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→ Earth Summit in Rio de Janeiro 
→ Adopted on 5 June 1992 
→ Entered into force on 29 Dec. 1993
→ Multilateral treaty
→ 195 States and the European Union

Convention on Biological 
Diversity - CBD 

1992

Three main goals:
→ conservation of biological diversity
→ sustainable use of its components
→ fair and equitable sharing of benefits arising 

from genetic resources

→ Genetic resources under the jurisdiction 
and sovereignty of national governments

→ Regulated access to genetic resources 
and associated traditional knowledge

→ All forms of life 

COTTON  GERMPLASM  EXCHANGES

International Union for 
the Protection of New 

Varieties of Plants 
UPOV

1961 1972

Phytosanitary regulations

1978 1991

Convention on Biological 
Diversity - CBD 

1992

→ adopted in January 2000
→ entered into force on 11 Sept. 2003

Cartagena 
Protocol

on Biosafety

2000

→ protect biological diversity from 
risks by living modified organisms 
resulting from modern 
biotechnology

COTTON  GERMPLASM  EXCHANGES

Phytosanitary regulations

International Union for 
the Protection of New 

Varieties of Plants 
UPOV

1961 1972 1978 1991

→ Adopted on 29 October 2010 
→ Entered into force on 12 Oct. 2014
→ Ratified by 68 states and the European 

Union

→ intended to create greater legal 
certainty and transparency for both 
providers and users of genetic 
resources (and associated traditional 
knowledge)

Convention on Biological 
Diversity - CBD 

1992

Cartagena 
Protocol

on Biosafety

2000

Nagoya Protocol 
on Access to Genetic 

Resources and the Fair and 
Equitable Sharing of Benefits 
Arising from their Utilization

2010
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Phytosanitary regulations

International Union for 
the Protection of New 

Varieties of Plants 
UPOV

1961 1972 1978 1991

Convention on Biological 
Diversity - CBD 

1992

Nagoya Protocol 
on Access to Genetic 

Resources and the Fair and 
Equitable Sharing of Benefits 
Arising from their Utilization

2010

Cartagena 
Protocol

on Biosafety

2000

International Treaty on 
Plant Genetic Resources 
for Food and Agriculture 

IT PGRFA

FAO

2001

MTA 
Material Transfer 

Agreement MAT 
Mutually Agreed 
Terms on benefit 

sharing

COTTON  GERMPLASM  EXCHANGES

Phytosanitary measures

International Union for 
the Protection of New 

Varieties of Plants 
UPOV

1961 1972 1978 1991

Geographic distribution of species from the genus Gossypium. 
Primary, secondary and tertiary germplasm pools respectively in blue, green and red.

World Map : Robinson projection SW. By Strebe (Own w ork) [CC BY-SA 3.0 (http://creativecommons.org/lice nses/by-sa/3.0)], via Wikimedia Commons“ Germplasm pools according to Steward (1995).
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Major ex-situ Gossypium germplasm collections and cotton production (fibre x1000t)
Data on gene banks: Campbell et al. (2010). "Status  of the Global Cotton Germplasm Resources." Crop Sc ience 50(4): 1161-1179. Data on cotton production f rom Index Mundi at http://www.indexmundi.com/

agriculture/?commodity=cotton (2015-11-24).  World Map : Robinson projection SW. By Strebe (Own work) [CC BY-SA 3.0 (http://creativec ommons.org/licenses/by-sa/3.0)], via Wikimedia Comm ons"
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CSIRO, Biloela, and
ATGGC, Biloela, Australia. 

1711 Gossypium accessions

EMBRAPA, Brasília, 
Brazil . 4296 Gossypium
accessions

CAAS, Anyang, Beijing and 
Hainan Island, China. 8837 
Gossypium accessions

CIRAD, Montpellier, 
France. 3069 

Gossypium accessions

CICR, Nagpur and 
Coimbatore, India . 
10415 Gossypium

accessions

VIR, St-Petersburg, 
Russia. 6276 Gossypium

accessions

CBI, IGPEB and NU, 
Tashkent, Uzbekistan. 
18971 Gossypium
accessions

USDA, Phoenix, Fort 
Collins and College 
Station, USA . 10318

Gossypium accessions

Important potential for breeding : easy crosses 
with modern improved germplasm, genes for 
stress resistance, local adaptation and diverse 
adaptive traits, and, more generally, genetic 
diversity that was lost during recent intensive 
selection. 

Major importance : permit conservation, 
evaluation and regulated exchanges of numerous 
well-identified genotypes.

Enormous genetic diversity : pest resistance, 
plant morphology, fibre quality ; but  more or less 
difficult gene search and very slow gene transfer 
by traditional breeding methods, although 
possibly easier and faster through new genomic 
technologies.

o Ex-situ gene banks (seeds mainly)

o Breeders’ collections in cotton-
producing countries ; can include 
modern but also obsolete varieties 
and landraces

o Traditional varieties and landraces, 
either still cultivated or maintained 
as dooryard cottons

o Natural populations of wild or feral 
(domesticated returned to wild) 
cottons

Examples of improvement needs or breeding objectives for G. hirsutum and G. 
barbadense and of identified genetic solutions in germplasm resources 
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Adaptation to 
mechanization

Phenology: short cycle, 
quick development
Compact plant architecture

Resistance to biotic 
stresses Lepidoptera larvae (Helicoverpa..)

Bacterial blight, fusarium 
and verticillium wilts

Soil nematodes

Sucking insects (thrips, aphids) 

Fibre quality Fibre technology: length, 
strength, fineness, colour, 
..

