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Abstract

Triple challenge is confronting world plant production in a few forthcoming decades: population
increase, worsening of growth conditions, and changeover from fossil-based to renewable energy
and raw materials. The challenge cannot be met without utilizing best modern biological tech-
niques, genetic modification included. In the current era of rapid environmental changes, plant
breeding should take even greater responsibility for food, feed, fiber and fuels than in the past.
Though; there are good prospects for remarkable improvements in yield level and energy efficiency
of plant production, as is exemplified with the cases of modern crop and especially sugarcane im-
provement in consideration. For example sugar content, biomass yield, pest and disease resistance,
environmental safety and resource use efficiency of biofuel crop production can be essentially im-
proved on the basis of new genetic know-how and taking advantage of the richness of genetic re-
sources available in the Plant Kingdom. Especially the natural reservoir of 10,000 wild grass spe-
cies should be exploited in the most pure way possible by means of modern and precise GM me-
thods. Consequently, our vital needs in biofuel crop production can be fulfilled without increasing
crop production areas untenably at the expense of the remaining wilderness, or compromising food
security in the world.

Running title: Towards much more efficient biofuel crops
Introduction

The merits of the huge increases in agricultural production efficiency during the 10,000 latest years
are attributed about fifty-fifty between the developments in crop husbandry, crop protection etc.
versus plant breeding. Now that we live in rapidly changing and possibly hard times, the responsi-
bilities of plant breeding may surge. But then also the potentials of breeding are greater than ever
before, thanks to the revolution in genetic knowledge and know-how in this millennium.?

Consequently, for example China has allocated 3.5 billion US dollars in its GM Crops Initiative,
and the release of the long-awaited domestic GM crops on the market is written into the govern-
ment’s short-term focal goals. In addition, the development of new GM crops is one of the 16 major
projects listed in China's plan for scientific and technological development until 2020. The govern-
ment's plans include the development of pest- and disease-resistant GM rice, rapeseed, maize and
soy, with research focusing on yield, quality, nutritional value and drought tolerance.?*
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Current bioenergy crops are often criticized in the media for competing untenably with food, feed
and fiber production in the fields. Such a new source of competition may tend to enhance future
price speculations, and it may thus fuel the spiking of food prices in international markets. Indeed,
due to the very low efficiency characteristic of the maize-based production of bioethanol in USA, a
large proportion of maize production area has to be redirected from food and feed purposes to fuel
uses even if the very first quantitative goals set down by legislators for biofuel production during
forthcoming decades in USA are to be fulfilled. Whereas, high-yielding crops (50 trvha) that have
high conversion efficiency (75 %) would require a global land footprint of around 100 million ha to
replace current (2008) oil consumption in the world. Such increase in cultivated area might some-
what soundly be achieved, provided that lands abandoned due to overuse or salinization in tradi-
tional agriculture and less favorable areas not much used in agriculture hitherto in certain conti-
nents, e.g. South America, could be taken in bioenergy production.*

International plant science organizations point out that great improvements are required in current
bioenergy crops for achieving sustainable systems of biofuel production.®> On the other hand great
prospects for such improvements exist, because relatively little breeding for such special traits has
been done previously. Accordingly, genetic variation in certain “energy” traits may still be found in
the breeding populations of the crop species. Further genetic diversity is available in the Nature.
The 10,000 wild grass species in the world harbor riches of highly efficient solutions available for
improving the productivity and ecological tolerance to environmental stresses of crop plants, as
soon as the genetic basis of the desirable traits is being unraveled by modern genome research.

The efficiency of the bioenergy crops measured in savings in fossil inputs such as fertilizers and
tractor fuels as well as in biofuel yields produced per hectare depends much on the methods used in
their production. Therefore, essential improvements in ecological and carbon efficiency can be
reached, if bioenergy crops can be bred to manage with lower fossil inputs without compromising
their high yield levels. When more efficient plant varieties become available, sustainable production
of bioenergy and renewable products can be obtained without jeopardizing food security and wild-
life.

Sugarcane is very efficient in assimilating solar energy into carbohydrates, and according to various
evaluations tropical sugarcane production is sustainable both in terms of carbon efficiency and in
ethanol yield per hectare. International Energy Agency states that ethanol from sugar cane produced
in the tropical/sub-tropical regions such as Brazil, Southern Africa and India, for example, has ex-
cellent characteristics in terms of economics, CO- reductions and low land use requirements.® Other
studies also confirm that tropical sugarcane ethanol yields the highest savings achieved hitherto
(85-98 %) in fossil energy use and greenhouse gas emissions.”

Regarding biodiesel production, oil palm (Elaeis guineensis) is far superior to any oil crops pro-
duced in Europe. It produces nine times more oil per ha than soybean and six times more than oil-
seed rape,® which means much less wastage of natural resources in agriculture. Oil palm requires
tropical climate. However, contrary to certain “activist” campaigns, palm oil needs not be produced
in rainforests but certified oil palm plantations can be founded on set-aside and waste lands. Politi-
cal doubts still occur at least in European public as regards the reliability of such certification sys-
tems in the circumstances when the overall demand for palm oil is increasing dramatically.?

Though all kinds of animal or plant fats can be used in the manufacturing process for NEXBTL bio-
diesel of the Finnish company Neste Oil, 2% such food waste materials are only available in minor
quantities that could provide for no more than a few percentages of the biodiesel volumes to be re-
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quired. Accordingly, the decision by the company of using palm oil in its biodiesel process for the
time being is justified on environmental grounds.

Biofuel production is quite new field of application in plant cultivation, and consequently the po-
tentials of many unconventional plant species are in consideration as well,* e.g. jatropha (Jatropha
curcas L.). Such species are often not domesticated hitherto, jatropha included. Consequently, much
work and time would still be needed before the practicability of such neo-domesticated species may
be proven. Reliable cultivation methods must be developed and the adaptability of their diverse
genetic origins for large-scale cultivation and efficient biofuel production in different regions and
various environments shall be tested in practice. If proven successful, however, a novel species may
offer one substantial advantage: its genetic diversity is not yet exhausted by the centuries of
selection breeding as is often the case with old crop species. Anyhow, substantial experience in
plant breeding has shown that the amendment of a wild plant species to an important crop plant
tends to take centuries rather than decades.*?*?

Jatropha regarded, such evidence is still to be awaited, though large cultivation tests have already
been planted in the tropics lately. Even if the species has high oil content in its seed (2740 %) and
can tolerate poor conditions such as drought, its true productivity in such environments remains to
be seen.** Adequate ecological caution may also be needed before such ecologically “overly” tole-
rant species are distributed for large-scale cultivation everywhere. Namely, some of the most in-
famous tropical weeds have originated from the introductions of alien trees which have thereafter
become highly invasive in certain local ecosystems. Additionally, jatropha belongs to a highly toxic
plant family (Euphorbiaceae) and might fight its controlling pests too well off in some new envi-
ronments. Toxicity could also limit the potential uses of its side products, which may erode its net
economic sustainability.

Consequently, sugarcane and ethanol were selected for the case of a detailed analysis in the present
paper, because a) there are many scientifically interesting developments going on in sugarcane, and
b) our most important crop plants are cereals, i.e. grass species, and not palm plants.

Though, regarding the important new traits in question, information from other plant species is also
considered when necessary. Namely, in spite of the great differences in chromosome number and
size between grass species, all 10,000 species of the grass family (Poaceae) are closely related ge-
netically, and the gene content of different grass species does not vary greatly. 2227 |n spite of the
great amount of DNA in sugarcane cells, due to its high polyploidy, the basic Saccharum genome is
only twice the size of rice and significantly smaller than maize genome.*® As a consequence,
achievements in genetic research and trait development in other grasses can quite likely be also uti-
lized in sugarcane, and vice versa.

The morphological structure, water use, fertilizer intake, sucrose content, and the very nature of
sugar production in sugarcane are likely to undergo major changes with the modern tools of genetic
modification. Scientists predict that the ethanol yield of sugarcane per ha can be doubled in prac-
tical cultivations within the next 15 years. 2 Additionally, prospects for remarkable enhancements in
resource use efficiency also exist in sugarcane, at least regarding water and nitrogen.

Locally well-adapted and highly productive biomass grasses are under development in temperate
and cool climates, e.g. switchgrass (Panicum virgatum) in North America, Miscanthus (Miscanthus
X giganteus) both in Europe and N. America,?># and reed canarygrass (Phalaris arundinacea) e.g.
in Finland and UK (though mainly aimed at combustion use hitherto).?2 What lessons could pos-
sibly be learned for their breeding from the experiences in sugarcane?
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Current sugarcane production

Sugarcane (Saccharum officinarum) is cultivated in 22 million ha, and its average cane yield is 70.9
tn/ha. World production is 1,560 million tn of cane, which yields 68 million tn of sugar annually.
World sugarcane production has increased by a quarter from the turn of the century onwards. The
greatest cane producers are Brazil and India, with 33 % and 22.3 % share of world sugarcane pro-
duction, respectively. Other great producers are China, Thailand, Pakistan, Mexico, Colombia and
Australia, which in combination share 22.6 % of world sugarcane production.*

The bulk of sugarcane is produced in a zone surrounding equator: between 35 °S and 35 °N. De-
pending on varieties and growth conditions, yield is harvested in 9—24 month intervals by cutting
the cane stalks. Sugarcane is a perennial crop, and it is economically viable to take 3-8 crops from
the same cane roots in recurrent years. Commercial sugarcane is propagated by vegetative means,
and new cultivations are established by burying segments of stalks in furrows in the field. Furrow
interval is 1.1-1.4 m, and one hectare of sugarcane cultivation contains 21,000-35,000 cane stalks.

Sugarcane is an efficient assimilator and may according to a comparative study produce more than
200 tn of biomass (in fresh weight) per ha in the best experimental conditions, though the respective
commercial maximum and commercial average yields remain to three quarters and one half of that,
respectively. Though, even higher yields have been reported, but their comparability is hard to as-
certain. A huge figure of 381 tn/ha has been estimated as a theoretical maximum annual yield of
sugarcane in the most favorable conditions.®® Typical values in informal sources for average cane
yield may range between 50-150 tn/ha — in wet tropics good rainfed cane yield is 70-100 tn/ha,
whereas in dry tropics and subtropics good cane yield using irrigation may often be 110-150 tn/ha.

Sugarcane processing products and byproducts

Sugarcane stalks are pressed to produce syrups (molasses), which are then processed further in a
few purification steps to yield purified cane sugar. Remaining molasses fractions still contain some
sugars and can be utilized for alcoholic fermentation. Brazil produces the bulk of its ethanol from
sugarcane molasses. Additional uses for the molasses fractions are feed additives and fertilizers in
sugarcane cultivation.

Bagasse is the highly fibrous residue remaining after cane is pressed to remove sucrose. Bagasse is
high in lignocellulose, and it is being burnt for energy in sugar mills or used for paper production.
Regarding feed uses the disadvantage of bagasse is its low digestibility (25 %) because of the pres-
ence of lignin which protects carbohydrates from being digested by the rumen microbes. Conse-
quently, chemical, biological or thermo-mechanical treatments are required to improve the digesti-
bility to approximately 65 %.2

Following harvest quite a lot of harvest residues (e.g. leaves) are left in cane fields. Their quantity
roughly resembles that of bagasse remaining after cane pressing. According to certain estimations
up to 80 % of the harvest residues could be utilized for raw materials without compromising sus-
tainable sugarcane production.?

Bagasse and harvest residues would be suitable raw materials for the future production of cellulosic
ethanol. In sugarcane-cultivating countries the quantity of biomasses available from sugar produc-
tion may vastly exceed that any other potential biomass sources combined together, municipal
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wastes included. For example in Australia, four times more biomass is available from sugar industry
wastes than all other sources in combination.?

Alternatively, part of the wastes could be burnt in special furnaces into coal to be used for agricul-
ture. Namely, such coal degrades extremely slowly in the soil, and it could therefore be applied for
improving soil structure and organic matter content in cultivation.?

Growth requirements
Water

Water is often the limiting factor in sugarcane production. During their growth stage sugarcane va-
rieties need much water (in total 1500-2500 mm, evenly distributed in the period) as well as
warmth.2222 Cane vield is directly proportional to the amount of water used by sugarcane in the
prevailing climatic conditions. About 37-330 kg of water is used for producingsone kg of cane and

1,000-2,000 kg of water for producing one kg of sucrose, respectively. 22323132

Sugarcane is being cultivated both rainfed and applying irrigation. Irrigation has been traditionally
based on furrows, but recent trends favor sprinklers and drip irrigation (especially in Hawaii). Much
water and work is saved using drip irrigation. Therefore, its use is economically sustainable, even if
thesgrip hoses damaged by the burning treatments of the plantations must be replaced after harv-
est.*

Temperature

When harvesting period is approaching sugarcane needs dry, sunny and cool conditions in order to
ripen to harvest state and boost its sugar content to 10-12 %. Rooting and sprouting of the planted
stem pieces occurs at its best in 32-38 °C, and stalk growth reaches its optimum in 22-30 °C, but
ripening of stems and their sugar enhancement proceeds most successfully in 10-20 °C.2

Soil

Sugarcane has no requirements for a special soil type. Optimum soil pH for sugarcane is 6.5 but the
plant can be grown in soils with pH 5-8.5. Sugarcane grows best in more than one meter deep layer
of soil, and parts of its root system may extend into the depth of five meters. However, the bulk of
its roots (85 %) typically harbor the uppermost 60 cm layer of soil, especially if the plant is irrigated
often and with small doses of water at a time.**

Deeper root systems could be generated by irrigating the plants less frequently and with greater
doses at a time. Deeper-rooting varieties could presumably be developed with plant breeding and at
least with genetic modification. Deeper root systems would diminish the susceptibility of the canes
to damages caused by occasional drought periods in certain areas. Though, the metabolic costs of
root growth and maintenance can be a significant drain on reproductive output. 22

Nutrient requirements
In order to be productive sugarcane needs quite a lot of nitrogen (100-200 kg/ha, referring to yield

level 100 tn/ha) as well as potassium (125-160 kg/ha), but rather little amount of phosphorus (20—
90 kg/ha) is sufficient. Though, in the ripening period nitrogen content in the soil should be as low
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as possible in order to reach high sucrose content in the stems (especially in hot and wet condi-
tions).

For reducing the amount of harvest residues sugarcane stalks or plantations are often being burned
before harvest or after having cut the stalks down in the field. However, at least the Australian sugar
industry is trying to get rid of such a traditional procedure, because burning pollutes air with
particles harmful to human health.*®

Leaving harvest residues on the plantation as green mulch and for decomposition might beat burn-
ing also as regards soil nutrients. However, not much is known about the effects of such cultivation
method on the nitrogen or carbon balance of the soil. It may apparently not have much effect on
improving nitrogen availability of the next cane vegetation or rising permanent carbon content in
the soil.

In studies in wet tropical Australia less than 6 % of the nitrogen in the harvest residue was utilized,
i.e. found its way to the next harvested cane yield. The bulk of the carbon in the harvest residue was
burnt to CO, due to microbial activities and lost in the air. Though, in wet tropical areas only about
6 % of fertilizer nitrogen is utilized by the cane plant as well, whereas in temperate regions 2040
% of fertilizer nitrogen is being utilized by sugarcane for yield production.3-%%=2

Classic cane breeding

Sugarcane originated in Asia. Sugarcane varieties in cultivation are species hybrids between the
primitive cultivated sugarcane Saccharum officinarum (2n=80) and a wild cane species S. sponta-
neum (2n=40-128). Sugarcane varieties are highly polyploid plants i.e. they contain each of the
cane basic chromosomes in 5 to 14 copies in their cells. Many varieties are even aneuploid, which
means that different basic chromosomes may occur in different numbers. Therefore sugarcane va-
rieties are often quite sterile.

Actually even S. officinarum itself is of complex species-hybrid origin and may have received
whole chromosomes intact from as far as other plant genera (Erianthus and Miscanthus).

High sugar content came from S. officinarum. Unfortunately, the species also harbors many poor
traits unsuitable for cultivation: it is very susceptible for diseases, devoid of ecological adaptability
and lacks sprouting ability necessary for the perennial cropping system. Thus, S. officinarum cannot
usually manage without human help, and its few ephemeral occurrences outside cane plantations
cannot spread further in Nature.

Vigor, disease resistance, tolerance to poor cultivation conditions, and great biomass production has
been introduced into sugarcane varieties from the wild cane, S. spontaneum. As a trade-off, the
sugar content of the wild species is negligible. Much genetic variation occurs in its populations and
the species is a troublesome weed in certain areas of the world. Though, its weedy characteristics
have not been carried along to cultivated sugarcane varieties.?>

In order to retain the sugar content high enough in sugarcane cultivation, primary species hybrids
have been crossed back to S. officinarum for several generations. Consequently 80—90 % of the
genes in currently cultivated sugarcane varieties originate from that high-sugar but primitive ancient
cane species.
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Sugarcane breeding takes decades

For genetic reasons considered above, the bulk of sugarcane varieties are more or less sterile. Fur-
thermore, sterility is favored, because flower formation decreases sugar content in the stalks. When
viable seed is rare, breeding via crosses becomes more difficult. In addition, seeds are tiny and their
growth to adult canes may take years which retards the progress in selection.

High level of polyploidy remarkably complicates traditional sugarcane breeding. Because each al-
lele may occur in 5-14 copies in the genome, replacing poor alleles with desirable ones can often
prove much more unreliable and take a lot more of time than in a diploid plant species such as rice.
Namely, simple Mendelian heritability rules do not apply in general but ought to be replaced with
much more complicated segregation statistics typical of polyploid plants.

If a recessive allele is being introduced in sugarcane using crossing, the trait it encodes does not
express itself in plant phenotype until every single original allele has been replaced with the intro-
duced one in plant’s genome. The probability of finding such a fortunate genetic recombination
among Ccross progeny may be practically zero.

For example, though wheat is substantially less complicated genetically than sugarcane, it is im-
possible to breed aromatic wheat using conventional methods.*> Wheat is a hexaploid species so
that the harmful cereal gene for scentless grains occurs in altogether six copies. It is statistically
impossible to switch all these copies off simultaneously (or even sequentially) with traditional, non-
targeted means such as mutagenic treatments using radiation and chemicals. Whereas, all the six
copies can easily be silenced simultaneously using new genetic modification methods such as RNA
interference or targeted mutagenesis. 24242

Accordingly, very high numbers of progeny are often screened through, in the hope for finding a
lucky hit in the stochastic lottery of traditional plant breeding. In clonally regenerated crops such as
sugarcane, apple, pear, grape, potato, strawberry etc. it is enough to find one superior genotype
which is thereafter being multiplied by vegetative means into millions of genetically identical
shoots for cultivation as a new variety.

