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Uganda
• 400 kg/person/year annual 

consumption

• Matoke of steamed bananas then 

mashed

From www.synesthete.com



• World Banana Production

• Almost all tropical

• India: 30Mt but no export

• “Banana economy” is praise





What are bananas?

What is in banana DNA?

What is the future for banana?

What is the future for diet and 

farmers?



What is a banana?
Musa – Musaceae – Zingiberales

Monocotyledon – Giant Herb (grass not tree!)

1.1 Banana – Taxonomic position

Zingiberales Order Bed, National Botanic Garden of Wales, 2006



Ensete ventricosum 2nd genus in Musaceae

enset, ensete, false banana

Staple food in Ethiopia



What is a banana?

Monocotyledon – giant herb not a tree!

 ✓



Banana Evolution

• Cultivars: sterile, 

parthenocarpic clones

• In the wild, all fruits have a 

seed (only in last decade for 

lemons, limes, watermelon; not 

olive yet)

• Bananas introduced with 

farming: domesticated, along 

with other major crops and 

animals, 8000-10000 years ago











Banana Plantains Musa

1-7 year plantation

Vegetatively propagated

(exclusively)

85% used as local staple

20-30kg fruit bunch

>120Mt /yr

Sterile



• Subsistence agriculture

• Smallholder farms

• Cash crop

• Commercial

• Year-round production

• Eaten by all ages of people



Cultivated 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)

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



Wild banana

Musa acuminata ‘Calcutta 4’

AA genomes, 2n=2x=22

One genome and 11 

chromosomes from mother

Other genome and 11 

chromosomes from father



Florescent in situ hybridization:

An A-genome specific hAT in

three Musa hybrids (2n=3x=33)

located on A-genome

chromosomes.

Musa ‘Williams Cavendish’ 
(AAA)

Musa
(ABB)

Musa
(ABB)



>AY484588 Musa acuminata clone MuG9, genomic, 73268bp

gggatccaacctgttttctaggaaatccaatcaatccagatcaatattgatcgggttctg

atctatgcgctgaggaatatgtgacgaagcagtcaaactgatcactaaaattcaatacat

actcagtccaagttatgaaggggagtgctgatttcagaaacttaatcccttctgatagaa

cccaagaatttctattgcatcccaacttacactaattagtcttaaaactcattaaggttg

agctatttaaacattctaagtaataaatgtcatattacccttccaggtcataaacagctt

agaccaaacacaaaagcaaataatgctgaagctattggcattacacttagtcttaacttc

atgttatctctgacaaggcaaatttaacgatatgacaatcaataatgagataggcaaata

aaaaacaatatcttaaagacaaaaatgacatttttttgaactctgcagaattagctccta

aatgcaagaagaggcacatctatcctttagtgaatgcagacaaggaatcagtaaccactg

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

million base pairs of DNA



DNA diversity in Musa

Teo, Tan, Ho, Faridah, Othman, HH, Kalendar, Schulman 2005 J Plant Biol

Nair, Teo, Schwarzacher, HH 2006 Euphytica





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



Cellulose Synthase

Single Nucleotide Polymorphism SNP





Where 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





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, 

replacing Gros Michel

• Has various variants: Williams, Dwarf C, 

Giant C, Grand Naine, Robusta, Poyo …



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



Daily Telegraph
• No 1 banana could face extinction

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.







DSC4009 Maca FOC-R1





• LRRs in Musa compared to reference Rice





MT1 MT2 AW KW

Primers : MLRR1-F and  MLRR2-R

1000 bp

800 bp

600 bp

MT1 and MT2 – Mutiara tolerance to FOC

AW - Pisang Awak

KW – Klutuk Wulung



Drought

Responsive

Genes

• Differential 

display of 

genes being 

expressed 

from 

droughted 

and watered 

Musa lines



Drought

Responsive

Genes

• Differential 

display of 

genes being 

expressed 

from 

droughted 

and watered 

Musa lines



Differential Display

14 DD-PCR reactions 

using different arbitrary 

and Oligo dT primer 

combinations, a total of 

22 differentially 

expressed bands 

(MDRG)



Expression Analysis

5% 4%
7%

27%

2%9%

38%

8%

transcription factors

cell division and growth

protein synthesis

novel genes

other

metabolism

abiotic stress related

cellular communication

and signal transduction

Preliminary data; Dhairyasheel Desai, HH  et al.







