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Biodiesel: Oil-crops and Biotechnology
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The substitution of fossil fuels with biofuels has been proposed by the European Union (EU) as
part of a strategy to mitigate greenhouse gas emissions from road transport, increase security of
energy supply and support the development of rural communities. Vegetable oils and their deriva-
tives (especially methyl esters), commonly referred to as “biodiesel”, are prominent candidates as
alternative diesel fuels. They have advanced from being purely experimental fuels to the initial
stages of commercialization. They are technically competitive with or offer technical advantages
compared to conventional diesel fuel. However, several problems remain including economics, com-
bustions, some emissions, lube oil contamination, and low-temperature properties. Therefore, qual-
ity control of fuel-related properties of biodiesel is needed to obtain consistent engine performance
by fuel users. The quality of the fuel is affected by the oil composition. Rapeseed oil has been tar-
geted for fuel use because it produces an oil with a close-to-optimum set of fuel characteristics. In
this paper we have reviewed past and current efforts, both by traditional seed-breeding methods
and by genetic engineering, to modify rapeseed oil quality and yield.
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Fig. 1. Projected effects of emissions on temperature and sea levels (Source: IPCC, 2001).
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Fig. 2. Reverse-to-production (R/P) ratio of fossil fuels (Source: BP
statistical Review of World Energy, 2005).
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Fig. 3. The Biodiesel production process.
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Table 1. The fatty acid composition of some vegetable oils” (g per 100 g of total fatty acids)

18:1 18:2 18:3

8:0 10:0 12:0 14:0 16:0 18:0 20:1+22:1  Total
n-9 n-6 n-3

Coconut (3.4)" 8 7 48 18 9 3 6 2 99
Corn (1.9) 13 3 31 52 1 100
Cottonseed (4.0) 1 24 3 19 53 100
Groundnut? (4.2) 13 3 37 41 2 96
Olive (2.7) 10 2 78 7 1 98
Palm (17.6) 1 43 4 41 10 99
Palm kernel (2.2) 4 4 45 18 9 3 15 2 100
Rape (Canola) (11.8) 4 2 56 26 10 2 100
Rape (high erucic) 3 1 16 14 10 55 99
Sesame (0.8) 9 6 38 45 1 1 100
Soybean (20.8) 11 4 22 53 8 1 99
Sunflower (9.3) 6 6 18 69 99
Castor” (0.5) 1 3 4 98°
Linseed (0.7) 6 3 17 14 60 100
Safflower (high oleic) 6 2 74 16 98
Safflower (high linoleic) 7 3 14 75 99

DThe numbers in parentheses after each crop name represent world production in 1997 in millions of tonnes.

Source: Gurr et al. (2002).
YAlso called peanut.
ICastor oil contains 90% of ricinoleic acid.
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Table 2. Melting point depending on saturated and unsaturated fatty acids

No. of No. of . Melting point
carbon atoms double bond Systematic name Common name §O)]
12 0 n-Dodecanoic Lauric 422
14 0 n-Tetradecanoic Myristic 52.1
16 0 n-Hexadecanoic Palmitic 60.7
18 0 n-Octadecanoic Stearic 69.6
20 0 n-Eicosanoic Arachidic 75.4
22 0 n-Docosanoic Behenic 80.0
24 0 n-Tetracosanoic Lignoceric 84.2
26 0 n-Hexacosanoic Cerotic 87.7
28 0 n-Octacosanoic Montanic 90.9
16 1 cis-9-hexadecenoic Palmitoleic 1
18 1 cis-9-octadecenoic Oleic 16
20 1 cis-11-eicosenoic Gondoic 24
22 1 cis-13-docosenoic Erucic 24
18 2 cis,cis-9,12-octadeca dienoic Linoleic -5
18 3 All-cis-9,12,15-octadecatrichexadecatrienoic a-Linolenic -11
20 4 All-cis-5,8,11,14-eicosatetraenoic Arachidonic -49.5
Table 3. Todine values of selected unsaturated acids Lowest stability Highest stability
Fatty acid lodine value < >
16:1(n-9)cis 99 Safflower Soybean Sunflower Corn Canola Peanut Olive Palm Coconut
18:1(n-9)cis 89 Fig. 4. Relative oxidative stability of some major vegetable oils.
18:2(n-6) 181 Scale is based on inherent oxidative stability, calculated by multiplying
18:3(n-3) 273 the decimal fraction of each unsaturated fatty acid present in a lipid by
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Table 4. Specifications of ENs (European Standards) approved by CEN (European Committee for Standardization) for the biodiesel
standard. EN 14214 is standard of the pure Biodiesel for vehicles. EN 14213 is for heating. EN 590 is of BD 5 (blending up to 5% Biodiesel
with ‘conventional’ diesel) for vehicles

