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What are bananas?What are bananas?
What is in banana DNA?What is in banana DNA?

What is the future for banana?
What is the future for diet and 

f ?farmers?





What is a banana?
1.1 Banana – Taxonomic position

Musa – Musaceae – Zingiberales
Monocotyledon – Giant Herb (grass not tree!)

Zingiberales Order Bed, National Botanic Garden of Wales, 2006Zingiberales Order Bed, National Botanic Garden of Wales, 2006Zingiberales Order Bed, National Botanic Garden of Wales, 2006



What is a banana?
Monocotyledon – giant herb not a tree!





Banana Evolution
• Cultivars: sterile, 

th i lparthenocarpic clones

• In the wild, no fruits without a 
seed (and only in last decadeseed (and only in last decade 
for oranges & grapefruit)

• Introduced with farming and 
domesticated, along with all 
other major crops and animals, 
8000-10000 years ago





UgandaUganda

• 400 kg/person/year annual 
consumption

• Matoke of steamed bananas then 
mashedmashed

From www.synesthete.com





Banana Plantains Musa

1-7 year plantation
Vegetatively propagated
(exclusively)

85% used as local staple

20-30kg fruit bunch
>100Mt /yr

2n=3x=33









• Subsistence agriculture• Subsistence agriculture
• Smallholder farms
• Cash crop• Cash crop
• Commercial
• Year round production• Year-round production
• Eaten by all ages of people



Cultivated bananaCultivated banana
• Origin from two species in Asia:
• Musa acuminata (the A genome) and 

Musa balbisiana (B genome)





L to R: 
Red - AAA 

Palayam codan AAB (two bunch yellow one green)Palayam codan AAB (two bunch yellow, one green)
Peyan ABB (green cooking banana), 

Njalipoovan AB (yellow)
Robusta AAA (green ripe)Robusta AAA (green ripe)

Nendran AAB
Poovan AAB (one yellow bunch)

Red AAARed AAA
Peyan

Varkala, Kerala, India



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



Musa
(ABB)

Musa
(ABB)

Florescent In-Situ hybridization:

(ABB)(ABB)

An A-genome specific hAT in
three Musa hybrids (2n=3x=33)
located on A-genome
chromosomes.

Musa ‘Williams Cavendish’ 
(AAA)



Measuring diversity



What is a genome?
• In bananas and plantains about 500• In bananas and plantains, about 500 

million base pairs of DNA

ta clone MuG9, genomic, 73268bp
aaatccaatcaatccagatcaatattgatcgggttctg
gacgaagcagtcaaactgatcactaaaattcaatacatgacgaagcagtcaaactgatcactaaaattcaatacat
gagtgctgatttcagaaacttaatcccttctgatagaa
caacttacactaattagtcttaaaactcattaaggttg
ataaatgtcatattacccttccaggtcataaacagcttataaatgtcatattacccttccaggtcataaacagctt
atgctgaagctattggcattacacttagtcttaacttc
tttaacgatatgacaatcaataatgagataggcaaata
aaatgacatttttttgaactctgcagaattagctccta



IRAP diversity in Musa

Teo, Tan, Ho, Faridah, Othman, HH, Kalendar, Schulman 2005 J Plant Biol
Nair, Teo, Schwarzacher, HH 2006 Euphytica
Desai, Maha…, HH et al. in prep.





• Yellow AA; Green ABB; Blue BB; Pink AAB; Orange AAA



Cellulose Synthase
Single Nucleotide Polymorphism SNP





Where does diversity come from?Where does diversity come from?

Th DNA• The DNA
• Single nucleotide changes

– Cellulose synthase
• Deletions/insertions in genesg
• Duplications

– Modifies expressionModifies expression
– Important as gives something for evolution 

to work onto work on
• Regulatory elements





Variety Cavendish
• 15% of banana production worldwide• 15% of banana production worldwide
• The vast majority of export banana to 

t t t itemperate countries
• Controllable ripening but very sensitive p g y

to conditions
• First collected in China in 1826 (Telfair)• First collected in China in 1826 (Telfair), 

Sold to Duke of Devonshire, Chatsworth
Di t ib t d ld id f 1836• Distributed worldwide from 1836

• Became dominant variety in 1960s, y
replacing Gros Michel

• Has various variants: Williams Dwarf CHas various variants: Williams, Dwarf C, 
Giant C, Grand Naine, Robusta, Poyo …



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



Daily 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 
f di I th 1950 B it t diff t b thfrom 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 theto 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 
C di h l t ti i A i I d i T i thCavendish 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 alsoAmerica, 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 foreverThe caveat is that the taste and texture will be changed forever 
and there is likely to be a rise in price.



