The Banana

Are we going bananas, or where are
bananas going?

The domestication and future of

our most-loved fruit
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'a banana?
1+ giant herb not a tree!




What are bananas?
What is in banana DNA?
What is the future for banana?

What Is the future for diet and
farmers?
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consumed fruit in the world. It op, R
is the 41" most important (o 31.
staple food worldwide and the Brits g
fifth most important f; oy
agricultural product after Bien., T
cereals, sugar, coffee and Wy !

cocoa. The Brits eat 140
million bananas every week!” &
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Uganda

400 kg/person/year annual
consumption

« Matoke of steamed bananas then
mashed




Banana Evolution

» Center of origin: South-
' east Asia

“™. Grown throughout the
- humid tropics:
Aslia, Americas, Africa



Cultivated banana

 Origin from two species:

 Musa acuminata (the A genome) and
Musa balbisiana (B genome)
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| 85% used as local staple

20-30kg fruit bunch
>100Mt /yr



Banana Evolution

Cultivars: sterile,
parthenocarpic clones

Very unusual for a fruit to be
produced without a seed

Only in last decade for oranges
& grapefruit (coming now for
lemons and limes)












Subsistence agriculture
Smallholder farms

Cash crop

Commercial

Year-round production
Eaten by all ages of people
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Diversity

Cooking banana
| ABB

Michael Pilay
4 ITA




Musa acuminata ‘Calcutta 4
AA genomes, 2n=2x=22
One genome and 11
chromosomes from mother
Other genome and 11
chromosomes from father




' The banana genome - DNA and
=L Chromosomes

« Haploid genome size:

» 500 to 600 Mbp DNA
(Rice: 440 Mbp; Human: 3200 Mbp; Wheat: 17000 Mbp)



Variety Cavendish
15% of banana production worldwide

- The vast majority of export banana to
temperate countries

Controllable ripening but very sensitive
to conditions

First collected in China in 1826 (Telfair),
Sold to Duke of Devonshire,
Chatsworth

Distributed worldwide from 1836
Became dominant variety in 1960s

Has various variants: Williams, Dwarf C,
Giant C, Grand Naine, Robusta, Poyo ...










/' Palayam codan AAB (two bunch yellow, one green)
Peyan ABB (green cooking banana),
Njalipoovan AB (yellow)
Robusta AAA (green ripe)
. Nendran AAB
A Poovan AAB (one yellow bunch)
g Red AAA
1

Peyan

f{ Varkala, Kerala, India






Measuring diversity

musa .
genom1cs




here does diversity come from?

* The DNA

Single nucleotide changes

- Cellulose synthase
Deletions/insertions in genes
Duplications

- Modifies expression

- Important as gives something for evolution
to work on

Regulatory elements



What Is a genome?
* |n bananas and plantains, about 500

million base pairs of DNA

clone MuG9, genomic, 73268bp =l:4:h
atccaatcaatccagatcaatattgatcg( |

gctgatttcagaaacttaatcccttcty
Cttacactaattagtcttaaaactcatu ‘
) atgtcatattacccttccaggtcataadIW\
,ctgaagCtattggcattacacttagtct1,J4L 0
acgatatgacaatcaataatgagatagA'Wg L
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Cellulose Synthase
Nucleotide Polymorphism SNP
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GOLLEGTION. CONSERVATION AND
EVALUATION OF BANANA GERMPLASM

No.OF ACCESSIONS -256
No.OF PLANTS/ACCESSION - 5.
SPACING- Bx2.5m
DATE OF PLANTING - 23.102006
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home > Besearch = Genetic diversity

Sit . . - |
— Genetic Diversity
pharrison (= A genebank holding more than 90% of the existing diversity of cultivated bananas and a
representative sample of the wild species of Musa is maintained by Bioversity International
at the International Musa genebank in Leuven, Belgium. The collection has been tested
® GMGCiam for hacteria and viruses and all varieties that tested negative are available for distribution.
r \ initiative of
: F Biovessity There is a wery good knowledge of the structure of the Musa species complex based on
tarnationg) [ntemational

morphological  descriptors  as  well as  molecular markers for the chloroplastic,
mitochondrial and nuclear genome. Studies have revealed a great diversity in Musa,
providing a good model for the study of gene regulation.

Ploidy and genome size and constitution

s Analysis of nuclear genome size in Musa and Ensefe (IEE)
s Evaluation of genome identity and constitution of Philippine Musa Cultivars (especially the Balbisiana group) thrnugh
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The Genepool

* Why do we need It?



Plant breeding
* Keeping up with changes
'» Blotic stress

- New disease races are continuously
appearing and spreading

- Fungi, viruses, bacteria

- Insects, nematodes, weeds ...
» Abiotic stresses

- Drought/flooding/salt, cold ...

« Socio-economic changes
- More people to feed on less land
- Urbanization of population




« Gros Michel in
Fusarium (Panama
disease) trial in
Malaysia







Dally Telegraph 23 May 2006

.‘ No 1 banana could face extinction
' By Roger Highfield, Science Editor

The most popular type of banana, the Cavendish, is under threat
from disease. In the 1950s, Britons ate a different banana, the
Gros Michel but it was wiped out by Panama disease.

