ast, prese
Pat Heslop-Harrison
.molcyt.com

phh@molcvt com ‘ |
UNIVERSITY OF
Februa LEICESTER =
e South China Botanical Garden

'_.-._-ﬁ._'?_'ﬁ_ ‘ _“ | 1929
~ ‘@_'Q_@'_ T % N & Chinese Academy of Sciences
R aY SA 17

p | “ 3
Ss ) g



http://www.biobanana.com/
mailto:phh@molcyt.com

WINE

 Luxembourg
79.5 litres

(175 gal)
By contrast,

! the smallest

- measurable wine
consumer is Egypt,
where the average
yearly wine
consumption
amounts to about

two tablespoons.
o=
[ ===

BREAKFAST
CEREAL
Sweden
10.4 kg (22 Ib 14 02)

BAKED BEANS
United Kingdom

5.3 kg (11 1b 10 02)
In contrast, the USA
consumes just 1.3 kg
(2 Ib 13 0z) of baked
beans per capita.

5’3"2
=1

HONEY
Central African
Republic

3kg (61b 9.7 02)

=

DID YOU KNOW?

The oldest cultivated plant for

food is the Abyssinian banana (Ensete
ventricosum). Historians suggest that
between 4,000 and 7,000 years ago, the
hunter-gatherers of ancient Ethiopia learned
to use this plant as food.

CHOCOLATE
Switzerland
ICE CREAM 11.5 kg (25 Ib 6 02)
Australia This is the equivalent
16.6 litres of each person eating
(3.6 gal) 230 bars weighing 50 g
(1.75 oz) per year.
n SPIRITS
TEA Russia
Ireland 6.2 litres
2.6 kg (51b 14 0z) (1.3 gal)
This equates to
approximately ==
1,184 cups per P
person in one year.
AN

w
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Uganda

* 400 kg/person/year.annual
consumption \

 Matoke of steamed bananas then
mashed










\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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t herb not a tree!

IS a banana

What

Monocotyledon
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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
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“iBanana Plantains Musa

/ (exéllisiVe

20-30kg fruit bunch
O ade | >120Mt fyr -

W Sterile
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Subsistée agriculture
Smallholder farms

Cash crop

Commercial

Year-round production
Eaten by all ages of people
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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, Kera.la, India



Wild banana

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




Musa
(ABB)

*l

=

Musa‘Williams Cavendish""
(AAA)

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




What is a genome??
In bananas and plantains, about 500
million base pairs of DNA

ta clone MuGY9, genomic, 73268bp st
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Yellow AA; Green ABB; Blue BB; Pink AAB; Orange AAA(; |5
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F ACE consensus sedquence alignments with reference BAC sequence
a
BAC Ref MA4 64CE2 CCATAGGGTTGAAGCTCCTGTTTCTAATATGAAAGTACCGATTATLLTTT
Calcuttad CCATAGGGTTGAAGC TCC TG TTTC TAATATGAARGTACCGATTATALTTT
Mala Allele 1 CCATAGGGTTGRAGC TCC TG TTTC TRAATATGAARGTACCGATTATALTTT
Mala Allele = CCATAGGGTTGAAGC TCC TG TTTC TAATATGAARGTACCGATTATALTTT
Fahang illele 1 CCATAGGGTTGAAGC TCC TG TTTC TAATATGAARGTACCAATTATALTTT
Pahang Allele 2 CCATAGGGTTGAAGC TCC TG TTTC TAATATGAARGTACCGATTATALTTT
Fahang Doul Hap CCATAGGGTTGAAGC TCC TG TTTC TAATATGAARGTACCAATTATALTTT
51