Property EN 14214 ('03) EN 14213 ('01)  EN 590 ('04) Test method
Ester content, %(m/m) >96.5 >96.5 <5 prEN 14103*
Density at 15°C, (kg/m®) 860~900 860~900 820~845 ENISO 3676, EN ISO 12185
Viscosity at 40°C, (mm?/s) 3.5~5.0 3.5~5.0 2.0~4.5 ENISO 3104
Flash point, (°C) >120 >101 >55 ISO/CD 3679°
Sulfur content, (mg/kg)® <10 - <10 or <50
Tar remnant (at 10% distillation remnant), %(m/m)"* <0.3 0.3 <0.3 ENISO 10370
Cetane number >51.0 - >51.0 ENISO 5165
Sulfated ash content, %(m/m) <0.02 <0.01 - 1SO 3987
Water content (mg/kg) <500 <500 <200 ENISO 12937
Total contamination (mg/kg)® <24 <24 <24 EN 12662
Copper band corrosion (3 hours at 50°C) Class 1 - Class 1 ENISO 2160
Thermal stability
Oxidation stability (110°C, hours) >6.0 - - prEN14112¢
Acid value (mg KOH/g) <0.5 <0.5 - prEN14104
lodine value <120 - - prEN14111
Linolenic acid Methylester, %(m/m) <12 - - prEN14103°
Polyunsaturated (>=4 Double bonds) Methylester, %(m/m)' <1 - -
Methanol content, %(m/m) <0.2 - - prEN 14110"
Monoglyceride content, %(m/m) <0.8 <0.8 - prEN 14105
Diglyceride content, %(m/m) <0.2 <0.2 - prEN 14105
Triglyceride content, %(m/m) <0.2 <0.2 - prEN 14105
Free glycerine, %(m/m)° <0.02 <0.2 - prEN 14105", prEN 14106
Total glycerol, %(m/m) <0.25 - - prEN 14105
Alkali metals (Na+K), (mg/kg) <5.0 - - prEN 14108, prEN 14109
Phosphorus content, (mg/kg) <10 - - prEN 14107¢
Cold filter plugging point, (C) -20~(Z;;t2ig)~-44 equal t(g ill\/hneral -20~(z;;t2ig)~-44

YCEN/TC 307 publication of NF T 60-703: 1997.

®Apparatus equipped with a thermal detection device shall be used.

“Suitable test methods to be proposed by CEN/TC 19.

4ASTM D 1160 shall be used to obtain the 10% distillation residue.

‘Pending development of a suitable method by CEN/TC 19, EN 12662 shall be used. The precision of EN 12662 is however poor for FAME products.
'Suitable test method and limit to be proposed by CEN/TC 19.

ECEN/TC 307 publication of ISO 6886 modified.

"CEN/TC 307 publication of NF T 60-701 (procedure A) and DIN 51608 (procedure B).
ICEN/TC 307 publication of NF T 60-704: 1997.

iExtension of this limit to cover additional elements, e.g. Ca and Mg to be considered.
YCEN/TC 307 publication of NF T 60-705: 1997.

'Suitable test method to be developed.