In traditional sugarcane breeding programs, progress is slower than with most staple crops, as ratio-
nalized above. Typically, a cross is made and its progeny are scrutinized for valuable genetic re-
combinants combining the best traits of both parents. Selection work usually starts with 100,000
progeny seedlings and proceeds in 4-6 stages (Table 1). Finally a single one new sugarcane variety
may be released for cultivation, typically in 12—15 years’ time after the cross was made.***

In the first two stages seedlings are picked for further selection stages according to their visual
scoring in vigor and disease resistance. During the later selection stages individual seedlings are
being multiplied into clones to be used for measuring their cane yield in consequent harvests during
2-3 years (primary cane crop and 1-2 re-growth or ‘ratoon’ crops in the subsequent years). Since
then productivity is also taken into account in selecting the rather limited number of progeny geno-
types to be kept for the final field test stages. The final production tests are performed in several
regions of cultivation, because results only based on one district cannot usually be generalized to
the whole area of sugarcane cultivation.*®
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Table 1. Sﬂmmary of the decision process leading to the release of sugarcane cultivar CP 00-1101
in Florida.™

Year |Month Stage and selection decision Genotypes | Locations
in stage

1998 | Jan. Cross made at USDA-ARS - Canal Point, FL
Sugarcane Field Station

1999 May Germinated true seed transplanted 100,000 |Canal Point, FL
into field (seedlings)

2000 |Jan. Advanced from plant-cane 15,000 Canal Point, FL
seedlings to Stage 1

2000 | Nov. Advanced from plant-cane Stage 1 1,238 Canal Point, FL
to Stage 2

2001 | Nov.-Dec. |Advanced from plant-cane Stage 2 135 4 farms in Florida
to Stage 3

2003 | Nov.—Dec. | Advanced from first-ratoon Stage 3 14 11 farms in Florida
to Stage 4

2007 Sept. Cultivar release 1

The multi-phased and arduous process of selection is the most important and expensive stage in
traditional breeding programs also in sugarcane.*” Whereas 1,000 times fewer plant individuals are
started with when an established sugarcane variety is being improved with one desirable new trait
applying genetic modification. Consequently, the modern plant breeder may proceed directly to the
penultimate or last stage of field tests, saving much costs and time.

Conventional sugarcane improvement is a Sisyfos task

When a clonal plant variety with a highly heterozygous genetic constitution is being crossed further,
its fortunate gene combination inevitably disintegrates due to sexual reproduction. Once lost, the
unique genetic combination cannot be reassembled in the progeny generations in practice.

Thus, traditional sugarcane breeding is a Sisyfos task: previous achievements are lost to a major
degree each time new improvements are being pursued.

No wonder that e.g. sucrose content in sugarcane has not increased in several decades, even though
studies show that genetic variation for the trait occurs in its breeding populations.“® On the contrary,
sucrose content even slightly decreased during 1970-90 in Australia, though 50 new sugarcane va-
rieties were released for cultivation in the period.Z Main focus was on biomass production and dis-
ease resistance.

When major progress is tried for, new genes or alleles must be retrieved from other cane species.
E.g. genes for higher biomass production exist in S. robustum or S. spontaneum. However, for win-
ning back the bulk of the desirable traits achieved hitherto in cultivated sugarcane, each species
cross should be complemented with consequent backcrosses (usually with S. officinarum). Accor-
dingly, the time required for breeding would be multiplied in proportion.

Even if such completing crosses and progeny selection would be made during 10-20 generations,
which is possible in grain crops with shorter generation intervals, hundreds of undesired arrival
genes might still remain in the progeny plants. E.g. five hundred alien genes still remained in maize


http://jpr.scijournals.org/cgi/reprint/2/2/95.pdf
http://espace.library.uq.edu.au/view/UQ:158723
http://dx.doi.org/10.1016/j.fcr.2005.01.024
http://www.health.gov.au/internet/ogtr/publishing.nsf/Content/sugarcane-3/$FILE/biologysugarcane08.pdf

progeny after 14 generations of backcrosses and selection following the original cross of maize with
gamagrass (Tripsacum).*

In traditional plant breeding such compromises are a commonplace, however, and a new (though
impure) variety is being released so long as it looks better than old ones.

Better focusing is available with genetic modification

A major advantage of genetic modification is its high degree of focusing. Not thousands of un-
known genes but one desired gene without any hitchhiking ones is introduced from a wild plant
species. The transferred gene is added to the genome of the recipient plant variety in its vegetative
phase of life cycle, and consequently its superior genotype is retained and not disrupted by meiosis.

That is why the Sisyfos task can be avoided and the achievements of prior breeders conserved and
developed further. Furthermore, there is no need for subsequent crosses for purging the variety of
unwanted alien alleles.

Consequently, using genetic modification 1,000 times fewer plant individuals have to be scrutinized
than in traditional breeding. Therefore, much time and costs can be saved, especially in tall species
with long generation interval such as sugarcane.

Though, making one improved plant individual is usually not enough in genetic modification, ei-
ther, but some degree of selection is carried out. In practice the desired gene has usually been trans-
ferred to 50-200 individual plant lines. After comparisons in the laboratory, a few best-functioning
plant lines are then being selected for the final field trials.

Namely, the site of fixation of the gene in plant’s genome may also have influence on how well the
gene functions in the plant cell. In classic techniques of genetic modification the site of transgene
fixation could usually not be determined in advance (but in any case it was always specified after-
wards). Thanks to recent scientific breakthroughs, however, that limitation has just expired, so that
even fewer individual GM lines may now be enough.®**® On the other hand there are thousands of
locations in the chromosomes where the transferred gene is able of functioning well. It is therefore
sensible to screen through a modest number of individual transformation events in order to optimize
the modification results.>

Doubling of sugar content in one step of genetic modification

There are several obstacles in raising the sucrose content in sugarcane. One basic reason is that a
great number of genes are involved in sugar content, each with a fairly modest effect.

Alleles for high sucrose content originate from S. officinarum. In polyploid hybrids it is a demand-
ing task to enrich such “sugary” alleles in one genotype, because there may occur up to 14 copies of
the gene in the cell. Furthermore, if the bulk of efforts are concentrated on improving one trait,
other traits may often deteriorate as a trade-off.

Other obstacles to rising sugar content in the plant with traditional breeding methods are its ho-
meostasis and sugar sink systems. Though, there is very little knowledge of the regulation of the
sugar accumulation process in sugarcane.® Sugar is stored in stalk cells in the amounts that may
prove beneficial for the plant individual in its further development. If that level is exceeded, the
homeostasis systems of the plant may start using the sugar more for other than storage purposes.
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Therefore, major improvements in sucrose content may call for finding such homeostasis genes and
optimizing their functioning according to human needs.

Transcription factors

When gene expression was compared among sugarcane genotypes with high and low sucrose con-
tent, more than 20 transcription factors were found associated with sucrose content. Furthermore,
one third of the genes previously found to be responsive to drought also showed such correlation
with sucrose content.>

Transcription factors are sequence-specific DNA-binding proteins involved in regulating gene ex-
pression.> Since transcription factors naturally act as master regulators of cellular processes, they
are expected to be excellent candidates for modifying complex traits in crop plants.®

In fact, certain key traits during the history of plant domestication have arisen due to shifts in ex-
pression patterns and transcription factor activity. Examples of such traits are the dramatically al-
tered inflorescence architecture from the open panicle in teosinte (the ancestor of maize) to the
compact cob in maize, and the reduced grain scattering typical of all cultivated cereals today.>*

Simpler command with an extra system

In order to bypass such troubles with complex control systems, it may prove easier to breed sugar-
cane cells for producing in addition to sucrose some kind of sugar that the plant is not able of uti-
lizing itself. Such novel production might not be governed by the innate regulation mechanisms of
the plant.

Accordingly, the sugar content of sugarcane was doubled in one step of genetic modification by
introducing a gene for sucrose isomerase enzyme in the plant.>® The modified cane produces
normal amounts of sucrose in its cells but on top of that also similar amounts of isomaltulose, which
is an isomeric form of sucrose. Because sugarcane is not able of utilizing that type of sugar itself,
isomaltulose is readily accumulated in its storage tissues. It was channeled by the breeder to find its
way to the vacuoles, which are membrane-bound organelles that perform certain storage and re-
moval functions in plant cells. Accordingly, in the vacuoles such novel bioproducts can be stored in
confinement, without disturbing cell functions.

Isomaltulose is a slowly-degrading sugar produced in growing amounts for functional food using
microbial cultivations. The present production via microbial fermentation is quite costly, however.
Isomaltulose can also be used as an acariogenic sweetener, because mouth bacteria cannot usually
break it down. Regarding biofuels, isomaltulose can be exploited for a raw material in alcoholic
fermentation just as sucrose.

Potential for ecological harms?

May the trait, in this case isomaltulose production, cause unfavorable effects in natural ecosystems?
According to a long-standing consensus view in the Life Science community, it is not the methods of
breeding but the traits bred in the plant variety that determine the resultant benefits or disadvantages in
regard to man or Nature, 228980

However, GM legislation in EC is not based on such ecologically sound foundations, but its heavy re-
quirements are launched merely on the grounds of the breeding method instead.®L Similar principle has
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thereafter been adopted in the genetic legislation of many other countries as well. One exception is Can-
ada, whose breeding legislation is based on the trait itself, and specifically on its novelty, regarding the
crop in question.22 Though, that biologically valid principle may be bypassed in practice, as stated by
the relevant authority: “To date in Canada, all plants that have been modified through modern biotech-
leogy techniques are considered to be plants with novel traits, or PNTs, because they have new traits”.

On ecological grounds, special attention would only be reasoned in case that the trait in question is
adaptive, i.e. the trait gives selection advantage to the plant or its relatives in local natural ecosystems.
Namely, contrary to common beliefs, modified genes in plants are neither transported more efficiently
nor retained more permanently in the Nature than all other genes but obey the established principles of
population and ecological genetics.** Though, such adaptive potentials are always evaluated with
biological studies in the laboratory and in controlled field trials before any new GM varieties are
released for commercial cultivation.>>>-

Whereas in practice, the traits ‘improved’ by us to serve our special needs in crop plants are often de-
trimental to the plants themselves, at least in natural ecosystems. In case of being carried in the Nature,
either as escaped crop individuals or by hybridization with wild relatives, such adaptively disadvanta-
geous traits are readily lost from natural ecosystems due to natural selection.®+%8

So, might the capacity of isomaltulose synthesis transform sugarcane to an invasive species? That is
highly unlikely, because the plant itself cannot utilize the produced new sugar at all. On the contrary, the
in-physiological increase in sugar content might turn the plant to a more energy-rich and tempting
resource for its herbivores and pathogens in general, causing its more rapid elimination from natural
ecosystems.

Field trials

According to GM regulations in general, the release of GM crops in commercial production is a
stepwise process, irrespective of the trait in question. Accordingly, after successful laboratory
studies, the safety of the GM lines regarding their open use is to be first tested in restricted and
strictly controlled field trials. Permission for such trials is licensed, if they would not cause undue
risks based on a relevant environmental safety assessment.?® Any application for their commercial
release or ‘deregulation” may only proceed if the safety records obtained from such field trials
prove satisfactory.

Though the statutory purpose of such official field trials is safety assessment, they are naturally
being utilized by the breeders also in checking their primary laboratory records of the trait in more
realistic, outdoor conditions. Even if such performance figures are still but indicative, at best, they
can be utilized for the selection of the chosen few GM lines to be possibly forwarded to commercial
release.

Altogether 120 different lines of isomaltulose sugarcane are being tested in field trials in Australia
in 2005-10.2 Diverse regulatory elements (promoters) obtained from sugarcane or maize are being
tested for controlling the functioning of the sucrose isomerase enzyme in sugarcane. In the plant
lines, the enzyme is being produced in different amounts and it has been channeled to different parts
of the plant. Different combinations of regulatory elements are being compared with each other in
their ability of accumulating isomaltulose in sugarcane without harming plant growth in customary
growing conditions.


http://www.croplife.ca/english/pdf/plantbiotechnology.pdf
http://www.inspection.gc.ca/english/sci/biotech/gen/terexpe.shtml
http://www.geenit.fi/ConnCond03.pdf
http://www.plantphysiol.org/cgi/doi/10.1104/pp.108.118422
http://dx.doi.org/10.1007/s12042-007-9002-x
http://www.crcsugar.com/News/tabid/56/xmmid/407/xmid/187/xmview/2/Default.aspx
http://www.geenit.fi/ConnCond03.pdf
http://dx.doi.org/10.1038/35055621
http://dx.doi.org/10.1007/s12042-007-9002-x
http://www.health.gov.au/internet/ogtr/publishing.nsf/Content/dir051-2004

12

After field test stage clearance for commercial cultivation as sugarcane varieties may be applied for
the most promising experimental lines. Varieties may be available for cultivation at the earliest in
five years’ time.”? From the biological point of view the novel sugarcanes could be taken in use
fairly rapidly after the field tests. Nonetheless, forecasts for the start of isomaltulose cane cultiva-
tion vary from three to seven years depending on how obstructive the permission bureaucracy may
prove to be in practice.

In another field trial in 2009-15"* sucrose accumulation is expected to be modified with RNAI
constructs containing “gene fragments from a common crop plant designed to alter sucrose trans-
port, carbohydrate metabolism or osmotic stress tolerance” (details are declared confidential).

Cellulosic ethanol from self-degrading cane varieties

Sugarcane produces biomass up to 200 tn/ha (fresh weight), but on average less than 100 tn of cane
is being harvested per ha annually. The bulk of the biomass is water, but about 10 % of it is cellu-
lose which remains as bagasse after the pressing process. Similar amounts of cellulose also remain
on the fields in harvesting residues, 80 % of which could be utilized as raw materials without com-
promising the sustainability of sugarcane cultivation.

Cellulose is a polysaccharide which could in principle become degraded into sugars to be fermented
into alcohols. If the cellulose in sugarcane bagasse could also be utilized for ethanol, current ethanol
yields per ha of sugarcane would be approximately doubled.

At present degrading cellulose into sugars is far too expensive to be economically viable.222%422
Owing to the importance of the potential new resource, however, much research on cellulosic
ethanol is going on. Apparently, the use of lignocellulosic ethanol as a viable alternative to
petroleum-based transportation fuels largely depends on plant biotechnology breakthroughs.

Though, providing for the case that the technology for converting cellulose into ethanol would be-

come profitable in the near future, researchers in USDA-ARS have even released low-sugar (!) but

high—filger and cold-tolerant “energy sugarcanes” developed by crosses with Himalayan sugar-
7

canes.”

To enable an economical process for bioenergy, deconstruction of the plant cell walls into ferment-
able sugars is considered to be the key step for biomass conversion to biofuels.” It is known that
cell walls in the grass family (Poaceae) are in general very different to those found in other higher
plants and suggest different processing requirements for conversion to biofuel.*”* However, the
detailed structure of sugarcane cell wall is only inadequately known today, because studies on the
sugar linkages and overall architecture of the wall have not been reported yet.® One further compli-
cation comes of the fact that a significant proportion of the hemicellulose fraction of lignocellulose
is pentose sugars.”® Sugarcane fibers are known to contain relatively high proportion of arabinox-
ylan, a pentose-sugar based polysaccharide, with cellulose.” Regarding fermentation of the released
sugars into ethanol, pentose sugars have constituted an unused waste, because baker’s yeast (Sac-
charomyces cerevisiae), unlike certain other yeasts,? has not been able of utilizing pentose sugars
in the process. However, GM baker’s yeast lines able of fermenting also pentose sugars into alcohol
are available today.”®%

Plant cell walls need expensive pretreatments in hard process conditions in order to loosen the
structure of the walls so that cellulose-degrading enzymes could have sufficient access to cellulose
molecules in the walls later on.®* One approach which may simplify or even allow omission of the
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pretreatment step is to ‘digest from within’ through the production of cellulolytic and hemicellulo-
lytic enzymes in GM plant feedstock.***

The successful degradation of lignocellulosic biomass requires more than ten enzymes.® Fairly
large amounts of such enzymes are needed (15-25 kg cellulase per ton of biomass) and their pur-
chasing from the markets would be very costly.22¢87

Therefore, sugarcane is now being modified genetically to produce the necessary cell wall degrad-
ing enzymes itself, free of charge, in its cells. When produced from inside the cells the enzymes are
also more efficient, having better access to the cell walls, and there is less need for expensive pre-
treatments as well. Thermal stability would be of importance also in plant-produced cellulases, re-
garding the harsh processing conditions. In fact, examples of a number of different cellulases with
improved thermal stability and modified enzymatic activities for use in bioreactors are described in
the literature. 288290 |f heat-activated cellulase enzymes are being used in the modification, they

should have no detrimental effects to plants growing in typical ambient temperatures.”

Based on an inducible promoter cellulase production in GM sugarcane cells is being started with a
special treatment not earlier than 2-3 days before harvest. That is why plant growth is not af-
fected.?® The utilization of such treatment-inducible promoters is not yet a commonplace in GM
crops, 2 but a more in-depth understanding of individual signaling components and the mechanisms
of their interactions will enable the general development of novel crops able of sensing and reacting
to specific chemical or environmental signals.*

As a consequence of the complexity of plant cell walls, mixtures of several enzymes acting syner-
gistically are generally required for their efficient breakdown in the Nature. Thus, it is likely that
such combinations of various enzymes will also be needed, when cellulolytic enzymes for biofuel
production are to be produced in plants.”

