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GM Crops in South Africa

* 1st in Africa; 8t in world

*xMaize = 78% (White = 79%;
Yellow = 77%)

*x Soybean = 85%

* Cotton = 98%



Some results of insect resistant
cotton in South Africa

Small scale farmer increased profits: 1997 - 4
participated; 1998 — 75; 1999 — 411; 2000 — 644;
2002 - >2000

2006 — 2260; 2009 - 750
Drop due to cotton gin problems

? non-target insects, birds and frogs

| insecticide poisonings

\/

Agricultural biotechnology
research in Southern Africa

* Virus resistance

* Herbicide resistance
* Insect Resistance
* Fungus resistance
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HUMAN DISEASES

SSOCIATED WITH MYCOTOXINS
IN FOOD

* Acute toxic hepatitis — Aflatoxin
X Liver cancer — Aflatoxin

* Oesophageal cancer — Fumonisin
* Neural tube defects - Fumonisin

LIVER CANCER IN MOZAMBIQUE
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MOULDY MAIZE EARS INFECTED BY FUSARIUM



Mycotoxin levels in GM vs
non-GM maize in France
(Science 2010)

*90% decrease in fumonisins
(Fusarium)
* EU regulations on mycotoxin-
containing maize -

» 93% of GM maize can be sold

» 45% non-GM maize can be sold
*BUT EU 2 no GM maize can be
grown

African Biofortified
Sorghum

* High lysine, increased Vitamin A,
iron and zinc

* International consortium funded by
Bill and Melinda Gates
Foundation

* Glasshouse trials in South Africa
CSIR



Regulatory Decision:
DENIED

* No biosafety level lll glasshouse

OOOPS - glasshouse already approved by
Dept of Agric

* MAY apply in future for field trials

* Results: glasshouse trials in Kenya
Permission in 3 months

* Decision reversed after TWO years
Too late!

Potato Tuber Moth Damage

14



Potatoes resistant to tuber
moth

Data supplied:
*x Agronomic performance
* Molecular data
*Food and feed safety
* Environmental safety
* Socio-economic impact data
* Stewardship program/plan
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Regulatory decision: DENIED

* September 2009

* No ability to address Exco concerns on
technical issues (all could be addressed)

* Exco decided small-scale farmers do not
need this technology; segregation?; risk
management?; not a major pest of stored
potatoes



Intervention: National
Biotechnology Advisory
Committee
* Role: Advise Minister S&T

* Advice: Problems with administration
of GMO Act (Aug 2010)

* Promise: who on ExCo and scientific
basis of decisions

* Article in AgBioForum based on
ICABR, Ravello

Consumer Protection Act

Any person who produces, supplies,
imports or packages any goods
must display..a notice..that discloses
the presence of any genetically
modified ingredients...

Regulations open for comment

Minister unaware - meet with
Minister Trade and Industry -
difficulties/impossibilities



Labelling Implications:
Lessons from the
Philippines
* Farmers: +12%

* Manufacturers: +11 - 12%
* Consumers: +12%

* Govt Implications: regulatory costs
incl. monitoring and verification;
testing facilities, training

AFRICAN AGRICULTURAL TECHNOLOGY FOUNDATION
FONDATION AFRICAINE POUR LES TECHNOLOGIES AGRICOLES




Agricultural biotechnology
in sub-Saharan Africa

Insect resistant cowpea for
West Africa

COWPEA (beans)-Naman
talaka




Pod damage

Resistance due to Bt (TJ Higgins of CSIRO)



* Controlled Field Trials in Puerto Rico
2009

*CFT in Nigeria 2010
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Agricultural biotechnology
in sub-Saharan Africa

Water Efficient Maize for Africa
WEMA



ter-Efficient Maize for
Africa (WEMA)

X A public-private partnership to
develop and deploy royalty-free
drought-tolerant maize varieties to
SSA smallholder farmers

® As response to the devastating effects
of drought

® Combining Breeding and Biotechnology

Rationale for WEMA

X Africa drought-prone

X Maize is the most widely grown J

staple crop in Africa — affected by \ . o
drought s -
X In 2003 WFP spent $0.57b on food

emergency due to drought in
Africa

X Risk of drought prevents PR peceietaes
investment in BMP
‘C« Co..

