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Table 1, Importance of cultivated crops in Korea, and their main breeding
forces, methods and for breeding

Production i in  |Main Kind of No.do- % of [Level
Crops value breeding |methods of [culti- |mestic i1 1 of
B Billion w & . e focdl threed
won forces breeding |vars var. var. |ipng
Cereals, Govern- . pure med-
7,203 1459 pedigree . 335 |=80%
& tubers mental lines high
Vegeta- ) Heterotic , .
4,555 29,1 Private . Fi's 1,390 '*x 100 high
bles breeding
Fruit ' Govern- |introduc-
1,708 10.9 . clonals| 28 |+ 0 |med,
trees mental tion
Monopo- .
] Govern- |introduc- |pure
lized 805 5.1 ] . ? = 30|med.
mental tion lines
crops
Ornamen- Govern- |introduc- iclonals
390 | 2.5 . , ? = 30jlow
tals mental tion & Fi's
. Govern- . pure med-
0il crops! 252 1.6 pedigree . 30 = 100
mental lines low
Medicinal Govern- ed-
edieina 239 1.5 ™ seperation [clonals| ? = 100 v
herbs mental low
G - |Protoplast
Mushroom | 219 | 1.4 | S [TTOOPYESHliines |32 |= 100}high
mental fusion
Introduc- [Fi's &
Forages ? ? ? . ? =0 |low
tion clonals

Source: '94 Statistic book of Agricultural, Forest and fishery Deparment.
Other evaluations are more or less fairly subjective.
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Figure 1. Schematic diagram for processes of the conventional breeding.
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(D Recognizing most serious and real
problems for farmers, processor,
and sonsumers.

(D The breeding objectives should be
workable and concrete

(D Kinds of natural propagation
@ Kinds of varieties
@ availability of breeding resouces

@ germplasm, & hybridization
@ mutation, @ chromsome manipu.
® biotechnological methods

(D Most difficult and time consuming
process in plant breeding

(D Repetitive trials at the intended
areas

(D Registration by governmental
committees

@ F, seed production by SI or MS.
@ multiplication of Selfed var.
@ virus-free stocks,

(D Efficient and proper promotion
for newly developed varieties,

(D Farmers are the final evaluators
for the newly developed varieties.
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Table 2, Overall

techniques which have been used for plant breeding.

evaluation on the utilization of biotechnological

Methods of
Biotechnological
Techniques

Areas of utilization for plant breeding

Creation
of Variation

Selection

Efficiency

Propagation

Efficiency

Breed
er's

Right

DNA recombination

- Agrobacterium-mediated
- Direct Gene Transfer
- Particle bombardment

- Electroporation
- pollen transformation

00000’

Genomic recombination
- Wide cross
(Embryo Rescue)

- Somatic Hybrids

and Tissue Culture
- Anther culture

- Somaclonal Variation

+ in vitro Selection
- Virus-free Plant

- Micro-propagation
- Potato Seed tubers
- Artificial Seed

Molecular Marker

+ RFLP
+ PCR-based (RAPD)

Molecular basic studies

- Male Sterility

- Self-Incompatibility

» Identification, Cloning,
& Expression of Genes

- Flower Development

& Flowering system

* Number of closed circle indicates the degree of utilization at present

status, The more circles, the more utilized, Data from Park(1992)
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Table 3. Number of field releases approved in different countries up to

1991.
Y f Y f No. of
Country of (f:ar ° Number of Country of c-aar ° o ©
first first release
release releases release
releage release s
Argentina 1991 3 Australia 1991 1
Belgium 1987 42 Canada 1988 52
Chile 1987 4 China 1991 17
Costa Rica 1991 1 Demark 1990 3
Finland 1990 7 France 1986 83
Germany 1990 2 Israel 1991 1
Italy 1989 1 Japan 1991 1
Mexico 1991 1 New Zealand 1988 7
Spain 1988 7 Sweden 1989 4
Switzerland 1991 1 The Netherlands 1988 12
ited
Unite 1987 19 United States | 1986 141
Kingdom
Total 395

Source: reconstructed from Dale et al (1993)
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Table 4. Yearly number of releases in United States up to July,
1993.
jective Her?icides Y1ral Insect pest . Quality Others | Total
Year resistance | resistance | tolerace |improvement
1987 5 5
1988 5 3 5 1 2 16
1989 12 5 9 1 4 31
1990 13 14 14 4 10 b5
1991 19 15 21 9 27 9
1992 67 39 30 18 18 172
up to July, ‘
1993 38 30 17 27 13 125
Total 159 106 96 60 74 495

Source: USDA. 1993.