Recently, cocktails of several enzymes (e.g. endoglucanases, exoglucanase, and pectate lyases) use-
ful in the degradation of plant cell wall materials into sugars were produced in GM tobacco chlo-
roplasts. Typically, plastid GM results in high levels of expression, without measurable effects in
plant growth rate or photosynthesis, and with minimal concerns of transgene silencing or position
effect.22 Chloroplast-derived crude-extract enzyme cocktails show so high enzyme activities that the
extracts can be used directly without purification. Their production cost using plants is 1,000—
3,000-fold lower than the costs of respective enzymes produced commercially using microbial fer-
mentation. Such chloroplast-derived crude-extract enzyme cocktails yielded up to 36 times more
glucose from cellulosic materials than commercial enzyme mixtures do.**

In the degradation of lignocellulose, even better results than with various enzyme mixtures can be
obtained by combining several of the enzymes into a multifunctional chimaeric enzyme. So far,
chimaeras with up to five functional components have been generated. If necessary for preventing
detrimental consequences to the cell, the chimaeric combination of hydrolase enzymes can be tar-
geted for being carried to an appropriate cellular compartment by linking a respective signal peptide
to the protein. An alternative strategy, avoiding any phytotoxic effects and need for compartmenta-
lizing the enzymes, relies on keeping the cellulose degradation gene silent until its expression is
being induced by an artificial treatment near or even after harvesting.2

Such chimaeric genes encoding a complete set of lignocellulosic hydrolase activities may be suc-
cessfully introduced in biofuel plants without apparent effects on the plant development, as shown
by GM studies with a chimaeric hemicelluloses-degrading enzyme in tobacco.2
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Self-degrading sugarcane for cellulosic ethanol production is being developed in a broad-based
Australian—Brazilian research coalition. GM varieties already occur in field tests, and varieties may
be released for cultivation in 2-5 to seven years’ time depending on how slow the bureaucracy of its
clearance for cultivation is evaluated to be.®’

Genetic modification of lignin

Lignin is an integral and abundant part of the secondary cell walls of plants. It is a complex and
heterogeneous mixture of polymers constituting up to one third of the dry mass of wood. Lignin is
hydrophobic, resilient and hard to remove from fibers without harsh chemical treatments (chlorine-
or oxygen-based bleaching). Lignin protects cell wall polysaccharides from microbial degradation,
making them resistant to decay, and accordingly it constitutes an important limiting factor in the
conversion of plant biomass to pulp or biofuels.> Even after its successful removal, the presence of
residual lignin in cell walls can act as a steric hindrance to cellulolytic enzymes, thus preventing
their effective binding to cellulose. Furthermore, cellulases are also bound non-productively by lig-
nin, which limits the efficiency of bioethanol production from cellulose. ™%

Hence, the structure of lignin in sugarcane cell walls is being modified genetically in Brazil (Al-
lelyx SA) to a better-degrading type consisting almost exclusively of syringyl instead of the more
recalcitrant guaiacyl lignin.% It is interesting that shifts in guaiacyl and syringyl levels generally
have only minor effects on plant development.2 Cell-wall lignin resulting from such structural alte-
rations developed with GM can be much more easily processed.2%

Genetic modification of lignin for improving fermentable sugar yields from cell walls is also stu-
died e.g. in alfalfa, where some GM lines with silenced lignin biosynthesis genes have yielded
nearly twice as much fermentable sugar as wild-type plants. Though, part of the benefit was lost due
to a reduction in overall biomass produced.*%

Field trials

Field trials are going on in Australia in 200915 with sugarcanes genetically modified for improved
cellulosic ethanol production from cane biomass.> Genes derived from two species of bacteria and
a common plant are expected to modify the plant cell wall chemical structure or cause sub-cellular
accumulation of cell wall degrading enzymes (details are declared confidential).

Halving N-fertilization with NUE cane?

Sugarcane needs quite a lot of nitrogen fertilizers, which impairs its production economy and car-
bon efficiency and pollutes environment. Grain crops can usually utilize less than half of the nitro-
gen administered to them in fertilizers (the reminder finds its way to air, groundwater and water-
ways).'% In temgerate regions, sugarcane may utilize 20-40 % of fertilizer nitrogen but in wet
tropics only 6 %.%

Role of biologic nitrogen fixation

It is often told that sugarcane especially in Brazil may obtain a notable part of its nitrogen demand
from nitrogen-fixing bacteria living in its root system. However, there is not much convincing evi-
dence available, and most studies even lack systems of measurement reliable enough for the prob-

lem 1%
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Though, in reliable new studies small but positive (5-16 %) shares of biological nitrogen fixation
have been recorded in sugarcane in Australia. However, securing favorable conditions in cane root
system seems to be difficult in practice, and more research knowledge would be needed.**

Deficiencies may occur e.g. in the availability of efficient nitrogen-fixing bacteria for the plant spe-
cies. Sugarcane roots cannot be inoculated with optimum nitrogen-fixing bacterial strains in ad-
vance, because plantations are founded from rootless pieces of sugarcane stalk.

In the long run breeders aim at developing grain crops capable of fixing their required nitrogen in
their roots. That could be achieved most reliably in symbiosis with Rhizobium bacteria in plant root
nodules. Several plant genes necessary for root nodule formation have been cloned, and early root
nodule development can already be induced in legumes without the presence of rhizobia.*®
Though, many years may still be required for developing efficient nitrogen fixation in major crop

grasses.
Reducing nitrogen fertilization with NUE crops

Crop plants with much higher Nitrogen Use Efficiency (NUE) are under development with genetic
modification e.g. in maize, oilseed rape, wheat, rice, barley and sugarcane. In the applications ad-
vanced most far in the pipelines, either a gene from barley (AlaAT) or from maize (ZmDof1) has
usually been utilized.*®**%" In wheat and barley, NUE lines based on a ‘metabolic gene’ from barley
(details are confidential) are being field-tested in Australia in 2009-12.2% Though, scores of other
genes involved in nitrate uptake and metabolism have been found recently e.g. in corn. Their pro-
moters often respond to nitrogen status, i.e. the functioning of the gene is either up- or down-regu-

lated by nitrogen.2®

The AlaAT gene from barley codes for the enzyme alanine aminotransferase. That enzyme is not
directly involved in primary nitrogen uptake from the soil but it is functioning in a later stage in the
nitrogen metabolic pathway. It deals with the metabolism of alanine, which can be a major storage
amino acid in plants under certain stresses. Interestingly, even if AlaAT is such a “downstream”
gene, enhancing its functioning in plant roots in a stress-induced and tissue-specific way finally
results in more efficient uptake of nitrogen from the soil under low-nitrogen conditions.2%%

The particular NUE gene from barley is also being bred in sugarcane at least in India.*2> NUE su-
garcane is under development also in Brazil, where a project has been started by Monsanto Com-
pany in collaboration with local breeding companies for improving the resource use efficiency of

sugarcane. !

Nitrogen uptake and utilization into various nitrogen compounds in different plant parts is an exam-
ple of a complicated biochemical pathway influenced by a multitude of different genes. The availa-
bility of the complete genome sequences of both thale cress (Arabidopsis) and rice has offered an
unprecedented opportunity to identify regulatory genes and networks that control such important
polygenic traits.

The ZmDofl gene from maize codes for a transcription factor that up-regulates genes participating
in the production of the carbon skeletons needed in amino acid syntheses. A study in Arabidopsis
modified with a Dofl gene has shown a remarkable rise in amino acid concentrations, enhanced
nitrogen assimilation, and increased growth under low-nitrogen conditions.221%2
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According to a company (Arcadia Biosciences) developing the trait, field tests conducted hitherto in
maize, oilseed rape and African rice have given indications that the first generation NUE crops are
able of producing customary yield levels with significantly reduced nitrogen inputs in cultivation —
the customary N-fertilization levels could even be decreased to one third without yield loss in ca-
nola. Though, no scientific reference for such remarkable figures is given.***

However, even much smaller reductions in the necessary amounts of nitrogen fertilizer inputs
would improve both economical and carbon efficiency of field crops. Namely, industrial production
of fixed nitrogen is a major use of energy, accounting for almost 2 % of all human energy uses, and
consequently nitrogen fertilizers constitute one of the most expensive inputs in crop production.®
Additionally, the more efficient intake of nitrogen from the soil would prevent environmental pol-
lution caused by nitrogen wastage in the water systems or in the air.221 Furthermore, with lower
nitrogen levels in the soil, nitrogen-fixing bacteria thrive better. Thus, NUE sugarcanes would
create more favorable conditions for taking advantage of microbial nitrogen fixation in cane pro-
duction as well.

In the above crop plants, NUE varieties are just in Phase 1 of development, and first varieties are
estimated to be released for cultivation in 8—10 years’ time. Though, the necessary yield evaluations
in a perennial crop such as sugarcane may require a few more years than in annual crop species.

Field trials

Field trials are going on with GM sugarcanes expressing enhanced nitrogen use in nitrogen-poor
conditions in Australia in 2007—10% and 2009-15™. The trait is expected to result from expression
of a maize transcription factor (ZmDof1). Its expression will be controlled with a variety of regula-
tory sequences, with the aim of optimizing expression patterns.

Improving drought tolerance

Provided climates warm up, water deficiencies are getting worse in large areas. Consequently, the
necessity of irrigation also increases in cultivation. Though, in dry and hot regions traditional sys-
tems of irrigation result in soil salinization.X® Such harms could be avoided by developing drought-
tolerant plant varieties.

Drought-tolerant varieties would produce customary yields using less water. One important type of
drought tolerance helps the plant to survive occasional periods of drought without permanent dam-
ages. Accordingly, its yield level does not collapse but the plant is rapidly recovering after the dry
fortnight.

In a breeding program in Egypt, a single gene for drought tolerance was introduced in wheat. The
gene was isolated from barley and transferred to wheat using genetic modification. Cultivation ex-
periments showed that the number of irrigations necessary in wheat cultivation can be reduced from
eight to one using these drought-tolerant wheat lines. Consequently, based on such drought-tolerant
varieties vmeat cultivation could be extended to areas of low rainfall lacking adequate systems of
irrigation.="

Drought tolerance is a highly complex trait that often overlaps in part with salt tolerance (cf. be-
low). For example, over expressing NAC transcription factors enhance both drought and salt toler-
ance in rice. NAC is a plant-specific gene family with probably 75 members in rice genome. One of
them, SNAC1, is induced by drought predominantly in guard cells, which control water transpiration
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through leaf stomata in plants. Its induction is followed by the up-regulation of a large number of
stress-related genes. Under severe drought conditions in the field at the reproductive stage, GM
lines over expressing SNAC1 gene produced 22-34 % higher seed setting than the conventional

controls while showing no phenotypic changes or yield penalty in normal conditions.*2

In thale cress (Arabidopsis), transcription factor DREB2A is induced strongly by drought and high
salinity, and study results indicate that it functions in stress responses to both insufficient water and
high salinity.22? Hence, DREB2-type genes are considered as one possible target of breeding, aim-
ing at improving drought tolerance in crop plants. High constitutive expression of CBF/DREB pro-
teins may produce undesirable phenotypes such as stunted growth, whereas more specific pheno-
types for drought tolerance have been obtained by the use of drought-responsive promoters to in-
duce CBF/DREB expression.}2

Increased expression of a maize transcription factor, ZmNF-YB2, has been shown to confer drought
tolerance and enhanced photosynthetic capacity under drought stress with improvements in grain
yield observed across several growing seasons in maize. In relatively severe drought conditions, the
best-performing GM maize line yielded 50 % more than the non-GM controls.22

In another study, conducted by Monsanto Company, rice and maize transformed to express bacterial
cold shock proteins (CSP) showed tolerance for a number of abiotic stresses, including cold, heat
and water deficits. CSP proteins are shown to have RNA binding properties, and they are supposed
to rescue misfolded messenger-RNA molecules and help in coupling transcription with translation,
allowing for a rapid post-transcriptional reaction to a stress situation. Interestingly, expression of
CSP proteins in maize is not associated with undesired effects in other plant traits, indicating that
stress tolerance does not come at a cost to crop productivity under well-watered conditions. In
controlled water-deficit conditions, the selected GM maize line produced 12-21 % higher yields

than elite non-GM hybrid maize controls.2%

Breeding for enhanced drought tolerance has been started in many crop plants particularly using
genetic modification. Field tests are going on e.g. in maize and rice as well as in wheat, cotton and
oilseed rape in various countries. E.g. the GM wheat lines being field-tested for drought tolerance
under rain-fed, drought-prone conditions in Australia in 200810 contain one of 15 different candi-
date genes derived from thale cress, maize, a moss, and Baker’s yeast, “regulating gene expression
or modulating biochemical and signal transduction pathways in the wheat plants (details are confi-
dential)”.*2 In 2007, 24 lines of GM wheat were tested, and seven of these provided higher yields
under drought stress. Two best ones exceeded the yield of the control experimental variety by 20 %,
with no apparent yield penalty under irrigated conditions.*2* Another field test deals with drought-
tolerance in wheat and barley tried by transforming these crops with one of two drought-responsive
transcription factors (TaDREB2 and TaDREB3) derived from wheat.*%

First drought-tolerant varieties are estimated to be released for cultivation in 4-5 years’ time,
though Monsanto has announced that it aims at releasing its first-generation drought-tolerant corn
already in 2012,

Sugarcane
Water is the primary limiting factor in sugarcane production in many regions, India included.?

Drought tolerance is under development in sugarcane in Brazil, Australia and Mauritius using ge-
netic modification.”222® The bulk of the projected new sugarcane cultivations would be founded in
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worn-out pasture areas. These are notably drier than traditional sugarcane cultivation regions. Con-
sequently, improvements in drought tolerance would be welcomed.*%

Trehalose is a sugar protecting cell structures from damages caused by dehydration in many organ-
isms. A gene necessary for trehalose production was introduced in sugarcane from a mushroom
species in China. The GM sugarcanes grew well and accumulated high concentrations of trehalose
in their cells. Trials in laboratory and in the field showed that these trehalose sugarcanes tolerate
periods of drought better, recover faster thereafter, grow better than conventional ones in dry con-

ditions, and produce higher concentrations of sugar than customary sugarcanes.*?

In the above application, the tolerance gene is functioning non-stop in all plant cells. Another Chi-
nese research group has modified sugarcane with marker genes controlled by a promoter sequence
which turns the gene on only in dry conditions. The promoter was found from thale cress.** Such
inducible genes may protect the plant against periods of drought more economically in certain
cases, because they do not retard plant development in favorable conditions.

Novel transcription factor (SodERF3) was recently found from sugarcane In Cuba. It is induced in
cane leaves e.g. by ethylene and salt stress, and thereby participates in the regulation of many
stress-responsive genes. GM tobacco plants expressing SOdERF3 displayed increased tolerance to
drought and osmotic stress, without any visible phenotypic change in growth and development.

Thus, the factor might be utilized in engineering drought and salt tolerance in crop plants.*®

Water availability for the sugarcane plant could probably be enhanced by improving the structure of
plant root system as well. E.g. in rice, following the identification of four major quantitative gene
loci influencing root traits, marker assisted backcrossing was successfully used to transfer the al-
leles for greater root length and thickness from a rice variety from Philippines into an Indian upland
rice variety.23 The bulk of sugarcane roots populate the uppermost 60 cm layer of soil, whereas a
few roots may grow even to the depth of 5 meters. Deep rooting could be pursued by breeding so
that water reservoirs deeper in the soil would become available for the plant in dry conditions. If not
truly necessary, however, the construction of such great root mass in deep root systems may involve
higher construction, maintenance and transport costs and constitute a physiological burden for the
plant, channeling uselessly resources away from stem growth and sugar yield. 3

Regarding water use — and its wastage — stomatal pores in plant leaves are key actors in plants.
Knowledge of their formation and control is accumulating, and a breakthrough was made recently,
paving the way for the breeding of better drought-tolerant crops. Namely, guard cells close stomatal
pores in the event of excess ozone or drought, and the activity of a gene (SLAC1) encoding a mem-

brane protein was shown to be required for such stomatal closing in response to various stresses.*

The bulk of the higher plants apply the C3 system of CO, assimilation which works well in tempe-
rate and moist environmental conditions. However, C; plants are devoid of a CO, storage system,
and consequently they are inevitably losing much water by keeping their stomata open in sunlight
for the acquisition of CO, for assimilation in real time. Therefore, plants with the C, system of as-
similation, such as maize and sugarcane, are better adapted to sun-baked conditions. Namely, they
can load their CO; reserves for assimilation in advance at night, when water transpiration rates are
lower, and accordingly avoid water stress. Though, despite of the better water use efficiency of C,
plants, C4 photosynthesis is equally or even more sensitive to water stress, if it falls on, than its C3
counterpart.*®*
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A great international research consortium is developing rice to a C4 plant within a decade. The es-
timated benefits of such amendment in photosynthesis are: 50 per cent higher yield level plus

doubly better efficiency in water use.**>

Field trials

Field trials with three different drought-tolerant GM sugarcanes are going on in Australia in 2007—
10.22 Their water use efficiency has been improved either by producing various extra sugars in su-
garcane cells or utilizing a regulator gene controlling other genes’ activities in the plant. Genes have
been retrieved from thale cress (AtMYB2), E. coli (ECTPSP) or apple (MdS6PDH). In another field
trial in 2009-15,"* enhanced drought tolerance is expected as a result of the expression of genes
“from a common plant and a common bacterium” (WUE1, WUE2) involved in plant hormone bio-
synthesis, or by expression of a transcription factor from rice (OsDREB1A).

Breeding for salt-tolerance

Provided climate conditions change as forecasted, shortage of fresh water will limit crop production
severely in hot regions in the world. About one half of the readily accessible fresh-water reserves
are already in use.2® That fact has to be taken into account by developing more salt-tolerant crops,
especially in areas where remarkable increases in crop production are being planned, whether for

food, feed, fiber of biofuel £

Fresh water constitutes only one per cent of all water in the Earth, and the same holds true for
brackish water. Accordingly, 98 per cent of our water reserves are marine salt-water. One quarter of
the global land area is salinized, and due to salinization the area of irrigated lands is reduced by 1-2

% annually.

In coastal regions saline water could be utilized for irrigation — provided that our crops could be
adapted to salinity. Though, the bulk of our staple crops cannot tolerate salinity (Table 2).22 No
more than one per cent of current land plants are able of growing and reproducing in saline soils,
and only a few ones can tolerate the salt concentrations occurring in seawater.