Miq p4CZZ CAGCTGTACARTAATTARAGARGAGCCTACCAATTCCTAGACCTTTGTGT
C310TF CAGCTGTACARTAATTARAGARGAGCCTACCAATTCCTAGACCTTTGTGT
MaladsTF CAGCTGTACARTAATTARAGARGAGCCTACCAATTCCTAGACCTTTGTGG
Mala allele: CAGCTGTACARTAATTARAGARGAGCCTACCAATTCCTAGACCTTTGTGT
FahOeTER CAGCTGTACARTAATTARAGARGAGCCAACCARATTCCTAGACCTTTGTGT
Fahl39TR CAGCTGTACARTAATTARAGARGAGCCTACCAATTCCTAGACCTTTGTGT
FDHOVTEF CAGCTGTACARTAATTARAGARGAGCCAACCARATTCCTAGACCTTTGTGT
101
Miq p4CZZ ACAGECCCTTGTTC TCATG TCAATGCAC AR AGGATGCACCTCAACACACA
C310TF ACAGECCCTTGTTC TCATG TCALATGCACARAGGATGCACCTCAACACACA
MaladsTF ACAGECCCTTGTTC TCATG TCAATGCAC AR AGGATGCACCTCAACACACA
Mala allele: ACAGECCCTTGTTC TCATG TCALATGCACARAGGATGCACCTCAACACACA
FahOeTER ACAGECCCTTGTEC TCATG TCAATGCAC AR AGGATGCACCTCAACACACR
Fahl9TR ACAGGCCCTTGTTC TCATG TCALATGCAC AR AGGATGCACCTCAACACACR
FDHOVTEF ACAGECCCTTGTEC TCATG TCAATGCAC AR AGGATGCACCTCAACACACR
151
Miq p4CZZ AL A T CAGTTGAC TCATC TATACTTGGCC TAAATTGGACGGACTTGG
C310TF CCALACTCCAGTTGACTCATC TATACTTGGCC TARATTGGACGGACTTGG
MaladsTF AL A T CAGTTGAC TCATC TATACTTGGCC TAAATTGGACGGACTTGG
Mala allele: AL A T CAGTTGAC TCATC TATACTTGGCC TAAATTGGACGGACTTGG
FahOeTER AL A TCCAGTTGAC TCAGC TATACTTGGCC TAAATTGGACAGACTTGG
Fahl39TR AL A T CAGTTGAC TCATC TATACTTGGCC TAAATTGGACGGACTTGG
FDHOVTEF AL A TCCAGTTGAC TCAGC TATACTTGGCC TAAATTGGACAGACTTGG
200
Miq p4CZZ TAGGACTTGACC TAATTTGGTCAAGC TGGGACARATTGACCAATTCCARC
C310TF TAGGACTTGACC TAATTTGGTCAAGC TGGGACARATTGACCAATTCCARC

M= 1~ CTT

TAaSTSATTTT AT TTT TR AT AT AR AT AT A ATTT T AT



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 ...



N -

ros Michel in
Fusarium (Panama
disease) trial in
Malaysia



Follow the Food

Daily Telegraph

No 1 banana could face extinctic
Roger Highfield, Science Editor

The most popular type of banan:
from disease. In the 1950s, Britc
Gros Michel but it was wiped oul

Now the Cavendish could follow
to which it was supposed to be i

plants SO far, the new, moreag! By Louise Gray ;I‘hebananatea?uiv;len.ttotﬁoYicI;i-IQtis s;preading
disease - TR4 - has not reached changs how the world's most widely saten fruit
Latin America or Africa butitis s is farmed and even how it could taste.
Cavendish plantations in Asia - | -

w er disease turns up out of the blue. It moves

provinces of China and Malaysie.

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. ~












RECOGNITION AND RESPONSE IN THE
PLANT IMMUNE SYSTEM

Zachary et al.; Annu. Rev. Genet. 2003. 37:579-609

Cf-2,4,-5,-9
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Cytogenet Genome Res 121:59-66 (2008)
DOI: 10.1159/000124383

Cytogeneticand
nome Research

Genomes, diversity and resistance gene
analogues in Musa species

M. Azhar J.S. Heslop-Harrison

Abstract. Resistance genes (R genes) in plants are abun-
dant and may represent more than 1% of all the genes. Their
diversity is critical to the recognition and response to attack
from diverse pathogens. Like many other crops, banana and
plantain face attacks from potentially devastating fungal
and bacterial diseases, increased by a combination of world-
wide spread of pathogens, exploitation of a small number of
varieties, new pathogen mutations, and the lack of effective,
benign and cheap chemical control. The challenge for plant
breeders is to identify and exploit genetic resistances to dis-
eases, which is particularly difficult in banana and plantain
where the valuable cultivars are sterile, parthenocarpic and
mostly triploid so conventional genetic analysis and breed-
ing is impossible. In this paper, we review the nature of R
genes and the key motifs, particularly in the Nucleotide
Binding Sites (NBS), Leucine Rich Repeat (LRR) gene class.
We present data about identity, nature and evolutionary di-
versity of the NBS domains of Musa R genes in diploid wild

species with the Musa acuminata (A), M. balbisiana (B),
M. schizocarpa (S), M. textilis (T), M. velutina and M. or-
nata genomes, and from various cultivated hybrid and trip-
loid accessions, using PCR primers to isolate the domains
from genomic DNA. Of 135 new sequences, 75% of the se-
quenced clones had uninterrupted open reading frames
(ORFs),and phylogenetic UPGM A tree construction showed
four clusters, one from Musa ornata, one largely from the B
and T genomes, one from A and M. velutina, and the largest
with A, B, T and S genomes. Only genes of the coiled-coil
(non-TIR) class were found, typical of the grasses and pre-
sumably monocotyledons. The analysis of R genes in culti-
vated banana and plantain, and their wild relatives, has im-
plications for identification and selection of resistance genes
within the genus which may be useful for plant selection and
breeding and also for defining relationships and genome
evolution patterns within the genus using the multi-copy
and variable resistance genes.  Copyright © 2008 S. Karger AG, Basel