Environmental Release Permit,
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Table 5. Number of field releases classified by crops and breeding
purposes, which have been developed in only United States

up to 1993.

| V| R e et |G| g
1. Corn 11 44 25 3 13 96
2. Potato 27 5 18 4 19 73
3. Tomato 10 1 10 12 21 17 71
4, Soybean 1 47 1 3 52
5. Cotton 30 20 50
6. Tobacco 11 2 6 10 10 39
7. Melon 20 1 21
8. Rapeseed 4 1 14 1 20
9. Pumpkin 18 1 19
10. Alfalfa 8 3 1 12
11. Rice 1 1 3 3 3 11
12, Lettuce 1 5 6
13. Cucumber 4 1 5
14, Sunflower 3 3
15. Walnut 1 2 3
16, Apple 1 1 1 3

Others 7 3 3 6 7 24

Total 118 7 159 95 51 75 505

Source: USDA. 1993, Environmental Release Permits.

A 24] AE (44%)0] 71 Busieirl EE4EEE YAZ2A FF |44l
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Table 6. The number of releases developed by private companies in United

States up to July of 1993,

Conparr %™ o o |oeun] von | 500 sl te| Ton | kin | rs 12
Monsanto | 12 | 24| 30 | 39| 20| ' 1;
Calgene 16 | 3 25 | 4 |12 60
Upjohn 6 2 5 14| 15| 3| 46
Pioneer | 22 5 7 3| 37
DeKalb 12 12
Frito Lay 12 12
Holdens 12 12
Ciba Geigy | 8 3 1
e | o]
NﬁE“p 1 1| 2 3 10
N F 5 2 1| 8
DuPont 3 3 1 1 8
Cargill 6 1 7
Geg:?i)cs ! 5 6
Petoseed 6 6
Others 9 10 1 2 13 4 1 5 3 7| 55
Totals 96 | 66 | 46 | 52 |50 | 23 |18 | 11 (19 (19 | 25 | 425

Source: USDA. 1993. Environmental Release Permit,

12
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Table 7. The number of releases developed by public institutes in United
States up to July of 1993,

_ Crops |toma|pota|tobajalfal rice rape | me- {pea- bac.- other | Total
Institute to | to |cco| fa seed| lon | nut |teria
U. of Arizona 1 1
Auburn Univ. 1 3 4
U. of Califor-
nia / Davis 3 1 8 7
Cornell U, 2 2
Florida Univ. 2 2 4
U. of Hawaii 1 1
/ Manoa
U. of Idaho 5 1 6
Iowa State U, 3 3
U of Kentucky 5 5
Louisiana
State U, 11 1
Michigan
State U, 2 L 3
Montana
State U, 3 3
North Carolina
State U, 6 6
Pennsylvania 1 1
State U,
Purdue U. 2 2
Washington
State U, 3 3
U of 1 2 | 3 | 6
Wisconsin
3HA| 5 | 11 | 17 1 12 1 2 2 4 13 68

Source: USDA. 1993. Environmental Release Permits,

EnE4%), B320F) W ef2d3)Bolth. the il AEIFHY
venture 714g¢] Calgeneo- 84 60 AlBolrt =z z2E¥ SA37} it o]
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Table 8.

