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The Safety of Food Developed by Gene Manipulation

Weon Sang Choi
Department of Biochernistry, College of Natural Science, Dongguk Uriversity, Kyongju 780-7 14, Korea

ABSTRACT - Safety of present food has been accepted on the basis of extensive use and experi-
ence for a long time. Many food resources have been developed by traditional techniques without
any significant adverse impacts on the safety of food. Recently recombinant DNA techniques are
being used to develop new food resources. These techniques enable developers to make specific
genetic modifications in food resources that introduce substances that could not be introduced by
traditional methods. With these techniques food resources are being to resist pests and disease,
to tolerate herbicides, and to have improved characteristics for food preservation and nutritional
contents. Because the properties of an organism result from interaction between biochemical
pathways controlled by many genes, the genes conferring these traits usually encode directly
responsible proteins for the new trait as well as proteins that indirectly modify carbohydrates or
lipids in food. Therefore, this kind of food is regarded as new food that has not been existed
before, and the safety of the food developed by recombinant DNA techniques should be evaluated
upon scientific basis. In this paper, the issues upon safety of the food developed by gene manipu-
lation are discussed in terms of composional changes that can be introduced, potential food
safety harzards that might arise, present status of safety regulations in various countries and
international organizations, and suggestions for the safety regulation in Korea.
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Table 1. Examples of food crops developed or under development

217

Food crops

Genetic modification and Trait

Tomato

ACC synthase antisense gene for maturation control (USDA).
Polygalacturonase antisense gene for softening delay (Calgene).

Introduce Monellin related gene for sweetening (UC Berkeley).
5-enolpyruvylshikimate-3'-phosphate synthase gene for glyphosate tolerance.
Acetolactate synthase gene for Sulfonylurea/chlorsulfuron tolerance.
Phosphinothricin acetyltransferase gene for Glufosinate/bioalophos tolerance.
Bacillus thuringgiensis delta endotoxin gene for resistance to insects.

Various viral coat proteins gene for resistance to viruses.

Fish 'antifreeze protein’ gene for cold tolerance.

Pectin methylesterase antisense gene for softening delay.

Potato

Nitrilase gene from Klebsiella ozaenae for Bromoxynil tolerance.

Alcaligenes eutrophus/2,4-D monooxygenase gene for 2,4-dichlorophenoxy acetic acid tolerance.

Bucillus thuringgiensis delta endotoxin gene for resistance to insects.
Various viral coat proteins gene for resistance to viruses.

Cecropin gene for bacterial resistance.

Chitinase gene for Rhizoctonia solani resistance.

Metabolic enzymes for starch increase.

ADP-glucose pyrophosphorylase antisense gene for sucrose contents increase (Genetics Institute,Germany).

Soy bean

EPSP synthase for glyphosate tolerance (Calgene).

Brazil nut gene for increasing methionine contents (Pioneer Hibred).
5'-enolpyruvylshikimate-3'-phosphate synthase gene for glyphosate tolerance.
Phosphinothricin acetyltransferase gene for Glufosinate/bioalophos tolerance.

Wheat

Starch synthetase antisense gene for amylopectin contents change (Ciba-Geigy).

Phosphinothricin acetyltransferase for Gluphosinate tolerance (Monsanto).

Corn

5'-enolpyruvylshikimate-3'-phosphate synthase gene for glyphosate tolerance.
Phosphinothricin acetyltransferase gene for Glufosinate/bioalophos tolerance.
Bacillus thuringgiensis delta endotoxin gene for resistance to insects.

Various viral coat proteins gene for resistance to viruses.

Cottonseed

5'-enolpyruvylshikimate-3'-phosphate synthase gene for glyphosate tolerance (Monsanto).

Acetolactate synthase gene for Sulfonylurea/chlorsulfuron tolerance (Dupon).
Nitrilase gene from Klebsiella ozaenae for Bromoxynil tolerance.

Bacillus thuringgiensis delta endotoxin gene for resistance to insects.

Rice

Buacillus thuringgiensis delta endotoxin gene for resistance to insects.

Rapeseed

Bacillus thuringgiensis delta endotoxin gene for resistance to insects (Mycogen).
12:0-acyl-carrier protein thioesterase for laurate/sterate increase (Calgene).
Stearoyl ACP desaturase for unsaturated fatty acids increase (Pioneer Hibred).
5'-enolpyruvylshikimate-3'-phosphate synthase gene for glyphosate tolerance.

Phosphinothricin acetyltransferase gene for Glufosinate/bioalophos tolerance (Agevo).

Desaturase/thioesterase antisense gene for fatty acid composition change.

