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Crop plants have been
I and must be 1
altered

11 000 years ago the start of agriculture and
plant breeding enabled the genesis of modern
human civilizations

Vital staple crops were not donated ready anc
waiting for us

I ...but were conquered by hard work through millenni

Natural plants are adapted for their own and
not human benefits

Plants defend themselves against pests
(including man) with a multitude of chemical
weapons

Humandirected evolution (plant breeding) has
changed crop plants to suit human needs bett

Yields have increased by orders of magnitude
(often 10 30-fold)

Toxic and harmful chemicals have decreased
food crops

Nutritional contents (e.g. essential amino and
fatty acids) have been adjusted towards hume
requirements

I ...though great improvements are still necessary



Art of breeding

Great improvements still need be done in mar
old traits

I ...and novel traits are necessary in the changing wor

Art is artificial beauty

I ...and plant breeding was traditionally praised
as classic art by the breeders themselves

Recent breakthroughs in molecular biology an
genetic understanding have

I evolvedplant genetics, physiology and breeding
to true sciences

i improvedboth precision (100L00 000fold)
and predictability (thus safety as well),
efficiency (often 36fold), and
application potentials of plant breeding

i loweredthe cost of breeding new crop varieties
a lot (apart from undue costs of approval owing to odd
legislation which contrary to science is based on the bree
methods used and not the traits being bred in the plant)

Consequently, hundreds of biological inventiol
now lay (growing dusty) on university shelves

éwaiting for financi

I to push their way through the obstacles of GM and
product legislation (to obtain permissions for their
cultivation and use)

...to be finalized and made good use of
for the prosperity of man and nature




Novel prospects and
challenges

xQuality, Nutrition, Health, Environment, and
Blo-economy

I five coredriversin therapidly changingworld

x For thepastll 000years plantbreedinghas
generate@boutonehalf of theprogressn the
productivity of agriculture

I otherhalf is owing to improvedcultivationtechnologies
x ...butnowit shallmeetevenbiggerchallenges

x Climatic change alongirection disregarded...)
would call plant scientists for a herculean task

V Update the existing thousands of key plant varieties
be suited to the changed conditions

V Breed a new generation of staple crops provided wi
crucial new traits, such as

I radically enhanced nutritious qualities (for better grow
and health with even less feed and reduced growth ¢

I drought, heat, frost, salt or flooding

I much more solid resistance to possibly ever more prc
plant pests and diseases

x Suchupdatingsare vital just for retaining our
current yield levels and efficiency in cultivatior

V ...butreally improvingfood securitywould call for
true (no-nonsenskgattitudesowardslife sciences


http://geenit.fi/E/GmCrops10.pdf

Vital improvements are
urgently needed in drought,
heat, frost, salt and flooding

tolerance of key crops

x Though, due to the strict time limits in the
present lesson, these important tolerance
traits must be skipped

x Significant advances are going on both in
finding out their plant physiological
mechanisms and in breeding better tolerant
crops using modern biotechnology

x For a recent introduction, see:
Tammisola J (2010). Review: Towards much
more efficient biofuel cropk can sugarcane pa
the way? GM Crops 2010; 1:1:8198

or its manuscript equipped with hyperlinks:


http://www.landesbioscience.com/journals/gmcrops/02TammisolaGMC1-4.pdf
http://www.landesbioscience.com/journals/gmcrops/02TammisolaGMC1-4.pdf
http://www.landesbioscience.com/journals/gmcrops/02TammisolaGMC1-4.pdf
http://www.landesbioscience.com/journals/gmcrops/02TammisolaGMC1-4.pdf
http://geenit.fi/E/GmCrops10.pdf

Golden Rice: Sufficiently of vitamin A
from ricebased diets
for billions of people

E See JAL504 Sep. 28, 2011:
oSuccess stories in plant breeding
by Peter Tigerstedt and Teemu Teer!