Table 2. Soil salinity classes in terms of electrical conductivity (EC.).2*

Salinity class EC. (dS/m) Salinity effects on crops

Non-saline <2 Salinity effects are negligible

Slightly saline 2—4 Yields of very sensitive crops may be restricted
Moderately saline 4-8 Yields of many crops restricted

Very saline 8-16 Only tolerant crops yield satisfactorily

Extremely saline > 16 Only a few very tolerant crops yield satisfactorily

Quite the opposite was true in the far-off past. The first plant species grew in the sea, and conse-
quently all of these were halophytes, i.e. adapted to high salt concentrations. Notably, in addition to
salt, seawater contains richly of all the indispensable micro and macro nutrients that are often lack-
ing in the fields.

Sensitive plants (such as papaya, mango and banana) are affected at about EC. = 2, whereas tole-
rant ones (e.g. coconut, tamarind) are only affected at 8-10 or more.**

A chromosomal region connected with salt-tolerance during seedling stage has been localized in
wild rice. The region has been transferred to several cultivated rice varieties using traditional spe-
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cies crosses followed by backcrosses with cultivated rice — an old method burdened with genetic
contaminations.**? Though being fairly slight, such tolerance can help rice cultivation in the soils
(such as in Pakistan) that are only temporarily salinized for short times during seedling stage, e.g.
following sea flooding, but are thereafter rapidly desalinized thanks to monsoon rains.

In permanently salinized soils, additional genes for salt-tolerance would be needed. African rice
varieties are being developed with GM for tolerating irrigation with saline water, and first varieties

are expected to be available by 2016 1

Salt-tolerance is under development in cultivated plants by bringing in tolerance genes from natu-
rally salt-tolerant plant species using genetic modification. Tolerance genes have been found e.g.
from common seashore plants, such as Annual Sea-blite or Seepweed (Sueada salsa, Fig. 1), or
mangrove trees growing in brackish water, 2314

In a mangrove plant (Bruguiera gymnorhiza), altogether 44 salt-tolerance gene candidates were
originally identified using functional screening in Agrobacterium. When tested further, at least two
of these gene candidates also provided GM Arabidopsis with enhanced salt tolerance, one of them
up to 150 mM NaCl.2%*
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Flgure 1. Annual éea blite or Seepweed (Sueada salsa) isa halophyte even able of growmg on the
floor of salt-collection basins. Golden Sands, Bulgaria. ©J. Tammisola 2006
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Seepweed plants not only survive but in fact thrive better in saline soils (100—300 mM NacCl). They
have strong ability of accumulating Na* ions and sequestrating them mainly in their stems and
leaves. Though, enzymes in plants have generally been found to be sensitive to Na* ions. Accor-
dingly, in Seepweed cells, Na* is not accumulated in cell cytoplasm but compartmentalized into
vacuoles, where it can be stored in confinement, without troubling cell functions.**®

The transport of Na” ions into vacuoles through their bordering membrane in S.salsa is governed by
a vacuolar Na*/H" antiporter gene (SSNHX1). Over expression of Seepweed SSNHX1 improved both
salt and cold tolerance in GM thale cress plants, and the increased salt tolerance was correlated with
Na* accumulation in their vacuoles under salt stress. 24°

Improved salt tolerance can also be achieved by limiting Na* accumulation in plant cells. That is
shown by over expressing a plasma membrane gene (SOS1), coding for a Na*/H" antiporter protein,
which controls the transport of Na* ions in and out of the cell through plasma membrane in thale
cress. Such GM plants accumulated less Na™ in the xylem transpirational stream and in the shoot,
and about half of the seedlings of certain GM lines still had green cotyledons when grown in 150
mM NaCl, whereas all control seedlings were severely bleached.***

In rice, over expression of a stress-responsive gene (SNAC1) encoding a NAC transcription factor
provided the GM plants both with significantly improved drought tolerance (see above) and strong
tolerance to salt stress. After treatment with 200 mM NacCl for 12 days, 80 % of transgenic seedl-
ings survived, whereas almost all of the control seedlings died. None of the genes up-regulated in
the GM rice showed homology to any reported ion transporter or antiporter genes, indicating that
the salt tolerance due to SNAC1 gene is caused by another type of mechanism.2

A sodium pump of a type not existing in higher plants was found in a moss (Physcomitrella patens).
Its gene (PPENAL), coding for a Na’'-pumping ATPase protein, has been isolated and introduced in
rice and barley. Based on a constitutive promoter, the gene was expressed in all GM plant tissues. In
consequence, the concentrations of many metabolites were changed, as shown in a detailed analysis,
though the GM plants did not show any abnormal growth phenotypes.’*® However, aiming at
improving salt tolerance without unnecessary changes in other plant parameters, the gene pumping
salt back out of the cell should preferably be expressed specifically in roots, where the leakage of
sodium into most crop plants is primarily occurring. When expressed particularly in the roots, the
gene under study has pretty big effects on plant salt tolerance (oral communication by Dr. Tester).

Field trials on salt tolerance among other abiotic stress tolerances have been made e.g. in GM
wheat,** and new ones are going on for example in wheat and barley in Australia during 2010—
1552 Altogether 1161 lines of GM wheat and 1179 lines of GM barley modified to contain one of
35 genes obtained from wheat, barley, maize, thale cress, moss or yeast are being tested. Some of
the genes are expected to enhance tolerance to a range of abiotic stresses including drought, cold,

salt and low phosphorus. The lines are grown under drought, rain fed or saline field conditions.
Sugarcane

Salinized and acidic soils are widespread in sugarcane growing areas of the world.2 Irrigation wa-
ters with high salt concentrations are a commonplace in semidry areas of Brazil.®* Those areas
could be utilized fairly productively for sugarcane cultivation provided salt-tolerant varieties were
available (Fig. 2).*
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Figure 2. Sugarcane is moderately sensitive to soil salinity, and its yield is rapidly reduced with
increasing salt concentrations in the soil 2

Certain variation in the sensitivity to salt, and some ability of avoiding the intake of CI" ions or
transferring them to older leaves has been recorded in a few sugarcane varieties 13124155.156.157.158.159
Even though, breeding sugarcanes for substantial salt tolerance would most probably call for
genetic modification methods. A score of the currently best sugarcane varieties should be chosen
for starting materials. In genetic modification these popular varieties could largely retain their
assured characteristics and be only supplemented with the novel salt-tolerance trait, because their
superior genotypes are not broken apart as is the rule in meiosis.

In addition to the ones mentioned above, more than a dozen of other genes influencing salt-toler-
ance have been found in studies in experimental plants.*** Some of these candidate genes may prove
feasible in developing salt-tolerance in sugarcane. Salt-tolerant sugarcane is reported to be under

development in Mauritius, in cooperation with Queensland University in Australia.*®
Breeding for cold tolerance

Poor cold tolerance seriously limits the possibilities of extending the production area e.g. of rice,
wheat, oil palm, sugarcane, and other important crop species to cooler regions. It is estimated that
5-15 % of the world’s agricultural production is lost to frost each year, and the number is estimated
to be even higher in USA.2

Accordingly, breeding for cold tolerance is being intensified today, and in our changing climates the
trait dgzserves extra attention. For example, cold-tolerant GM eucalypti are being field-tested in
USA.*%
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Antarctic Hairgrass (Deschampsia antarctica) is the sole grass species colonizing the Antarctic Pe-
ninsula. It can tolerate frosts down to -30 °C in wintertime and periods of -15 °C during the growing
season, thanks to its gene family coding for ice recrystallization inhibition proteins (IRIPs). Such
proteins inhibit the growth of small ice crystals into potentially damaging large ones. The
transcription levels of D. antarctica IRIP genes are greatly enhanced in leaf tissues following cold

acclimation.

The gene family was isolated from D. antarctica and characterized. When expressed in thale cress
(Arabidopsis thaliana), the gene DalRIP4 rendered the recipient plants tolerant to freezing, even
though thale cress is a dicotyledonous plant. Hence, the gene family constitutes a potential resource
for improving freezing tolerance in sensitive crops in general, including cultivated grasses such as
rice, wheat and sugarcane.

In sugarcane, 20 new cold-responsive genes were found by comparing its gene expression profiles
in normal and low temperatures.X®* Further studies, using GM, are needed for finding out the func-
tioning of such cold-responsive genes, and testing whether their adjustment could improve cold

tolerance in sugarcane.

So far cold-tolerance is being retrieved to cultivated sugarcanes by crosses with cold-adapted wild
relatives from Himalayan mountain regions. Though, inherently in the old method, harmful traits
such as low sugar content always lift with to cultivated sugarcanes as well.”

Classic GM traits

Since the introduction of GM crops in 1996, considerable experience has accumulated on the use of
a few “classic” GM traits such as herbicide tolerance (HT) or insect resistance (IR) in soybean, corn
and cotton. Extensive records now prove beyond dispute that such traits have produced substantial
net environmental and economic benefits to farmers compared with non-GM crops in conventional
agriculture in USA.X® Similar positive experiences also accumulate from small-scale GM farming,
developing countries included, as regards environmental effects and household incomes, 6867468

Classic IR and HT traits are now under development in many other crops as well, also in developing
countries and even Africa. Both conventional breeding and classic or new GM methods may be
applied in those programs today.X®*1®* Clearly; such traits are worth developing also in biofuel
crops, sugarcane included.

The breakdown of insect resistance in Bt crops due to evolution in insect populations, rendering
them unaffected by such crop trait, has so far been low and of little economic or agronomic conse-
quence.X®2 Though, in order to greatly prolong the economical life span of such important resistance
traits, double protection should preferably be bred in sugarcane from the start. I.e. at least two func-
tionally independent IR genes should be stacked in its genotypes — and preferably in adjacent loci to
facilitate keeping them ideally together during further cycles of breeding.221”2 The latest version of

Bt corn (Dow AgroSciences), to be released in 2010, has altogether six Bt genes.*™

Through the acquisition of two Brazilian sugarcane breeding and technology companies, CanaVialis
SA and Allelyx SA, Monsanto Company is applying classic Bt technology to develop resistance in
sugarcane against certain economically important pests in Brazil, sugarcane borer included. 1%
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Resistance to plant viruses (e.g. SrMV) through viral gene silencing is one of the early traits also
tried in sugarcane. In this classic approach, DNA sequences for viral coat protein are introduced in
plant genome.”® Much new knowledge of the various systems of natural RNA silencing has been
accumulated thereafter, and the 2006 Nobel prize in physiology or medicine was awarded for re-
search performed on RNA interference.** In plants, RNA silencing is now regarded as a powerful

though so far underutilized means of breeding virus resistant crops in general X

Actually, in the course of further studies, RNA silencing may also prove universally applicable in
the control of bacterial and fungal pathogens, parasitic nematodes and insect pests in plant produc-
tion.2> Namely, selected genes of root-knot and cyst nematodes can be silenced through feeding.
Accordingly, a crop plant can be bred nematode resistant by modifying it genetically to produce
short specific RNA sequences targeted at silencing certain vital genes of the pest.t”® Similar results

have been obtained in herbivorous insects.1218°

Reliable and safe pest control would help in rendering biofuel production better economically and
ecologically efficient. In addition to herbivorous insects, e.g. parasitic nematodes may also grow
into a severe problem in bioenergy crops as well, as indicated by recent studies.*®

RNA interference would likely offer more selective and safer control measures than most of the
methods being used today. Though, any workable method for nematode control did not even exist
hitherto, because all available nematicides are being banned due to their toxicity or ozone depleting
properties 1

Herbicide-tolerant varieties could bring along significant savings in labor and fossil fuel use also in
biofuel crops. The presence of weeds in the fields is one of the main causes of productivity loss in
sugarcane production. Though, only tolerance to glyphosate has been utilized in great majority of
HT crops hitherto. Due to such bias, the application of rotations or mixtures of different types of
herbicides in the crop is unduly complicated, even if such diversity of measures would be advisable
for minimizing and delaying the emergence of herbicide tolerance in weeds.**>#2 Not quite unex-
pected, glyphosate tolerance is in product pipeline in sugarcane as well 22 though also tolerance to
glufosinate has been studied.®®

In sugarcane, the same plant clones are being re-grown and harvested during several years in tan-
dem. Therefore, in order to enable pertinent diversity in herbicide use in sugarcane, tolerance to at
least two different herbicides should preferably be bred in each of its HT varieties.

Field trials are going on with up to 6,000 GM sugarcane lines in 2009-15 in Australia. The genes
conferring herbicide tolerance have been obtained from “a common bacterium and a plant species

which have been consumed safely by humans and animals for centuries” 22

How to combine GM with conventional breeding?

Molecular techniques such as marker-assisted selection and GM are becoming in ubiquitous use in
21% century crop improvement for enhancing its precision and efficiency.*® Though, such tech-
niques cannot replace conventional plant breeding in general but, for best results, various methods
are to be used in tandem.

Regarding the biological virtues of various breeding methods, they could be used in combination
based on two essential strategies:
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1. Improving established top varieties, i.e. the GM trait is added to each pre-existing traditional
top variety separately, one by one, which very likely yields an array of superior varieties in a
short time, or

2. Basic GM breeding or improving the breeding population of the crop species, which may re-
sult in slower advance but greater number of derived GM varieties in the near future. That
is, the GM trait is introduced somewhere in the breeding population, and an array of new va-
rieties with GM trait(s) is thereafter produced e.g. using conventional crosses and selection.

The former strategy would be biologically ideal for clonally multiplied, highly heterozygous varie-
ties in slow-bred crops such as sugarcane or trees. It does not play havoc with well-established pop-
ular varieties but keeps their virtues as untouched as possible, only adding a couple of necessary
traits in a highly precise way.

However, due to the outdated GM legislation of today, strategy No. 1 is economically very hard to
follow in a large scale, because of unnecessarily costly bureaucracy. Namely, any such enhanced
top variety now formally represents a separate genetic modification event (i.e. independent insertion
of a transgene into a crop genome), so that a separate permission is being required for each one hi-
therto in the legislation of EC, USA and other countries. The expense of gaining regulatory ap-
proval for commercial release of a novel GM event is estimated to be 7-15 million US dollars,
counting only direct compliance costs.*®® Though, exactly identical modifications can be produced
in each top variety today by using up-to-date gene targeting methods.*23 Accordingly, on the
grounds of science, such genetically equivalent GM events ought to be approved collectively in-
stead, so that the groundless multiplication of expenses could be avoided.

Experience in EC shows, however, that no essential improvements in its GM legislation can be ex-
pected within quite a few years. Thus, strategy No. 2 must often be chosen in practice until now,
aiming at minimizing the number of transformation events and consequent deregulation applica-
tions. Namely, even if the GM permission obtained according to EC legislation only pertains to one
specific transformation event, it at the same time also covers any number of varieties derived the-
reof using conventional breeding methods.

Hence, once introduced in a few top varieties based on strategy No. 1 the GM trait can be crossed
further in the breeding population, which actually means transition to the latter strategy of breeding.
Anyway, in a medium time scale, basic breeding is necessary for taking any important new trait in a
general use in future varieties of a crop species, sugarcane included.

How to obviate narrowing of genetic diversity?

One further undesirable consequence of such outdated GM legislation is that genetic diversity will
be unnecessarily narrowed in cultivation. When only a couple of top GM varieties can be released
in the beginning, due to high bureaucracy costs, a genetic bottleneck is caused in the fields for
years, when most farmers try to cash on the best few varieties available by that time.

Troubles with ecological tolerance and especially disease resistance are often worsened due to
overly extensive cultivation of genetically narrow-based plant materials in the fields. Mixtures of
different varieties might help, but they are as a rule too difficult to manage technically, and their
mixed yield cannot usually meet the high standards of uniform quality claimed by the end users.
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Such problems in ecological tolerance may likely be met also in sugarcane cultivation, when only a
few superior varieties are available for biofuel production in the beginning. High-precision GM
could now provide an interesting new solution to the problem — provided unnecessary legislative
obstacles were reduced. Namely, desirable genetic diversity in important resistance traits could be
generated within a top variety using GM, without compromising its uniformity in other traits such
as product quality. Hence, though quite homogenous morphologically, the variety could consist of a
mixture of plant lines differing from each other only as regards their important resistance characte-
ristics.” Consequently, the field would be turned into a patchwork in immunologic sense, which
could slow down the rate of evolution of new pathogen races as well as epidemic pest spread in
cultivation.28 That could confer more durable disease resistance, which is especially important
in slow-bred species such as sugarcane.

Contrary to common beliefs, intellectual property rights (IPR) do not in principle prevent the use of
valuable new traits in further breeding programs, at least in Europe. Namely, EC patent legisla-
tion*® provides for compulsory licensing of important breeding traits. Consequently, the IPR owner
cannot refuse licensing her patented gene to any other breeder interested in utilizing it for the de-

velopment of derived plant varieties in her own breeding programs.
Could sugarcane research be applied to the development of other bioenergy crops?

Can the achievements in sugarcane be adapted to the breeding of other crops as well? The answer
is: likely yes. Though, tolerance to drought or salinity may not prove useful in production regions
lacking such problems even in the future, e.g. Northern Europe. Unlike in traditional breeding, the
progress achieved using GM methods can often be transferred to many other crop species as such or
suitably adapted to their specific conditions where necessary. Certain new traits enhancing the car-
bon- and eco-efficiency as well as fuel productivity of the future sugarcanes, self-degrading cellu-
lose included, could probably be successfully introduced also in other bioenergy plants, especially
grasses such as e.g. switchgrass, Miscanthus or reed canary grass.224222

Prospects in the near future

Developments in rapidly advancing fields, such as modern biology, are hard to forecast. Unforeseen
new discoveries may redirect the main course of the field of research anytime, as shown by the
history of science.

Even so, it is possible to make a couple of general inferences regarding the near future. The above
mentioned breeding efforts may probably result in an array of more efficient biofuel crop varieties
to be released for cultivation within a decade. Even if significant enhancements may be achieved,
these novel varieties still usually represent single trait improvements.

During the subsequent decade, however, the established new traits are being combined together,
both using traditional crosses and de novo GM events. For example, varieties combining isomaltu-
lose/trehalose or high-sucrose traits with drought and salt tolerance, successful lignin constitution or
cellulose-degrading capacity may be commonly cultivated in various niches of sugarcane produc-
tion area in the world.

“ The idea was proposed by the author in his plant breeding lectures already in the 80’s
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Combinations of improved traits may in some instances show multiplicative effects and result in
quantum leaps in biofuel crop efficiency. Such sustainable production would allow for retaining our
food security even if the production conditions may widely deteriorate.