< FAEEd =B = RME)] Al 245t sinkehr -9
i mEdiBEs XSt Ui Eot o] #4ES v
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A9 EF /1% 9% Al (Rapeseed)?t 71=EH(Canola)z}
3 dAoX = #EN= Brassica napus L., Brassica rapa L.
(e1-oll= Brassica campestris L.) ZL2]3L Brassica juncea L
o] &3H}.D o] F Brassica napus$} Brassica rapa= FWUTF
€ HE3t W AAIH SR F3Y(Winter-type) =33
(Summer-type)>- & AWl =™, Brassica rapa®] Sarson type <l
oA A= o] A5l )Tk,

2 7180 e o FR A (Erucic acid, cis-22:1) ©] FE2]
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o5d Al 715 sl Adle et FES A3 1%
2 AgE Uk AFEAES B3 FRIA S E
(Glucosinolate) $FH&-S We3l A|=3i9t) 7182 AL
b FAEARA A 5 E AEE o] gHth 13 fx)
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= Aol AL, o] AR mie AR e g Ulo] 7t
Fol ARE 7]|¥dke o] glom, o] Adite] HA4dE A
715 7t Ao 78S ZElskl B verh Ble Hde
2 2RgEre EAIFe] A71Eek. 1970d 9] Bronowksi &
T A SFIAEYIE FHo| HAFHSE B napuset B.
rapa®l] =91E o1 T
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Table 5. Effects of limit transgression in the case of biodiesel

Property (DIN EN 14214)

Effect/ Comment

Kinematic viscosity at 40°C
Flash point
CFPP(filtration limit)

Residual coke

Fuel conveyance problems(fuel pump, injection pump)

A flash point of less than 100°C renders the product hazardous

Machine standstill through crystallization of fuel in the pipes and the fuel filter at low temperature
Coke deposits on the injection pump and position rings. Problematic in the case of FAME with a high

content of multiple bonds or glycerine/glycerides

Ash content

‘Water content
case)

Total contamination

Damage to exhaust-gas re-treatment systmes
Corrosion problems, turbidity of DK/FAME mixtures (resulting in separation of the water phase in the worst

Machine standstill through filter backfill, potential consequential damage to the injection pump as a result of

insufficient lubrication/ cooling by circulating fuel

Oxidation stability (induction period)
Acid number

Glycerine and glycerides

Iodine number

Alkaline content (Na+K)
Alkaline earth content (CatMg)

Corrosion problems

Filter backfill, precipitation of polymers in diesel/ biodiesel mixtures throughout the fuel supply system

Coke deposition on the injection pump and position rings; possible reason for increased coke residue
Indicates unfavourable fatty acid properties, deviations can affect oxidation stability and CFPP

Machine standstill through filter backfill; possible reason for increased ash content

Source: Bio-Diesel Quality Management Work Group
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Table 6. Genetically engineered alterations in the cold stress and freezing tolerance of plants

