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« [ At its simplest, biotechnology is technology based
on biology - biotechnology harnesses cellular and
biomolecular processes to develop technologies and

products that help improve our lives and the health
of our planet. |

—Biotechnology Innovation Organization
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{1 =832 & (Plant tissue culture)
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Tomato tissue culture. Nature Biotechnology 19: 870-875 (2001)
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J.F. Shepard (1983) Science 219: 683-688
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A Embryonic cells of Chardonnay grapes cuBnated in liguid mediom

CHAMPAGNE MOET & CHANDON, Epernay. France
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¥ Micro Seed; Somatic embryo of Carrot embedded in a Sodium Alginate
bead. Seppo Sorvari, MTT Horticulture, Piikkio, Finland
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A Cocumber somatic ambryos produced o hquid cuture,

Seopo Sovan, MTT Horticulture, Piikkié, Finland
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m The Nobel Prize in Physiology or
Medicine 1978

"for the discovery of restriction enzymes and their application to
problems of molecular genetics”
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Biozentrum der Johns Hopkins University Johns Hopkins University
Universitat School of Medicine
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= 4 %8 & 3 % (biologic drugs)
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2008 S sales 2009 S sales

— ($ billions) ($ billons) 2008 growth (%) 2009 growth (%)
B Growth factors mAbs 15.6 16.9 [ 126 83 |
B Hormones Growth factors 1.4 10.4 -11.4 -8.1
Fuslon proteins Hormaones 8.5 8.8 | 197 147 |
Cytokines Fusion proteins 3.6 3.9 8.0 6.8
Blood mactors Cytokines 3.8 3.9 4.1 1.1
B Therapeutic enzymes Blood factors 1.2 1.3 10.0 5.0
B Recombinant vaccines | Nerapeutic enzymes 1.2 1.1 19.9 4.2
Anticoagulants Recombinant vaccines 1.1 0.7 256 —37.0
Anticoagulants 0.3 0.3 -0.5 -1.2
48.3 billions
Nature Biotechnology 2010 , 28: 1165-1171 10 % &£ H 2320 a ™

483 BE £ H 5155 8%
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http://en.wikipedia.org/wiki/Image:Dolly_the_sheep2-thumb.jpg
http://en.wikipedia.org/wiki/Image:Dollyscotland.JPG
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(a) The first cloned cat

(c) Clones of endangered animals
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THERAPEUTIC GENE
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* 1846 ,William Morton (a
dentist), 5 & & # sk oY O GENE o

directly (orange arrow), by putting vec-
# tors (agents carrying potentially therapeu-
— ) tic genes) straight into some target tissue in
m m 3 the body (in vivo). More often the ex vivo ap-
proach (blue arrows) is used: physicians re-
move cells from a patient, add a desired gene in

. the laboratory and return the genetically corrected
—_ A cells to the patient. An in vivo approach still in devel-
;n opment would rely on “smart” vectors that could be

injected into the bloodstream or elsewhere and would
home to specific cell types anywhere in the body.

° %l] m g E]ﬁﬂ &ﬁu ii;l] yvercoming the Obstacles to Gene Therapy SCIENTIFIC AMERICAN June 1997 81
B ek B &
s & “in vive”® “ex vive” =] ;%

IN VIVO
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human gene

6 An RNA version of a normal human

geneis inserted into a harmless
RNA virus.

l RNA genome of virus

& @ Inserted human RNA
Healthy person
L 0 Bone marrow cells of the patient
are infected with the virus.
/ e Viral DNA carrying the human gene
inserts into the cell’s chromosome.
\\\l
° _<«——— Bone marrow cell from the patient

Bone Bone of person
marrow with disease

o The engineered Y
cells are injected o Y

into the patient.
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ASHANTT DESILVA, the first recipient of federally approved gene therapy, was treat-
ed for a lethal inherited condition called severe combined § deficiency when
she was four years old. With help from occasional booster treatments, she ha

In 19910Asli1an;ti Desilva (4-5/-0Id)
F-REiARABMAEIOARATLER XS
W A% 008K P (19958 ) tdp &




In vivo &7 & Flis Rk

o %6 14 8 1+ (cystic fibrosis)
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The State of World Population 2011 (UN Population Fund » 2011)