Breakthrough in precision and efficiency of GM in plants

The age-old hopes in plant breeding came true in April 2009, when the development of an efficient
and precise method for targeted genetic modification of plant genes in situ, i.e. in their native loca-
tion in plant chromosomes, was announced by two independent research groups.*4** Double-strand
DNA breaks are generated in breeder-specified loci in plant genome, and the plant is stimulated and
guided to make the desired genetic modification itself with the help of its own DNA repair en-
zymes. The need of using specific selection markers for finding out the few successfully trans-
formed cells from among the masses of untransformed ones may be going out in the future, because
modification rates are rising so high (up to 4 %) that the successfully modified plant individuals
may be recognized amongst the progeny plants simply by screening their DNA for the presence of
the desired gene form in their genotype.

Regarding highly polyploid crops, such as sugarcane, one further great advantage is gained with
these brand new gene targeting methods. Namely, many or all undesirable alleles of the targeted
gene in a crop variety can now be replaced with the desired allele simultaneously or by means of
just a couple of successive modification cycles.

In the near future, more efficient gene forms for a trait, e.g. freezing tolerance, need not any further
be added to plant chromosomes, but the plant’s endogenous (inferior) gene form can be replaced
precisely and efficiently with the desired one. In addition, the fine structure of any endogenous gene
can be optimized in situ, or a harmful gene can readily be blocked from being expressed.

Meanwhile, the European Community is but lost with its outdated GM legislation which was built
largely on lay beliefs in the 80’s, omitting the viewpoints of European Nobelists and scientific
community.2®>2 Not even the experts’ are able of explaining what those statutes may try to denote
with ‘genetic modification” — and why.**® The mere definition of the concept is a patchwork based
on various lists of included, excluded or omitted items (all without relevant safety justification),
covering a full page when pulled together in printing.22 As confirmed by two decades of biological

research, that mess seems to have no true relationship with biological risk evaluation.

EC Directorate General Environment has recently founded an expert working group for puzzling
out whether the recent breakthroughs in precision, efficiency and command in plant improvement
should still be punished with overly burdensome and costly GM regulation,® or is there any possi-
ble way of re-interpreting the letter of the Regulation in order to exclude the newest precision me-
thods from its scope. Meanwhile, “dirty” old methods of breeding are fully exempted from regula-
tory and financial burden, whereas the regulatory oppression on modern life sciences continues de-
spite declarations announced recurrently by the scientific community during decades.>”2%>*

Clearly, the cutting edge of plant breeding in general and biofuel crop development in particular
still stays in other continents for quite some time. One of the above research groups is making its
gene targeting method available publicly and will be offering training sessions in the technique.
Consequently, brand new GM plant varieties invaluable for our changing world in regard to bio-

¥ The author has got to know the development and functioning of the European GM legislation in his duties as a
biotechnology advisor in the Ministry of Agriculture and Forestry of a EC Member State in 1997-2009
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energy, food security and more balanced nutrition,*? may start pouring from small plant laborato-

ries in the Third World in 15-20 years’ time.

Are these “GM” or “non-GM” plants? That may in many cases be mutating to a rhetoric question or
sophism. Namely, regarding a plant line with its native genes adjusted in a targeted way by short
DNA-base substitutions, insertions or deletions, there will be no scientific means whatsoever of
proving that such improved plant line was not, or could not be, a creation of the Nature itself
(“found from behind the barn™). Nor will there be any scientific reason for wrestling with such
biologically empty distinctions.”®® Regarding the Nature, it is the outcome that matters, i.e. the ge-
netic constitution of the resulting crop variety, and not the means utilized in (the early steps of) its
creation.

Acknowledgements

The author is most indebted to the unknown Reviewers for their invaluable advice for significant
improvements in the manuscript.

References

1. Reaping the benefits: Science and the sustainable intensification of global agriculture. The Royal
Society, London, UK Oct. 2009, 86 p. http://royalsociety.org/Reapingthebenefits

2. China Plans $3.5 Billion GM Crops Initiative. Science 2008; 321:1279
www.sciencemagq.org/cgi/reprint/321/5894/1279.pdf?ijkey=wa/cAo0gpxBll&keytype=ref&siteid=s
ci

3. Weixiao C. China signals major shift into GM crops. SciDevNet, Feb. 8, 2010, 1 p.
www.scidev.net/en/news/china-signals-major-shift-into-gm-crops.html

4. Henry RJ. Evaluation of plant biomass resources available for replacement of fossil oil. Plant
Biotechnol J 2010; 8:288-93 http://dx.doi.org/10.1111/j.1467-7652.2009.00482.x

5. Sustainable future for bioenergy and renewable products. Position Paper. Eur. Plant Sci. Org.
(EPSO) Sep. 27, 2007, 10 p.

http://www.biofuelstp.eu/downloads/Compiled papers_Bioenergy from Plant ETP and EPSO.pd
f

6. IEA views about biofuels. Int. Energy Agency 2007, 1 p.
www.iea.org/journalists/arch pop.asp?MED ARCH ID=417

7. Biofuels in the European context: Facts and uncertainties. Appendix 1: GHG savings of biofuels,
Eur. Comm. Joint Res. Centre 2008, 30 p.
http://ec.europa.eu/dgs/jrc/downloads/jrc_biofuels report.pdf

8. Wei CP, May CY. Palm biodiesel development and its social and environment impacts in
Malaysia. Policy dialogue on biofuels in Asia: Benefits and challenges. Beijing, China, Sep. 24-26,
2008, 27 p.
http://www.unescap.org/ESD/energy/dialogue/biofuels/benefit_challenges/presentations/Presentatio
ns%200n%20Sep%2024/Puah%20Chiew%20Wei,Malaysia.pdf



http://www.plantphysiol.org/cgi/doi/10.1104/pp.108.121947
http://www.nature.com/embor/journal/v7/n8/pdf/7400769.pdf
http://royalsociety.org/Reapingthebenefits
http://www.sciencemag.org/cgi/reprint/321/5894/1279.pdf?ijkey=wa/cAo0qpxBlI&keytype=ref&siteid=sci
http://www.sciencemag.org/cgi/reprint/321/5894/1279.pdf?ijkey=wa/cAo0qpxBlI&keytype=ref&siteid=sci
http://www.scidev.net/en/news/china-signals-major-shift-into-gm-crops.html
http://dx.doi.org/10.1111/j.1467-7652.2009.00482.x
http://www.biofuelstp.eu/downloads/Compiled_papers_Bioenergy_from_Plant_ETP_and_EPSO.pdf
http://www.biofuelstp.eu/downloads/Compiled_papers_Bioenergy_from_Plant_ETP_and_EPSO.pdf
http://www.iea.org/journalists/arch_pop.asp?MED_ARCH_ID=417%20
http://ec.europa.eu/dgs/jrc/downloads/jrc_biofuels_report.pdf
http://www.unescap.org/ESD/energy/dialogue/biofuels/benefit_challenges/presentations/Presentations%20on%20Sep%2024/Puah%20Chiew%20Wei,Malaysia.pdf
http://www.unescap.org/ESD/energy/dialogue/biofuels/benefit_challenges/presentations/Presentations%20on%20Sep%2024/Puah%20Chiew%20Wei,Malaysia.pdf

29

9. Neste Oil's plans for global leadership in palm oil diesel will drive massive rainforest destruction
and climate change. Press Release, Greenpeace Int., May 12, 2009, 2 p.
www.greenpeace.org/international/en/press/releases/neste-pal-oil-drives-climate-change/

10. Jakkula J, Niemi V, Nikkonen J, Purola V-M, Myllyoja J, Aalto P et al. Process for producing a
hydrocarbon component of biological origin. US Pat No. 7,232,935, US Pat Trademark Off June
19, 2007, 9 p. http://www.freepatentsonline.com/7232935.html

11. Aatola H, Larmi M, Sarjovaara T. Hydrotreated Vegetable Oil (HVO) as a Renewable Diesel
Fuel: Trade-off between NOX, Particulate Emission, and Fuel Consumption of a Heavy Duty
Engine. SAE Int J Engines 2009; 1:1251-62 http://saeeng.saejournals.org/content/1/1/1251.abstract

12. Zohary D, Hopf M. Domestication of Plants in the Old World. Oxford Univ, Oxford, USA
2002, 3" Ed, 306 p.

13. Tammisola J. Incompatibility classes and fruit set in natural populations of arctic bramble
(Rubus arcticus L.) in Finland. Doctor Thesis, Univ. of Helsinki, Finland. J Agric Sci Finl 1988; 60:
327-446

14. Achten WMJ, Mathijs E, Verchot L, Singh VP, Aerts R, Muys B. Jatropha biodiesel fueling
sustainability? Biofuels, Bioproducts and Biorefining 2007; 1:283-91
http://dx.doi.org/10.1002/bbb.39

15. Eckardt NA. Grass Genome Evolution. Editorial. The Plant Cell 2008; 20:3-4
http://www.plantcell.org/cqi/reprint/20/1/3

16. Salse J, Bolot S, Throude M, Jouffe V, Piegu B, Quraishi UM et al. Identification and
Characterization of Shared Duplications between Rice and Wheat Provide New Insight into Grass
Genome Evolution. Plant Cell 2008; 20:11-24 http://www.plantcell.org/cgi/reprint/20/1/11.pdf

17. Bennetzen JL, Freeling M. The Unified Grass Genome: Synergy in Synteny. Genome Res 1997,
7:301-6 http://genome.cshlp.org/content/7/4/301

18. Waclawovsky AJ, Sato PM, Lembke CG, Moore PH, Souza GM. Sugarcane for bioenergy
production: an assessment of yield and regulation of sucrose content. Plant Biotechnol J 2010;
8:263-76 http://dx.doi.org/10.1111/].1467-7652.2009.00491.x

19. Vackayil J. GM sugarcane trials in Brazil, Australia. The Financial Express Mar 31, 2008, 1 p.
www.financialexpress.com/news/GM-sugarcane-trials-in-Brazil-Australia/290404/

20. Schmer MR, Vogel KP, Mitchell RB, Perrin RK. Net energy of cellulosic ethanol from
switchgrass. Proc Natl Acad Sci USA 2008; 105:464-9
www.pnas.org/content/105/2/464.full.pdf+html

21. Heaton EA, Dohleman FG, Long SP. Meeting US biofuel goals with less land: the potential of
Miscanthus. Glob Chang Biol 2008; 14:2000-14 http://dx.doi.org/10.1111/].1365-
2486.2008.01662.x

22. Sahramaa M, HommoO L, Jauhiainen L. Variation in seed production traits of reed canarygrass
germplasm. Crop Sci 2004; 44:988-96 http://crop.scijournals.org/cgi/reprint/44/3/988



http://www.greenpeace.org/international/en/press/releases/neste-pal-oil-drives-climate-change/
http://www.freepatentsonline.com/7232935.html
http://saeeng.saejournals.org/content/1/1/1251.abstract
http://dx.doi.org/10.1002/bbb.39
http://www.plantcell.org/cgi/reprint/20/1/3
http://www.plantcell.org/cgi/reprint/20/1/11.pdf
http://genome.cshlp.org/content/7/4/301
http://dx.doi.org/10.1111/j.1467-7652.2009.00491.x
http://www.financialexpress.com/news/GM-sugarcane-trials-in-Brazil-Australia/290404/
http://www.pnas.org/content/105/2/464.full.pdf+html
http://dx.doi.org/10.1111/j.1365-2486.2008.01662.x
http://dx.doi.org/10.1111/j.1365-2486.2008.01662.x
http://crop.scijournals.org/cgi/reprint/44/3/988

30

23. Bridgeman TG, Jones JM, Shield I,Williams PT. Torrefaction of reed canary grass, wheat straw
and willow to enhance solid fuel qualities and combustion properties. Fuel 2008; 87:844-56
http://dx.doi.org/10.1016/j.fuel.2007.05.041

24. Production of crops. Crops, World >, Sugar cane, Production Quantity, 2007. FAOSTAT 2007,
3 p. http://faostat.fao.org/site/339/default.aspx

25. The biology of the Saccharum spp. (Sugarcane). Off. Gene Technol. Regul., Dep. Health and
Ageing, Aust. Gov. 2008, 39 p.
http://www.health.gov.au/internet/ogtr/publishing.nsf/Content/sugarcane-
3/$FILE/biologysugarcane08.pdf

26. Dale J. Cellulosic ethanol: huge potential but challenging. Centre for Tropical Crops and
Biocommodities. Queensland Univ. of Technology, Australia 2007, 35 p.
www.farmacule.com/news/news10/AusbioBioethanol.ppt

27. Haefele S. Black soil, green rice. Rice Today 2007; 6(2):26—7
http://www.biochar.info/52/downloads/Black _Soil_Green_Rice.pdf

28. Singh RD, Singh PN, Kumar A. Evaluation of sugarcane (Saccharum officinarum L.) genotypes
under variable water regimes. Indian J Crop Sci 2006; 1:142-5
http://www.satishserial.com/issn0973-4880/chapter29.pdf

29. Sugarcane. Agriculture Department, Netafim, Tel Aviv, Israel 2008, 64 p.
WWW.SuUgarcanecrops.com

30. Khaled M. Bali KM, Juan N. Guerrero JN, Rick Snyder R, and David Grantz D. Water use
estimates for sugarcane in the Imperial Valley. Imperial County Agric. Briefs Oct. 2007, p. 8-11,
Univ. of California, CA USA http://ceimperial.ucdavis.edu/newsletterfiles/Ag_Briefs12397.pdf

31. Inman-Bamber NG, Smith DM. Water relations in sugarcane and response to water deficits.
Field Crops Res 2005; 92:185-202 http://dx.doi.org/10.1016/j.fcr.2005.01.023

32. Farias CHA, Fernandes PD, Neto JD, Gheyi HR. Water use efficiency in sugarcane crop under
different depths of irrigation and zinc doses in coastal region of Paraiba, Brazil. Eng Agric 2008;
28:494-506 http://www.scielo.br/pdf/eagri/v28n3/a10v28n3.pdf

33. Charlesworth P, Chinn C, Bristow K, Ham G. Healthy crop and healthy groundwater —
sugarcane in the Burdekin delta. CSIRO Land and Water and CRC for Sustainable Sugar
Production 2002, 10 p. http://www.clw.csiro.au/lbi/publications/IAA2002paper-Charlesworth.pdf

34. Sugarcane. Land and Water division AGLW, FAO 2008, 6 p.
www.fao.org/nr/water/cropinfo sugarcane.html

35. Lynch JP. Roots of the second green revolution. Aust J Bot 2007; 55:493-512
http://dx.doi.org/10.1071/BT06118



http://dx.doi.org/10.1016/j.fuel.2007.05.041
http://faostat.fao.org/site/339/default.aspx
http://www.health.gov.au/internet/ogtr/publishing.nsf/Content/sugarcane-3/$FILE/biologysugarcane08.pdf
http://www.health.gov.au/internet/ogtr/publishing.nsf/Content/sugarcane-3/$FILE/biologysugarcane08.pdf
http://www.farmacule.com/news/news10/AusbioBioethanol.ppt
http://www.biochar.info/52/downloads/Black_Soil_Green_Rice.pdf
http://www.satishserial.com/issn0973-4880/chapter29.pdf
http://www.sugarcanecrops.com/
http://ceimperial.ucdavis.edu/newsletterfiles/Ag_Briefs12397.pdf
http://dx.doi.org/10.1016/j.fcr.2005.01.023
http://www.scielo.br/pdf/eagri/v28n3/a10v28n3.pdf
http://www.clw.csiro.au/lbi/publications/IAA2002paper-Charlesworth.pdf
http://www.fao.org/nr/water/cropinfo_sugarcane.html
http://dx.doi.org/10.1071/BT06118

31

36. Cancado JED, Saldiva PHN, Pereira LAA, Lara LBLS, Artaxo P, Martinelli LA et al. The
impact of sugar cane-burning emissions on the respiratory system of children and the elderly.
Environ Health Perspect 2006; 114:725-9 http://www.ehponline.org/members/2006/8485/8485.pdf

37. Robertson FA, Thorburn PJ. Management of sugarcane harvest residues: consequences for soil
carbon and nitrogen. Aust J Soil Res 2007; 45:13-23
http://findarticles.com/p/articles/mi_hb3364/is_1_45/ai_n31677273/

38. Meier EA, Thorburn PJ, Wegener MK, Basford KE. The availability of nitrogen from sugarcane
trash on contrasting soils in the wet tropics of North Queensland. Nutrient Cycling In
Agroecosystems 2006; 75:101-14 http://espace.library.ug.edu.au/view/UQ:82493

39. Graham MH, Haynes RJ, Meyer JH. Soil organic matter content and quality: effects of fertilizer
applications, burning and trash retention on a long-term sugarcane experiment in South Africa. Soil
Biol Biochem 2002; 34:93-102 http://espace.library.uq.edu.au/view/UQ:115014

40. Bradbury LMT, Fitzgerald TL, Henry RJ, Jin Q, Waters DLE.The gene for fragrance in rice.
Plant Biotechnol J 2005; 3:363-70 http://dx.doi.org/10.1111/j.1467-7652.2005.00131.x

41. Vince G. 'RNA interference' scoops Nobel prize for Medicine. New Scientist Oct. 2, 2006, 2 p.
www.newscientist.com/article/dn10203-rna-interference-scoops-nobel-prize-for-medicine.html

42. Shukla VK, Doyon Y, Miller JC, Dekelver RC, Moehle EA, Worden SE et al. Precise genome
modification in the crop species Zea mays using zinc-finger nucleases. Nature advance online publ
April 29, 2009, 7 p. http://dx.doi.org/10.1038/nature07992

43. Townsend JA, Wright DA, Winfrey RJ, Fu F, Maeder ML, Joung K et al. High frequency
modification of plant genes using engineered zinc-finger nucleases. Nature advance online publ
April 29, 2009, 5 p. http://dx.doi.org/10.1038/nature07845

44. Gilbert RA, Comstock JC, Glaz B, Edmé SJ, Davidson RW, Glynn NC et al. Registration of
CP 00-1101° sugarcane. J Plant Registrations 2008; 2:95-101
http://jpr.scijournals.org/cgi/reprint/2/2/95.pdf

45. Shanthi RM, Bhagyalakshmi KV, Hemaprabha G, Alarmelu S, Nagarajan R. Relative
performance of the sugarcane families in early selection stages. Sugar Technol 2008; 10:114-8
www.springerlink.com/content/j3x271033mx6g639/

