W

HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI

JAL504
Viikki, Sep. 11, 2013

Plant biotechnology solutions to
global questions
Lecture: http://geenit.fi/JAL504jt2013.p
Reading: http://geenit.fi/E/Readingjt201

Jussi Tammisola, DrSc(Agr&For), LicPhil
Assoc. Prof in Plant Breeding

University of Helsinki

jussi.tammisola@ helsinki.fi
http://geenit.fi




Plant biotechnology solutions to global questions
J. Tammisola Sep 11, 2013

CONTENTS _ o _
41 5. What every life scientist should get to know in the curre
OEra of disinformationo?
6. Crop plants have beérand must bé altered
7. Art of breeding
8. Novelgros(?ects and challenges _ _
9. EASAC (2013): Second generation of GM plants is bein
bred with unparalleled purity, safety, precision & knowled:
10. Vital improvements are urgently needed in drought, heat
frost, salt and f_Ioodln? tolerance of kec?/ crops
11. New modification tools offer unprecedented precision in
editing native genes in plants _
12. Ge(rjlorrt\_e editing: Membrane transporters & sustainable f
roduction
13. ICI)\Iitrat_e_transporters sense and regulate nitrate uptake
14. Aluminiumtolerance into barley with an Al3telerance
transporter gene from wheat (TaALMT1) _
15. Golden Rice: Sufﬂmenth/ of vitamin A from rideased
_diets for billions of people
161 25. Cassava (BioCassava Plus) _
26. Productivity is the major determinant of production costs
crop husbandry _ _ _ o
27. Retardln? progress with dated breeding: Genetic qams |
31/|eéd8le(\)/e§ of winter wheat are being halted since late
0 s
28. Harnessing bteconomy calls for new achievements in
biological efficiency _ _
29. Inefficient biofuel plants compromize food security?
30. 35. Tropical sugarcane is far and away the most eco
efficient crop plant in ethanol production _
36. 38. Bollwormresistant GM cotton rescued Indian cotton
livelihoods _ _ _ -
39. Edible cottonseedhigh-quality protein to feed half billion
people in developing countries

407142. Arctic bramble . . .

4314 4. oGoorranto (okarukkao
and blackcurrant o

451 51. The livelinoods of half billion people depend on
banana, the most important fruit in the world



Plant biotechnology solutions to global questions

521 56. Biofortification of banana for increased levels of
ro-vitamin A and iron _ _

57. Wheat that repels aphids by producing aphid alarm
pheromone (EBF) S

581 59. Insulin from plants resolves world insulin crisis?

60. Anthocyanin tomatoes prevent cancer _

61162. Breedinglong hai n ¥3 o1 | ishealtm t
for the needy _ _ _

63.1 68. Relieving allergies with plant breeding

69. GM vaccine against birch pollen allergy is in developme

701 71. European Corn Borer increased mold toxins
In Italian maize cobs

/2. Insectresistant Bt crops sm_ggorted the growth of Monarc
populations in USA in 199

/731 77. Producing Autumn Blight ...or potatoes?

781 79. Breeding aromatic wheat _

80. Precautionary Principle is misused in EU

81. Man breedlng traits are ecologically benign

82.kn h e |a_SSICOg] 1989 St at

ssessment Regarding the Release of Transgenic Plant



What every life scientist should
get to know in the current
OEra of di si nif|o

The flourishing science and industry of plant
breeding has been next to destroyed in two
decades in Europe. Why in the world, and
how?

x Leading GMO opponent Mark Lynas
some inside overtones of the offensive

against modern life sciences. It has been
rolled with unparallel success in media and
parliaments for two decades by wealthy
denvironmental 6 | ay ¢
parties and guerillas in the dark; as well as a
few new-age religions (Antroposophy,
founded by Steiner, and Maharishi-cult or
Yogic flyers or Natural Law Parties).

XxAThese fears spread |1k
years GM was essentially banned in Europe...
Worries were exported by NGOs like Greenpeace
and Friends of the Earth to Africa, India and the
rest of Asia, where GM

XxAThi s was the most sucec
ever been involved with. This was also explicitly
ananti-sci ence movement. o


http://www.marklynas.org/2013/01/lecture-to-oxford-farming-conference-3-january-2013/
http://www.marklynas.org/2013/01/lecture-to-oxford-farming-conference-3-january-2013/

What every life scientist should
get to know:
Seral i ni stuay

x A long row of fakes and lousy or
Ni deol O%I callyo fo
been circulated by activists over the
years

A aimed at scaremongering people with
whatsoever imaginary hazards of GMOs

x The present media favorite is the one
claiming that GM maize causes
cancer, published in 2012 by Eric
Seralini, an established* anti-GMO
activist

x Though, that hyped study was recently
by the science journal itself...