Now the Cavendish could follow suit as a new strain of the fungus
to which it was supposed to be immune has begun to attack the
plants. So far, the new, more aggressive variant of Panama
disease - TR4 - has not reached the main exporting countries in
Latin America or Africa but it is spreading widely through
Cavendish plantations in Asia - Indonesia, Taiwan, southern
provinces of China and Malaysia.

In the humid conditions of traditional banana plantations in Central
America, the black Sigatoka fungus which attacks leaves, also
thrives and the plants must be protected by weekly sprays of
fungicides. Although the Cavendish could disappear, experts are
confident that a bunch of alternative bananas could fill the void.
The caveat is that the taste and texture will be changed forever
and there is likely to be a rise in price.
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RECOGNITION AND RESPONSE IN THE
PLANT IMMUNE SYSTEM |
Zachary et al.; Annu. Rev. Genet. 2003. 37:579-609
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Table 9 Response of some banana cultivars to Fusariym oxysporum f.osp. cubense (FOC)

_ Disease Reaction |
Cultivars Genome

| FOCRace1 | FOCRace4

IPisang Mas I T | S |
[Pisang Lemak Manis [ A T | T |
[Pisang Jari Buaya [ Aa R | R |
|Pisang Eerangan || AL, || 5 || WS |
Pisang Embun |oAss VS | VS |
[Pisang Udang |omaa | 5 | 5 |
(Grand Naine |oAsAs | R I S |
|GCTCWY215-1 |oAss | R I T(?) |
Pisang Serendah |oAss R | T |
IPisang Rastali | AaB | VS | VS |
Mutiara (selected P. Rastali) | AAB | T I T |
[Pisang Seribu | oAaB | S I S |
[Pisang Raja |oAsB | S | S |
[Pisang Relong | AAB | S I S |
Pisang Nangka | AaB | S | S |
Pisang Awalk | ABB | T I S |
Pisang Tanduk | ABB | S | S |
[Pisang Abu Keling | ABB | T I T |
Pisang Abu Mipah | ABBEB | S | S |
|Gold Finger | AAMB | R I T |

F resistant T, tolerant. S susceptible: VS very suscepfible,




Banana Streak ParaRetrovirus (BSV)

 Double stranded DNA Is Iinfective
* |nsect vector

« Unexpected epidemiology
- Appearance after cold or tissue culture

«  Glyn Harper, Roger Hull, lITA,
Ben Lockhart, Andrew Geering
* Trude Schwarzacher & HH Leicester



Double-stranded DNA
ParaRetrovirus (Badnavirus)

CIM0)
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Nuclear Copies of BSV in Banana




Drought
Responsive
Genes

 Differential
display of
genes being
expressed
from
droughted
and watered
Musa lines




Drought
Responsive
Genes




P7/T3

Differential Display

LR e

14 DD-PCR reactions
using different arbitrary
and Oligo dT primer
combinations, a total of
22 differentially
expressed bands
(MDRG)




Expression Analysis @ transcription factors

W cell division and growth
8% 5% 4%

7%

O protein synthesis

O novel genes

38% 27% W other

9% 2% O metabolism
M abiotic stress related

O cellular communication
and signal transduction

Preliminary data; Dhairyasheel Desai, HH et al. in prep 2007
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Super-domestication:
The future of crops

* Biotic stresses
e Abiotic stresses
¢« Socioeconomic factors

e ... all mean current cultivars do not meet
future needs



Super-domestication:
The future of crops

* The genepool has the diversity there
which can meet these challenges

* Breeders need to get better and faster

 Banana, has extra challenges
- Staple food
- Major Income source In many communities
- Sterile plant



How farmers make money

Stop farming

Sell something else

Sell the same for more money
Sell more quantity

Reduce costs










What have farmers done?
Over the 100 years 1906-2006,

1.5% reduction in production costs per year

similar across cereals, fruits, milk, meat,
coal, iron

With increased quality and security,
supporting a longer-lived (3 months/year
later that they were born in UK), larger
population

Remarkable total of 10-fold reduction In
COSts



What have farmers done?

 |Increased quality and security, supporting a
longer-lived, larger population

Life Expectancy at Birth

== ® Women Men

0 e A Century of Change:
0 . . . . : : : . : — Trends in UK statistics
since 1900

1901 1911 1921 1931 1941 1951 1961 1971 1981 1991 200
UK House of Commons



How farmers make money

(stop farming)

Sell something else

Sell the same for more money

Sell more quantity for the same amount
Reduce costs







Are there many candidates?

250,000 plants
4,629 mammals
9,200 birds
10,000,000 insects

But only 200 plants, 15 mammals, 5 birds
and 2 insects are domesticated!



BBC Mews in video and audio

Last Updated: Tuesday, 15 August 2006, 09:06 GMT 10:06 Uk
B E-rmail this to a friend = Printable version

Overweight 'top world's hungry’

There are now more
overweight people across
the world than hungry ones,
according to experts.