Cassava food security for
resource poor subsistence farmers
(Sayre et al201])

E Cassava Nlanihot esculenfawas introduced in
Africa from Brazil 500 years ago

E Its starchy root crop is now the staple source
calories for 800 million people in the Third
World

I including more than 250 million Africans , especiall
In SulbSaharan Africa


http://dx.doi.org/10.1146/annurev-arplant-042110-103751

resource poor subsistence farmers

Cassava food security for

(Sayre et al201])

E Its agronomic traits suit for a food security crc

Cassava needs limited human input

It can be reliably grown in marginal conditions, e.g
poor soils, and it is unusually drought tolerant

Harvest times are flexible: roots can be dug up all
through the year (undisturbed in the soil they can b
stored up to 3 years)

Its cyanogenic glycosides (linamarin and acetone
cyanohydrin) reduce crop losses due to generalize
herbivores

Cassava varieties are propagated [unaltered]
from stem cuttings


http://dx.doi.org/10.1146/annurev-arplant-042110-103751

Cassava food security for
resource poor subsistence farmgrs

(Sayre et al201)])

Though, cassava has a numbemaior
disadvantages

The plant is susceptible to virus diseases,
especially CMD (Cassava Mosaic Disease)

I caused by a geminivirlendemic to all the cassava
growing regions of Africa

I impairing cassava yields by 380 % in affected area:

Shelf life of the roots is very short:
within 72 h after harvesting, the storage roots
deteriorate and are inedible, which

I causes high storage losses

i severely reduces the possibilities of farmers to sell

their crop in the markets

Roots are deadly poisonous so that much ent
and work is lost in extensive food processing

I to avoid chronic (goiter, tropical ataxic neurophathy
or acute (permanent paralysis, death) intoxication
disorders

Their nutritional value is low except calories


http://dx.doi.org/10.1146/annurev-arplant-042110-103751

Traditional cassava is
nutritionally poor food

E Cassavaootsarea sufficientsourceof energy
(in theform of starcl)

E ..butarepoorin othernutrientssuchasprotein
vitaminsandkey minerals(iron andzinc)

Vitamin A Fortified Cassava Traditional Cassava

Traditional cassava is deprived of vitamin A.
Accordingly, vitamin A deficiency is a big cause of
deaths in the regions with cassava-based diets

E Cyanogenglinamarinandacetonecyanohydrin
accumulatedn therootsmustberemovedby a
thoroughprocessingluring 3i 6 days
I traditionallyby grating fermentationcookingand

drying

E ..whichmayreducethecontentf essential
nutrientsevenfurther



Micronutrient deficiency
disorders increase mortality In
developing countries

Annual deathsdueto micronutrient deficiencydisorders

(Source Caulfield et al. 2006)

Regionand its population Vitamin A lron Zinc
size[109] deficiency deficiency deficiency
Anemia
EastAsiaandthe ;g>3 11,000 18,000 15,000
gastern =urope ant 75 0 3,000 4,000
Latnamercaand 5o, 6000 10,000 15,000
Miacle £astand 301 70,000 10,000 94,000
South Asia 1,378 157,000 66,000 252,000
SubSaharamfrica 674 383,000 21,000 400,000
High-income
Countries 957 6,000

E A typical adultsized cassava meal (SOchgm prowde
adequate calories but it meets 0806 of the minimum
daily requirement (MDR) for protein, iron and zinc and
10% of the daily provitamiA (b-carotene) requirement

E Cassavalso has the lowest proteio-carbohydrate ratio
of the wor !l dd{gSayreleGalzZindj or


http://dx.doi.org/10.1146/annurev-arplant-042110-103751

BioCassava Plus (BC+, BCP):
One dalily serving of biocassava should
provide complete nutrition. 1

x BC Plusis an innovative research project that a
to reduce micronutrient malnutrition by increasi
the nutritional value of cassava

x Integrated team of public sector scientists and nine
Institutions from Africa, Asia, Europe, Latin America,
and North America

x Focused on suBaharan Africa, especially Nigeria anc
Kenya, where cassava is a major staple food and ot
nutritious food is scarce, unavailable or too expensiv:

x  The program has been supported with important gra
by Bill & Melinda Gates Foundation

UOActivistso propaigamnpagnt heir
x Objectiveqin part):
x Create and field test a transgenic variety of TME7

cassava |1 n Ni g ecaroteme seian that 1
c ont ali rncarotehdlg dey gveight and iron such tr
It contains 40 g 1 ron/

x Create and field test a transgenic cassava variety 'Se
In Kenya that is resistant to cassava mosaic disease
cassava brown st r e a-karotknes
iIron and protein.

x Prepare the farmers, processors and public for
acceptance and adoption of Biocassava Plus varietie

x Carry through the studies and applications needed fc
gaining permissions for their cultivation and use


http://www.danforthcenter.org/science/programs/international_programs/bcp/

BioCassava Plus (BC+, BCP):
One dalily serving of biocassava should
provide complete nutrition. 2

x Phase | (20062010) of the programmet or
exceedeall its targets to date (Sayre et al. 201.
Applying GM the team has developed cassava
plants that have

I 30 times as much betarotene

T four times as much iron

I four times as much protein as traditional cassava
|

' improved virus resistance attained by expressing a
protein or short interfering RNA sequences with an
Inhibitory effect on the virus in the plant.

