 1990
Malus spp. - pBING - James et al., 1989
pCGN7001 - Dandekar et al.,
unpublished
pKIWI105* - Dandekar et al.,
unpubl ished
pWB139% - Dandekar et al.,
unpubl i shed
pROK53 - James et al.,
inpublished
Malus domestica - pCGN7001 Mante et al., 1991
pCGN7314 - Mante et al., 1991
Prunus persica pTiA6tms328: - - Smigocki &
Tn5 ' Hammerschlag, 1991
Vitis sp. - pCGN7320 - Mullins et al.,
1990

! pKIWI105 - Janssen & Gardner(1989)

2 pWB133 - Wayne Barnes(unpublished) is a pBIN19 binary vector containing
a chimeric gene expressing the Bt encoded crylA(C) as a fusion
gene product with APH(3")II.

* pROKS - Hilder et al. (1987).
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8) In vitro conservation
FHZYe] 4FUBE, In vitro field collecting, In vitro germplasm
exchange, 7|E} 7| &5} oo ulel o8 4 9l 7 BE 7]&7)
T2 AP AAGE Rela olw 53], Wiyt WAz} v8-& 8%h= e #
At BEo] olgo] Floisiz ok,

4, A

RodE S wAA B487) st AQuists] 4la, ] Fdel ¢+
NEE 5FE 9% o] g 8F JErl., HI fEvlax Fa
AFEE 2L FFol 84450 FEHAA Etoh el AU Tl 7|&
5 54E& oA=AE Adsks 4H4E Bola dth

2 vkl AeRER ol AR wl, HgolE IR YR X
E T 2o 5EdelA Ugd, UFdel iz ofsta A g, A
gl gs U 3 ARt o] wot AufFolnt A 4-HE Aol W ulE3
o] £2F 3 glo] SFAMAA olF H ¥ ALY 4 sk A
e Bty el AA J1esiA € ZAojch W, A= ST AU a2
A xgo] AT AFFel= G o] 3 FFol RAIHI wljEel 194
ZEol vl FFEEZo] HolAa FFAY A= FrideR ol W2 el
olrh. g FE/NTol slo] o2 oA L eld T W2 AHE K
ol Al HHEIHI|gol A4 & FAA Ul FHA} ofHell T
o2 g 4 =T UAHHE 7|1 g ST BAF FH3} oy
Zd FF MUE EHY 4 sl= AZ7 olh" 5 A& ok 5§, A
Al o FoA HAME AF SFYYLE Ado] o ugd, U
2] H71Fd F3olnt g Aol 23 AuiE= FEH . Y KA(HA, ihv]
) 23924, 54, ¥7], AYY F SHAP LA F2 AL oY ¥
A, A, 3 e, AL 33 58, A A7 =2F, AHI} 4€Y A
T #7l 8 Ax ol Hr1HA BEE 1 EF MLE o3 FF V1€ 2
A Sy BE3HE ABALRLEA £F A& Y A RS o Fsted
Z AAe] & Ao JvjHrt

r
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