> Yield stability is key to unlock the 105 Lessthanot

value of basic inputs for Africa Recorded droughts between 1971 and
Green Revolution 2000, and the number of people affected



Drought Stress in Maize,
& Kenya

Source: James Gethi, 2009

EMA Partnership

World leader for World l.e ader in MA.B ’
gene discovery, trait
development and trait
licensing

breeding maize for
African agro-
ecological zones

A

A

» Expertise in field trials

* Test DT maize

» Adapted checks

» Capacity building
opportunities

African institution mandated to
access and deliver proprietary
technologies to smallholders
African farmers




Progress

Gene = cspB (cold stress protein from
Bacillus)

® Confined field trial (CFT) sites developed in
partner countries in locations with rain-free
window for at least 3 months

® African adapted inbreds undergoing trait
integration

B CFT trials in South Africa with Monsanto’s lead
commercial event (MON 87460)




Agricultural biotechnology
in sub-Saharan Africa

*xMaize resistant to Maize streak
virus (MSV)



. Maize streak virus (MSV) is endemic in
‘ Africa causing huge economic
losses to commercial




MSV genome
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Resistance Strategy

* Most plant viruses = RNA - coat
proteinR

* MSV = DNA virus: CP-> no protection

* Virus Replication Associated Protein
- replication initiation as multimers

* Mutant, truncated Rep = inhibition
virus replication
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Maize streak virus-resistant transgenic maize:

a first for Africa
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Introduction

Wzize was firstintioduced w0 Afics ¢ traders n

st al, 2004)

the 16th century, and has become the continent’s staple.
f60d ¢rap, making up Moe than 50% of total calonc inteke

g wth the first sccounts of resist
ance (PDR) aver 20 years ago (Sanford and Johnson, 1985;
Powel-Abel et al. 1986, here have been numerous reports

inocal iots (Sinhs, 2607). However, ave 20 yields of
1.2 tonnes/ha ave st a quirter of global averages (hitp:/
fanstat fio. 0rgl, & disparity exacerbated by the susceptibilty
of maize 10 pathogen attack, Maize streak disease (MSD),
caused by the geminivirus maize streak wrus (MSV), is the
fmajor vial pathogenic constraint en maize proguction
Aftica (Wambugu, 1999; Bosue-Pérez, 2000}, making
resistance 1o MSV a key taiget for crop impravement
Biotechnalogical suiions to Aftca’s fo0d security pro-
biems (Motan 6t al, 2004) have been flagaed 25 a vitel
compoaent of the Unitest Naton's Millenaium Develop-
ment Goals (Acharya et al, 2003; Ayele et al, 2006). Yield
incteases and economi benefits 1o both commercial and
resource-poor farmers of Bavilus thunngiensss (B9 tonn
wansgenic cotion ang maize have been well documented in
South Alrics ang other developing Countiies. (Pray et al,
2002, Jarmes, 2003, Qain and Zifbennan, 2003; Thirtle ot al,
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denved)  economicaly mportant ool rops, mcluding
tomato (lelsan eral, 1989 Sanders eral. 1992; Kunik
etal, 1994; Nors et al, 1996), papaya (Fitch etal, 1992,

ius et al, 1397} and potato (Kanewski et of, 1990;
Kawchuk 61 af, 1990; Lawson et af, 1990, van er Wik et al,
1991). More recenty, monocots have been engineered for
virs ressance, induding suaaicane (noslbrecht etal,
1999). ryegrass (Xu et al, 2001, barkey fWang et af, 2000},
ice (Hayakawa et al. 1392 Pinfo et af , 1999), wheat (Swa-
mani et 51, 2000, 2002) and marze {to maize dwarl mosaic
‘potyvirus and maize chlorotic mottle machlomovinus; Murry
et al, 1993). Resistance 1o numérous geminiruses has been
achieved using a PR approach (reviewes by Vanderschuren
et al, 2067, however, aone of these reporss involved resis:-
ance 1 a monoct species. We have vecently demonstraed
the first successul POR stratepy for MSV reistance i amodel
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AGBIOTECH

GM Technology Develops in the

Developing Worl

The firstg modified crop devel

lyin Africa is gearing up for field

trials. Its success would be a mile:

About 100 km north of Durban, South Africs,
ina greenhouse chamber no larger than &
walk-in closet, Freder ik Kloppers clips a shn-
der vial to & baby maize plant's new leaf.
Inside the tube sits an insect with i

Isborators at the University of Cape Town
(UCT), have much karger goals inmind. In
a region where chronic hunger is the nom,
GM maize could help alkeviste grain short-

deadly bite, atleast deadly to corn. This
African kathopper (Cicaduling mbda) car-
ries matze streak virus, & scourge endemic ©o
sub-Ssharan Africa that devastates fields.
Kloppers, & plant pathologist and technical
mnager st Pannar Seads in Greytown, South
Africa, gathers & dozen more tubes from the
insect house and clips them to additional
plants. Tomorrow, after the bugs have eaten
their fill, he'll remove the tabes and then wait.