Chicory
Apple

Antisense gene for fructan contents increase

Bacillus thuringgiensis delta endotoxin gene for resistance to insects (UC Davis, plant research Lab.).

Source :1. Fedral Register notices published by the Division of Biotechnology, Biologics, and Environment protection,
Animal and plant Health Inspection Service, U.S. Department of Agriculture.

2. Sinn J.S.: Preservation improvement by gene manipulation. Food Science and Industry 29, 2-8 (1996).
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Table 2. Examples of Natural toxin in Food.”

Toxin

Food

Tetrodotoxin

Venerupin

Purine derivative
Cicutoxin

Phaline, Muscrine, agaricic
acid, muscaridine, phalloidin,
amanitin

Lysolecithin

Ricin, ricine

Soyin

Trypsin inhibitor

Swell fish

Short-necked clam, oyster
Blue mussel, large clam
Water hamlock

Poisonous mushroom

Rice
Castol seed oil
Soybean

Soybean(uncooked), potato
(uncooked)

50 dure o AY <

Sl thsl v)2) efstelor
A&l FRT YT FE

gjslofol & Fojt.

BTl NgoR olgsn i XS U A
&

A 27k HEshe e

iz—}% @2 & AU S5

7o) AEelN HZRos

ArgEe] ghom Alz_jz\{o] o}z Ao} QJZ% Aoz I

T e, Table 2014 HEo =5
A2 vheke] EAe dgHeE it EE TS
2 A7)=sieh” 2glar H)E dlheke] Aol HEA
017 AR ol S WAlE A A9 Ao
& 2lFe] FuF oy} S4E

=

STXZ0{H|

| A5 2

A TR P

SR 79| 52AR Mo w2

= dde ‘IT'Z_]X]' sourceS

el

NEFNLA )

= AR AR FAREYA] o] FHAt 3 Bo] =
U=l promoter, enhancer 59°| o718 £ Y= BEHZY
ofe] gk, FoM EYPEE FAAR s o7)A] &
Al TFEE F 9= A Z-$ open reading frame®] WEH T
o A7]= iAol 93F 22]57 antisense RNAE encode
e A A B SRR Wil Ao EM of
718 7 e R 2 4R Fol e 2HES

vle) Tejsfol st ol AMY Brbsslch webd B
_?r

R ES RO RS

WA, A, geskEe] & ¢

yso] Awinzat gk,

CHYEMEo| Bist

Journal of Food Hygiene and Safety, Vol 14, No. 2

Je T st 24

Aa=ez <l 611

[e]

=



The Safety of Food Developed by Gene Manipulation 219

el Fsissel o8 Z17 2Tk 2 Aol 9
o] Mgste] girhl 71 AEL sty Q4R 4 Ug
olck. AR BAH st e] gl 2 BRI
ol HET Fes ARt T 15E o

o) Bonz olgE 29 2t %oﬂ Hepet v
o ﬂ%ﬂﬂlﬂt‘r"”w}aw ol 574 whuo] Qa7|7t o
&

—_—

Zn)Elo} gt vE AlRo] E{iuE iR} 7
t°ﬂ ARG eha 7] xR} 715l tha Apel7h 3
sijehe A ZwolM Bl HA) g & Aok
ghelch Y 2y RS Vel s e AE

Hol & ¢laf 71:50) AFolle EAsHA
okordd v ghgabl Hug mAe] S AL el
27 (allergyyg& Qo077 FxbEE Sl A AHE-E

PAEARA SRl oJsl GAANgel 471 sk
Se) fi7o] & 4 9%, @A PAHoE WHEL Y
el fARe] BEE el A8 ZelE £ U

Zolth, s Sele FAANET e e 4
Wﬁﬂ’ﬂ‘:‘ Ay 213 B4 el A WAl
T2l Eolghe BHoIM AA3) AE7Isldor & Hott
01;3].27]% oJ&e] MAuk-S-(immune response)°|T}.
3}9lo] B (mast celltt TR714 Al (basophil)ol]
ojolE Igholl B-2-o2M ¥ 2840 2HEES
sH= @iolth Be AESo| Abgel wet deler)

A

Q.

Qn{n
2 L2

OII
W e

&
oo

+ sk 9 il

ox
2

[

'6‘
2] dez #‘% %—94 %}eﬂzﬂ farl o Balakol 15,000

2
X
ey
e
o
=
vl
=

o
t
o
i
10
o
o
e
o
2
2
Am
o,
flo
=

v
(o]
Jo
Xy
N
i
159
T
O
>,
i
o
S (N[> R = o)

e
- 10
Y
&
b
T g
B
ol

m 32

2
5
:
o
J

s T

Az welth mehM ojd AFo| U %‘Q’%}Z]o]]
e Bohe 7SR gnh, g e Bela kAR
ofIA] 27190 % ok Bde] he ofie}

AR ghEei7l Ego) U2 E fEsheA ol s
= 978 ANEMA7) Holof & Felth. 1Bl ¥ AW
o] fHA Aok FA7E R wselr sfEEo u
oA GHlE7) frEdo] okl aiA g=lellA
= o¥E7) faEdo) oplehs B gltke AHE &
9]3]]0} g+ 7io|r}.