Effects on the enhancement of temperature and other

Functions of transformed genes Host plants Remarks Refs
stress tolerances
Active oxygene species
Chloroplast CuZn-superoxide dismutase Tobacco Intense light under low temperatures (enhanced) 31,32
Mn-superoxide dismutase Alfalfa Low or freezing temperatures (enhanced) Targeted to mitochondria or to chloroplast 33
Fe-superoxide dismutase Alfalfa Low or freezing temperatures (enhanced) Targeted to chlorolplast 34
Glutathione S-transferase/Glutathion peroxidase Tobacco Low temperatures and salt (enhanced) 35
Compatible solutes
Betaine aldehyde dehydrogenase Rice High and low temperatures and salt(enhanced) ;Fjgggzt:gut;)]}{)eromsomes, betaine aldehyde applied 36
Choline oxidase Arabidopsis High, low, and freezing temperatures and salt Gene from a soil bacterium, targeted to chloroplast
(enhanced)
Membrane lipids
Glycerol-3-phosphate acyltransferase Tobacco Low temperatures (enhanced/lessened) 37,38
Glycerol-3-phosphate acyltransferase Rice Low temperatures (enhanced) 39
Glycerol-3-phosphate acyltransferase Arabidopsis Low temperatures (lessened) 40
Chloroplast -3 fatty acid desaturase Tobacco High and low temperatures (enhanced) Overexpression (low tempetratures), gene silencing (high 41,4243
temperatures)
Endoplasmic reticulum -3 fatty acid desaturase Rice Low temperatures (enhanced) 44,45
D9 desaturase Tobacco Low temperatures (enhanced) Gene from a cyanobacterium 46
Functions of transformed genes Host plants Effects on the enhancement of temperature and other Remarks Refs
stress tolerances
Transcriptional factors (activators)
Transcriptional activator (CBF1) Arabidopsis Freezing (enhanced) Induction of COR gene expression 47
cis-acting promoter element (DREBIA) Arabidopsis Freezing, drought, and salt (enhanced) Driven by the stress inducible rd29A promoter 48
Zinc finger protein (SCOF-1) ?gﬁzlc(l(())p SIS Low tempertaures (enhanced) Induction of COR gene expression 49
Transcriptional activator (ABI3) Arabidopsis Freezing (enhanced) Enhfmce.mem of ABA-induced expression of genes for cold 50
acclimation
Antifreezing protein
a . AFP accumlated in apoplast, inhibited ice recrystallization
Carrot (Dac) AFP Tobacco Freezing (enhanced) and produced 0.35 to 0.56°Cof thermal hysteresis 31
Carrot (Dac) AFP Arabidopsis Freezing (enhanced) AFP accumulated in apoplast and modified ice crystal 52
morphology
Carrot (Dac) AFP Tobacco Freezing (ennahced) Survived supercooling to —2°C 53
Winter rye (Sc) chitinase-AFP Arabidopsis Freezing (enhanced) AFP accumulated in apolast with no effect on LTs,

“Abbreviation: AFP, antifreeze protein; Dac, Daucus carota; Sc, Secale cereale. Modified from Table 1 of Koh (2002) and Table 2 of Griffith and Yaish (2004).
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Fig. 5. Schematic drawing of the oleic acid desaturation in the plastids and at the endoplasmic reticulum (ER).

4-Coumaroly-CoA + 3 Malonyl-CoA
l CHS
Chalcone
| e
Flavanones
| FaH
Dihydroflavonol
) DFR — AtMYB60
Leucoanthocyanidin
| ans
Anthocyanidin
| ureT
Anthocyanin

Fig. 6. Schematic representation of the relationship between
AtMYB60 expression and the structural genes which play a role in
anthocyanin biosynthesis.

Ao AT FARE b BB Bl Tk Ao
E7] SsiA APSEAIE o] | AXoRE slal o] 2 <Igh
AH] s B 71EEAe] AAE ZAsial vk
olote: FAlEH ] FAEE Al St HAHoR 5
3153 mle| QeluAAIRellA FXI8kaL e EFE Hlo]
QRRAEY FLlRe AT F (g 1)
5 M & Mol FskaL e Folth
‘&Eﬂomﬁii WS oAehE MEE FAAH(MYB-type
transcription factor)S 7N'ate] 2ol DAt A, A
290] H4g 4] ke ACE wel o] FA Aok
A WS AAsket] dolske AAERERIANAAY Ao
2 g5k webA o] ARE vl E AU o] AR
FARE Edst TISA] S9Xs 35 A3 9 0]
A2AoM 2R o s WHelleS & o UATKFig. 6). FF
Azpe]l AT JAS Tl =T 77ke S Ad
A 55 A Zleolgt ZIdiEr o] ol QHEAJopdA)
A FH FHA] DFR(Dihydroflavonol-4-reductase) % CHS