BSV Banana Streak Virus





Nuclear Copies of Banana Streak Virus in Banana



DNA Fibre Hybridization



Nuclear Copies of BSV in Banana

Harper, HH et al., Virology 1999 …



D’Hont, PHHet 
al. Nature 2012 

doi:10.1038/natu

re11241



How to control disease 
in banana?



Biosecurity 













• Rouging and burning banana plants infected with Banana Bunchy  Top Virus













The Global Musa Genomics 

Consortium

• To assure the sustainability 

of banana as a staple food 

crop by developing an 

integrated genetic and 

genomic understanding, 

allowing targeted breeding, 

transformation and more 

efficient use of Musa 

biodiversity



Plant breeding
• Keeping up with changes

• Biotic stress

– New disease races are continuously appearing and 

spreading

– Fungi, viruses, bacteria

– Insects, nematodes, weeds …

• Abiotic stresses

– Drought/flooding/salt, cold …

• Sustainability - inputs

• Socio-economic changes

– More people to feed on less land

– Urbanization of population
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52 years of plant breeding progress

Agronomy

Genetics

New breeding



Super-domestication:

The future of banana 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

– Export has transport/ripening requirements





Super-domestication:

Challenges for the future of banana

• Biotic stresses

• Abiotic stresses

• Sustainability

• Production and climate

• Socioeconomic factors

• … all mean current cultivars may not meet 

future needs

• … but there are solutions





EU Health & Food 

Commissioner 

Vytenis 

Andriukaitis





• What are bananas?

• What is in banana DNA?

• What is the future for 

banana?

• What is the future for diet 

and farmers?



Charles Darwin

The final sentences of “The Origin”

It is interesting to contemplate …

many plants of many kinds … from

so simple a beginning endless

forms most beautiful and most

wonderful have been, and are

being evolved.
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Wild diploid banana

Cavendish : most common

banana cultivar

2n=3x=33;  AAA genomes



• Aerial spraying to control disease in banana





Retroelements
Sequences which amplify through an RNA intermediate

•50% of all the DNA!



Retroelements

• Homologous BAC sequences from Calcutta 4 Homologous over the 
full length

• except for a 5kb insert

• a Ty1-copia retroelement
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Sr. No. Primer Pairs Product Size 
(bp)

Sequence

1. hAT18486
hAT19037

560 ACCCACCTGGCTCTTGTGTC
AGCGAATGTGTTTTGACCAC

MBP 81C12 (M. balbisiana) x MA4 82I11 (M. acuminata) BACs.

Musa balbisiana (MBP 81C12)
M
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1
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hAT 1
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Dot plot showing the complete Inverted 
repeat. 



Retroelement Markers

Retrotransposon LTRLTR

Retrotransposon LTRLTR

RetrotransposonLTR LTR

Retrotransposon LTRLTR

Insertion

IRAP – InterRetroelement PCR

Retrotransposon LTRLTR

RetrotransposonLTR LTR



“Fingerprint” gels showing diversity in 
different banana varieties
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Phylogenetic analysis of Musa genomes – separating species. Teo, Schwarzacher et al.



Diploid 2n=2x=22 Musa / banana metaphase probed red with transposable element





Timing of LTR Retrotransposon insertion in Musa

Red 0 to 2 Mya, yellow 2 to 4 Mya, green 4 to 6 Mya and blue older

D’Hont et al. 2012 



The Banana Genome
• Seven countries + international organization coordinated by Angelique D’Hont -

France (CIRAD, Genoscope)



• 523 Mb DH-Pahang genome size (flow cytometry)

• 27.5 million Roche/454 single reads 16 x coverage

• 2.1 million Sanger reads 4 x coverage

• 50.3 x of Illumina data

• 54 BAC sequences (1%)



A D’Hont et al. Nature 000, 1-5 (2012) doi:10.1038/nature11241

Six-way Venn diagram showing the distribution of shared gene

families (sequence clusters) among M. acuminata, P. dactylifera,

Arabidopsis thaliana, Oryza sativa, Sorghum bicolor and Brachypodium

distachyon genomes.