10 Billion . . -
The rapid growth of the world population is a recent phenomenon. About 2,000 years
ago, the population of the world was about 300 million. It took more than 1,600 years for
9 Billion
the world population to double to 600 miillion. The rapid growth of the world population
- started in 1950, with reductions in mortality in the less developed regions, resulting in an
1lion
estimated population of 6.1 billion in the year 2000, nearly two-and-a-half times the popu-
7 Billion ation in 1950. With the declines in fertility in most of the world, the global growth rate of I
population has been decreasing since its peak of 2.0 per cent in 1965-1970. |
1
1
& Billion l !
Source P on Division of the United Nations Department of Economic and Social Affairs. 1 !
i
5 Billion :
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! i
1 1 I
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| 1 1
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i 1 1
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http://foweb.unfpa.org/SWP2011/reports/Press%Summary%20ENG.pdf.pdf
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B A 019658 3% 53 4 A2 B2 6 o T3 2| 2050 43 3 A
34% > EHILWA 5 AT AIRIBASTWMAZE THREVH
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World Population 1965 - 2050

10.00

9.00

Billion people

n O s o v 9 n o wv o N9 Te S w9 =
E & &§ & 8 &8 8 8 8 232 3 & 8 8 g8 & & 8
— — —_ —_ — — — ol ol cl ol ol ol ol o ol ol ol
Year
O Developing countries B Developed countries

Source: Population Division of the Department of Economic and Social Affairs of the United
Nations Secretariat (2007)

http://www.fao.org/fileadmin/templates/wsfs/docs/expert_paper/How_to Feed_the World_in_2050.pdf
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- CRERARHE AT RA D A B AES2% (16005 A)

Food and Agriculture Organization of the United Nations (2012) The state of food
insecurity in the world. www.fao.org/docrep/016/i3027e/i3027¢e.pdf
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Vit. D deficiency
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Vit. A deficiency Kwashiorlor (protein deficiency)
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FRGH 244 HF — C.S. Prakash, founder and president of
® W 956F § 2E the nonprofit AgBioWorld Foundation
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« 0MOEHRANREEE ¥4 2 9F4 (Nature, 2010;
Premanandh, 2011)

- B HURIFEERCRRESRAPM

o HETER F2RAvHERH o SRR
(arable land/person) % & <Pl
— 19704, 0.382'F/ A (100%) = 20004, 0.23 2%/ A = 2050, &

%0152 8/ A (39%)

e 3 FHAZFNFAGRRI I TTRELAEBR EHHRE
HEE  2REEHF200-500F EHFLEREHE
3B A % (soil erosion) » E 4w k Vbt WL R H 4 IRE
ft.(soil degradation)s?R® 3% » 3§ & 32050 # p% » .3
oo X Bk 0 Bk & % (UNCCD, 2008) -

Nature (2010) Food: the growing problem. Nature 466, 546-547; Premanandh J (2011) J Sci Food Agric 91, 2707-14;
UNCCD, Desertification, land degradation, drought bring rising hunger and agricultural bankruptcy. Press Release,
United Nations Convention to Combat Desertification, Bonn (2008).
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P — ot

A o
354 ——_ Main grains (wheat, barley, - ,
maize. rice, oats) Millions Percentage undernourished
1100 45

30 == Coarse grains ii—iﬁ‘ i”g%‘r © 000 25 .‘g *\ *EA T ¢ o
\ a0

(millet, sorghum)
Root crops 35

900

.5 25 (cassava, potato) 800 30
é 700 25
) 2.0 600 20
o
lg . 500 x 15
E : 400 WG target 10
& 300 5
1.0 %
Godfray et al. (2010) oL, i . 0
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m & ﬁ3 % Source: FAO.

FAO (2012) The state of food insecurity in the world. Food and Agriculture Organization of the United Nations,
www.fao.org/docrep/016/i3027e/i3027e.pdf

Godfray et al. (2010) Science 327, 812-818

Pingali PL (2012) Green revolution: impacts, limits and the path ahead. PNAS (USA) 109, 12302-12308
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Pingali PL (2012) Green revolution: impacts, limits and the path ahead. PNAS (USA) 109, 12302-12308
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« & B3 (1960-2000, developing countries)?
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« FEFEA vY2
- 1960# » "THREYRE) 20A od » 10/ A
(50%) F Hp e FF A 7 R
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Pingali PL (2012) Green revolution: impacts, limits and the path ahead. PNAS (USA) 109, 12302-12308
2FAO (2002)
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The knowledge of plant physiology could help us dealing with
today’s and tomorrow’s problems.
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PAPAYAS INFECTED WITH PAPAYA RINGSPOT VIRUS

Virus particles

Figure 3. Close up of PRV-
infected papaya fruit showing
ring spots.
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infected with Bacillus thuringiensis,
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Activated toxin binds to the receptor, subsequently
inserts into the membrane and causes leakage of
ions and small molecules.