S
=
o
L5
A

(Chalcone synthase)s #z2]3}] FxUjollA] WL JA|A7]=
2S5 Z of Yuk®
g 4. #A2 F5L A F3-8-(Summer-type)s} 3}
Q‘(Winter type)o- = TtE =, E3E-2] 79 A1kl &
3L, AFE WEelol] ofslid Aol FA| HoA|le whHo| F
-‘—4*&— A 717ko] AL Brdo] e 54S 7HIAL Atk =
WellXe dA7kA] tideld A ollxrto] faie] 3} Aful7}
7Fsetar deiA sletl, 2 olfre Rle 2 Wiedo] oF
gk AHEEA st 5=rF 109 o) AEE A ARl 2l
= A7) etk ik Ao Aide Slist] 2l
= WEHd Sxlo] HdsiAl a7HARe Aol AF7HA
14]?5]—/\'1 o ‘LHE/H I .ﬁ_x%;q-oﬂ A3l g ﬂ—'}7l— Z]ﬁgﬂoiﬁ
3L, AEWA Wi 2 s 7lse] AX%E AEAAE
Table 63+ 7ro] HEapeh ™ gy dd Y22 & + 7
o] At olate] AR E]7] Hrks Wislsle 3] 83t
€ Aslade AA 34 oA 719 -”-241}7]- &5 Whgsie
Hojxl= AF=LdA —rxé?lr/}. webA S SERIE A F
Z“’ﬂ o 7€) IHK"W = %"]"ﬂ Te R
o XI5 A% ﬂx%& &
U Nk TrZH

Wl el 29 o] 7iseh
2o} Al
x= =
A7 exsle] F 219 £A71Ae) Wi 2297 §)

3 mloleAgel theth e 2 FeAo] AlZIE] St o]
T FHE THCE AHRE nleletd ARe] i A
7F Al o] ghom AE2 383t vl HolEal = R,
=W vlolerd gl e A FE2 oAl AleAld &
IR Aotk mlolevd ARR AMTFsE FARRES] A
WAk 2ol wet AFsAk IR Aol Aske ¢ Sivke 24
7 AZENLL, ol siAstaAt iEshE wloleud F4 4t



slolorldl AR A EE AU ATHE 54 145

#Ax7t vlEslol Atk SN vlEE nlolerd 77 o
3 L 014t ko] =8 7|Eo] nlo|oUd AgE Zols}
o, fA7180] T fAAEe] 7180l vlslel oo o

gl H3sicta JeiA ok webd ) §ALEe] ulole
04 dmsie 93 B g A0 SUE dle) AgEs
g olgd 5 gl B3k A7 e s} AT,

Key words: Biodiesel, oil-crops, Brassica napus, oleic acid,
cold stress

=72 20075 2053 218duto] @ olUAATFAKYE
(06-3-23-2-2)} FHAH T SFATLL] 71 HLHAR (06-3-11-12-
2) A el 23] o]Foixlomn olo] e =yt

EnaEs

1. Frondel, M. and Peters, J. (2007) Biodiesel: A new
Oildorado? Energy Policy 35, 1675-1684.

2. Nitske, W. R. and Wilson, C. M. (1965) In Rudolph
Diesel, pioneer of the age of power, University of
Oklahoma Press, Norman, Oklahoma.

3. Gurr, M. L, Harwood, J. L. and Frayn, K. N. (2002) In
Lipid Biochemistry (5th ed.), pp. 13-101. Blackwell
Science Ltd, Oxford, UK.

4. Rozenaal, A. (1992) Interesterification of fats. Inform 3,
1232-1237.

5.Allen, J. C. (1955) Determination of unsaturation.
Journal of American Oil and Chemists’ Society 32, 671-
674.

6. Frankel, E. N. (1998) In Lipid Oxidation, The Oily Press
Ltd, Dundee, Scotland.

7. Erickson, D. R. and List, G R. (1985) Fat degradation
reactions. In Baileys Industrial Oil and Fat Products,
(3rd ed.) John Wiley & Sons, Inc., Toronto, Canada, pp.
275-271.