=

kel QEA v“é*é:‘% 3 01‘8 3
o

THREOR AR Bt 9

olol gk Aol gle A% ol AFel Rg o
A SN AL S el SUAAER A28 7
¢S Sk Qs )sg dhe vl 2 g

=2 =2
FEEE %ﬂ-ﬁ I 2 ATEE olm tEoAE =2
e 4]

d rlo 2 o kA
a8

alzel st o8l f5e 2E2 deEo) 4FE
ShE ol 7297} e u old A9 HE WA 2
Aol S|ETHE ARl Ra vk stk Wmel A7t

7b dasithy AlgE U5 2FeiM 545 | S
o] & hemagglutinin, &N A, BN A} w
(avidin), BIEP] st ehild | seleniumstfr DHE Fol &
= AR 7w slisd Y AR RG] oa) ol el
sheko] 2718 Fi g Al olmE Mre] M|V 2
gt ahzch Aol AlRe] §8-8 Eoli Brh A
w718 A7)9l8 AAETERS vEF Bilske Hixe] )
S Aegtirt Aufgk ol glout ! o] A= AL A
Fc} sl SR 2o ok Sk HAle] 4
2Ro] SlAo] oWl P E F UsA B AEMA
7p7t Fag 732 sk

o FAEAYY el gk A &/

i

i

ju
ki

=
=
3,

Halopsicy, AP FAAAETAE TeE el 3
AR S e {7 ol olgskedl o] AS- A
Az Qo 54 olslols GAAUY faztet ol

FAAL wEE BuEe gasbl "ok 2ot o] 4
Aok ghige jyte] AstEsl] ols) wlE R o
Aoz A7el feld o olXe wom ddZ |

i
o
ot
i
do
:})

>4
@)

il G-00526-17601 thdt QrxA]l H7TolA
bHE Ao By vl vkt 2yel= E-atal o] f
Azt Ao =99 79 recombinationol] 2]3] 43
AN S 5T }“"33 QPZ%T] Bﬂxﬂa 5 ek ek

O

Hgo| esterddL 3 A o

Journal of Food Hygiene and Safety, Vol 14, No. 2



220 Weon Sang Choi

E 7lgroup)E F71= Zie XA ¥ JIRE 183 o)F
Ao ERY FEd 2L TAD A AFdA
T R FABAN R 7 498 A stas A
o] ©AaYUAE ZHE straight chain compound’} 52 &
Agty, & C,Q oleic acid, linoleic acid, steric acid®}
C, & palmitic acid, palmitoleic acidE©] A<t} Siraight
chain EX3ATHLRE ghAhF9) o] AT e 9%, geome-
trical configuration, conjugationsoll wel thaksk X|ito]
FA0%}, Linoleic acid$} linolenic acid, arachidonic acid
52 2FoA &3] W BEXsRARe R QA o
A o] tEuk et Aol g "aERbitelet BE
th 7HE AEA mAEdA Solgh xukte] EREH e
8l sEoME 7HE WEEEEe] SR0A aske e T
AEEE ) o3l Folgh A ite] WA= E 3=l bran-
ched-chain compound, hydroxy acids, acetylenic groups
71zl Ahakgo] of7]ef &80 C,0)49] straight chain
EA RS A EFM e Aol WARA] %= WPH chain
o] Fe A4t (C Cor FAoAM, = 49 BAE
SEAGOE (C-Cy), o1 (C;-C), OFA
(C,-C, el ﬁ*ﬂ A2 1-2% ool HHE 7| =g
7HE Aol WalE FXlshs a4Vt AlAA oR EA) sl
Apo R RE| AHRE {EATIAY ASAA A Ee| &
1], texture®} THE 2]ES] A FE¢E £ ¥ ozt &
Ao F3ks F7imsitt, faab gt A%el A
M2 FAR =UA] 3 £99=+ promoter, enhancer’s
Oﬂ oa] ¥x] L= gAo] Aol dou} AHMe] Al
o Msks flstAY o|FAR e YA HEbt 4
o9l dubd oz y)Eo] AlXol= 2 A &= A
Ak o2 C,018e] straight chain EX3FAAE, erucic
amd(ﬁ]x}oﬂ _‘_xﬂtﬂ)ﬂo EARuAL Zo) 2o gAdE
T AUg Aojrh 2|al ok AHdRe] A A2
H3L Jojdtid AgHe s £ AsgaHdE W

£ GUY 5 9L Zolth, meb AR 4% 2
$ AP 249 Ase) W PAYRTE Mxe) A
2 A Brhslelol & olek.