Table 9 Response of some banana cultivars to Fusariym oxysporym f.osp. cubense (FOC)

_ | Disease Reaction
Cultivars Genome
| FOCRace 1 | FOC Race 4

IPisang Mas LoAA | T | S
Pisang Lemak Manis CAA | T | T
Pisang Jari Buaya CoAA R | R
|Pisang Eerangan | ALA | 5 | WS
Pisang Embun L AAA | VS | VS
IPisang Udang L AAA | S | S
(Grand Naine L oAAs | R | S
|GCTCV215-1 CAAA | R | T(?)
Pisang Serendah L AAA | R | T
IPisang Rastali | AAB | VS | VS
Mutiara (selected P. Rastali) L AAB | T | T
[Pisang Seribu . AAB | S | S
[Pisang Raja . ASB | S | S
Pisang Relong L AAB S | S
Pisang Nangka . AAB | S | S
Pisang Awalk | ABB | T | S
Pisang Tanduk . ABB | S | S
Pisang Abu Keling EE T | T
Pisang Abu Nipah | ABBB | S | S
|Gold Finger | AAAB | R | T

R resistant T ftolerant S susceptible: VS very susceptible.
o

— b

Primers : MLRR1-F and MLRR2-R

1 and MT2 - Mutiara tolerance to FOC
isang Awak s



Drought
Responsive
Genes

 Differential
display of
genes being.
expressed
from
droughted
- and watered




Drought
Responsive
Genes
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Differential Display

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




Expression Analysis @ transcription factors

M cell division and growt
8% 5% 4%

7%

O protein synthesis

O novel genes

38% 27% B other

9% 2% O metabolism

B abiotic stress related

O cellular communicatior
and signal transductio

Preliminary data; Dhairyasheel Desai, HH ef al.
—_— ~ —
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Double-stranded DNA
ParaRetrovirus (Badnavirus)
Harper & Hull 1998 Virus Genes

£44d0



yr Copies of Banana Streak Virus in Banana




DNA Fibre Hybridization




Nuclear Copies of BSV in Banana

Harper, HH et al., Virology 1999 ...



Linear BSV genome

Scaffold 49
Scaffold 58

Scaffold 290

Scaffold 8

Scaffold 5

Scaffold 30

Scaffold 305

Scaffold 113

Scaffold 11

Scaffold 183

Scaffold 191

Scaffold 38

Scaffold 181
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« 1800 771 163

BANANA FRECKLE HOTLINE

HOTLINE IS OPEN 7 DAYS A WEEK

During the period of
the banana freckle
response no banana
plant material may be
moved within, or out of
Control and
Restricted Areas.

Do not move home grown
bananas including fruit

Font Size: 'S |M| L

How to detect Banana Freckle

The most characteristic symptom of banana freckle is a sandpaper feel to the
infected leaves and fruit when rubbed between your fingers. This is caused by
the fungal spore structures sticking through the upper leaf surface of the leaf
tissue or fruit peel.

DOWNLOAD INFORMATION

Please check your banana plants for banana freckle and if you suspect it
is present call the
Banana Freckle Hotline on 1800 771 163, 7 days a week

DO NOTATTEMPT TO DESTROY OR REMOVE THE BANANA PLANTS
YOURSELF!

Help make the NT banana freckle free!
Call 1800 771 163 | 7 Days a week
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SUMMARY OF THE GLOBAL STRATEGY

FOR THE CONSERVATION AND USE OF
MUSA GENETIC RESOURCES

A consultative document
prepared by the Global
Musa Genetic Resources
Network (MusaNet)

: ' J
| Specnal apprecnatlon is expressed to the followmg contnbutors of the Global Strategy,

» L$J L o butors i L b ~1-"~ i:.‘,,; _umeesawew |
16 Edson Perito Amorim (EMBRAPA) 47. M/guel Dita (EMBRAFA)
A 1S l ’ \ % 17. Ehsan Dulloo (Bioversity International) 48. Nicolas Roux (Bioversity International)
M u S a ! NC nﬂy 18. Eldad Karamura (Bioversity International) 49. Pat Heslop-Harrison (University of Leicester)
'""”‘"'"" CGIAR 19. Emmanuel Fondi (CARBAP) 50. Phong Ngé Xuén (FAVRI)
20. Ferdinand NGEZAHAYO (IRAZ) 51. Rachel Chase (Bioversity International)
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GOLLEGTION, GONSERVATION AND
EVALUATION OF BANANA GERMPLASM