The Global Musa Genomics 
Consortium

 To assure the sustainability of banana 
as a staple food crop by developing an 
integrated genetic and genomic 
understanding, allowing targeted 
breeding, transformation and more 
efficient use of Musa biodiversity



C.H Teo and Schwarzacher



C.H Teo and Schwarzacher

10 m

Fibre-
ISH

MuTR is organised as tandem repeat

Present in many 

Musa species as 

ladder with a  220bp 

monomer plus 

degenerations



6605001 100 200 300 400 600

DdeI DdeI

BstNI,

ScrFI

HpaII,

MspI

DdeI DdeI

BstNI,

ScrFI

HpaII,

MspI

DdeI

BstNI,

ScrFI

HpaII,

MspI

DdeI DdeI

63bp box
with  90% homology to the LTR region of the 
Monkey retrotransposon sequence (M. acuminata
‘Grande Naine’; AF143332), a member of genus 
Chromovirus of Metaviridae element family

This box is responsible for the PCR amplification

C.H Teo and Schwarzacher

MuTR is organised as tandem repeat



MuTR, 220bp tandem repeats are located at NORs
and some centromeres 

Absent or very low copy 
In B, A and O genome

Some amplification
in variant A genomes

Highly amplified 
in other  Musa genomes

M. accuminata 

ssp. Banksii

M. balbisiana ‘Butuhan’

M. schizocarpa

M. ornata

NORs

NORs



NORs

10 
m

PCR using outward 
Metaviridae LTR & 18S rRNA
primers

18S-
5R

18S-
3F

IGS
18
S

5.8
S

25
S

5’ETS ITS
1

ITS
2

3’ETS

MuTR

MuTRs & Metaviridae (Monkey LTRs) found
In IGS and ITS of the 45S rRNA

C.H Teo and Schwarzacher



Functional aspects of the Musa repeats

• DNA methylation

• Expression

• Silencing



10 m

DNA methylation is unevenly distributed on 
Musa chromosomes 

Pseudoviridae
(copia) 
elements

in methylated
regions, but also 
in some low 
methylated
regions (arrows) 

5MeC



10 m

C.H Teo and Schwarzacher

5MeC

DNA methylation is unevenly distributed on 
Musa chromosomes 

Metaviridae
(gypsy) 
elements

in methylated
regions, but also 
in some low 
methylated
regions (arrows) 



10 m

MuTR repeats

are located both at the 
high and low methylated
part of the NOR

C.H Teo and Schwarzacher

DNA methylation is unevenly distributed on 
Musa chromosomes 



Methylation sensitive PCR analysis

C.H Teo and Schwarzacher

CCGG                CCNGG

Methylation sensitive enzyme (HpaII, BstNI)

site methylated: amplification as uncut

site not methylated: no amplification

Compare the 

methylation 

sensitive 

enzymes with 

uncut lane

Site present,  methylated
Some sites

No sites

Uncut: amplification

Methylation in-sensitive enzyme (MspI, SCrFI) 

site present: no amplification

site not present: amplification as uncut



Many CG sites: methylated

Many CNG sites: some methylated

MuTR
Methylation 

sensitive 

PCR

CNG   CG

PA 

(ABB)

PKW 

(BB)

Metaviridae (Gypsy)

Flanking sequences
(using outward facing LTR primers)

Reverse transcriptase domain

CG sites are not present

some CNG sites present and methylated

CG sites are not present

CNG sites present and methylated

Is methylation low because no Cs are available?

C.H Teo and Schwarzacher



MuTRs repeats are visible in the extended part of 
the 45S rDNA array

MuTR repeats 

Metaviridae 10 
m

C.H Teo and Schwarzacher







Cavendish : the most common dessert 
banana cultivar

2n=3x=33;  AAA genomes

Sequence July 2012; d’Hont, HH et al.



Timing of whole-genome duplications relative to speciation

events within representative monocotyledons and eudicotyledons.

D’Hont et al. Nature 2012 

doi:10.1038/nature11241