ElrslEdEo| Hst

2 F&0) B3] EAEhe SrsES DER 2ET, 4
T2 B R, "ézi"(cellulose) 2= Z*_](glyco-
gen), 3|1 AZE 2 A(hemicellulose)s S EFdt= THEH,
raffinose, stachyose, fructosylsucrose, maltoohgosacchande
59 ¥3she 29 L9 (oligosaccharide), ¥, YELS
(maltose), a"E/’\(lactose)~ Xﬁﬁ%}# o|FREL =4 9]

o ol5F At 2 He B 5 A S3kas

= S8 ARSHEA AshE
F&o] ‘7’%% %‘T‘— 52 BE YR 2A Y 0|85
SR R A% £ 284 (edible fiben)?] Fo
2 gt 2oy, 4 gskEe] Aes Al Azt
g FHE & = Jded 2 47} HH‘:}*ﬂ(glycos1des)°]
t}. glycosides® ‘glucosinolates & F-2Z+= EALE g4e]
TRl o8l AR AYEE EdE A A
A FFE Yol F e EFolth olEg2 Yutzoe=
cabbage, cauliflower, turnips, radish’sol= &EAjsh} Sw
grolm 2 A7tet NS dol7IAe derty ¥deA
ek o] Lol cyanogenetic glycosides(A[QFAF 2HAY vl
ZAH7E e ol ZhRalol 23] hydrogen cyanide
(HCN)E @Aehs B2 HONAAY AR <k 200mg
Froltt AF7HA] °F 1,0000959] A EoA AlME LA
BH‘:)’ﬂVP A9 vb QUh " Eg i HIE uiite] A
HEAZE glovt A7 ARFES A A¥e dorle
ol o] Yole FEES|E49 lactase TF0] ‘/‘"7] R
o2 4HA Utk webd FAzER Age] 4 44
AAzgeZ s w2 HEC] amylose®} amylopectm-J
Shako| W3l7t @ A, amylopectinl T E2 branch(c-
1,6-glycosidic linkage)”} AAATAY shs 59 tﬂil—g— 7}
APohH Aoz Qs SZHolA 71Tl AR
o7} glong & HAH R FEaTa 04747‘]—§ 2]
F9 kel EA7F ok AdE 5 Ao fAz
AMzFre] A GollA dFHd BrslEs & Aslass
BaEs gle grsiEolt e EAsiA 29 548 9
grshEo] YhEoAI AW o] AFels v SAshd
Aol ot whgold AS-E AT F A, ol FUH
SHA A el iﬂ%C’ﬂ A ‘QEE
2 ET ARMETPE dolor & Aot

-

% glow

SERWEE ABe| HMTII0l thet 2ol
A2l % =HITel HE

FRAAANZEAEL ol AFT AAE 2F2 A
o olxHo)A ol 7io Be WIS 2T 7
domz o vgela AGESH AR AF
hdgel thet rte] BeAS TEe Yk
ol yete] wEl B x}OlE Helt}, B3
%@ZVHZ@} ANET o S 1
3 Rol B AE G HW H3 o ledoA =
THAI7F Jﬁoﬁh B3 o) AR EEAE gk 9
=] AW, HA7|FRe] €3 9 fjuate] AFolokEebd
Ho] Fajere vt 2o Table 39 ©o]& Qokl%

Lo

Journal of Food Hygiene and Safety, Vol 14, No. 2



The Safety of Food Developed by Gene Manijpulation 221

Table 3. Present status of safety regulation for the food developed by genemanipulation in various countries.

Country  Provisions for food devel ~ Concept of substantial Institute for food safety Labeling
name oped by gene manipulation equivalence evaluation
USA None (under Generally approved FDA Need not label except
consideration) allergenic food
Japan None (under consideration) Generally approved Department of Public Need not labe!l except aller-
welfare genic or severely altered food
EU Established Generally approved but crite-  Directorate-General I1I- Required but need not label in
ria depend on the existence of Industry case DNAs or proteins are
new DNASs or proteins destroyed during processing
Australia  None N/A Genetic Manipulation Never been circulated
Advisory Committee
Canada None Generally approved Department of Health Need not label except aller-

Germany Common law of EU The same as EU

genic or severely altered food

Robert Koch Institute The same as EU

UK Common law of EU The same as EU Ministery of Agriculture,  The same as EU
fisheries and food / Depart-
ment of Health
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