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Exploraciénly aprovechamiento de la diversidad del
banano para el desarrollo de variedades con
resistencia a enfermedades limitantes

Fernando A. Garcia-Bastidas PhD

Lider programa mejoramiento Banano— KeyGene
Wageningen - Netherlands
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Cavendish

‘Grand Naine’
‘Williams’
‘Valery’

~ 50 more....
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~ Mas de 1200 variedades
_ 650 Cultivares triploides

290 Cultiaves diploides
Hibridos 22?2

Lescot., 2019 180 especies silvestres
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Diploides Comestibles
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‘5-minute’ ‘Talasea’ ‘Ruhuvia Chichi’

Photos by Smith GS
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Photos by Smith GS
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longipetiola

malaccens:s
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; . rutilifes
breviformis f
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Photos by Fajar Ahmad — F. Garcia Bastidas

bantamensis

\ I/ Y v /1 L Z \\ I/ v 1\ /I L




I YA/ 1 N S N NS b . QY AV ) N N S N AV ) S N R \| - -

) FORO BANANERDO

/) cebD2c

Genero Musa
l [ I l
I
| 1 ) )
S e C ti O n Australimusa Callimusa Eumusa Rhodochlamys
=10 X=10 X=11 =11
l ! |
) )
Musa acuminata J Musa balbisiana }

Musa textilis Musa beccarii Musa acuminata l Musa balbisiana Musa velutina
Domestication Ed[_)b?TeStlcatlp? < 15 ?
. T ible banana varieties
Bakry et al., 2009 Edible clones : Fe'is
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Musa acuminata (AA) Musa balbisiana (BB)

Pisang Mas (AA) Cavendish (AAA) Kepok (ABB)
AB, ABB, AAAA, ABBB....

Maryani ., 2019
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#TheHistoryOfTheBanana

Intrasubsgfecific -
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Diploid wild types
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Cavendish & la produccion sosteniblée
Bajo amenaza

(( FORO BANANERD

Farm production, cost distribution —
(Costa Rica 2012 — planting to warehouse)

7

Black Sigatoka (Pseudocercospora fijiensis)

13
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Collapsed and
distorted vessels
in Infected

) pseudostem

Host response
to Foc infection

A'

Xytem vessels
€ Preudostom in haakhy stom

¥ Formation of gums
¥ or tyloses in vessels

Mycolium in vascular issues
and adjacent cells

Conidia produced in xylem vessels of
banana host and rapidly distributed
through the transpiration system

Fungal growth
theough the
cortex to the

opidermis Vascular occhusions.

strengthened by
Mycelum or germ-tubes ) phenolic compounds
attack roots of banana production

host |

&

9
« 4 o
P Plant leaves collapse.
§ wilt then dies
Chlamydospores ¢ -
germinate due to & o -,
= release of plant b §
ro0t exudates
Conidiospores (micro and macro) and
chlamydaspores in the soil -- access to the
Lateral root infections through the germ banana host via the rot tip or wounds in Spores in the dead banana

tube from chlamydospores

the roots plant return to soll

Salacinas et al., 2019

© J. Vargas, Uratib
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TR4-Cavendish
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-USARIUM RAZA 4 TROPICAL
DE PROBLEMA LOCAL A UNA
PANDEMIA

Mal de Panama versidn 2.0
Tropical Race 4
Cavendish = Susceptible

2013 (5 paises)-2022 (>20 paises)

“ Banana-producing countries "
@ Eden Project’s indoor rainforest biome A Tropical race 4 Map produced by ProMusa (21/04/2021)

1990 s+ 2022
Spread of TR
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Que hacer?

PANAMA DISEASE
IN BANANA

Spread, Screens and Genes

Fernando A.
Garcia-Bastidas
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Contrel =Management

Escenario 1 Quarantine

and
exclusion

Genetic Biological

control ) control

Control

Management
strategies

L
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Cultural Chemical

control R control
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* Genotipos pre-existentes

 Mejoramiento Clasico

* Mejoramiento no convencional
 Mutagénesis
* GM -GE

FORO BANANERD
—{n -

:" \, .

Quarantine
and
exclusion

Genetic ' Biological

control control

Management
strategies

Cultural Chemical

control - control
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Resistencia de la coleccion global de Musaceas
(bananay platano) contra Fusarium spp. Race 1y TR4

~ CORBANA

EETAS

WAGENINGEN

EEEEEEEEEEEEEEEEEEE

Panama Disease in Banana: Spread, Screens, and Genes, Garcia., 2019



http://fhia.org.hn/
http://www.rahan.co.il/?page_id=6&lang=en
http://www.banana.org.tw/default.aspx
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UNIVERSITY & RESEARCH

mproved protocols

2022

A METHad of spore producTion
S ann £ o Fusarium spp.
(.
y Ll Method for Fusarium
sporulation (Panama Disea...
Phenotyping banana
e - plants
for resistance to

Fusarium Spp.
o (Panama Disease)

Evaluation of Banana Plants
for Resistance to Tropical...

You TR

Injuring

O]
' ,_

Garcia-Bastidas et al, 2019
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UNIVERSITY & RESEARCH

Screenings for resistance (R1-TR4) 022

Hybrids Wild types

14.29 wlﬁ

'AABB (Kunnan T) 2 x AA(w or cv) 2 sweet acid AAB hybrids

X
L9: AAB hybrid
lDNllQ v Rose: X17: AAB hybrid
nnnnn T: susceptible IDN110: resistant ;::::T:Racei :::n:::':d
Suscept. to TRA Race 1 and TR4 . US A INISAV
Garcia-Bastidas F, Bakry F, Irish B & Kema K. 2019 {A’\ D ‘ cira d N1,

Investigaciones
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DIFERENTIAL FUSARIUM WILT DISEASE
REACTION OF BANANA (MUSA SPP.)