DNA recombination techniques for plant breeding,

Objectives of transformation and origin of transgenes using

15

Purpose omeblems.Or Transgene Origin of Crops
breeding Targets in product transgene transformed
transformation
Various insect . Bacillus cotton,
Pest Bt toxin .o .
resis- pests thucgggqenSJS tomata, corn
Various insect Tripsin Vigna
tance . et . tobacco
pests inhibitor  \unguiculata
Papaya Ringspot Viral coat Papaya
Virus protein, Ringspot V. papaya
Cgcumber mosaic V1ral.coat MV cucunber
. virus (CMV) protein,
Viral Viral coat
disease Tomato mosaic V. . T™V tomato
. protein,
resis- Potato
tance Potato leafroll Viral coat
. . leafroll potato
luteovirus protein. .
luteovirus
Potato virus X Viral coat PVX and tato
and virus Y |protein. PVY po
Aktefnarza Chi tinase Serratia tobacco
Fungal longipes marcescens
. Bean endo- Phaseolus tobacco,
disease chitinase wulgaris rapeseed
resis- Rhizoctonia ; i
tance solani 31bos9me . Hordeum
inactibation tobacco
) vulgare
protein
Analogue EPSPvar]OQF pl?ntsoybean,
Glyphosat and microbial
synthase cotton, flax
gene
Sulponylurea Acetolactate |Arabidopsis |maize, flax,
pory synthase thaliana rapeseed
e,
cide Phosphino- peseed,
. .. cabbage,
resis- . thricin Streptomyces
Glufosinate . tall fescue,
tance acetyl- hygroscopicus
tomato,
or transferase
tolerance alfalfa,
potato, wheat
, Bromoxynil |1 hsielia
Bromoxynil specific cotton
... ozaenae
nitrilase
2,4-dichlorophen- |(2.4-D Alcaligenes |cotton,
oxyacetic acid _ _|monoxygenase |eutrophus _|tobacco




Table 8, Continued
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Purpose
£ P Problems or Targets |Transgene Origin of Crops
o
) for transformation |product transgene transformed
breeding
. Metallothionein
Cadmium tolerance Lo . |mouse tobacco
binding protein
Environ- Pseudopleu-
Antifreeze ronectes tomato,
mental Frost protection . .
protein americanus tobacco
stress ]
(fish)
tolerance - -
Glycerol-3- Arabidopsi
rabidopsis
Cold tolerance phosphate . ps tobacco
thaliana
acyltransferase
Antisense )
Lycopersicon
Improved storage polygalacturo- tomato
esculentum
nase
. antisense stea-
Increased stearic .
royl-ACP Brassica rapa |rapeseed
acid
desaturase
Food ] Manni tel Escherichia
proces- (Increased mannitol , tobacco
dehydrogenase |coli
Sing Increased Seed storage |Bertholletia |soybean,
and methionine protein excelsa rapeseed
quality Imporve protein Chicken .
. ) chicken alfalfa
quality ovalbumin
Increased starch ADP-glucose Escherichia
. potato
content pyrophosrylase |(coli
Synthesized Artificially
Flavour enhancer i . tomato
monellin synthesized
Increased laric Lauroy]-ACP Umbellularia
] ] . . rapeseed
acid thioesterase californica
. . Human serum )
Specialty [Serum albumin ) Homo sapiens |potato
. ablumin
chemicals
chimeric gene,
ets. ¢ f H
rt from Homo
Enkephal ins Leu-enkephalin pa . rapeseed
sapiens and
A. thaliana




Table 8. Continued

Crops
Purpose of|Problems or Targets| Transgene Origin of ¢ P
rans-
breeding for transformation | product transgene
formed
Cyclodextrins .
. Klebsiella
Cyclodextrins glycosyltransfe- . potato
pneumoniae
rase
) Ribonuclease & |Bacillus
Specialty Male sterility . .
) ribonuclease amylolique- |rapeseed
chemicals |system
ots [inhibitor faciens
't' 4) Biodegradable Polyhydorxy- Alcaligenes |Arabidop-
(continue thermoplastic butyrate(PHB) eutrophus sis
Dihydroflavonol
Zea mays and .
Flower colour 4-reductase Petunia
Gerbera ssp.
(DER)
Chloramphenicol
P Escherichia |tobacco,
acetyl trans- i
. coli rapeseed
Gene expression ferase e )
Neomycin phos- |Escherichia |tobacco,
photransferase |coli rapeseed
ADP glucose .
Escherichia [|potato,
pyrophosphory- ]
. coli tomato
Gene regulation lase
Sucrose phos-
Zea mays tomato
Experi- phate synthase
pe Neomycin phos- |Escherichia
mental ) cotton
. photransferase |coli | |
studies Acetolactate Arobidopsis tat
ato
Pollen dispersal |synthase __|thaliana potat
Phosphinothricin
Streptomyces
acetyltransfe- . rapeseed
hygroscopicus
rase
Phosphinothricin
Streptomyces
acetyltransfe- i rapeseed,
. hydroscopicus
Plant persistance |rase and neo- L potato,
] Escherichia
mycin phospho- . sugarbeet
coli
transferase