I Furthermore, cyanogen content in the roots has beer
reduced by 80 %, and

T shelf life of cassava roots has been extended from
three days toi3! weeks.

A Field tests have been started in Nigeria (2009)
Kenya (2010)

A Such improvements are often untenably slow o
even impossible using traditional breeding
methods

I because breeding progress is often hampered or sto

altogether due to narrow or missing genetic variation
with regard to the trait in the breeding population



http://www.danforthcenter.org/science/programs/international_programs/bcp/
http://www.danforthcenter.org/science/programs/international_programs/bcp/

Enhancing protein content in
cassava roots (Sayre et al. 2011)

E Cassava roots contain on averaga% protein by

dry weight, substantially less than maize

E Various GM strategies were tried in enhancing it

1. Resources were redirected from cyanogens

E

(linamarin) to protein synthesis in the roots

Linamarin is synthesized in
leaves and partly transported
to roots, where it is either

Ch™ = cystene

stored in the vacuole or meta \\ / pcransalining
olized to provide reduced N PRVR |

for amino acid synthesis. gty | Fsemanine s 0
Acetone cyanohydrin is built . el

up and accumulated in the ro A |
In digestion it is spontaneous e | ||
broken down, releasing cyani ‘~Lmtmﬂ_’ 1t|d .
Cassavdnydroxynitrile lyase Ve (m

(HNL) catalyzes the conver F N

sion of acetone cyanohydrin to cyanide in the leaves.

When its gene was equipped with repiecific patatin pro
moter (from potato), it started functioning also in the roo

...and improved their protein contehteefold

I As a bonus, root linamarin was reduced by 80 %. In additi
cyanide can now be removed 50 times faster in processin:



E

Enhancing protein content Iin
cassava roots (Sayre et gl017)

2. Roots were modified to express chimeric
storage proteins rich in essential amino acids

The fusion proteins were deS|gned to form protelr
bodies which would aceu g
mulate in the endoplasmif§
reticulum.

Purified zeolin protein bOdIE :
(3i 7 em) isolated from GM
cassava storage roots. ’

Zeolin is a fusion protein of phaseolln from
Phaseolus vulgariand gamma zein froxea mays
expressed under control of the rapiecific patatin
promoter (from potato)

Total protein content was increadedrfold
In the roots of GM cassava producing zeolin
I whereas their linamarin content was reduced by 55 %

Though, bean proteins may give rise to food aller
gies more readily than storage proteins on averac

Hence, for the next steps, phaseolin component i
replaced with other proteins in the fusion proteins
being tested in the program


http://dx.doi.org/10.1146/annurev-arplant-042110-103751

Cassava root shelf life was
extended to 4 weeks by GM

(Sayre et al201)])

E Cassavaootsdeterioratainpalatableand
unmarketablavithin 241 72 hafterharvest

I by anactiveprocessnvolving gene expression and proteir
synthesis

E Thestartof thepostharvesphysiological
deteriorationPPD) issignaledoy a rapid oxidative
burstaccumulatingeactiveoxygenspeciegROS)
In therootswithin 15 min ofharvest

I predominantlysuperoxideandhydrogenperoxide

E In cassavaoots cyanide blockgytochromeC
oxidase resulting in the generation of ROS

E Overexpressionf a cyanidansensitivealternative
oxidase ArabidopsisAOX ) in GM cassava roots
resulted in substantially reduced ROS accumulati

E ...and delayed the onset of PPD3wreeks

Rootsod traditionalcassavdleft ecodoBC
row) arefully rottenwhereaghe ® 00 © 00O

bestGM cassavdinesarestill o
healthyin day 21 afterharvest OOO0 OQQ
OO

E Anotherstrategywasto overaccumulatantioxidans
Indeed,t he shelf |1 fe of-C
carotene (4@pm) content was extended4owveeks


http://dx.doi.org/10.1146/annurev-arplant-042110-103751

: Productivity Is the major determinant of
: production costs in crop husbandry

Production costs per kg of grain
at various yield levels in Finland

Production costsUfkg]

0 1000 2000 3000 4000 5000 6000 7000
Yield level [kg/ha]

At low yield levels the production costs per kg of
grain increase multifold
Riepponen L (2003). Maa- ja elintarviketalous 19, MTT, 32 p.