46. Jackson PA, Hogarth DM. Genotype x Environment Interactions in Sugarcane. |I. Patterns of
Response Across Sites and Crop-years in North Queensland. Aust J Agric Res 1992; 43:1447-59
http://dx.doi.org/10.1071/AR9921447

47. Hu F. Improving selection in sugarcane breeding programs with an application in the Burdekin
region, Australia. PhD Thesis Abstract, Univ. of Queensland, Australia 2007, 2 p.
http://espace.library.ug.edu.au/view/UQ:158723

48. Jackson PA. Breeding for improved sugar content in sugarcane. Field Crops Res 2005; 92:277—
90 http://dx.doi.org/10.1016/j.fcr.2005.01.024



http://www.ehponline.org/members/2006/8485/8485.pdf
http://findarticles.com/p/articles/mi_hb3364/is_1_45/ai_n31677273/
http://espace.library.uq.edu.au/view/UQ:82493
http://espace.library.uq.edu.au/view/UQ:115014
http://dx.doi.org/10.1111/j.1467-7652.2005.00131.x
http://www.newscientist.com/article/dn10203-rna-interference-scoops-nobel-prize-for-medicine.html
http://dx.doi.org/10.1038/nature07992
http://dx.doi.org/10.1038/nature07845
http://jpr.scijournals.org/cgi/reprint/2/2/95.pdf
http://www.springerlink.com/content/j3x271033mx6g639/
http://dx.doi.org/10.1071/AR9921447
http://espace.library.uq.edu.au/view/UQ:158723
http://dx.doi.org/10.1016/j.fcr.2005.01.024

32

49. Eubanks MW. Ancestral genetic resources provide an alternative to GMO crops. Ethnobotany
Res Applic 2003; 1:21-9 http://scholarspace.manoa.hawaii.edu/bitstream/10125/126/4/11547 -
3465-01-021.pdf

50. Tammisola J. Plants and their breeding — at the cutting-edge from Stone Age to Green Era.
Appendix to a presentation In European Parliament, Oct. 10, 2006, 7 p.
http://www.geenit.fi/EP101006 App.pdf

51. Papini-Terzi FS, Rocha FR, Vencio RZ, Felix JM, Branco DS, Waclawovsky AJ et al.
Sugarcane genes associated with sucrose content. BMC Genomics 2009; 10:120, 21 p.
http://www.biomedcentral.com/content/pdf/1471-2164-10-120.pdf

52. Wilson D, Charoensawan V, Kummerfeld SK, Teichmann SA. DBD — taxonomically broad
transcription factor predictions: new content and functionality. Nucleic Acids Res 2008; 36:
Database issue D88-D92 http://nar.oxfordjournals.org/cgi/screenpdf/36/suppl_1/D88

53. Century K, Reuber TL, Ratcliffe OJ. Regulating the Regulators: The Future Prospects for
Transcription-Factor-Based Agricultural Biotechnology Products. Plant Physiol 2008; 147:20-9
www.plantphysiol.org/cgi/doi/10.1104/pp.108.117887

54. Doebley JF, Gaut BS, Smith BD. The molecular genetics of crop domestication. Cell 2006;
127:1309-21 http://dx.doi.org/10.1016/}.cell.2006.12.006

55. Wu L, Birch RG. Doubled sugar content in sugarcane plants modified to produce a sucrose
isomer. Plant Biotechnol J 2007; 5:109-17 http://dx.doi.org/10.1111/j.1467-7652.2006.00224.x

56. Birch RG. Metabolic engineering of sugarcane: Assisting the transition to a bio-based economy.
In: Verpoorte R, Alfermann AW, Johnson TS, eds. Applications of plant metabolic engineering.
Springer, 2006:249-81 http://dx.doi.org/10.1007/978-1-4020-6031-1 11

57. Statement of EUCARPIA on Risk Assessment Regarding the Release of Transgenic Plants. Eur.
Assoc. Plant Breeding Res. (EUCARPIA). EUCARPIA Bulletin 1989; 18:16
http://www.geenit.fi/Euc1989.pdf

58. Scientists In Support Of Agricultural Biotechnology. Declaration signed by 25 Nobelists and
3,400 other scientists. AgBioWorld 2005, 2 p.
www.agbioworld.org/declaration/petition/petition.php (Declaration)
www.agbioworld.org/declaration/nobelwinners.html (Nobelists)

59. White book: Genetically modified crops. EU regulations and research experience from the
Czech Republic (Eds. Prof. FrantiSek Schnal, Prof. Jaroslav Drobnik). Biol. Centre Acad. Sci.
Czech Republic, Ceské Budgjovice, Czech Republic 2009, 98 p.
http://www.bc.cas.cz/doc/mobitag/White-Book-on-GMO.pdf

60. Impact of Genetically Engineered Crops on Farm Sustainability in the United States. Nat. Res.
Council USA, April 2010, 240 p. www.nap.edu/catalog.php?record_id=12804

61. Regulation (EC) No 1829/2003 of the European Parliament and of the Council of 22 Sep. 2003
on genetically modified food and feed. Off. J. Eur. Union L 268/1, 18.10.2003, 23 p.
http://ec.europa.eu/food/food/animalnutrition/labelling/Reg_1829 2003 en.pdf



http://scholarspace.manoa.hawaii.edu/bitstream/10125/126/4/I1547-3465-01-021.pdf
http://scholarspace.manoa.hawaii.edu/bitstream/10125/126/4/I1547-3465-01-021.pdf
http://www.geenit.fi/EP101006App.pdf
http://www.biomedcentral.com/content/pdf/1471-2164-10-120.pdf
http://nar.oxfordjournals.org/cgi/screenpdf/36/suppl_1/D88
http://www.plantphysiol.org/cgi/doi/10.1104/pp.108.117887
http://dx.doi.org/10.1016/j.cell.2006.12.006
http://dx.doi.org/10.1111/j.1467-7652.2006.00224.x
http://dx.doi.org/10.1007/978-1-4020-6031-1_11
http://www.geenit.fi/Euc1989.pdf
http://www.agbioworld.org/declaration/petition/petition.php
http://www.agbioworld.org/declaration/nobelwinners.html
http://www.bc.cas.cz/doc/mobitag/White-Book-on-GMO.pdf
http://www.nap.edu/catalog.php?record_id=12804
http://ec.europa.eu/food/food/animalnutrition/labelling/Reg_1829_2003_en.pdf

33

62. Plant biotechnology in Canada. Crop Protection Inst Canada, 28 p.
http://www.croplife.ca/english/pdf/plantbiotechnology.pdf

63. Biotechnology? Modern Biotechnology? GM? GMO? GE? PNTs? What do these terms mean?
Can. Food Insp. Agency, Apr. 7, 2005, 2 p.
www.inspection.gc.ca/english/sci/biotech/gen/terexpe.shtml

64. Conner AJ, Glare TR, Nap J-P. The release of genetically modified crops into the environment.
Part Il. Overview of ecological risk assessment.The Plant Journal 2003; 33:19-46
http://www.agbios.com/docroot/articles/03-065-002.pdf

http://www.geenit.fi/ConnCond03.pdf (Condensed version by the authors)

65. Nickson TE. Planning Environmental Risk Assessment for Genetically Modified Crops:
Problem Formulation for Stress-Tolerant Crops. Plant Physiol 2008; 147:494-502
www.plantphysiol.org/cgi/doi/10.1104/pp.108.118422

66. Bonnett GD, Nowak E, Olivares-Villegas JJ, Berding N, Morgan T, Aitken KS. Identifying the
risks of transgene escape from sugarcane crops to related species, with particular reference to
Saccharum spontaneum in Australia. Trop Plant Biol 2008; 1:58-71
http://dx.doi.org/10.1007/s12042-007-9002-x

67. Smithsonian Fellowship Award: Weedy situation provides golden opportunity for Queensland
sugarcane. Cooperative Research Centre for Sugar Industry Innovation through Biotechnology,
Australia, Feb. 25, 2009 , 2 p.
www.crcsugar.com/News/tabid/56/xmmid/407/xmid/187/xmview/2/Default.aspx

68. Crawley MJ, Brown SL, Hails RS, Kohn DD, Rees M. Biotechnology: Transgenic crops in
natural habitats. Nature 2001; 409:682-3 http://dx.doi.org/10.1038/35055621

69. DIR 051/2004 — Field trial of genetically modified (GM) sugarcane expressing sucrose
isomerase/ The Univ. of Queensland. Full Risk Assessment and Risk Management Plan. Off. Gene
Technol. Regul. Dep. Health and Ageing, Aust. Gov. 2004, 102 p.
www.health.gov.au/internet/ogtr/publishing.nsf/Content/dir051-2004

70. Biotechnology and sugar research. Agrifood Awareness Australia 2008, 5 p.
http://www.afaa.com.au/resource gquides/Biotech Sugar Research.pdf

71. DIR 095 — Limited and controlled release of sugarcane genetically modified for altered plant
growth, enhanced drought tolerance, enhanced nitrogen use efficiency, altered sucrose
accumulation, and improved cellulosic ethanol production from sugarcane biomass/ BSES Ltd. Full
Risk Assessment and Risk Management Plan. Off. Gene Technol. Regul., Dep. Health and Ageing,
Aust. Gov. 2009, 92 p. www.health.gov.au/internet/ogtr/publishing.nsf/Content/dir095

72. Tollefson J. Energy: not your father’s biofuels. Nature 2008; 451: 880—3
http://dx.doi.org/10.1038/451880a

73. Margeot A, Hahn-Hagerdal B, Edlund M, Slade R, Monot F. New improvements for
lignocellulosic ethanol. Curr Opin Biotechnol 2009; 20:372-80
http://dx.doi.org/10.1016/j.copbio.2009.05.009



http://www.croplife.ca/english/pdf/plantbiotechnology.pdf
http://www.inspection.gc.ca/english/sci/biotech/gen/terexpe.shtml
http://www.agbios.com/docroot/articles/03-065-002.pdf
http://www.geenit.fi/ConnCond03.pdf
http://www.plantphysiol.org/cgi/doi/10.1104/pp.108.118422
http://dx.doi.org/10.1007/s12042-007-9002-x
http://www.crcsugar.com/News/tabid/56/xmmid/407/xmid/187/xmview/2/Default.aspx
http://dx.doi.org/10.1038/35055621
http://www.health.gov.au/internet/ogtr/publishing.nsf/Content/dir051-2004
http://www.afaa.com.au/resource_guides/Biotech_Sugar_Research.pdf
http://www.health.gov.au/internet/ogtr/publishing.nsf/Content/dir095
http://dx.doi.org/10.1038/451880a
http://dx.doi.org/10.1016/j.copbio.2009.05.009

34

74. Harris D, DeBolt S. Synthesis, regulation and utilization of lignocellulosic biomass. Plant
Biotechnol J 2010; 8:244-62 http://dx.doi.org/10.1111/j.1467-7652.2009.00481.x

75. Yuan JS, Tiller KH, Al-Ahmad H, Stewart NR, Stewart CN Jr. Plants to power: bioenergy to
fuel the future. Trends Plant Sci 2008; 13:421-9 http://dx.doi.org/10.1016/j.tplants.2008.06.001

76. Richard E Jr. Sugar/Energy Canes as Biofuels Feedstocks. Presentation in the World Biofuels
Market Conference, Amsterdam, Netherlands March 15-17, 2010. USDA-ARS Sugarcane Res.
Lab., Houma, LA USA, 28 p.
http://www.worldbiofuelsmarkets.com/downloads/presentations/EnergyCrops_15th/ed _richard.pdf

77. Himmel ME, Ding S-Y, Johnson DK, Adney WS, Nimlos MR, Brady JW et al. Biomass
recalcitrance: engineering plants and enzymes for biofuels production. Science 2007; 315:804—7
http://dx.doi.org/10.1126/science.1137016

78. Salusjarvi L. Transcriptome and proteome analysis of xylose-metabolising Saccharomyces
cerevisiae. Doctor Thesis. VTT Publ 2008; 679, 114 p.
http://www.vtt.fi/inf/pdf/publications/2008/P679.pdf

79. da Silva AM. Caracterizacdo da parede celular de Saccharum officinarum L. (cana-de-agucar) e
Brachiaria decumbens Stapf (braquiaria). Dissertation, Univ Estadual de Campinas, Sdo Paulo, July
8, 2005, 105 p. http://libdigi.unicamp.br/document/?code=vtIs000374855

80. Suihko M-L. D-xylose fermentation by Fusarium oxysporum and other fungi. Univ of Helsinki,
Doctor Thesis. VTT Publ 1984; 17, 31 p.+ app. 40 p.

81. Bettiga M, Bengtsson O, Hahn-Hé&gerdal B, Gorwa-Grauslund MF. Arabinose and xylose
fermentation by recombinant Saccharomyces cerevisiae expressing a fungal pentose utilization
pathway. Microb Cell Fact 2009; 8:40, 12 p.
http://www.microbialcellfactories.com/content/pdf/1475-2859-8-40.pdf

82. Ferreira-Leitdo V, Perrone CC, Rodrigues J, Franke APM, Macrelli S, Zacchi G. An approach
to the utilisation of CO, as impregnating agent in steam pretreatment of sugar cane bagasse and
leaves for ethanol production. Biotechnol Biofuels 2010; 3:7, 8 p. http://dx.doi.org/10.1186/1754-
6834-3-7

83. Fan Z, Yuan L. Production of multifunctional chimaeric enzymes in plants: a promising
approach for degrading plant cell wall from within. Plant Biotechnol J 2010; 8: 308—15
http://dx.doi.org/10.1111/j.1467-7652.2009.00484.x

84. Taylor LEII, Dai ZY, Decker SR, Brunecky R, Adney WS, Ding SY et a. Heterologous
expression of glycosyl hydrolases in planta: a new departure for biofuels. Trends Biotechnol 2008;
26:413-24 http://dx.doi.org/10.1016/].tibtech.2008.05.002

85. Carroll A, Somerville C. Cellulosic biofuels. Annu Rev Plant Biol 2009; 60:165-82
http://dx.doi.org/10.1146/annurev.arplant.043008.092125

86. Aden A, Ruth M, Ibsen K, Jechura J, Neeves K, Sheehan J et al. Lignocellulosic Biomass to
Ethanol Process Design and Economics Utilizing Co-Current Dilute Acid Prehydrolysis and


http://dx.doi.org/10.1111/j.1467-7652.2009.00481.x
http://dx.doi.org/10.1016/j.tplants.2008.06.001
http://www.worldbiofuelsmarkets.com/downloads/presentations/EnergyCrops_15th/ed_richard.pdf
http://dx.doi.org/10.1126/science.1137016
http://www.vtt.fi/inf/pdf/publications/2008/P679.pdf
http://libdigi.unicamp.br/document/?code=vtls000374855
http://www.microbialcellfactories.com/content/pdf/1475-2859-8-40.pdf
http://dx.doi.org/10.1186/1754-6834-3-7
http://dx.doi.org/10.1186/1754-6834-3-7
http://dx.doi.org/10.1111/j.1467-7652.2009.00484.x
http://dx.doi.org/10.1016/j.tibtech.2008.05.002
http://dx.doi.org/10.1146/annurev.arplant.043008.092125

35

Enzymatic Hydrolysis for Corn Stover. Tech Rep NREL/TP-510-32438, Nat. Renew. Energy Lab.
NREL, DoE, Colorado, USA 2002, 154 p. http://www1.eere.energy.gov/biomass/pdfs/32438.pdf

87. Ewing E. Self-processing sugarcane for cellulosic ethanol? Ethanol Producer Apr. 2008, 1 p.
www.ethanolproducer.com/article.jsp?article_id=3868

88. Zhang PYH, Himmel ME, Mielenz JR. Outlook for cellulase improvement: Screening and
selection strategies. Biotechnol Adv 2006; 24:452-81
http://dx.doi.org/10.1016/j.biotechadv.2006.03.003

89. Viikari L, Alapuranen M, Puranen T, Vehmaanpera J, Siika-Aho M. Thermostable enzymes in
lignocellulose hydrolysis. In: Scheper T, ed. Biofuels. Advances in Biochemical
Engineering/Biotechnology 108. Berlin: Springer, 2007:121-45
http://dx.doi.org/10.1007/10_2007_065

90. Sanchez RG, Karhumaa K, Fonseca C, Nogue VS, Almeida JRM, Larsson CU et al. Improved
xylose and arabinose utilization by an industrial recombinant Saccharomyces cerevisiae strain using
evolutionary engineering. Biotechnol Biofuels 2010; 3:13, 11 p.
http://www.biotechnologyforbiofuels.com/content/pdf/1754-6834-3-13.pdf

91. Moore I, Samalova M, Kurup S. Transactivated and chemically inducible gene expression in
plants. Plant J 2006; 45:651-83 http://dx.doi.org/10.1111/].1365-313X.2006.02660.x

92. Rao AG. The Outlook for Protein Engineering in Crop Improvement. Plant Physiol 2008;
147:6-12 www.plantphysiol.org/cgi/reprint/147/1/6

93. Bally J, Nadai M, Vitel M, Rolland A, Dumain R, Dubald M. Plant physiological adaptations to
the massive foreign protein synthesis occurring in recombinant chloroplasts. Plant Physiol 2009;
150:1474-81 www.plantphysiol.org/cqi/doi/10.1104/pp.109.139816

94. Verma D, Kanagaraj A, Jin S,Singh ND, Kolattukudy PE, Daniell H. Chloroplast-derived
enzyme cocktails hydrolyse lignocellulosic biomass and release fermentable sugars. Plant
Biotechnol J 2010; 8:332-50 http://dx.doi.org/10.1111/].1467-7652.2009.00486.x

95. Vanholme R, Demedts B, Morreel K, Ralph J, Boerjan W. Lignin Biosynthesis and Structure.
Plant Physiol 2010; 153:895-905 www.plantphysiol.org/cgi/doi/10.1104/pp.110.155119

96. Mooney CA, Mansfield SD, Touhy MG, Saddler JN. The effect of initial pore volume and
lignin content on the enzymatic hydrolysis of softwoods. Biores Tech 1999; 64:113-9
http://dx.doi.org/10.1016/S0960-8524(97)00181-8

