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Taxodium distichum (L.) Rich. 
Red cypress
Lez river, La Valette, Montpellier

Introduced, among other species, by 
George Bentham who lived nearby 
Montpellier (1820 – 1835)

domaine de Restinclières, Prades le Lez, Hérault, France

© M. Seguin, November 2008



Hevea taxonomy:
Hevea spruceana Benth. 1865
Hevea pauciflora (Benth.) Mull.Arg. 1935

Hevea benthamiana Mull.Arg. 1865 Bentham’s hevea

And others:
Micrandra Benth. 1854, close to Hevea genus

Nicotiana benthamiana Domin. 1868
….

George Bentham (1800 – 1884), 
Botanist & Taxonomist

1826: 
“Catalogue of Indigenous Plants of 

Montpellier surrounding regions (Bas 
Languedoc and Pyrénées)” 

IRRDB Workshop, Montpellier, 3 June 2009

http://species.wikimedia.org/wiki/Benth.
http://species.wikimedia.org/wiki/Benth.
http://species.wikimedia.org/wiki/Benth.
http://species.wikimedia.org/wiki/Mull.Arg.
http://species.wikimedia.org/wiki/Mull.Arg.
http://en.wikipedia.org/wiki/Domin
http://portail.rain-blog.com/wiki/Image:GeorgeBentham.jpg


rubber tree species

During XIXth century, several tree species were used for rubber 
production and named ‘rubber tree’, distinguished by their geographic 
origin:

- Maniçoba (Manihot glaziovii, Euphorbiaceae) 
‘Ceara’ rubber tree

- Rubber fig (Ficus elastica, Moraceae)
‘India’ rubber tree

- Hevea (Hevea brasiliensis, Euphorbiaceae)
‘Para’ rubber tree

…

Today, rubber tree refers to:
Hevea brasiliensis (Willd. ex A.Juss.) Müll.Arg.

http://species.wikimedia.org/wiki/Willd.
http://species.wikimedia.org/wiki/A.Juss.
http://species.wikimedia.org/wiki/M%C3%BCll.Arg.


Phylogenetic classification of orders and families of 
flowering plants

[18S rDNA, rbcL, atpB sequences analysis]
- Angiosperm Phylogeny Group (APGII, 2003) -

Euphorbiaceae: Hevea

?

IRRDB Workshop, Montpellier, 3 June 2009



Asteraceae: 
guayule, Taraxacum kok-saghyz

Sapotaceae: balata, gutta-percha, chicle

Phylogenetic classification of orders and families of 
flowering plants

[18S rDNA, rbcL, atpB sequences analysis]
- Angiosperm Phylogeny Group (APGII, 2003) -

?

Moraceae: Ficus, Castilloa

Apocynaceae: 
Landolphia, Cryprostegia, Funtumia

Rubber producing species:
phylogenetic relationships

Euphorbiaceae: Hevea, 
Manihot glaziovii (Maniçoba)



Fabaceae: Medicago truncatula
Rosaceae: apple tree
Brassicaceae: 
ArabidopsisMalvaceae: 

cotton, cocoa

Solanaceae: tomato

Rutaceae: Citrus

Vitaceae: grape

Phylogenetic classification of orders and families of 
flowering plants

[18S rDNA, rbcL, atpB sequences analysis]
- Angiosperm Phylogeny Group (APGII, 2003) -

Euphorbiaceae: Hevea, 
Manihot esculenta (cassava), 
Ricinus communis; Salicaceae: poplar

?

Model species for Hevea genomics
Whole Genome Sequencing 

(WGS) achieved or in progress

IRRDB Workshop, Montpellier, 3 June 2009



Ricinus communis
Castor oil plant

Aleurites spp.

Jatropha spp.