Abecause its cl ai ms
Il'ts own study dat ao.
Science Community in a broad consensus
all over the world (see e.g. EFSA

and ).

*See Seralini 6s 2p0/,eoneren bysGreanpdace |
via CRII-GEN, another anti-GMO campaign organization:
Published results of other researchers were published anew in
his name (5 ); an odd squiggle in the modern history of science

I and certainly not a honour to the magazine in question. The
original results were calculated anew with inappropriate statistical
met hods (but chosen to reach


http://www.mv.helsinki.fi/home/tammisol/SeraliniRetractedNatureJT281113.pdf
http://www.efsa.europa.eu/en/press/news/121128.htm
http://www.efsa.europa.eu/en/press/news/121128.htm
http://www.efsa.europa.eu/en/efsajournal/pub/2986.htm
http://www.efsa.europa.eu/en/press/news/gmo070628.htm

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

EASAC (2013): Second generation of
GM plants is being bred with unparalleled
purity, safety, precision and knowledge

x fEurope should rethink its stance on GM crops. The
objective must be to regulate the product and not the
technology that produces it. 0

x In last years, farming efficiency has ceased to be a
priority in EU. And so, EU countries now grow less than
half the food and animal feed they are consuming

x Hence, Europe has slid to t
agricultural commodities
x Due to 1 ts Omagi c-sciencapaipya i (

Europe lost the substantial benefits of the first
generation GM varieties altogether i even if the
technology itself was just originated from European
universities

x As one inevitable by-product, our flourishing plant
breeding research and industry was lost almost in total:
university chairs are vanishing and all competitive
breeding companies have moved to other continents

x In face of the great environmental and economic
challenges, our stagnant continent cannot afford
losing the second generation of GM plants as well

x ...warns our highest scientific body, the Council of
European Science Academies, in its thorough report
dPlanting the future: opportunities and challenges
for using crop genetic improvement technologies
for sustainable agricultureo(EASAC 2013: full report,

, and lay [ ] version )


http://www.easac.eu/fileadmin/Reports/Planting_the_Future/EASAC_Planting_the_Future_FULL_REPORT.pdf
http://www.easac.eu/fileadmin/Reports/Planting_the_Future/EASAC_Planting_the_Future_SHORT_SUMMARY.pdf
http://www.easac.eu/fileadmin/Reports/Planting_the_Future/EASAC_Planting_the_Future_LAY_SUMMARY.pdf
http://www.easac.eu/fileadmin/Reports/Planting_the_Future/EASAC_Planting_the_Future_LAY_SUMMARY.pdf
http://www.easac.eu/fileadmin/Reports/Planting_the_Future/EASAC_Planting_the_Future_LAY_SUMMARY.pdf

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

tolerance of key crops

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

Though, due to the strict time limits, these
iImportant tolerance traitsust be for the most
part skippedn the present lesson

Introduction:

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:

Up-to-date perspectives:

Schroeder et al. (2013). Using membrane
transporters to improve crops for sustainable
food production. Nature 2 May 2013:1@®H


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
http://dx.doi.org/10.1038/nature11909
http://dx.doi.org/10.1038/nature11909

New modification tools offer
unprecedented precision* in
editing native genes in plants

E.g., enzymes such as TALENSs (transcription
activator-like effector nucleases), and ZFNs
(zinc-finger nucleases)

...can cut plant DNA at specific points
chosen by the breeder

By controlling how this break is repaired, it is
possible to introduce exact

x mutations

x single-nucleotide changes*, or even

x Whole genes at precise sites

The new gene can be put in a spot in the
genome where its expression is optimal

Hence, plantds genome
In undesirable ways

...as was common In traditional breeding and
even classic genetic modification

At least 6 to 8 such high-precision new
methods of DNA modification are already In
use in plant breeding

(Cressey 2013, Nature 02 May 2013: 271 29)

*New precision modification is at least

as conventional mutation breeding


http://geenit.fi/Tarkkuus.pdf
http://geenit.fi/Tarkkuus.pdf
http://geenit.fi/Tarkkuus.pdf
http://geenit.fi/Tarkkuus.pdf
http://geenit.fi/Tarkkuus.pdf
http://geenit.fi/Tarkkuus.pdf
http://geenit.fi/Tarkkuus.pdf