IS professor Barry Popkin said
all countries - both rich and
poor - had failed to address
the obesity boom,

The number of people averweight
He told the International has topped 1bn across the world

Association of Agricultural Economists the number of
overweight people had topped 1bn, compared with 200m
undernourished.

Speaking at an Australian conference, he said changing diets
and people doing less physical exercise was the cause,

Professor Popkin, from the University of Morth Carolina, said
that the change had happened quickly as obesity was rapidly
spreading, while hunger was slowly declining among the
wotld's & Ehn oomlation .
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item
People
Maize
Rice, paddy
Wheat
Potatoes
Sugar beet
Cassawva
Soybeans
0il palm fruit
Barley
Sweet potatoes
Tomatoes
Watermelons
Bananas
Seed cotton
Cabbages and other br:
Grapes
Sorghum
Onions, dry
Apples
Oranges
Coconuts
Yams
Rapeseed
Cucumbers and gherkin
Groundnuts, with shell
Plantains
Mangoes, mangosteens
Eggplants {aubergines)
Millet

year (millions)
2007
G602
Ta5
652
a07
J22
248
228
216
192
136
126
126
a3
al
T3
B
(s
a5
B
a4
a3
55
52
40
45
a5
a4
a3
a2
a2

FAQO Statistics 2007

All plant crops with >30M tons
annual production

excluding sugar cane and ‘other
vegetables’

People: WHO

Calories are pretty important -
‘let them eat micronutrients’ is not
the message!



item
People
Maize
Rice, paddy
Wheat
Potatoes
Sugar beet
Cassava
Soybeans
0il palm fruit
Barley
Sweet potatoes
Tomatoes
Watermelons
Bananas
Seed cotton
Cabbages and other br:
Grapes
Sorghum
Onions, dry
Apples
Oranges
Coconuts
Yams
Rapeseed
Cucumbers and gherkin
Groundnuts, with shell
Plantains
Mangoes, mangosteens
Eggplants {aubergines)
Millet

year (millions)

1961
2,090
205
216
222
271
161
71
27
14
72
938
28
18
21
27
23
43
41
14
17
16
24
=
4
10
14
13
11
=
26

2007

6,602
785
652
607
322
248
228
216
192
126
126
126
93
=h
FiE:
wl=
66
65
G4
G4
G4
EL
52
44
45
25
24
23
a2
a2



item
People
Maize
Rice, paddy
Wheat
Potatoes
Sugar beet
Cassava
Soybeans
0il palm fruit
Barley
Sweet potatoes
Tomatoes
Watermelons
Bananas
Seed cotton
Cabbages and other br:
Grapes
Sorghum
Onions, dry
Apples
Oranges
Coconuts
Yams
Rapeseed
Cucumbers and gherkin
Groundnuts, with shell
Plantains
Mangoes, mangosteens
Eggplants {aubergines)
Millet

year (millions)

1961
2,090
205
216
222
271
161
71
27
14
72
98
28
15
21
27
23
43
41
14
17
16
24
="
4
10
14
13
11
-
26

2007

6,602
785
BL2
607
322
248
228
216
192
136
126
126
93
a1
73
6y
66
65
G4
G4
G4
5k
52
449
45
35
34
33
32
32

200771961
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item
0il palm fruit
Rapeseed
Soybeans
Yams
Watermelons
Onions, dry
Eggplants {aubergines)
Tomatoes
Cucumbers and gherkin
Oranges
Bananas
Maize
Apples
Cassava
Rice, paddy
Cabhbages and other br:
Mangoes, mangosteens
Wheat
Seed cotton
Plantains
Groundnuts, with shell
Coconuts
People
Barley
Sorghum
Sugar beet
Grapes
Sweet potatoes
Millet
Potatoes

year (millions)

1961 2007 2007f1961
14 192 13,
4 44 12,
27 216 =]
= 52 .
18 93 5.
14 G4 4,
7 32 4,
28 126 4,
10 45 4,
16 G4 4,
21 81 3.
205 785 3.
17 G 3.
71 228 3.
216 652 3.
23 69 3.
11 33 3.
222 607 2.
27 73 2.
13 34 2.
14 35 2.
24 5L 2.
2,090 6,602 2.
72 1326 1.
41 65 1.
161 248 1.
43 u]u] 1.
i 126 1,
26 32 1.
271 322 1.
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 What are bananas?
 What Is iIn banana DNA?

 What is the future for
banana?

 What is the future for diet
and farmers?






Palayam codan AAB (two bunch yellow, one green)
Peyan ABB (green cooking banana),
Njalipoovan AB (yellow)
Robusta AAA (green ripe)
Nendran AAB
Poovan AAB (one yellow bunch)
Red AAA
Peyan

Varkala, Kerala, India, 2007



United Nations
Millennium Development Goals

Goal 1 - Eradicate extreme poverty and hunger

Goa
Goa
Goa

3 - Promote gender equity and empower women
4 - Reduce child mortality
5 - Improve maternal health

Goal 7 - Ensure environmental sustainability

Goal 8 - Develop a global partnership for
development

Convention on Biodiversity (“Rio Convention”):
iInventory the worlds diversity



The Banana

Pat Heslop-Harrison  www.biobanana.com
phh4@Ile.ac.uk
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