Euphorbia spp.

articulated 
crotonoids
sub-family
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1- Taxonomy & phylogenetic relationships

2- Genome status – What we know
- ploidy
- genome size

3- Genome Sequencing Projects

IRRDB Workshop, Montpellier, 3 June 2009



The Hevea genome is diploid

• The 10 Hevea species (Hevea spp.) have 2n = 36 chromosomes
• Based on cytogenetics studies, there has been a suggestion of 

allotetraploidy (2n = 4x = 36), but with unknown hypothetical diploid 
ancestral species 

• Nevertheless, Lespinasse et al. (2000) observed only disomic segregation 
for the hundreds of markers analysed in mapping work, demontrating the 
diploid structure of H brasiliensis genome

• Experimental crosses revealed no genetic barriers and hevea interspecific 
hybrids may occur naturally. In addition, genetic mapping using a H. 
brasiliensis x H benthamiana hybrid as progenitor (RO38, Lespinasse et al 
2000) revealed a complete colinearity of the genome of these 2 species and 
no chromosome rearrangement were suspected (few distorted segregation 
observed).

=> Hevea genus can be considered as diploid with 2n = 2x = 36.

IRRDB Workshop, Montpellier, 3 June 2009
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Current status of the Hevea reference map (PB260xRO38): RFLPs, AFLPs and SSRs

AFLP cluster

randomly 
distributed 

SSRs
non random 
distribution of RFLPs



Duplications in Hevea genome

• Southern hybridization using genomic single copy probes in RFLP 
(Restriction Fragment Length Polymorphism) mapping revealed 10 
duplicated chromosome segments located on 9 chromosomes

• But, there is apparently no pairing between homeologous
chromosomes during meiosis, and inheritance of duplicated loci 
remains disomic

=> Hevea genome can be considered a segmental polyploid
with only disomic inheritance

IRRDB Workshop, Montpellier, 3 June 2009



linkage group g1

SSR

AFLP

RFLP

PAC: Isozyme locus 

Duplicated chromosomal segments in rubber tree genome 
revealed by RFLP markers [PB260xRO38 map]

(from Lespinasse et al 2000)

cM locus name cM locus name

linkage group g14

GY68L2

gHbCIR5890
gHbCIR65
a1237
M6811
gHbCIR68614
BAC33D06/gHbCIR26118
gHbCIR26120
MA30922
EM33/3P26
mHbCIR42527
gHbCIR365L229

31
gHbCIR682L233

gHbCIR63140

gHbCIR33045
EM31/150
EM23/8P54
mHbCIR412/49355
T262457
gHbCIR60258
103N19/gHbCIR602S159
BAC103N19/gHbCIR602S264

M12471
EM3/15'75
EM9/379
EM21/7P80
EM16/11P81
EM16/16P82
EM61/7P
EM22/15P83
EM47/485
EM23/1087
EM48/1291
gHbCIR20L1  g1893
EM22/9P94
gHbCIR290100
gHbCIR409104
T2101106
gHbCIR644109

gHbCIR682L1
GY68L1

gHbCIR230***

gHbCIR365L1

EM23/1P0
MT94
gHbCIR3745
a1346
gHbCIR6697
gHbCIR335
a2748
gHbCIR4359
EM3/15
A249710
gHbCIR22812
EM24/3P13
gHbCIR44616
EM16/21P19
A268422
EM38/325
GY2826

gHbCIR27528
EM47/130

32
33

gHbCIR41834
mHbCIR25635
EM16/22P38
gHbCIR8440
EM33/441
gHbCIR43744
TAs245545
EM45/646
EM36/10P56
EM22/2P66
PAC67
EM7/868
gHbCIR289/30573
M508
gHbCIR444P76
gHbCIR61180
EM57/6P
a20082
EM16/7P84
A250086
EM16/2P87
EM3/19
A271889
EM48/690
gHbCIR48292
gHbCIR29693
T214294
gHbCIR7895

g1/g14 duplicated segment

IRRDB Workshop, Montpellier, 3 June 2009



g1 g4g2 g5 g8g6 g7 g9g3 g13g14 g16 g17g10 g11 g18g15g12

Coloured segments: duplicated chromosome regions

Rubber tree genetic map
717 loci (RFLP, AFLP, microsatellites, isozymes)