Bté# # kg rBisp S giep R HHPE i
RPEL A RHEEEEIA AT IR
Frmess  REIRAMBASREFERT




f  55 |
EHT 1 R Feb A A B e R 2

Bt Gene is
bacillus .mEEﬂEd
fhunngransis Into crop

1 f

Crop is infected by Pest dies when feeding on
European com borer any plant part




BAK) AS A 0 AFOR Lk FH

Results of insect

infestation on Bt (right)

and non-Bt (left) cotton
bolls. Source: USDA

Figure 1. The ﬂrst generation of built-in
insect control plants, coined “Bt plants”,
(A) Bt cotton; the white area (right) repre-
sents the portion of the field planted with
transgenic cotton expressing the Cry1A(c)
protein, while the brown area (left) is
planted with non-transformed cotton. (B) 8t
potato; field performance of transgenic
potatoes expressing the Cry3A protein,
which confers tolerance to Colorado potato
beetle (background) while non-transformed

nntat ooc chn\u hasunt damasa hu tha haatla
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Weed-infested soybean plot (left) and Roundup Ready®
soybeans after Roundup treatment. Source: Monsanto
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Global Area of Biotech Crops, 1996 to 2011: NZ
Industrial and Developing Countries (M Has, M Acres) .SM;

M Acres

445 180
1996: 1705 2§ (1X)
il Total |5 E H 4 =10%

346 140 —— Industrial 2010: 1.487%% =& (87X)
13 4 8%
296 120 —/+— Developing 2011: 1.601% 2 “E (94X)

247 100 LG ﬁ: ~360F 2
198 80 #2808 =%

148 60

99 40

49 20

-

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Source: ISAAA ; Clive James, 2012



Global Area of Biotech Crops, 1996 to 2011:
By Crop (Million Hectares, Million Acres)

2R (E P i & B A A S

M Acres

el By 2011:
TERR(E  —O— Soybean 4704 (75.4/160)
=i F=maize  329% (51/160)

Cotton 1590 (24.7/160)

148 60

124 50 === Canola 504 (82/160) /
99 40 Y

74 30

49 20

25 10

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Source: Clive James, 2012
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Global Area of Biotech Crops, 1996 to 2011:
By Trait (Million Hectares, Million Acres)

By 2011:
—O— Herbicide Tolerance  59% (93.9/160)

= = Insect Resistance (Bt) 15% (23.9/160)

Herbicide Tolerance/ 950/, (42.2/160)
Insect resistance

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Source: Clive James, 2012
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Biotech Crops (Million Hectares, Million Acres), 2011 ..

O Conventional
B Biotech

82% 75% 26%
Cotton Soybean Canola

Source: Clive James, 2012



H el s ivd

« § & ¥ (golden rice)-4# £ Vit A
— % —:Yeetal. (2000) Science 287,
303-305 ; [B#* & § % ]= 1.6 ug/g rice
— % = : Paine et al. (2005) Nature
Biotechnol 23, 482-487 ; [B+: & §T %]
e % — 2 3,23X = 37ug/g rice ; & p
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Tuesday, 18 February, 2003, 16:03 GMT
Meacher attacks GM crops

Environment Minister Michael Meacher has denied that he is
about to quit the government after he launched an outspoken
attack on genetically modified (GM) crops.

His comments were effectively disowned by his government
department - Environment, Food and Rural Affairs - who said
Mr Meacher's comments were "his views".

Prime Minister Tony Blair is a known enthusiast of GM but
DEFRA admitted there were "creative tensions"” in the
government over the issue.
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20 QUESTIONS ON GENETICALLY MODIFIED (GM) FOODS

« GM foods currently available on the international market
have passed risk assessments and are not likely to present
risks for human health. In addition, no effects on human
health have been shown as a result of the consumption of
such foods by the general population in the countries
where they have been approved.

s ARTVFH IR OIAXSR T EEREFTE » A AT
NEHAMZESABE - PRFARAR V@
At REASTHALGS S RREE LT HBE -

7k % B http://www.who.int/foodsafety/publications/biotech/en/20questions_en.pdf
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US academy study finds GM foods are safe...

 There is no scientific evidence that crops that
have been genetically modified to resist pests
pose special health or environmental risks,
according to a study released last week by the
US National Research Council (NRC), the
research arm of the National Academy of
Sciences. Nature 404, 693 (2000)

EMBO. (2012) 13, 493-497 o @)

BN FE oA+ | science & society

Stop worrying; start growing
Risk research on GM crops is a dead parrot: it is time to start reaping the benefits of GM

Torbjorn Fagerstrom, Christina Dixelius, Ulf Magnusson & Jens F. Sundstrom
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