Jussi Tammisola, Perinteinen kasvinjalostus 29.11.2010 17


http://www.mtt.fi/met/pdf/met19.pdf

Retarding progress with dated breeding:
) Genetic gains in yield levels of winter
wheat are being hal't

1[(;/8] Average yield” of five best wheat varieties

180 /A\-.xﬁf\
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<— Northern regions

#Expressed in % relative to the yield of the check variety Kharkof
Introduction of the Green Revolution varieties in wheat
Relative grain yield vs. year, for the five top yielding
entries in official comparative nursery trials in the

Great Plains of North America, 19591 2008.
Figure points stand for five-year moving averages.
, Crop Sci. 2010; 50:1882i 1890

X Further improvement in the genetic potential for grain
yield awaits some new technological or biological adve


http://dx.doi.org/10.2135/cropsci2009.11.0685
http://dx.doi.org/10.2135/cropsci2009.11.0685
http://dx.doi.org/10.2135/cropsci2009.11.0685
http://dx.doi.org/10.2135/cropsci2009.11.0685

Harnessing bio-economy calls for
new achievements in
biological efficiency

Achieving high productivity is the key questior
for reaching true sustainability in bexonomy

I ...biofuels included

Or else huge impoverishing automata are beir
constructed for ruining our civilization

...duly comparably with the perpetuabtion
eqonoml cal machine
which sucked Soviet national economy dry
during a few decades:

V E.g., nourishing swine and cows with bread

|nstead of feed was made
(but surely not sustainable)

Biotechnological solutions beating old
technologies in yield, energy use and costs

...must be created during the upcoming few ye

V ...which means troubled waters for EU,
mixed-up with its occult movements and
firmly established antscience policies

i ...petrified in its biologically untenable GM legislation

E.g. ollseed rape should be bred resistant to
clubroot, so it could be grown in successive ye

I ...Increasing its potential cultivation area fivefold in E



Inefficient biofuel plants
¥ | compromize food security?

x Regarding transport biofuels, just
bioethanol from tropicadugarcanas
reasonable in terms of carbon balance
and economy (IEA 2007)

I sugarcane is grown on more than 20 millio
hectares, one third of that in Braazil

x Malize yields very little ethanol per ha

x Poor efficiency in biofuel production
deprives food production of its field are

I ...or extra land for cultivation must be
cleared from the Nature in a large scale

x Pursuing ecological and economic
sustainability in biofuels, the
productivity and ecefficiency of
biofuel crops must be greatly enhancec
(EPSO 2007, )

I In a short time, and consequently
I ...based on modern plant breeding,
especially genetic modification

Jussi Tammisola, Ethical Applications of Plant Breeding 13.9..2011 20


http://www.landesbioscience.com/journals/gmcrops/02TammisolaGMC1-4.pdf

Tropical sugarcane is far and away
the most eco-efficient crop plant in
ethanol production

Sugarcane fields in Luxor, Egypt, Oct. 15, 2010.

© J.Tammisola

In Egypt, sugarcanes exceed 2 min eight,
whereas in Brazil they grow doubly higher

To no surprise: the core of
the stem tastes cane sugar ...
The liquid pressed from the
~ | canes contains 17122 %

.~ sucrose

u  Tammisola J. Review: Towards much more efficient biofuel crops
I can sugarcane pave the way? GM Crops 2010; 1:18171 198


http://www.landesbioscience.com/journals/gmcrops/02TammisolaGMC1-4.pdf
http://www.landesbioscience.com/journals/gmcrops/02TammisolaGMC1-4.pdf
http://www.landesbioscience.com/journals/gmcrops/02TammisolaGMC1-4.pdf
http://www.landesbioscience.com/journals/gmcrops/02TammisolaGMC1-4.pdf

> | Why is it hard to breed sugarcane
by traditional means?