Seed quality
Oil and protein content
Low-temperature germination
Gossypol-free seed

Yield

Yield potential
Yield stability
Ginning outturn
Biomass partitioning

Hybrid seed Apomictic seed

Adaptation to climate 
change and marginal 
environments

Efficient root architecture

Water use efficiency

High temperature

Drought resilience

Soil salinity
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VIR collections
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How could the use of cotton genetic resources 
in varietal improvement be intensified ?

or

What restricts the study of cotton genetic 
resources and their use in crop improvement ?

Cotton genetic resources present an enormous 
potential for varietal improvement, but they are 

nevertheless insufficiently exploited.

How could we facilitate and what restricts 
the use of cotton genetic resources in varietal improvement ?

We can put forward different points about international 
exchanges of cotton germplasm and breeding : 

� Improvement of cotton needs many new genes
in response to climate change and agronomic 
challenges

� No country is self-sufficient in genetic resources 
(very big gene banks help for self-sufficiency, of 
course)

Exploration of the genetic 
resources must be intensified

International exchanges of 
germplasm are mandatory

� In the last decade, there have been marked 
evolutions of the available tools for exploration 
of the genetic resources and their valorization in 
varietal improvement, including new tools, 
dropping costs, high throughput instruments, 
concerning :
o Genotyping with DNA marker
o Genome sequencing
o Phenotyping 
o Bioinformatics 
o Mathematical tools
o Genome-editing tools 
o Annotated cotton genomes sequences

Paradoxically, tools are more 
efficient than ever and there 
are many urgent and well 
identified needs, while search 
for useful genes in germplasm 
resources is now hampered by 
diverse barriers

There is legitimate fear by 
original owners of the genetic 
resources to be left out of part 
of the benefits arising from the 
discovered genes or genetic 
information

� It can be difficult and long to trace new traits 
and prove that an innovation comes from a 
particular germplasm

How could we facilitate and what restricts 
the use of cotton genetic resources in varietal improvement ?

� Many small cotton-producing countries with 
genetic resources, in particular wild/feral 
populations, or other collections, do not have 
scientific facilities or qualified staff for gene 
search

Small countries need to be 
given access to genotyping and 
phenotyping facilities and to 
training, and to be better 
associated to research efforts 
on genetic resources and their 
use 

It could, in this case, be nearly 
impossible to relate innovation 
and genetic resources

� Recent genomic tools permit exploitation of the 
knowledge about specific gene sequences, 
without the classical approaches to crop 
improvement based on hybridization

� Genetic and phenotypic characterization, 
bioinformatics and mathematical analyses to 
uncover interesting genes can be expensive and 
imply highly qualified staff

Countries and private 
companies with more scientific 
and economic power can easily 
take advantage of an access to 
genetic resources
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� Populations of wild cotton plants, that are 
not characterized and specifically 
protected, can find themselves in danger of 
disappearing because of habitat alteration 
or destruction (mainly caused by man, but 
also by current rapid climate change)

� Genetic resources comprised of traditional 
varieties are today much jeopardized by 
modernization of agriculture and social 
evolution. 

There is an urgent need to 
develop collecting projects as 
well as in situ and ex situ 
conservation

Excessive constraints to 
research on genetic resources 
can be very detrimental to their 
valorization and even protection

How could we facilitate and what restricts 
the use of cotton genetic resources in varietal improvement ?

� Genetic resources collecting,  genetic and 
phenotypic characterization, conservation and 
protection, have a rather high cost and imply 
qualified staff

There must be sufficient 
financial return from 
commercial successes towards 
the institutions managing 
genetic resources

� Genetic resources that are not studied or 
can’t be studied, are of little use for 
varietal improvement

� Homogeneity of plant descriptors
for cotton collections

Cotton plant descriptors exist, such as those 
of UPOV, Bioversity International, GRIN and 
the systems of descriptors used by the 
different gene banks, breeders, taxonomists 
and other genetic resources users and 
specialists ; elaborating a uniform system of 
plant descriptors would probably not be such 
a long and difficult task

DNA markers are much more potent than 
morphological plant descriptors for the 
identification of genotypes ; genotyping 
would permit to find duplicates, assess the 
existing diversity, elaborate core-collections. 
Agreeing on which markers are most 
appropriate will probably not be 
straightforward, but it’ll be worth the effort 

Two objectives appear as particularly important for coordinating activities on 
cotton genetic resources : 

uniform plant descriptors and common sets of DNA markers.  
It could permit to initiate a network between cotton collections worldwide.

� Common sets of DNA markers for 
a systematic genotyping of cotton 
collections 

CIRAD:  a French research institution 
dedicated to International Cooperation in 
Agronomic Research for Development. 

CIRAD has professionalized the
management of its genetic resources:
integration in the Tropical Biological 
Resources Centre - CRBt (Montpellier, 
France), with modern facilities, specialized 
researchers and technical staff, including 
juridical experts; it is ISO certified. 

Cirad’s strategy on cotton genetic 
resources and varietal improvement

Cirad maintains a cotton gene bank, created 
initially by cotton geneticists such as Jacques 
Schwendiman. Description of the genotypes 
is rather complete. Interactions with all 
types of users and institutions worldwide.

Help to cultivars 
diffusion (as a hub for 

seed transfer) 

Backup of cotton 
genetic improvement 
programs.

Seed transfers to 
national agronomic 
research systems in 
many countries 

Reconstitution of lost 
national collections 

(natural disasters, 
social events, ..)

Research programs in 
partnership : e.g. 

association genetics for 
drought resistance 

genes, genotyping of 
wild cotton collections   

Transfer of 
competences to 

tropical countries 
through training 
(PhDs, technical 

courses) 

� Total traceability
� Strict respect of 

international laws
� MTAs mention ABS for 

reception of seeds.
� Strongly binding 

European legislation

Many thanks for your attention

Contact: christopher.viot@cirad.fr