8. Gray, J. 1. (1978) Measurement of lipid oxidation: a
review. Journal of American Oil and Chemist’s Society,
55, 539-546.

9.Formo, M. W. (1979) Physical properties of fats and
fatty acids. In Baileys Industrial Oil and Fats, John
Wiley & Sons, Inc., Toronto, Canada, pp. 177-232.

10. Nourredini, H., Teoh, B. C. and Clements, L. D. (1992b)
Viscositites of vegetable oils and fatty acids. Journal of
American Oil and Chemists’ Society, 69, 1189-1191.

11. Prankl, H. and Wrgetter, M. (1995) Standardisation of
biodiesel on a European level. Proceedings 3rd European
Motor Biofuels Forum, Brussels, Belgium.

12. Bengtsson, L., Von Hoften, A. and L6oF, B. (1972)
Botany of rapeseed. In: Rapeseed Cultivation, Composition,
Processing and Utilization. pp. 36-48. Elsevier Publishing
Company. London

13. Saurer, F. D. and Kramer, J. K. G. (1983) The problems
associated with the feeding of high erucic acid rapeseed

oils and some fish oils to experimental animals. In: High
and Low Erucic Acid Rapeseed QOils Production, Usage,
Chemistry, and Toxicological Evaluation. pp. 254- 292.
Academic Press, Toronto.

14. Daun, J. K. and Adolphe, D. F. (1997) A revision to the
canola definition. Bulletin of GCIRC, 14, 134-141.

15. Daun, J. K. (1984) Composition and use of canola seed,
oil and meal. Cereal Foods World, 29, 291-296.

16.Jang, Y. S., Kim, C. W,, Choi, 1. H,, Oh, Y. B., Jung, B
C. and Kim, S. T. (2002) Yield performance and local
adaptability of rapeseed F1 hybrids. Korean J. Breed. 34,
41-45

17.Jang, Y. S., Kim, C. W,, Choi, I. H,, Oh, Y. B., Jung, B
C. and Park, J. H. (2002) Method of seed production of
F1 hybrids in Brasscia napus L. Korean J. Breed. 34,
158-162.

18.Jang, Y. S., Kim, C. W,, Choi, I. H,, Oh, Y. B., Jung, B
C.,, Bang, J. K., Kwon, B. S. and Lee, J. 1. (2002)
Development of maintainer and Mokpo-CGMS in
Oilseed rape (Brasscia napus L.) Korean J. Breed. 34,
163-167.

19.Jang, Y. S., Choi, I. H., Oh, Y. B., Cho, S. Y., Chong,
D. H. and Oh, H. J. (1998) A new early-maturing,
flower of large size and the use of sightseeing rapeseed
variety “Tammiyuchae”. J. Indus. Crop Sci. 40, 67-70.

20. Auld, D., Heikkinen, M. K., Erickson, D. A., Sernyk, L.
and Romero, E. (1992) Rapeseed mutants with reduced
levels of polyunsaturated fatty acid levels and increased
levels of oleic acid. Crop Sci. 32, 657-662.

21. Rcker, B. and Rbbelen, G. (1995) Development of high
oleic acid rapeseed. In: Rapeseed Today and Tomorrow.
Proceedings of 9th International Rapeseed Congress,
Vol. 2, pp. 389-391, Cambridge, UK.

22.DeBonte, L. R. and Hitz, W. D. (1998) Canola oil
having increased oleic acid and decreased linolenic acid
content. US Patent No. 5850026.

23. Stoutjesdijk, P. A., Hurlstone, C., Singh, S. P. and Green,
A. G. (1999) Genetic manipulation for altered oil quality
in Brassica. In New Horizons for an Old Crop.
Proceedings of 10th International Rapeseed Congress, pp.
26-29, Wratten, N. and Salisbury, P. A., Canberra.
Australia.

24.Rakow, G. and Raney, P. (2001) Low saturated fat
Brassica napus. GCIRC Technical Meeting, B18, Poznan,
Poland.