Genome editing:
Membrane transporters &
sustainable food production

Transport proteins embedded within plant
membranes are key targets for improving
the efficiency of

x uptake and use of nutrients and water , and
x movement of sucrose to where it is needed

x ...and tolerance to adverse environments
such as saline or acid solls

Specialized plant membrane transporters
can be used to

x Enhance yields of staple crops
x |Increase nutrient content, and

x Increase resistance to key stresses,
Including

x salinity
x pathogens, and
x aluminium toxicity

x ...which in turn could expand available
arable land

(Schroeder et al, Nature 02 May 2013)



Nitrate transporters sense
and regulate nitrate uptake

Low NO4~ High NO;~

@
@ @@@

¥ CHL1 CHL1"

O
_\\Q
Q.-} High affinity Low-affinity
®® transporter transporter

Gene expression™

Gene expression

INO, ] MNOsT (Schroeder et al, 2013)

E At low nitrate, CHL1 is phosphorylated at a
specific amino acid, T101,
I converting it to a high-affinity nitrate uptake
transporter,

I enabling nitrate accumulation at limiting soil
nitrate concentrations.

E At high nitrate, the T101 amino acid is not
phosphorylated, and

I CHL1 functions as a low-affinity transporter.

E Potential tools for engineering crops with
tailored N uptake activity, N metabolism and
Improved root growth for enhanced nitrogen-
Luse efficiencv



Aluminium-tolerance into
barley with an Al**-tolerance

transporter gene from wheat
(TaALMT1)

Apoplast

TaALMT1 ="
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O
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(Schroeder et al, 2013)

E TaALMT1 anion channel within the plasma

membrane of apical root cells is activated by

Al** so that malate molecules (OA") flux out.
E In the apoplast, external to the cytoplasm,

malate molecules bind Al?* to protect cells
from aluminium toxicity at the root apex.



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

E See JAL504 Sep. 25, 2013:
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 endoplasmi . I

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 overaccumulatantioxidants
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 26


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\

170 \/’
160 /
150 Southern regions—

140
130
120 mal\
110
100

<— 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 29


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 171 22 %

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

Too little progress In
sugar content

Sugar content is influenced by a multitu
of genes (each one with a small effect ¢
rule)

High-sugar genes (alleles) derive from
S. officinarum

Enriching such profitable genes togethe
In a single superior genotype is very ha
work by old means in polyploid hybrids

iéebecause each basic
occur in up to 14 (related) copies in the cel

I ...and because all the other important traits
shall also be kept unimpaired in the proces

Crosses break down the elite genotype
ieto a (ocreativeo)

I ...and at the same time, arrays of poor allel
(once already screened out with hard work
make reentry to the breeding lines once ag



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)
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Sugarcane is being bred to split
Its cellulose Into sugars itself?

X Sugarcane produces more than 200 metric to
biomass per ha

X The plant is being bred to split the cellulose o
its cell walls into fermentable sugars itself

I without expensive pretreatments or purchasing cos
enzyme preparations

I ...so that exhausted pulp can be used for cellulosic
ethanol production at a reasonable cost
X Sugarcane is modified genetically with genes
coding for enzymes needed in spitting cellulo
Into sugars that can be frermented into alcoh
I costly enzymes are produced gratis in plant cells

I delivered from inside the cell the cellulolytic enzym
have better access and efficiency, so that there is |
need for expensive pretretments

I the genes are turned on not earlier thiahdays
before harvest so that the cellulolytic enzymes do r
harm plant growth

x Self-splitting sugarcane is being developed by
research coalition between Leaf Energy (Aus
and Syngentanhttp://www.leafenergy.com.au/other.php



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

Cell wall lignin in sugarcane is
being GM to a better degrading
constitution in Brazll

Cell wall lignin is the hardest barrier for the
cellulolytic enzymes

i eébecause the combined ¢
hemicellulose prohibits the access of cellulolytic
enzymes into cellulose fibers

The pulp remaining after pressing sugar out c
the canes consists of:

201 25 % lignin,

231 30 % hemicellulose, and

451 50 % cellulose

Lignin is tough to break down

i eespecially recalcitrar

I another type of lignin (syringyl) can be degraded m
more redily

Hence, lignin in sugarcane cell walls is being

GM to a betteddegrading type consisting almo

exclusively of syringylAllelyx SA, Brazil)

Tammisola J (2010). GM Crops 1:18171 198.
http://www.landesbioscience.com/journals/gmcrops/02Tam
misolaGMC1-4.pdf
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Are we occupying natural resources for the
production of cotton or invasive bollworms?