x Cultivated sugarcanes are
I Highly polyploid (ploidy levels 5x1 14x)
and even aneuploid plants (i.e. contain
extra or missing copies of chromosomes)
I Species hybrids: Saccharum officinarum
(2n=80) x S. spontaneum (2n=401 128)
IHi ghly heterozygot.
cloned to millions of copies for cultivation
I ...because their superior genotype would
be lost in sexual reproduction
(especially crosses)
I Slow to grow from seed to maturity
I ...and mostly almost sterile in practice
x Accordingly, improving an elite variety
further with crosses translates to a fairl
desper at e-affarStatsticalyn
x Thus e.g. sugar content has not improv
much at all in 40 year(s )
I ...despite heritability occurring in the trait

Jussi Tammisola, Ethical Applications of Plant Breeding 28.4.2010 22


http://dx.doi.org/10.1016/j.fcr.2005.01.024

Too little progress In
sugar content

Sugarcontents influencedby a multitude
of geneqeachonewith asmalleffectas a
rule)

High-sugargeneqalleleg derivefrom
S. officinarum

Enrichingsuchprofitablegenedogether
In a singlesuperiorgenotypas very hard
work by old meansan polyploidhybrids

i € becauseachbasicchromosomeype may
occurin upto 14 (elated copiesin thecell

I ...andbecausall theotherimportanttraits
shallalsobekeptunimpairedn theprocess

Crosse®reakdowntheelite genotypes
i et o ceeatiyeo ptatisticalchaos

I ...and at theametime, arraysof pooralleles
(oncealreadyscreeneaut with hardwork)
makere-entryto thebreedinginesonceagain



Sugar content was doubled with
one step of genetic modification
IN Sugarcane (see Tammisola 2010)

X By applying GM to an elite cane variety,

Its sugar content could be doubled
(Wu & Birch 2007, Birch 2006)

I ...without compromising its unique genotype

x A bacterial gene for sucrose isomerase
enzyme was inserted in the plant

X |n addition to normal amounts of sucrose,
GM sugarcane yields similar amounts of
Its iIsomeric form (isomaltulose)

X |somaltulose is a health-promoting
polysaccaride

I produced for funtional foods by bacterial
fermentation

I ...and also suited for being fermented to alcohol

X That sugar isomer is not utilized by the
plant itself, and hence it is accumulated
without loss in sugarcane cells
I ...where it was channelled to find its way into

vacuoles

x Field trials are going on in Australia
(OGTR 2005 a, b)


http://www.landesbioscience.com/journals/gmcrops/02TammisolaGMC1-4.pdf
http://dx.doi.org/10.1111/j.1467-7652.2006.00224.x
http://dx.doi.org/10.1111/j.1467-7652.2006.00224.x
http://dx.doi.org/10.1111/j.1467-7652.2006.00224.x
http://dx.doi.org/10.1111/j.1467-7652.2006.00224.x
http://dx.doi.org/10.1111/j.1467-7652.2006.00224.x
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://dx.doi.org/10.1007/978-1-4020-6031-1_11
http://dx.doi.org/10.1007/978-1-4020-6031-1_11
http://www.health.gov.au/internet/ogtr/publishing.nsf/Content/dir051-3/$FILE/dir051.pdf
http://www.health.gov.au/internet/ogtr/publishing.nsf/Content/dir051-3/$FILE/dir051notific.pdf

Sugarcane Is being bred to split
Its cellulose into sugars itself?

X Sugarcan@roducesnorethan200 metrictons
biomaser ha

X Theplantis beingbredto split the celluloseof
its cell walls into fermentablesugaratself

I withoutexpensiveretreatmentsr purchasingostly
enzymepreparations

I ..sothatexhausteghulp canbeusedfor cellulosic
ethanolproductionat areasonableost
X Sugarcane modified geneticallywith genes
codingfor enzymeseededn spittingcellulose
Into sugarghatcanbefrermentednto alcohol
I costlyenzymesareproducedyratisin plantcells

I deliveredfrom inside thecell the cellulolyticenzymes
havebetteraccesandefficiency, sothatthereis less
needfor expensiveretretments

I thegenesareturnedonnotearlierthan2i 3 days
beforeharvestsothatthe cellulolyticenzymesdo not
harmplantgrowth

x Self-splitting sugarcanés beingdevelopedy a
researcltoalitionbetween_eaf Energy Aus.)
andSyngenta http://www.leafenergy.com.au/other.php



http://www.leafenergy.com.au/index.php