No.OF ACCESSIONS -256
No.OF PLANTS/ACCESSION - 5
SPACING- 2x2.5m.
DATE OF PLANTING - £23.102006.
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nomics.orgfindes:, php?id=3a

¥ | Go +-@ <D ﬁ + [~ ® <% bookmarks— Eﬁblncked Il:’;'Chlﬁu:k + % Autolink $_|P.ut-:|FiII BSend ko &

GG €2 Clobal Musa Genomics Coneortium

¢+ About GMGC :  Genome resources : Research . Projects | Mews . Contacts . Links . Members
| | Q home > Research > Genetic diversity
S't M N N
— Genetic Diversity
Pham-j.m[% 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
q. GMGE is an for hacteria and viruses and all warieties that tested negative are available for distribution.

r’ \ mitiative of

Biovessity There is a very good knowledge of the structure of the Musa species complex based on
Intemational | o eoholpgical - descriptors as well as  molecular markers for the  chioroplastic,
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

e Analysis of nuclear genome size in Musa and Ensefe (IEB)
« Evaluation of genome identity and constitution of Philippine Musa Cultivars (especially the Balbisiana group) through
Lo L TOHTTEL ™, ['v]




Strategy for the Global

The Global Musa Genomics

enomics Consortium -
;ﬂ:;;mmmm Consortium
%&_;s. » To assure the sustainability
Ly of banana as a staple food
2 ?.;’é_% crop by developing an
r Y Integrated genetic and
q;,«/f‘/ﬂ genomic understanding,
1{‘? ) Musa allowing targeted breeding,
1{,{5 -y BENOMICS . 4ransformation and more
d‘ \ efficient use of Musa

%I'La
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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



52 years of plant breeding progress

1.2E+09

1E+09 ,

800000000

600000000 /"‘Q_\/\j
400000000 \/ \/J

/ —=\aize
_/_/ Rice, paddy
200000000

=\\/heat
Population /10

1961 1970 1980 1990 2000 2010



> 38 per-dg mestication:
| of banana Crops




" FINANCIAL TIMES

From Prof Donald Braben and others.
- Sir, We the undersigned scientists

~ write to draw attention to a neglected
| / aspect of the current economic crisis.
Robert Solow won the Nobel Prize in
economics in 1987 for his 1950s
discovery that technical change was
the biggest source of growth, a
discovery that seems to have been
forgotten.

Scientific advances are not
predictable.

JUULVELSILY, INUDTL laultale
Pat Heslop-Harrison, University of
3Leicester

y Q4nvra ITavxrdla TTnivvorcity nf




Super-domestication:
Challenges for the future of

* Biotic stresses

* Abiotic stresses

« Sustainability

* Production and climate
» Socioeconomic factors

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

e ... but there are solutions
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"EU Health & Food

Commissioner
European Parliament Vytenis
'REPORT 10 May 2016 Andriukaitis

on technological solutions for sustainable agriculture in the EU
(2015/2225(INI))
Committee on Agricuiture and Rural Developme
Rapporteur: Anthea Mcintyre

A

European Parliament

2014-2019 TEXTS ADOPTED
Provisional edition

P8_TA-PROV(2016)0251
Technological solutions for sustainable agriculture

European Parliament resolution of 7 June 2016 on technological solutions for

sustainable agriculture in the EU (2015/2225(INI))

The European Parliament,

- having regard to the Treaty on the Functioning of the European Union (TFEU), in
particular Articles 11, 114(3), 168(1) and 191 thereof,

.y



Department
for Environment
, Food & Rural Affairs

|

Consultation Hub  Find Consultations We Asked, You Said, We Did

The regulation of genetic technologies

| Overview Closes 17 Mar 2021

This consultation is about the regulation of genetic technologies.

It mainly focuses on the regulation of gene edited (GE) organisms possessing
genetic changes which could have been introduced by traditional breeding.
This is covered in part 1 of the consultation.

In part 2 of the consultation, we are using this opportunity to engage
separately and start gathering views on the wider regulatory framework
governing genetically modified organisms (GMOs).