25.Knutzon, D. S., Thompson, G A., Radke, S. E.,
Johhson, W. B., Knauf, V. C. and Kridl, J. C. (1992)
Modification of Brassica seed oil by antisense expression
of a stearoyl-acyl carrier protein desaturase gene. Proc.
Natl. Acad. Sci. USA. 89, 2624-2628.

26. Hildebrand, D. F. and Grayburn, S. W. (1999) Fatty acid
alteration by a 9 desaturase in transgenic plant tissue. US
Patent No. 5,866,789.

27. Rakow, G., Relf-Eckstein, J., Raney, J. P. and Gugel, R.
(1999) Development of high yielding disease resistant,
yellow-seeded Brassica napus. In: New Horizons for an
Old Crop. Proceedings of 10th International Rapeseed



146 =738

=
- 1y

Congress, Canberra, Australia.

28. Park, J. S., Choung, M. G, Kim, J. B., Kim, J. B., Bae,
S. C., Roh, K. H,, Kim, Y. H., Cheon, C. 1., Sung, M.
K., and Cho, K. J. (2007) Genes up-regulated during red
coloration in UV-B irradiated lettuce leaves. Plant Cell
Rep. 26, 507-517.

29.1ba, K. (2002) Acclimative response to temperature
stress in higher plant: Approaches of gene engineering
for temperature tolerance. Annu. Rev. Plant Biol., 53,
225-245.

30. Griffith, M. and Yaish, M. W. F. (2004) Antifreeze
proteins in overwintering plants: a tale of two activities.
Trends in Plant Science 9, 399-405.

31.Sen Gupta, A., Heinen, J. L., Holaday, A. S., Burke, J.
J. and Allen, R. D. (1993) Increased resistance to
oxidative stress in transgenic plants that overexpress
chloroplastic Cu/Zn superoxide dismutase. Proc. Natl.
Acad. Sci. USA. 90, 1629-1633.

32.Sen Gupta, A., Webb, R. P., Holaday, A. S. and Allen,
R. D. (1993) Overexpression of superoxide dismutase
protects plants from oxidative stress. Plant Physiol. 103,
1067-1073.

33. McKersie, B. D., Bowely, S. R. and Jones, K. S. (1999)
Winter survival of transgenic alfalfa overexpressing
superoxide dismutase. Plant Physiol. 119, 839-847.

34. McKersie, B. D., Murnaghan, J., Jones, K. S. and
Bowely, S. R. (2000) Iron-superoxide dismutase
expression in transgenic alfalfa increases winter survival
without a detectable increase in photosynthetic oxidative
stress tolerance. Plant Physiol. 122, 1427-1437.

35.Roxas, V. P, Smith, R. K. Jr., Allen, E. R., and Allen R.
D. (1997) Overexpression of glutathione S-transferase/
glutathione peroxidase enhances the growth of transgenic
tobacco seedlings during stress. Nat. Biotechnol. 15, 988-
991.

36. Kishitani, S., Takanami, T., Suzuki, M., Oikawa, M., and
Yokoi, S. (2000) Compatibility of glycinebetaine in rice
plants: evaluation using transgenic rice plants with a
gene for peroxisomal betaine aldehyde dehydrogenase
from barley. Plant Cell Environ. 23, 107-114.

37.Moon, B. Y., Higashi, S., Gombos, Z. and Murata, N.
(1995) Unsaturation of the membrane lipids of
chloroplasts stabilizes the photosynthetic machinery
against low-temperature photoinhibition in transgenic
tobacco plants. Proc. Natl. Acad. Sci. USA. 92, 6219-
6223.

38. Murata, N., Ishizaki-Nishizawa, O., Higashi, S., Hayashi,
H. and Tasaka, Y. (1992) Genetically engineered
alteration in the chilling sensitivity of plants. Nature 356,
710-713.