DSC4009 Maca FOC-R1









• LRRs in Musa compared to reference Rice





MT1 MT2 AW KW

1000 bp

800 bp

600 bp

Primers : MLRR1-F and  MLRR2-R

MT1 and MT2 – Mutiara tolerance to FOC
AW - Pisang Awak
KW – Klutuk Wulung



Zea

sorghum bicolor C CD229420secale cereale C BE588168-inve

wheat-gi|32774289

rice-gi|29616647-inversed

hordeum C BU999438
Musa S 600162152T1Less200

hordeum C BU999438

Arabidopsis



Plant breeding
• Keeping up with changes• Keeping up with changes
• Biotic stress

– New disease races are continuously 
appearing and spreadingappearing and spreading

– Fungi, viruses, bacteria
– Insects, nematodes, weeds …

• Abiotic stressesAbiotic stresses
– Drought/flooding/salt, cold …

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









Drought
R iResponsive
GenesGenes

Differential• Differential 
display of 

b igenes being 
expressed 
from 
droughted 
and watered 
Musa lines



Drought
R iResponsive
GenesGenes

Differential• Differential 
display of 

b igenes being 
expressed 
from 
droughted 
and watered 
Musa lines



Differential DisplayDifferential Display

14 DD-PCR reactions 
sing different arbitrarusing different arbitrary 

and Oligo dT primer 
combinations a total ofcombinations, a total of 
22 differentially 
expressed bandsexpressed bands 
(MDRG)



Expression Analysis i i fExpression Analysis transcription factors

cell division and growth
5% 4% 7%

8%

protein synthesis

novel genes

27%

2%9%

38% other

metabolism9% metabolism

abiotic stress related

cellular communication
and signal transduction

Preliminary data; Dhairyasheel Desai, HH  et al. in prep 2007















The Global Musa GenomicsThe Global Musa Genomics 
Consortium

• To assure the sustainability 
of banana as a staple foodof banana as a staple food 
crop by developing an 
i t t d ti dintegrated genetic and 
genomic understanding, 
allowing targeted breeding, 
transformation and more 
efficient use of Musa 
biodiversityy









Super-domestication:p
The future of banana crops

• Biotic stresses
Abi ti t• Abiotic stresses

• Socioeconomic factors

• all mean current cultivars do not meet• … all mean current cultivars do not meet 
future needs



Super-domestication:p
The future of banana crops

• The genepool has the diversity there 
which can meet these challengeswhich can meet these challenges

Breeders need to get better and faster• Breeders need to get better and faster 

• Banana, has extra challenges
– Staple foodStaple food
– Major income source in many communities
– Sterile plantSterile plant





What have farmers done?
• Increased quality and security, supporting a 

l li d l l tilonger-lived, larger population

A Century of Change:
Trends in UK statisticsTrends in UK statistics
since 1900
UK House of Commons



FAO Statistics 2007

All plant crops with >30M tons 
annual production

excluding sugar cane and ‘other 
vegetables’

People: WHO









50 years of plant breeding 
progress
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UK Wheat 1948-2007
52,909 data points, 308 varieties

From Ian Mackay, NIAB, UK. 2009. Re-analyses of historical series of variety trials: 
lessons from the past and opportunities for the future. SCRI website.



Meat ProductionMeat Production





• What are bananas?• What are bananas?
• What is in banana DNA?What is in banana DNA?

• What is the future for 
banana?

Wh t i th f t f di t• What is the future for diet 
and farmers?and farmers?





United Nations United Nations 
Mill i  D l  G lMill i  D l  G lMillennium Development GoalsMillennium Development Goals

•• Goal 1 Goal 1 –– Eradicate extreme Eradicate extreme Goal 1 Goal 1 Eradicate extreme Eradicate extreme 
poverty and hungerpoverty and hunger

•• Goal 2 Goal 2 –– Achieve universal primary educationAchieve universal primary education
•• Goal 3 Goal 3 –– Promote gender equity and Promote gender equity and •• Goal 3 Goal 3 –– Promote gender equity and Promote gender equity and 

empower womenempower women
•• Goal 4 Goal 4 –– Reduce child Reduce child 

lilimortalitymortality
•• Goal 5 Goal 5 –– Improve maternal Improve maternal 

health health health health 
•• Goal 6Goal 6-- Combat HIV/AIDS, malaria and other Combat HIV/AIDS, malaria and other 

diseasesdiseases
G l 7 G l 7 E s  i t l E s  i t l •• Goal 7 Goal 7 -- Ensure environmental Ensure environmental 
sustainabilitysustainability

•• Goal 8 Goal 8 -- Develop a  global Develop a  global •• Goal 8 Goal 8 -- Develop a  global Develop a  global 
partnership for developmentpartnership for development



Darwin: Final paragraph of “The Origin”Darwin: Final paragraph of The Origin
• It is interesting to contemplate• It is interesting to contemplate …

many plants of many kinds …
from so simple a beginning
endless forms most beautiful andendless forms most beautiful and
most wonderful have been, and

b i l dare being evolved.



The Banana

P t H l H i l tPat Heslop-Harrison     www.molcyt.com
phh4@le.ac.ukp @



2010/11/19 77



Economic growthEconomic growth 

• Separate into increases in inputs
(resources labour and capital)(resources, labour and capital) 
and technical progress

• 90% of the growth in US output 
per worker is attributable toper worker is attributable to 
technical progress

Robert Solow – Economist