Source: Reconstructed from Dale et al. (1993)
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3 22 Dale¥ (1993)& #Z5}1A|7] nigicy,

VII. Molecular marker®] A& SFojA2] & HHY

T &F oA Y AFL vl FRIVPME /Y PE AHolo) &
4 B A3 7] 88 HY FHUE upHE o] gty MU NE F
AAFEE ¥ES 13 §F FPoME FAH gto, AMEL: 4823
A AL Yol 3L 4 g7 ol HdAFegE: HE AREA ¢gir)
BtA Tt A2 isozyme wFA2 s ® ol RFLP W} PCR& ol$% RAPD
52 DNA nt#A& o8 A FUFOE /Uy 4= 9long o|5g o] &l
530 Ad 9 o3 AFHo 3, 2w HEY 5 A Hch

ol2] HGof | FHZY AT FUE sl 4% CCOD (current
contents on Diskette with abstracts)& ©]&3}e] 2 Ud7 (1994 6¥ 48
19959 59717)) B4 AAg sttt HUAE T 265He =Ho| B3 Ao
14zt HEE et o] Fofd] e A VHFE HE3 Az 4 Az
R 9o molecular marker&°] 1G4 A E £Fo] HEHI == gofsigdr)
4 759 2] =Fo] molecular marker§ 4149 X4 Ao YRSl=v HH
H& 7l2d oAl o]F &3] AP A siyte] ARH nH 5
£ HAg 713 ALY 4 9 DNA ohA7L o] AuE gt Raga g)
o, A &% HHo FTEHOE AMBH 4 ez AYES AA g,
23 5 ¥R F FLSHME AA £F Ao Myt A oz F
3 e gF ¥EY FRol® QTLs mapping ol 23] #4838 A3 Ausiy
TN AFTE YA 5 ANdsted B&Y 4 ool st 2
Lt ol& A §Fol LY A& ofF w@A] drh

TR =22 572 #olE molecular marker®] polymorphismel]A]
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Table 9, Utilization of RFLP and RAPD in plant breeding surveyed from 268
literatures published from June of 1994 to May of 1995.

No.

Methods of utilization | of |No ©f

in plant breeding crops papers

Purpose of utilization

Finding useful molecular

. markers linked with
(for particularly Backcross . L. 15 75
agronomic characteristic

Improving selection efficiency

breedin
g) in@ggested

Making better combinations for L. L. .
Distinguishing inter-

Fi's breeding, . . 52 77
, varietal differences
|_Protecting breeder’s right.

Establ ishing 1iﬁkageshiﬁm
Genetic mapping ) 27 39
among genetic markers

Phylogenetic and evolutional Comparing genetic maps 15 6
studies among different species

Measurement of off-types
Testing purity of Fi seeds . ) 3 3
within a variety

Identification of causal patho- [Differentiating

. . (26) | 33

gens for resistant breeding pathoges
Confirming transformation and

somatic hybridization,
Confirming paternal inheritance, |with various methods 19
Analyzing crossing-over,
Estimating heterosis

Total 83 268

% The literatures were searched through the Current Contents on Diskette
with Abstracts (CCOD) published by Institute for Scientific Informa-
tion, USA,

ol o] drfaE FgolM A =Y 3go] oAU, A FFH
Fingerprinting MAE ®YI2ZEA FF718 Hel RIE =23t #8317
EEH 4 = 435 Arh