97. Palonen H, Tjerneld F, Zacchi G, Tenkanen M. Adsorption of Trichoderma reesei CBH | and
EG Il and their catalytic domains on steam pretreated softwood and isolated lignin. J Biotechnol
2004; 107:65-72 http://dx.doi.org/10.1016/j.jbiotec.2003.09.011

98. Papes F, Gerhardt IR, Arruda P. Cambium/Xylem-Preferred Promoters and Uses Thereof. US
Pat Appl Pub No. US 2008/0196125 A1, Aug 14, 2008, Allelyx SA Rodovia, Campinas, Brazil, 30
p. http://www.freepatentsonline.com/20080196125.pdf



http://www1.eere.energy.gov/biomass/pdfs/32438.pdf
http://www.ethanolproducer.com/article.jsp?article_id=3868
http://dx.doi.org/10.1016/j.biotechadv.2006.03.003
http://dx.doi.org/10.1007/10_2007_065
http://www.biotechnologyforbiofuels.com/content/pdf/1754-6834-3-13.pdf
http://dx.doi.org/10.1111/j.1365-313X.2006.02660.x
http://www.plantphysiol.org/cgi/reprint/147/1/6
http://www.plantphysiol.org/cgi/doi/10.1104/pp.109.139816
http://dx.doi.org/10.1111/j.1467-7652.2009.00486.x
http://www.plantphysiol.org/cgi/doi/10.1104/pp.110.155119
http://dx.doi.org/10.1016/S0960-8524(97)00181-8
http://dx.doi.org/10.1016/j.jbiotec.2003.09.011
http://www.freepatentsonline.com/20080196125.pdf

36

99. Huntley SK, Ellis D, Gilbert M, Chapple C, Mansfield SD. 2003. Significant increases in
pulping efficiency in C4H-F5H-transformed poplars: improved chemical savings and reduced
environmental toxins. J Agric Food Chem 2003; 51:6178-83 http://dx.doi.org/10.1021/jf0343200

100. Leplé JC, Dauwe R, Morreel K, Storme V, Lapierre C, Pollet B et al. Downregulation of
cinnamoylcoenzyme A reductase in poplar: multiple-level phenotyping reveals effects on cell wall
polymer metabolism and structure. Plant Cell 2007; 19:3669-91
http://dx.doi.org/10.1105/tpc.107.054148

101. Chen F, Dixon RA. Lignin modification improves fermentable sugar yields for biofuel
production. Nature Biotechnol 2007; 25:759-61 http://dx.doi.org/10.1038/nbt1316

102. Good AG, Shrawat AK, Muench DG. Can less yield more? Is reducing nutrient input into the
environment compatible with maintaining crop production? Trends Plant Sci 2004; 9:597-605
http://infolib.hua.edu.vn/Fulltext/ChuyenDe2009/CD61/19.pdf

103. Urquiaga S, Cruz KHS, Boddey RM. Contribution of nitrogen fixation to sugar cane: nitrogen-
15 and nitrogen-balance estimates. Soil Sci Soc Am J 1992; 56:105-14
http://soil.scijournals.org/cgi/content/abstract/56/1/105

104. Robertson SK. The association between endophytic No—fixing bacteria and Australian sugar
cane. PhD Thesis Abstract, School of Land, Crop and Food Sciences. Univ. of Queensland 2006, 2
p. http://espace.library.ug.edu.au/view/UQ:158295

105. Crespi M, Frugier F. De novo organ formation from differentiated cells: Root nodule
organogenesis. Sci Signal 2008; 1:rell, 8 p. http://dx.doi.org/10.1126/scisignal.149rell

106. Good AG, Johnson SJ, De Pauw M, Carroll RT, Savidov N, Vidmar J et al. Engineering
nitrogen use efficiency with alanine aminotransferase. Can J Bot 2007; 85:252—62
http://dx.doi.org/10.1139/B07-019

107. Shrawat AK, Carroll RT, DePauw M, Taylor GJ, Good AG. Genetic engineering of improved
nitrogen use efficiency in rice by the tissue-specific expression of alanine amonotransferase. Plant
Biotechnol J 2008; 6:722-32 http://dx.doi.org/10.1111/j.1467-7652.2008.00351.x

108. DIR 094 — Limited and controlled release of wheat and barley genetically modified for
enhanced nutrient utilisation efficiency/ CSIRO. Full Risk Assessment and Risk Management Plan.
Off. Gene Technol. Regul., Dep. Health and Ageing, Aust. Gov. July 2009, 73 p.
www.health.gov.au/internet/ogtr/publishing.nsf/Content/dir094

109. Schnable PS, Dash S. (W0/2008/073578) Plant genes involved in nitrate uptake and
metabolism. Description. Pat. Appl. Ser. No. 60/869,290, filed December 8, 2006. WIPO, 42 p.
www.wipo.int/pctdb/en/wo.jsp?W0O=2008073578

110. Sharing technologies that benefit the environment and human health, with growers in the
developing world. CREATE-IGERT Symposium, Arcadia Biosciences Oct.10, 2008, 35 p.
http://create-igert.ucdavis.edu/pages/events/2008 lecture_symposium/vanBoxtel.pdf



http://dx.doi.org/10.1021/jf034320o
http://dx.doi.org/10.1105/tpc.107.054148
http://dx.doi.org/10.1038/nbt1316
http://infolib.hua.edu.vn/Fulltext/ChuyenDe2009/CD61/19.pdf
http://soil.scijournals.org/cgi/content/abstract/56/1/105
http://espace.library.uq.edu.au/view/UQ:158295
http://dx.doi.org/10.1126/scisignal.149re11
http://dx.doi.org/10.1139/B07-019
http://dx.doi.org/10.1111/j.1467-7652.2008.00351.x
http://www.health.gov.au/internet/ogtr/publishing.nsf/Content/dir094
http://www.wipo.int/pctdb/en/wo.jsp?WO=2008073578
http://create-igert.ucdavis.edu/pages/events/2008_lecture_symposium/vanBoxtel.pdf

37

111. Monsanto R&D Platform Acquisition: CanaVialis S.A. and Allelyx S.A. for Sugar Cane.
Monsanto Company, USA Nov. 3, 2008, 8 p.
http://www.monsanto.com/pdf/investors/2008/monsanto_rd_platform_aquisition.pdf

112. Yanagisawa S, Akiyama A, Kisaka H, Uchimiya H, Miwa T. Metabolic engineering with Dof1
transcription factor in plants: Improved nitrogen assimilation and growth under low-nitrogen
conditions. Proc Natl Acad Sci USA 2004; 101:7833-38
www.pnas.org/cgi/doi/10.1073/pnas.0402267101

113. DIR 070/2006 — Limited and Controlled release of GM sugarcane/ BSES Ltd. Full Risk
Assessment and Risk Management Plan. Off. Gene Technol. Regul., Dep. Health and Ageing, Aust.
Gov. 2007, 82 p. www.health.gov.au/internet/ogtr/publishing.nsf/Content/dir070-2006

114. Reducing Nitrogen Usage. Arcadia Biosciences 2010, 1 p. www.arcadiabio.com/pr_0023.php

115. Omanya G, Nang’ayo F, Muchiri N, Odera M, Werehire P. Improving rice productivity in
nitrogen-deficient and saline environments of Sub-Saharan Africa. Proceedings of a Consultative
Meeting, 27 March 2006, Cotonou, Benin. African Agric Technol Found 2008, 30 p.
http://www.arcadiabio.com/media/misc/nue-rice.pdf

116. Coping with water scarcity in developing countries: What role for agricultural
biotechnologies? Electronic Forum on Biotechnology in Food and Agriculture: Conference 14.
FAO 2007, 21 p. www.fao.org/biotech/C14doc.htm

117. Bahieldin A, Mahfouz HT, Eissa HF, Saleh OM, Ramadan AM, Ahmed IA et al. Field
evaluation of transgenic wheat plants stably expressing the HVAL gene for drought tolerance.
Physiologia Plantarum 2005; 123:421—7 http://dx.doi.org/10.1111/].1399-3054.2005.00470.x

118. Hu H, Dai M, Yao J, Xiao B, Li X, Zhang Q et al. Overexpressinga NAM, ATAF, and CUC
(NAC) transcription factor enhances drought resistance and salt tolerance in rice. Proc Natl Acad
Sci USA 2006; 103:12987-92 www.pnas.org/cgi/doi/10.1073/pnas.0604882103

119. Sakuma Y, Maruyama K, Qin F, Osakabe Y, Shinozaki K, Yamaguchi-Shinozaki K. Dual
function of an Arabidopsis transcription factor DREB2A in water-stress-responsive and heat-stress-
responsive gene expression. Proc Natl Acad Sci USA 2006; 103:18822-7
www.pnas.org/content/103/49/18822.full.pdf+html

120. Kasuga M, Liu Q, Miura S, Yamaguchi-Shinozaki K, Shinozaki K. Improving plant drought,
salt, and freezing tolerance by gene transfer of a single stress-inducible transcription factor. Nature
Biotechnol 1999; 17:287-91 http://dx.doi.org/10.1038/7036

121. Nelson DE, Repetti PP, Adams TR, Creelman RA, Wu J, Warner DC et al. Plant nuclear factor
Y (NF-Y) B subunits confer drought tolerance and lead to improved corn yields on water-limited
acres. Proc Natl Acad Sci USA 2007; 104:16450-5
WWW.pnas.org/cgi/doi/10.1073/pnas.0707193104

122. Castiglioni P, Warner D, Bensen RJ, Anstrom DC, Harrison J, Stoecker M et al. Bacterial
RNA Chaperones Confer Abiotic Stress Tolerance in Plants and Improved Grain Yield in Maize
under Water-Limited Conditions. Plant Physiol 2008; 147:446-55
www.plantphysiol.org/cqgi/reprint/147/2/446



http://www.monsanto.com/pdf/investors/2008/monsanto_rd_platform_aquisition.pdf
http://www.pnas.org/cgi/doi/10.1073/pnas.0402267101
http://www.health.gov.au/internet/ogtr/publishing.nsf/Content/dir070-2006
http://www.arcadiabio.com/pr_0023.php
http://www.arcadiabio.com/media/misc/nue-rice.pdf
http://www.fao.org/biotech/C14doc.htm
http://dx.doi.org/10.1111/j.1399-3054.2005.00470.x
http://www.pnas.org/cgi/doi/10.1073/pnas.0604882103
http://www.pnas.org/content/103/49/18822.full.pdf+html
http://dx.doi.org/10.1038/7036
http://www.pnas.org/cgi/doi/10.1073/pnas.0707193104
http://www.plantphysiol.org/cgi/reprint/147/2/446

38

123. DIR 080/2007 — Limited and controlled release of wheat genetically modified for drought
tolerance/ The Victorian Dep. of Primary Industries. Full Risk Assessment and Risk Management
Plan. Off. Gene Technol. Regul., Dep. Health and Ageing, Aust. Gov. 2007, 66 p.
www.health.gov.au/internet/ogtr/publishing.nsf/Content/dir080-2007

124. Drought-tolerant wheat: "Promising results”. GMO Safety 2008, 3 p. www.gmo-
safety.eu/science/grain/583.drought-tolerant-wheat-promising.html

125. DIR 077/2007 — Limited and controlled release of wheat and barley genetically modified for
enhanced tolerance to abiotic stresses or increased beta glucan/ The Univ. of Adelaide. Full Risk
Assessment and Risk Management Plan. Off. Gene Technol. Regul., Dep. Health and Ageing, Aust.
Gov. 2008, 70 p. www.health.gov.au/internet/ogtr/publishing.nsf/Content/dir077-2007

126. Maldonado A, Melgar M, Lamport P. Worldwide advances in sugarcane transgenesis. Sugar J
April 2008, 6 p.

http://www.sugarjournal.com/articles/active_subs/2008/April08/Worldwide Advances in_Sugarca
ne_Transgenesis April 08.pdf

127. Brazil GMO cane research advances, waits for OK. Reuters March 4, 2008, 2 p.
www.reuters.com/article/rbssindustryMaterialsUtilitiesNews/idUSN0432419120080304

128. Zhang S-Z, Yang B-P, Feng C-L, Chen R-K, Luo J-P, Cai W-W et al. Expression of the
Grifola frondosa trehalose synthase gene and improvement of drought-tolerance in sugarcane
(Saccharum officinarum L.). J Integr Plant Biol 2006; 48:453—9 http://dx.doi.org/10.1111/j.1744-
7909.2006.00246.x

129. Wu Y, Zhou H, Que Y-X, Chen R-K, Zhang M-Q. Cloning and identification of promoter
Prd29A and its application in sugarcane drought resistance. Sugar Technol 2008; 10:36-41
http://dx.doi.org/10.1007/s12355-008-0006-0

130. Trujillo LE, Menéndez C, Ochogavia ME, Hernandez |, Borras O, Rodriguez R, Coll Y,
Arrieta JG, Banguela A, Ramirez R, Hernandez L. Engineering drought and salt tolerance in plants
using SodERF3, a novel sugarcane ethylene responsive factor. Biotecnologia Aplicada 2009;
2:168-71 http://elfosscientiae.cigb.edu.cu/PDFs/BA/2009/26/2/BA002602RP168-171.pdf

131. Steele KA, Price AH, Shashidhar HE,Witcombe JR. Marker-assisted selection to introgress
rice QTLs controlling root traits into an Indian upland rice variety. Theor Appl Genet 2006; 112:
208-21 http://dx.doi.org/10.1007/s00122-005-0110-4

132. Raven JA, Edwards D. Roots: evolutionary origins and biogeochemical significance. J Exp Bot
2001; 52:381-401 http://jxb.oxfordjournals.org/cgi/reprint/52/suppl_1/381.pdf

133. Vahisalu T, Kollist H, Wang Y -F, Nishimura N, Chan W-Y, Valerio G et al. SLAC1 is
required for plant guard cell S-type anion channel function in stomatal signalling. Nature 2008;
452:487-91 http://dx.doi.org/doi:10.1038/nature06608
wwwe.sciencedaily.com/releases/2008/02/080227102848.htm

134. Ghannoum O. C,4 photosynthesis and water stress. Ann Bot 2009; 103: 635-44
http://aob.oxfordjournals.org/cgi/reprint/103/4/635



http://www.health.gov.au/internet/ogtr/publishing.nsf/Content/dir080-2007
http://www.gmo-safety.eu/science/grain/583.drought-tolerant-wheat-promising.html
http://www.gmo-safety.eu/science/grain/583.drought-tolerant-wheat-promising.html
http://www.health.gov.au/internet/ogtr/publishing.nsf/Content/dir077-2007
http://www.sugarjournal.com/articles/active_subs/2008/April08/Worldwide_Advances_in_Sugarcane_Transgenesis_April_08.pdf
http://www.sugarjournal.com/articles/active_subs/2008/April08/Worldwide_Advances_in_Sugarcane_Transgenesis_April_08.pdf
http://www.reuters.com/article/rbssIndustryMaterialsUtilitiesNews/idUSN0432419120080304
http://dx.doi.org/10.1111/j.1744-7909.2006.00246.x
http://dx.doi.org/10.1111/j.1744-7909.2006.00246.x
http://dx.doi.org/10.1007/s12355-008-0006-0
http://elfosscientiae.cigb.edu.cu/PDFs/BA/2009/26/2/BA002602RP168-171.pdf
http://dx.doi.org/10.1007/s00122-005-0110-4
http://jxb.oxfordjournals.org/cgi/reprint/52/suppl_1/381.pdf
http://dx.doi.org/doi:10.1038/nature06608
http://www.sciencedaily.com/releases/2008/02/080227102848.htm
http://aob.oxfordjournals.org/cgi/reprint/103/4/635

39

135. New, higher-yielding rice plant could ease threat of hunger for poor. Global consortium of
scientists developing rice that would boost yields by up to 50 % for smallholder farmers in Africa
and Asia. International Rice Research Institution Jan. 14, 2009, 2 p.
http://beta.irri.org/news/index.php/press-releases/new-higher-yielding-rice-plant-could-ease-threat-
of-hunger-for-poor.html

136. Rozema J, Flowers T. Crops for a salinized World. Science 2008; 322:478-80
http://dx.doi.org/10.1126/science.1168572

137. Flowers TJ. Improving crop salt tolerance. J Experim Bot 2004; 55:307-19
http://jxb.oxfordjournals.org/cgi/reprint/55/396/307

138. The salt of the earth: hazardous for food production. World Food Summit: five years later,
FAO June 10-15, 2002, 2 p. www.fao.org/worldfoodsummit/english/newsroom/focus/focusl.htm

139. Annex 1. Crop salt tolerance data. In: Agricultural drainage water management in arid and
semi-arid areas. FAO Irrigation and Drainage Paper 2002; 61:135-60
ftp://ftp.fao.org/docrep/fao/005/y4263e/y4263ell.pdf

140. Farifteh J, van der Meer F, van der Meijde M, Atzberger C. Spectral characteristics of salt-
affected soils: A laboratory experiment. Geoderma 2008; 145:196-206
http://dx.doi.org/10.1016/j.geoderma.2008.03.011

141. 20 things to know about the impact of salt water on agricultural land in Aceh province. FAO
Field Guide, March 2005, 7 p. http://www.fao.org/ag/tsunami/docs/saltwater-guide.pdf

142. Fredenburg P. Less salt, please. Rice Today 2007; 6(2):24-5
http://beta.irri.org/news/images/stories/ricetoday/6-2/SS less%20salt%20please.pdf

143. Li J, Jiang G, Huang P, Ma J, Zhang F. Overexpression of the Na*/H" antiporter gene from
Suaeda salsa confers cold and salt tolerance to transgenic Arabidopsis thaliana. Plant Cell Tissue
Organ Cult 2007; 90:41-48 http://dx.doi.org/10.1007/s11240-007-9246-z

144. Wong Y-Y, Ho C-L, Nguyen PD, Teo S-S, Harikrishna JA, Rahim RA et al. Isolation of
salinity tolerant genes from the mangrove plant, Bruguiera cylindrica by using suppression
subtractive hybridization (SSH) and bacterial functional screening. Aquat Bot 2007; 86:117-122
http://dx.doi.org/10.1016/j.aquabot.2006.09.009

145. Ezawa S, Tada Y. Identification of salt tolerance genes from the mangrove plant Bruguiera
gymnorhiza using Agrobacterium functional screening. Plant Sci 2009; 176: 272-278
http://dx.doi.org/10.1016/j.plantsci.2008.11.005