39. Yokoi, S., Higashi, S., Kishitani, S., Murata, N. and
Toriyama, K. (1998) Introduction of the cDNA for
Arabidopsis glycerol-3-phosphate acyltransferase(GPAT)
confers unsaturation of fatty acids and chilling tolerance
of photosynthesis on rice. Mol. Breed. 4, 269-275.

40. Wolter, F. P., Schmidt, R. and Heinz, E. (1992) Chilling

sensitivity of Arabidopsis thaliana with genetically
engineered membrane lipids. EMBO J. 11, 4685-4692.

41. Kodama, H., Hamada, T., Horiguchi, G., Nishimura, M.
and Iba, K. (1994) Genetic enhancement of cold
tolerance by expression of a gene for chloroplast « -3
fatty acid desaturase in transgenic tobacco. Plant Physiol.
105, 601-605.

42. Kodama, H., Horiguchi, G., Nishiuchi, T., Nishimura, M.
and Iba, K. (1995) Fatty acid desaturation during chilling
acclimation is one of the factors involved in conferring
low-temperature tolerance to young tobacco leaves. Plant
Physiol. 107, 1177-1185.

43. Murakami, Y., Tsuyama, M., Kobyayshi, Y., Kodama, H.
and Iba, K. (2000) Trienoic fatty acids and plant
tolerance of high temperature. Science 28, 476-479.

44. Hamada, T., Kodama, H., Takeshita, K., Utsumi, H. and
Tba, K. (1998) Characterization of transgenic tobacco
with an increased e-linolenic acid level. Plant Physiol.
118, 591-598.

45. Shimada, T., Wakita, Y., Otani, M. and Iba, K. (2000)
Modification of fatty acid composition in rice plants by
transformation with a tobacco microsomal -3 fatty acid
desaturase gene (NtFAD3). Plant Biotechnol. 17, 43-48.

46. Ishizaki-Nishizawa, O., Fujii, T., Azuma, M., Sekiguchi,
K. and Murata, N. (1996) Low-temperature resistance of
higher plants is significantly enhanced by a nonspecific
cyanobacterial desaturase. Nat. Biotechnol. 14, 1003-
1006.

47. Jaglo-Ottosen, K. R., Gilmour, S. J., Zarka, D. G,
Schabenberger, O. and Thomashow, M. F. (1998)
Arabidopsis CBF1 overexpression induces COR genes
and enhances freezing tolerance. Science 280, 104-106.

48. Kasuga, M., Liu, Q., Miura, S., Yamaguchi-Shinozaki,
K. and Shinozaki, K. (1999) Improving plant drought,
salt, and freezing tolerance by gene transfer of a single
stress-inducible transcription factor. Nat. Biotechnol. 17,
287-291.

49.Kim, J. C., Lee, S. H., Cheong, Y. H., Yoo, D-. M., and
Lee, S. 1. (2001) A novel cold-inducible zinc finger
protein from soybean, SCOF-1, enhances cold tolerance
in transgenic plants. Plant J. 25, 247-259.

50. Tamminen, 1., Mkel, P, Heino, P.,, and Palva, E. T.
(2001) Ectopic expression of ABI3 gene enhances
freezing tolerance in response to abscisic acid and low
temperature in Arabidopsis thaliana. Plant J. 25, 1-8.

51. Worrall, D., Elias, L., Ashford, D., Smallwood, M.
Sidebottom, C. Lillford, P. Telford, J. Holt, C. and
Bowles, D. (1998) A carrot leucine-rich repeat protein
that inhibits ice recrystallization. Science 282, 115-117.

52.Meyer, K., Keil, M. and Naldreff, M. J. (1999) A
leucine-rich repeat protein of carrot that exhibits
antifreeze activity. FEBS Lett. 447, 171-178.

53.Fan, Y, Liu, B., Wang, H., Wang, S. and Wang, J. (2002)
Cloning of antifreeze protein gene from carrot and its influence
on cold tolerance in transgenic tobacco plants. Plant Cell Rep.
21, 296-301.