390He] AL markerS 7t ABH|AE LIl genetic mapE 3
= Ao, o] AEE o] &5l TanksleySol &3l AHAIE Graphical genotype
of 23] &F XLE FIANA 4 doglel oot B EolEe] P
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1,0007] ©o]48] DNA, cDNA % Rejd niAEo] Gl uf$ U2 =4
ZpdEo] ol ateloln] AA Beld AelE Wile =¥HES 3t ok e
2 ZAEnitt d=E clEAgE §AHA A% 2do] Yol o]lFoix|il glom, ®
3 E27 ) FE EFU ERE A8 2 & uHE &Sl 22t
W, of¥l AMES |83t FHY riYEdE £ £ SY3= AT
E §34 Ag A5t heterosis?t M &2 23S FAgsied 8%
T+ oleelzt AZ4Hcth
682 =E2 FTETNL AolE HF5lH o|F ABFERFING At
£33 Aola, 3L AT FFUY oI1¥FEFE Hol v olF drinFTFY
Z2 ¢= AR LY 5 o 71e8E AXSedch A € 2 S TR
HAlEo] 48t dejadEe] &% AP molecular marker§ BEY + A
71§ Zwsta glch 16We =82 AFEfo] I Aot U FHI
Wel Avcte] o] molecular marker§ ¥-8%tala} g A7) 3380} FHlgich o
B g U HYd 4 U SRR o] WhHE o83l Wy HWxt W
78 NAYNE =R3}x dhe Al=7t ®a vk ubX]E 19He] = e 3
AT} LAY AN Y AHolA FA[-HxY o]HE HAHRAL, KA F
Ao el wxt WAtel [ A7 9 AERANY ZAEE AuFeE Y3l
Zof #g GFolglch
A A2 =2} & ulAE ol A FE §Fo LR o o1F
RAEZ] g3 gl Zrl o|A2 A #£& 473t 153 AE 85 S
AA = s 2gate] widz aR7t #Esta] 4L Udel Al 4y Atsig
ch &3F71e] et B2 24 43 A7 4T BuAA ZAxt Ha, w5y
thed] A 213 A3} ol gl end-user(o] A= B3] ZF7lolthe F
Az goeo e AAAQA 77 US wWol s¥Eojol & Zojrl. AVRDC
old Fe] wlyul W34 &%Fol Minnesota th¥e] Youngdl ZEA7E A
o] AlA &Fo)A molecular markerE KX 2 AA YL otz AZELE
AR ZZ3AUL AE §FolA BEH7| $ste] EAPREE /1HE AL @
3t BE d7AEE AAl 5ol A Hop ZAFA 2z FEE Holof
g Zojrt
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VII. Ao

204718 NESFS BUlo) BAMENH 8374 "ANT O
A &g Zlolth. daA) MAL M BIF2 WEH 7)Mo se] Ty
& FAE St gon, doR S Jgslel 2 @ A ulAE Qo
g LiEte} ol o] Rofoll tigt A A, 2, AP oA F RE 7o)
=3 dofdt uelelMe o Eokdl AT AA 47, dA7u)e wE o Qe
4 @9 2% FolM riwts] HWE AR L sjof Tl 4T wE wAs B
Al whe} Zhchsbe Jhage] A ATial gl