The fruit of more than a dozen years of
effort, these maize plans have been geneti-
cally ahtered to resistinfection by the virus. In
greenhouse studies so far, the plant is highly
resistant If it proves equally hardy in fickd
trials scheduled 0o begininlate 2007, it would
beamiksione: the
first-ever gene-

tically modified :“"“ “z”::’;:gﬁ':‘
GM IO of e size stresk infecion,
(@l ):y“:rfnn mmec.upl.'mm)
oped prp——

for Africa. /

But Kloppers
and the plant's
inventors, micro-
biokgist Jennifer
Thomson, virol-
ogist Edward
Rybicki, #d col-
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Unscathed. Unmodified |

WM3 non-
transgenics

agesand ially even boost

development, says Thamson And becsuse
plans call for selling the seed to small-scale
nd subsistence farmess for minimal profit,
the inventors akio hope it will help bumish

the dim repatation of GM technokogy.
Noneofthat is assured, Thomson and
Rybicki concede. The plant could still fail in
the field, & other African GM crop varietis
such a8 sweet potato and cassava have done.
The failures not only have dissppointed the
technology's advocates, but they've also
fanned the flames of anti-GM seatiment.
Although South Africa is one of the few
African countries to permit fammers © plant
GM crops within its borders,
nayssyers there, whostill have
substantial clout, have
condemned the tech-
nology &8 a mere mon-
eymaking tool for West-
em compenies. Moreover,
they remain uncon-
vinced that home-
grown efforts such
! & UCTsmaize will
succeed. Another
failure would give
ati-GM groups even
more ammunition. The
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Biosafety Regulations

*No African developed transgenic crops
tested for biosafety approval to date

*xWill be unable to commercialise any
such crops without this approval

* Field trials = $$$

*xWhat about SA regulatory hurdles?

Agricultural biotechnology in
sub-Saharan Africa

* Drought tolerance



We have taken genes from a
resurrection plant for introduction
into crops to generate

drought tolerant crops

Hydrated



Genes being used

Xv SAP1 - Stress associated protein
No similar genes recorded
Codes for membrane, signalling protein

Xv Ald1 - Aldose reductase converts glucose to sorbitol,
an osmoprotectant

Xv Prx2 - Peroxiredoxin ie an antioxidant involved in
dehydration stress response

Xv G6 - Dehydration stress response protein

+ Stress Inducible Promoter

Xv SAP1 — dehydrationR in tobacco

- Water

Controls Transgenics




Dehydrated transgenic Arabidopsis plants (bottom) Control (top) expressing
aldose reductase



Maize Transformation

Prof Jesse Machuka + Team
Kenyatta University
* Agrobacterium transformation
* Biosafety compliant glasshouse
* On equator - 2 crops/year
* Confined field trials at KARI

GM Crops in Africa

Egypt 1t country after SA to plant GM
maize commercially

Burkino Faso Planting GM cotton

Uganda “Biotechnology is one of the frontiers
of agricultural research today” Fred
Omach, Minister of Finance

Kenya President Kibaki signed
biotechnology approval bill in 2009.
Cotton and maize trials underway.



GM Crops in Africa (cont.)

Malawi Biotechnology bill approved 2008
“My government recognizes the
pivotal role biotechnology can play
towards economic growth and
poverty reduction.” President Wa
Mutharika

Nigeria “The potency of GM crop technology
for increased productivity, nutrition
and crop resistance to pests and
drought is no longer questionable.”
Mrs Grace Ekpiwhere, Minister of
Science and Technology.

Agricultural biotechnology
in sub-Saharan Africa

Nutritionally enhanced
sorghum

Insect resistant potato
Drought tolerant maize
MSYV resistant maize