FORO BANANERD
e02e

Cavendish

Gros Michel

Differential responses of banana cultivars ‘Grand

Naine’ and ‘Gros Michel’ after inoculation with race
1 and TRA4.

Panama Disease in Banana: Spread, Screens, and Genes, Garcia., 2019
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DIFERENTIAL FUSARIUM WILT DISEASE REACTION m:\ Bl i |

OF BANANA (/\/I USA SPP.)

(A) ‘Morong Princesa’; (B) ‘Uwati’; (C) ‘NBA-14’; (D) ‘Manang’;
(E) ‘Paka’; and (F) ‘Tjau Lagada’.

(A), Cavendish-Somaclone ‘Dwarf Nathan'-; (B), Cavendish-Somaclone GCTCV-119; (C),
AAA-Red ‘Verdin’; (D), East African Highland Banana (EAHB) ‘Nchumbahaka’ AAA -
‘Mutika’ ; (E) Cavendish-Mutant ‘M13’-AAA; (F) AAB plantain ‘Dwarf superplantain’-; (G),
Cavendish-mutant ‘Gal’; (H), AAA Mutika EAHB ‘Igitsiri (intuntu)’; (I), AAB plantain Congo
300-.

Panama Disease in Banana: Spread, Screens, and Genes, Garcia., 2019
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DIFERENTIAL FUSARIUM WILT DISEASE
REACTION OF BANANA HYBRIDS

Water
Race 1
Differential Fusarium wilt disease reaction of resistant hybrid and susceptible
banana (Musa spp.)
TR4

Panama Disease in Banana: Spread, Screens, and Genes, Garcia., 2019
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@

yellowoy
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AAA ABB AAB
Wild types (AA - BB)

Edible diploids (AA) .

Center

KeyGene

The crop innovation
company
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Exploit existing genetic variation of 2n
banana germplasm to develop novel
edible, export, disease resistant banana

varieties

/o Microcarpa

~130 diploids

Detailed Sequence of Cavendish + DNA
profile of diploid germplasm

AL

Vol

Gros Michel Cavendish
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Comparing Genomes
(re)-constructing edible bananas (with Disease Resistance)

Germplasm Access & Management

2n & 4n R-

Diversity &

varieties

R&S-genes germplasm

Research Strategy
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“&Eere Padres mejorados
Resistenc
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Poblaciones para estudios geneticos

) 33
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Plantas resistentes
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External view of the plant Internal observation
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Plantas susceptibles
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External view of the plant Internal observation
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Genotyping +phenotyping

Wild types Cultivars
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MusaPedia & KeySeeQ® analysis

Fusarium
Race 1

Fusarium
Tropical
Race 4

\ % o wl-
) = 2 5
4 \ Yol 0. -
, o 4 1, ol 3 — 4 £
'3 5 - - ) < . ‘
| - - L S . :
1 v ' N > R s
T v =
§ g L - X
i K o N \ o f
LR el )
s A
4" s = N

- \\ I/ v v /) L  \\ I/ 1 | .IJ-V"-IV Y




Differential gene expression — Res#8tant
reaction
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KeySeeq® “Transcriptomics based disct very

FORO BANANERD
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0.000
Objective & Data B
biological analysis 1 Data analysis 2 =y i
. ) : andidate validation
Questions Biological Data to J Biologically relevant gene list
experiment differences per -
; sequences signals, genes &
Experimental sample per gene
ion: per pathways
design:
sample &
per gene /

e N

Biological Expert Knowledge
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El futuro
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Black Sigatoka - P, fijiensi
ack Sigatoka - P. fijiensis NERO

ERaE=
code development
PO6 Costa Rica +++
P45 Colombia +++
P78 Africa +++++
(Zanzibar)

P122 Philippines +

P132 Taiwan +++

P134 Dominicans +
P83 Panama +++
P86 Taiwan ++
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b FORO BANANERO

KeyPoint® Breeding: Random mutagenesis: sequence based detection of mutations

GE: Efficient protoplast regeneration protocols for banana
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ARTICLE
a2-3

Transgenic Cavendish bananas with resistance to
Fusarium wilt tropical race 4

lames Dale!, Anthony James', Jean-Yves Paul( |, Harjeet Khanna® 5, Mark Smith?, Santy Peraza-Echeverria'®,
Fernando Garcia-Bastidas®, Gert Kema®, Peter Waterhouse', Kerrie Mengersen® & Robert Harding'

Ced9-21

Amicle | OPEM  Publishecs 11 Janaary 2010

CRISPR /Casg edltmg of endogenous
banana streak virus in the B genome of : b
Musa spp. overcomes a major challenge in [ :

- 1 . 0w
banana breeii s =
s o
Jaindra N, Tripathi, Vasentine 0. Mo, Mily Ron, Samwel K, Muirurl, Anne Brin & Leens Tripathi o
Commumicotions Sloiegy 2, Articke number: 46 (2019)  Dowaload Citation £
c
19

k( FOFIO BANANERO
) 2022

Transgenic Research
October 2018, Volume 27, |ssue 5, pp 451-460 | Cite as

Gene editing the phytoene desaturase alleles of Cavendish
banana using CRISPR/Cas9

Authors Authors and affiliations

Fatima Naim =, Benjamin Dugdale =, Jennifer Kleidon, Anthony Brinin, Kylie Shand, Peter Waterhouse, James Dale
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AMAMNAS

CGIAR

SR e RN
g — Tanzania May, 2022

UNIVERSITY & RESEARCH
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Andean Guide to the Diagnosis of Fusarium
'Race 4 Tropical
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For quality of life
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