A FEolM] AFH 8F PUd EAUESH F7)87e] ol H
o FAEE AR $15le] E 10§ 2gsiodch

AW BAY BE 8450 Bt gRizte] A% v2E sz oo
U BHEA oldfsolol ¥ AL EANENY 34 43 A%y L2
HE viAE 4 Qrhe Zolth 27 o|F By ¥ 4 g Rolt}, o]F Eny
3] olsiRIrhE fe|7 Ao o ¥ o Fof Shills EANBEE SEI Mo
FAste BE d7AHES Yol AEFH 3ol Bt AR 2o I
& sojo} WUtk M4y A7 WA AP R AT Qi AHTY 8%
Hol HIHLE SFolM AFA VLY FAXE WY of= Ao RE o
Aol Fofyt 22 YWY {37y A7 FAARY L wol: T
Holth, oo 48 AFTLEE o|F I8 FA] stod AT L2y
of FEHE AEY 7R AFAEE AT SFPHols A Alxy APl
oldlZt P A2 ARt ABBNY SF/HS st NRE o
TAEAA AFH FFPUE ol BE £EyR] ol3fsiel Ho] Ay B
glzgbe A= 4§ AAYUT) i B 159 academic training IFHoA
T A5 SEUE 4£72A U2 AU tF-Boleln Az, a8y W
A7F A wiel e FA PHE ARALE A = ol A @
H A AUE A gulglel Huje] LT of-g3jol ¥ Holr). AlEo| Ty
TAEYE A7 AW A Ao Q HE o)A = AESFol
s A o7t 9l Aolr). end-userd] ZHEZE7}Y 3 Algoza B
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Table 10. Comparison between traditional breeding and biotechnological
methods,

Factors
compared

Traditional breeding

Biotechnological breeding

Achievement

Completely well proved,

Numerous varieties have beeniConsidered as being the 2lst
developed by this method,

Still to be shown.

centry’s techniques

Transformation using DNK"

of breeding

very economical so far,

creating Mainly sexual hybridization, : :
. ] recombination,
genetic Mutation, Protoplast fusion,
variability |Chromosomal manipulation, Synthesizing articifial genes
. Fairly straigt forward for |Still fairly complicated,
Easiness
the most of cases. not yet routinized,
Introduced genes being very |Transformed genes being very
Stability stable, Resistance once in ajunstable so far, Resistance
while being broken, could be broken,
Time v | Could be shorten,
required i but not fully proven yet. |
Economic Compared with the biotech,

Extremely expensive yet,

Limit in utilization of use-

Only very limited characters

Limitation |ful genes from other than .

own species can be impoved so far,

Very practical and Useful genes from totally dif-
Advantages .

well proven methods ferent organisms can be used.
Consumer ‘s .

No negative response at all |Could be very serious matter,
acceptance

Biotechnics can not substitute with the traditional plant

) breeding methods, but complement it. The scientists who are

Suggestion ] . . .

working on biotechnics for plant breeding should be well

informed and trained about the traditional breeding.
BBy d1el che 2 479 ded e Z=siazt i

D N2 alleled] €4 ozl o] Y + A= WHE,
@ crossing-over frequency& %#¥ A UHE,

@ SgAeE HE eukaryotic gened] F&, UH Y W AY A

T,

@ H$AARS PYIHY Bl SFU A3 BE3 e A g
at,
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® multigenic¥t |8 Aol ¥ AR WY,
® [AIBRY FHAE A=A &Fol st FU B} FFESE ©
@ heterosisd] A FH3} heterotic effectE Hvigt H&Y +
NES %% systemd 7N,
® 15 A BolA site-directed mutagenesis WHE,
@ cell organelleso] A% & why g (HEA £F),
® w7)e] ulolela RFE ol Feds wul FFolM AEHHE
NSER S Uelolde 9¥s] B8] Bt glh ol AN
Asdog By ZA ZHe 2147l Bl wdol Algste] BESIAL
Llol7} Wedstr] isiMs 4% BEE 80l ALHLE §4E oo Trh FF
At e mRIIZMK Ao =] Z1&FetAY Adelrt. &F W FH Aol
237 Rolol el AP 2 o|F4 WA A slste] BR, &I R
AE e &2/ A3/l shudel A/ UAAYE s, HEFHL
2 Aua 4 glojof yirh o|F i8] o W MEXF FA| “MESFI 3
QESre] e ow A FFsrLh ebg VPR ¢ Bopto] AP
3 2R} Y27 s 7HEs] Huch olF slside At gty
dodo] Tyt 2L o]3)7} glojol & Zolth A FzIAVSL EBIHY F
Z7198 HF olgAl= FFNUE W AI3] 4], end-user oriented® A7} W
o] £ &3 7l Ue HE FEI HIE vRich
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¥ S
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