Depending on the results of part 1, Defra may change the legislation to amend
. the definition of a GMO as it applies in England. Currently GMOs are defined in
section 106 of the Environmental Protection Act 1990[1]. This would mean




 \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 “I'he Origin”

being evolved.
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It is Interesting to contemplate

many plants of many Kkinds ... from
so simple a beginning endless
forms maost beautiful and most
wonderful ‘have been, and are
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The Banana

Pat Heslop-Harrison “Wwiaemelcyt.com

phh4@le.ac.uk
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Cavendish : most common| = &
banana cultivar

2n=3x=33; AAA genomes




 Aerial spraying to control disease in banana
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Retroelement Markers

Insertion
LTR Refrofransposon LTR
TRAP - InterRetroelement PCR
3 LTR Retrotransposon . LTR
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a7, M. acuminata
. M. acuminata

B. M. acuminata
7. Moacuminata

0. AARB
20, M. acuminata

21. M. balbisiana
4. M. bulbisiana

5. M. bulbisiana
45 ALH

a9 M. balbisiana
4. M. bablisiana

pecies. Teo, Schwarzacher et al.




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

do0i:10.1038/naturell241

The banana (Musa acuminata) genome and the
evolution of monocotyledonous plants

Angélique D’Hont'*, France Denoeud”**#, Jean-Marc Aury?, Franc- Christophe Baurens', Francoise Carreel'”, Olivier Garsmeur',
Benjamin Noel?, Stéphanie Bocs', Gaétan Droc!, Mathieu Rouard®, Corinne Da Silva?, Kamel Jabbari**#, Céline Cardi',

Julie Poulain®, Marléne Souquetl, Karine Labadie?, Cyril Jourdal, Juliette Lenge]lél, Marguerite Rodier-Goud', Adriana Alberti®,
Maria Bemarcl2 Margot Correa?, Saravanara %A}ryampalayam Michael R. Mckain’, Jim Leebens- Mack7 Diane Burgess®,

Mike Freeling®, Didier Mbéguié-A- Mbegme Matthieu Chabannes®, Thomas ‘J'chker1 Olivier Panaud'!, Jose Barbosa",

Eva Hribova', Pat Heslop-Harrison'®, Rémy Habas5 Ronan Rrva]lan Philippe Francms Claire Poiron’, ﬁmd:zej Kilian'4,
Dheema Burthial, Christophe Jenny, Frédéric Bakryl, Spencer Brown's, Valentin Gujgnc:unl"5 Gert Kema'®, Miguel Dita'®,

Cees Waalwijk'®, Steeve Joseph', Anne Dievart!, Olivier Jaillon***, Julie Leclercq Xavier fﬂslrg;}ut1 Eric L'yons” Ana Almeida®,
Mouna Jeridi', Jaroslav Dolezel'?, Nicolas Roux®, Ange-Marie Risterucci', Jean Weissenbach®>*, Manuel Ruiz!,

Jean-Christophe Glaszmann', Francis 'i_}}ruetlerlEt Nabila Yahiaoui' & Patrick Wincker™>*

Bananas (Musaspp.), including dessert and cooking types, are giant  sequence errors. The assembly consisted of 24,425 contigs and 7,513
perenmal monomtylednnous herbs of the order ng1berales a scaffolds with a total length of 472.2 Mb, whlch represented 90% of
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Oryza sativa Arabidopsis thaliana
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Sorghum bicolor
: 34,496 / 27,397
Musa acuminata

36542 / 24 429  Brachypodium distachyon
25,532 /21,368
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Phoenix dactylifera
28,889 / 19,027
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and some centromeres

Highly amplified
inother Musa genomes

M. balbisiana ‘Butuhan’ M. ornata

M. accuminata
ssp. Banksii




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

(copia)
elements

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

(9ypsy)
elements

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



MuTR repeats

|‘r 0
Now me

l pjc(f ne | JQ;/

(\



Methylation sensitive PCR analysis
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CCGG

»Methylatlon sensitive enzyme (Hpall, BstNI)
site methylated: amplification as uncut
site not methylated: no amplification



Methylation
sensitive
PCR

Metaviridae (Gypsy)

Reverse transcriptase domain

Flanking sequences

(using outward facing LTR primers)




MuTR repeats

Metaviridae
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Cretaceous Tertiary

0.26 Monocotyledons

0.04

Oryza sativa

927 Brachypodium distachyon - Poales

0.80

0.30

0.22

Sorghum bicolor

L

SR Zingiber officinale

- Zingiberales

,_
Commelinids

0.29

Musa acuminata

0.33 8 Phoenix dactylifera

j. Arecales

-

0.66

Asparagus officinalis.

0-76  Acorus americanus

0.39

0.81

0.47 [

| i |
75 50
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125 100

D’Hont et al. Nature 20
doi:10.1038/nature112
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