146. Qiu N, Chen M, Guo J, Bao H, Ma X, Wang B. Coordinate up-regulation of V-H*-ATPase and
vacuolar Na*/H" antiporter as a response to NaCl treatment in a C3 halophyte Suaeda salsa. Plant
Sci 2007; 172:1218-25 http://dx.doi.org/10.1016/j.plantsci.2007.02.013

147. Shi H, Lee BH, Wu SJ, Zhu JK. Overexpression of a plasma membrane Na*/H" antiporter gene
improves salt tolerance in Arabidopsis thaliana. Nature Biotechnol 2003; 21:81-5
http://dx.doi.org/10.1038/nbt766



http://beta.irri.org/news/index.php/press-releases/new-higher-yielding-rice-plant-could-ease-threat-of-hunger-for-poor.html
http://beta.irri.org/news/index.php/press-releases/new-higher-yielding-rice-plant-could-ease-threat-of-hunger-for-poor.html
http://dx.doi.org/10.1126/science.1168572
http://jxb.oxfordjournals.org/cgi/reprint/55/396/307
http://www.fao.org/worldfoodsummit/english/newsroom/focus/focus1.htm
ftp://ftp.fao.org/docrep/fao/005/y4263e/y4263e11.pdf
http://dx.doi.org/10.1016/j.geoderma.2008.03.011
http://www.fao.org/ag/tsunami/docs/saltwater-guide.pdf
http://beta.irri.org/news/images/stories/ricetoday/6-2/SS_less%20salt%20please.pdf
http://dx.doi.org/10.1007/s11240-007-9246-z
http://dx.doi.org/10.1016/j.aquabot.2006.09.009
http://dx.doi.org/10.1016/j.plantsci.2008.11.005
http://dx.doi.org/10.1016/j.plantsci.2007.02.013
http://dx.doi.org/10.1038/nbt766

40

148. Jacobs A, Lunde C, Bacic A, Tester M, Roessner U. The impact of constitutive heterologous
expression of a moss Na* transporter on the metabolomes of rice and barley. Metabolomics 2007;
3:307-17 http://dx.doi.org/10.1007/s11306-007-0056-4

149. DIR 053/2004 — Field trial of genetically modified salt tolerant wheat on saline land/ Grain
Biotech Australia Ltd. Full Risk Assessment and Risk Management Plan. Off. Gene Technol.
Regul., Dep. Health and Ageing, Aust. Gov. 2005, 109 p.
www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/dir053-2004

150. DIR 102/2010 — Limited and controlled release of wheat and barley genetically modified for
abiotic stress tolerance/ Univ. of Adelaide. Full Risk Assessment and Risk Management Plan. Off.
Gene Technol. Regul., Dep. Health and Ageing, Aust. Gov. 2010, 78 p.
www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/dir102

151. Blanco FF, Folegatti MV, Gheyi HR, Fernandes PD. Growth and yield of corn irrigated with
saline water. Sci Agric 2008; 65:574-80 http://www.scielo.br/pdf/sa/v65n6/02.pdf

152. Nelson PN, Ham GJ. Exploring the response of sugar cane to sodic and saline conditions
through natural variation in the field. Field Crops Res 2000; 66:245-55
http://dx.doi.org/10.1016/S0378-4290(00)00077-0

153. Bernstein L, Francois LE, Clark RA. Salt Tolerance of N. Co. Varieties of Sugar Cane. I.
Sprouting, Growth, and Yield. Agron J 1966; 58:489-93
http://agron.scijournals.org/cgi/content/abstract/58/5/489

154. Wahid A, Rao A-R, Rasul E. Identification of salt tolerance traits in sugarcane lines. Field
Crops Res 1997; 54:9-17 http://dx.doi.org/10.1016/S0378-4290(97)00038-5

155. Akhtar S, Wahid A, Akram M, Rasul E. Some Growth, Photosynthetic and Anatomical
Attributes of Sugarcane Genotypes under NaCl Salinity. Int J Agric Biol 2001; 3:439-43
http://www.fspublishers.org/ijab/past-issues/IJABVOL 3 NO_4/30.pdf

156. Wahid A, Ghazanfar A. Possible involvement of some secondary metabolites in salt tolerance
of sugarcane. J Plant Physiol 2006; 163: 723-30 http://dx.doi.org/10.1016/j.jplph.2005.07.007

157. Gandonou C, Abrini J, Idaomar M, Senhaji NS. Response of sugarcane (Saccharum sp.)
varieties to embryogenic callus induction and in vitro salt stress. Afr J Biotechnol 2005; 4:350-4
http://www.academicjournals.org/AJB/PDF/Pdf2005/Apr/Gandonou%20et%20al.pdf

158. Badawy OM, Nasr MI, Alhendawi RA. Response of sugarcane (Saccharum species hybrid)
genotypes to embryogenic callus induction and in vitro salt stress. Sugar Tech 2008; 10:243-7
http://dx.doi.org/10.1007/s12355-008-0043-8

159. Huwyzeh MS, Maibody SAMM, Arzani A. Evaluation of Salt Tolerance of Sugarcane
(Saccharum officinarum L.) Genotypes Based on the Ability to Regulate lon Uptake and Transport
at Early Stage of Growth. J Sci & Technol Agric & Natur Resour 2008; 11:55-66
http://journals.iut.ac.ir/femag/jstnar/eabsv11n42y2008p67.pdf



http://dx.doi.org/10.1007/s11306-007-0056-4
http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/dir053-2004
http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/dir102
http://www.scielo.br/pdf/sa/v65n6/02.pdf
http://dx.doi.org/10.1016/S0378-4290(00)00077-0
http://agron.scijournals.org/cgi/content/abstract/58/5/489
http://dx.doi.org/10.1016/S0378-4290(97)00038-5
http://www.fspublishers.org/ijab/past-issues/IJABVOL_3_NO_4/30.pdf
http://dx.doi.org/10.1016/j.jplph.2005.07.007
http://www.academicjournals.org/AJB/PDF/Pdf2005/Apr/Gandonou%20et%20al.pdf
http://dx.doi.org/10.1007/s12355-008-0043-8
http://journals.iut.ac.ir/emag/jstnar/eabsv11n42y2008p67.pdf

41

160. McQualter RB, Dookun-Saumtally A. Expression profiling of abiotic-stress-inducible genes in
sugarcane. Proc Aust Soc Sugar Cane Technol 2007; 29:878-88

161. Skinner DZ, Mackey B. Freezing tolerance of winter wheat plants frozen in saturated soil.
Field Crops Res 2009; 113:335-41
http://ddr.nal.usda.gov/bitstream/10113/34627/1/IND44242758.pdf

162. ArborGen, LLC; Availability of an Environmental Assessment for Controlled Release of a
Genetically Engineered Eucalyptus Hybrid. Notice, Docket No. APHIS-2008-0059. U.S. Dep.
Agric. (USDA), Animal and Plant Health Insp. Serv. (APHIS), USA May 12, 2010, 2 p.
http://69.175.53.6/register/2010/may/12/2010-11437.pdf

163. John UP, Polotnianka RM, Sivakumaran KA, Chew O, Mackin L, Kuiper MJ, Talbot JP,
Nugent GD, Mautord J, Schrauf GE, Spangenberg GC. Ice recrystallization inhibition proteins
(IRIPs) and freeze tolerance in the cryophilic Antarctic hair grass Deschampsia antarctica E. Desv.
Plant Cell Environ 2009; 32:336-48 http://dx.doi.org/10.1111/j.1365-3040.2009.01925.x

164. Nogueira FTS, De Rosa VE Jr, Menossi M, Ulian EC, Arruda P. RNA Expression Profiles and
Data Mining of Sugarcane Response to Low Temperature. Plant Physiol 2003; 132:1-14
http://www.plantphysiol.org/cgi/rapidpdf/pp.102.017483v1.pdf

165. Impact of Genetically Engineered Crops on Farm Sustainability in the United States. Nat. Res.
Council USA, April 2010, 240 p. .  www.nap.edu/nap-

cgi/report.cgi?record id=12804&type=pdfxsum (Summary)
www.nap.edu/catalog.php?record_id=12804 (Full report)

166. Carpenter JE. Peer-reviewed surveys indicate positive impact of commercialized GM crops.
Nature Biotechnol 2010; 28:319-21 http://dx.doi.org/10.1038/nbt0410-319

167. Brookes G, Barfoot P. GM crops: global socio-economic and environmental impacts 1996
2008. PG Economics Ltd, UK Apr. 10, 2010, 165 p. http://www.pgeconomics.co.uk/pdf/2010-
global-gm-crop-impact-study-final-April-2010.pdf

168. Gardner JG, Nehring RF, Nelson CH. Genetically Modified Crops and Household Labor
Savings in US Crop Production. AgBioForum 2009; 12:303-12
http://www.agbioforum.org/vi12n34/v12n34a06-gardner.pdf

169. Tuinstra MR, Al-Khatib K. Acetolactate Synthase Herbicide Resistant Sorghum. Patent
application (IPC8 Class: AA01H102FI), Kansas State Univ. Res. Found., Madison, W1 USA, 9 p.
http://www.fags.org/patents/app/20080216187

170. Dong C, Beetham P, Vincent K, Sharp P. Oligonucleotide-directed gene repair in wheat using
a transient plasmid gene repair assay system. Plant Cell Rep 2006; 25:457-65
http://dx.doi.org/10.1007/s00299-005-0098-x

171. Cibus and The National Grain Sorghum Producers Foundation Announce Alliance with Valent
to develop Herbicide Tolerant Grain Sorghum. Press Release, Cibus, San Diego, CA USA Jan. 30,
2007, 1 p. www.encyclopedia.com/doc/1G1-158606036.html



http://ddr.nal.usda.gov/bitstream/10113/34627/1/IND44242758.pdf
http://69.175.53.6/register/2010/may/12/2010-11437.pdf
http://dx.doi.org/10.1111/j.1365-3040.2009.01925.x
http://www.plantphysiol.org/cgi/rapidpdf/pp.102.017483v1.pdf
http://www.nap.edu/nap-cgi/report.cgi?record_id=12804&type=pdfxsum
http://www.nap.edu/nap-cgi/report.cgi?record_id=12804&type=pdfxsum
http://www.nap.edu/catalog.php?record_id=12804
http://dx.doi.org/10.1038/nbt0410-319
http://www.pgeconomics.co.uk/pdf/2010-global-gm-crop-impact-study-final-April-2010.pdf
http://www.pgeconomics.co.uk/pdf/2010-global-gm-crop-impact-study-final-April-2010.pdf
http://www.agbioforum.org/v12n34/v12n34a06-gardner.pdf
http://www.faqs.org/patents/app/20080216187
http://dx.doi.org/10.1007/s00299-005-0098-x
http://www.encyclopedia.com/doc/1G1-158606036.html

42

172. Ow DW. Recombinase-directed plant transformation for the post-genomic era. Plant Mol Biol
2002; 48:183-200 http://dx.doi.org/10.1023/A:1013718106742

173. Fladung M, Schenk TMH, Polak O, Becker D. Elimination of marker genes and targeted
integration via FLP/FRT recombination system from yeast in hybrid aspen (Populus tremula L. x
P. tremuloides Michx.). Tree Genetics & Genomes 2010; 205-17
http://dx.doi.org/10.1007/s11295-009-0241-x

174. SmartStax — leading through technology. Dow AgroSciences LLC, Indianapolis, IN USA
2009, 1 p. www.dowagro.com/science/product_updates/smartstax.htm

175. Specialty crops R&D pipeline. Monsanto Company, USA 2010, 2 p.
http://www.monsanto.com/pdf/pipeline/specialty crops.pdf

176. Butterfield MK;-Irvine JE, Valdez Garza M, Mirkov TE. Inheritance and segregation of virus
and herbicide resistance transgenes in sugarcane. Theor Appl Genet 2000; 104:797-803
http://dx.doi.org/10.1007/s00122-001-0830-z

177. Eamens A,Wang M-B, Smith NA, Waterhouse PM. RNA Silencing in Plants: Yesterday,
Today, and Tomorrow. Plant Physiol 2008; 147:456-68
www.plantphysiol.org/cgi/doi/10.1104/pp.108.117275

178. Fairbairn DJ, Cavalloro AS, Bernard M, Mahalinga-lyer J, Graham MW, Botella JR. Host-
delivered RNAI: an effective strategy to silence genes in plant parasite nematodes. Planta 2007;
226:1525-33 http://dx.doi.org/10.1007/s00425-007-0588-x

179. Mao Y-B, Cai W-J, Wang J-W, Hong G-J, Tao X-Y, Wang L-J et al. Silencing a cotton
bollworm P450 monooxygenase gene by plant-mediated RNAI impairs larval tolerance of gossypol.
Nature Biotechnol 2007; 25:1307-13 http://dx.doi.org/10.1038/nbt1352

180. Baum JA, Bogaert T, Clinton W, Heck GR, Feldmann P, Ilagan O et al. Control of coleopteran
insect pests through RNA interference. Nature Biotechnol 2007; 25:1322—-6
http://dx.doi.org/10.1038/nbt1359

181. Mekete T, Gray ME, Niblack TL. Distribution, morphological description, and molecular
characterization of Xiphinema and Longidorous spp. associated with plants (Miscanthus spp. and
Panicum virgatum) used for biofuels. GCB Bioenergy 2009; 1:257-66
http://dx.doi.org/10.1111/].1757-1707.2009.01020.x

182. Beckie HJ, Reboud X. Selecting for Weed Resistance: Herbicide Rotation and Mixture. Weed
Technol 2009; 23:363—-70 http://dx.doi.org/10.1614/WT-09-008.1

183. Manickavasagam M,-Ganapathi A, Anbazhagan VR, Sudhakar B, Selvaraj N, Vasudevan A et
al. Agrobacterium-mediated genetic transformation and development of herbicide-resistant
sugarcane (Saccharum species hybrids) using axillary buds. Plant Cell Rep 2004; 23:134-43
http://dx.doi.org/10.1007/s00299-004-0794-y

184. DIR 096 — Limited and controlled release of sugarcane genetically modified for herbicide
tolerance/ BSES Ltd. Full Risk Assessment and Risk Management Plan. Off. Gene Technol. Regul.,


http://dx.doi.org/10.1023/A:1013718106742
http://dx.doi.org/10.1007/s11295-009-0241-x
http://www.dowagro.com/science/product_updates/smartstax.htm
http://www.monsanto.com/pdf/pipeline/specialty_crops.pdf
http://dx.doi.org/10.1007/s00122-001-0830-z
http://www.plantphysiol.org/cgi/doi/10.1104/pp.108.117275
http://dx.doi.org/10.1007/s00425-007-0588-x
http://dx.doi.org/10.1038/nbt1352
http://dx.doi.org/10.1038/nbt1359
http://dx.doi.org/10.1111/j.1757-1707.2009.01020.x
http://dx.doi.org/10.1614/WT-09-008.1
http://dx.doi.org/10.1007/s00299-004-0794-y

43

Dep. Health and Ageing, Aust. Gov. 2009, 70 p.
www.health.gov.au/internet/ogtr/publishing.nsf/Content/dir096

185. Moose SP, Mumm RH. Molecular Plant Breeding as the Foundation for 21 Century Crop
Improvement. Plant Physiol 2008; 147:969-77
www.plantphysiol.org/cgi/doi/10.1104/pp.108.118232

186. Kalaitzandonakes N, Alston JM, Bradford KJ. Compliance costs for regulatory approval of
new biotech crops. Nat Biotechnol 2007; 25:509-11 http://dx.doi.org/10.1038/nbt0507-509

187. Jones JDG, Dangl JL. The plant immune system. Nature 2006; 444:323-9
http://dx.doi.org/doi:10.1038/nature05286

188. Finckh MR, Gacek ES, Goyeau H, Lannou C, Merz U, Mundt CC, Munk L, Nadziak J,
Newton AC, de Vallavieille-Pope C, Wolfe MS. Cereal variety and species mixtures in practice,
with emphasis on disease resistance. Agronomie 2000; 20:813-37
http://dx.doi.org/10.1051/agro:2000177

189. Directive 98/44/EC of the European Parliament and of the Council of 6 July 1998 on the legal
protection of biotechnological inventions. Off J Eur Comm L 213/13 30.7.98, 9 p. http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:1.:1998:213:0013:0021:EN:PDF

190. Breyer D, Herman P, Brandenburger A, Gheysen G, Remaut E, Soumillion P, Van
Doorsselaere J, Custers R, Pauwels K, Sneyers M, Reheul D. Genetic modification through
oligonucleotide-mediated mutagenesis. A GMO regulatory challenge? Environ Biosafety Res 2009;
8 p. http://www.cibus.com/pdfs/EU_Belgium_report_ebr0910 100709.pdf

191. Enabling the Coexistence of Genetically Modified Crops and Conventional and Organic
Farming in Finland. Mid-term Report. Expert Work Group on Coexistence, Ministry of Agric. and
Forestry, Finland, 31 May 2005, 88 p.
http://wwwb.mmm.fi/julkaisut/tyoryhmamuistiot/2005/trm2005_9a.pdf

192. Newell-McGloughlin M. Nutritionally Improved Agricultural Crops. Plant Physiol 2008;
147:939-53 www.plantphysiol.org/cgi/doi/10.1104/pp.108.121947

193. Schouten HJ, Krens FA, Jacobsen E. Cisgenic plants are similar to traditionally bred plants:
International regulations for genetically modified organisms should be altered to exempt cisgenesis.
EMBO Rep 2006; 7: 750-3 http://www.nature.com/embor/journal/v7/n8/pdf/7400769.pdf



http://www.health.gov.au/internet/ogtr/publishing.nsf/Content/dir096
http://www.plantphysiol.org/cgi/doi/10.1104/pp.108.118232
http://dx.doi.org/10.1038/nbt0507-509
http://dx.doi.org/doi:10.1038/nature05286
http://dx.doi.org/10.1051/agro:2000177
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:1998:213:0013:0021:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:1998:213:0013:0021:EN:PDF
http://www.cibus.com/pdfs/EU_Belgium_report_ebr0910_100709.pdf
http://wwwb.mmm.fi/julkaisut/tyoryhmamuistiot/2005/trm2005_9a.pdf
http://www.plantphysiol.org/cgi/doi/10.1104/pp.108.121947
http://www.nature.com/embor/journal/v7/n8/pdf/7400769.pdf