Bollworm-resistant GM cotton
rescued Indian cotton livelihoods
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x  Bt-cotton cultivation in the country started in 2002

Varieties resistant to cotton bollworm are now being cultivated
in over 90 % of Indian cotton acreage

Yields per hectare have risen 80 % during but 6 years (
)

x Inexpensive Bt-cotton varieties suited for non-irrigation
areas have been relased by public research sector in India

x \Water shortages can be met with cotton modified for
drought-resistance (under development)


http://www.cotcorp.gov.in/statistics.asp
http://www.cotcorp.gov.in/statistics.asp
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Farmer suicides (thousandsd=

X

Bollworm-resistant GM cotton
rescued Indian cotton farmers

A steady state of tragedy

Contrary to popular myth (cf. Vandana Shiva) , the
Introduction in 2002 of Bt cotton is not associated
with a rise in suicide rates among Indian farmers
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(Nature, May 2, 2013)

Bt-cotton cultivation has not increased but in fact
slightly reduced farmer suicides in India as is
concluded in an independent study review

(

)

...by diminishing their risk to crop failures

...and by improving their cotton yields, income and
occupational safety & health ( )


http://www.ifpri.org/sites/default/files/publications/ifpridp00808.pdf
http://www.geenit.fi/AgBioView271106.pdf

Edible cottonseed
I high-quality protein to feed
half billion people in
developing countries

Protein deprivation damages human health among the
poor in the Third World
i ...where O6hunger o often tran
I For example, it hurts brain development in children

Cotton is very toxic due to gossypol, a terpenoid aldehyde
i 2, -BidNjFormyl-1,6,7-trihydroxy-5-isopropyl-3-
methylnaphthalene)

I ...which can only be digested by ruminant microflora, but only
to a certain level

Cottonseed is rich in protein (22 %) of very high quality
I ... gone to waste hitherto, due to its high gossypol content
I ...though cottonseed (44 billion kg/year) could provide new,
high-protein food for 500 million people annually
Edible cottonseed has now been bred using RNAI
I ...agene silecing method awarded with Nobel prize in medicine in 2006
I ...though it has been used in plant GM since decades ago
Production of gossypol was only silenced in the seed

I ...so that the indigenous chemical defence against pests was
successfully retained in other plant parts

That 1 s not possible applyi
I Gossypol production was silenced by traditional mutagenesis
I n experiment al cotton | ines

I éwith the consequence that s
destroyed altogether by pests and diseases in the field

Sunilkumar et al (2006). Engineering cottonseed for use in human nutrition
by tissue-specific reduction of toxic gossypol. PNAS 103: 180541 18059

Field trials:__http://agnews.tamu.edu/showstory.php?id=1399



http://www.pnas.org/content/103/48/18054.full.pdf+html
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Domesticating extra wild
species for cultivation...

J. Tammisol®
E Arctic bramble Rubus arcticus

I the most aromatic berry in Europe
(Linné 1762)

E Rare species with declining populatio
E First cultivation trials by Linné

EBreeding attempt s

I with scanty results
F Tammisola (1988J.Agric.Sci.Finl.60: 321446



...0r achieving poor
compromises by classic
crosses?

E Arctic bramble is unreliable and tedious 1
cul ti vat e, due to

I 1t only thrives in the Far North (latitudes >%(
and

I cannot tolerate weeds (is a weak competitor
I IS susceptible to fungal and virus diseases

I IS seltsterile (many varieties need to be grov
mixed)

I Its soft berries cannot be picked mechanicall

EMore robust growth
and disease resistance could be gathere
from the AmericapAsian sister subspecie
(ssp.stellatug



Distortion of the aroma by
combining unknown genes
at random

E Crosses and backcrosses between thest
t wo OSiI stero br amb
decades in Sweden

I resulting finally in a more southern, more
robust and less diseapeone bramble type
(onobl e brambl eo)

E Alas, the unigue arctic bramble aroma w
lost!

ifconsequently, onobl e
their still premium aroma) are not accepted t
genui ne oMesi marj ao

E The lesson: saviour traits should, for
caution, be introduced in a purified form
(using gene technology)

F Pirinen et al. (1998Agric. Food Sci. Finl.
/. 453 468



OGoorrant oisd hylkich r u
between gooseberry abthckcurrant.i.

Karukka, Helsinki 2009.
© J.Tammisola