1C = 2000 Mb, 2n = 36,  2230 cM
Lespinasse et al. (2000a)



Similarity between rubber tree and cassava 
genomes

Interestingly, the Manihot genus has a similar cytogenetic background:
• All the 100 Manihot spp. have 2n = 36 chromosomes
• Cytogenetic studies gave evidence of allo-tetraploidy for at least 

cassava (M. esculenta) and maniçoba (M. glaziovii) – but with 
disomic inheritance of genetic markers even in the case of duplicated 
loci or chromosomal segments. 

IRRDB Workshop, Montpellier, 3 June 2009



Similarity between rubber tree and cassava 
genomes

Interestingly, the Manihot genus has a similar cytogenetic background:
• All the 100 Manihot spp. have 2n = 36 chromosomes
• Cytogenetic studies gave evidence of allo-tetraploidy for at least 

cassava (M. esculenta) and maniçoba (M. glaziovii) – but with 
disomic inheritance of genetic markers even in the case of duplicated 
loci or chromosomal segments. 

=> Hevea and Manihot can be considered as diploids for 
genetic studies, or as segmental polyploids for structural 
genomics

=> for Hevea the origin of the observed duplications is not 
known: 1) trace of ancient polyploidization event, or 2) more 
recent chromosome segments duplications (?)

IRRDB Workshop, Montpellier, 3 June 2009



Rubber tree linkage group g1
(from Lespinasse et al 2000)

MT90
gHbCIR6691
gHbCIR228b1B3
EM23/1P4
gHbCIR3747
gHbCIR3359
gHbCIR43510
EM3/15**11
EM24/3P14
EM38/316
gHbCIR44617
EM16/21P19
A268421
GY2823
gHbCIR365BL127
gHbCIR27529
EM47/1
gHbCIR230L131
gHbCIR41833
GY68L134
mHbCIR25635
gHbCIR84P39
EM16/22P40
gHbCIR437 EM45/643
TAs245545
EM36/10P56

EM22/2P67
EM7/8 PAC68
gHbCIR289/30573
M50877
gHbCIR444P78
gHbCIR61182
EM57/6P83
a200 EM16/7P85
A250088
EM16/2P89
EM3/1991
EM48/692
A271893
gHbCIR48295
gHbCIR296b2B96
T214297
gHbCIR7899

SSR

AFLP

RFLP / Hevea genomic probes

RFLP / Cassava genomic probes (GY#)

PAC: Phosphatase Acid Isozyme locus 

GY280.0

GY68L17.0

PAC39.0

Cassava linkage group A
(from Fregene et al 1997)

Colinearity between rubber tree and cassava genomes

cM locus name

cM locus name

-18/26 cassava genomic 
probes revealed 17 loci in 

rubber tree map

- 8 loci mapped in common 
revealed colinearity between 

the 2 genomes

M. Seguin, pers. Comm.



• Rubber tree 2.1 109pb
• Cassava 7.8 108pb
• Poplar 4.8 108pb
• Castor bean 2.2 108pb
• Arabidopsis 1.5 108pb
• M. grisea (fungus) 4 107pb
• E. coli 5 106pb

Genome size of several species



from Morgante et al, Nature Genet 2002 => genome size of model plants

Single copy fraction of plant genome
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The nuclear genome of flowering plants varies greatly in size, mainly because of 
a variable amount of repetitive DNA. The single copy fraction, containing the 
expressed genes, is less variable.

800

2100

Rubber T
ree

A rough graphical estimate of single copy genome size of rubber tree:
< 800 Mbp < 40 % of whole genome



Comparative genomics for rubber tree is 
needed

Cassava (M. esculenta) is the best model plant species for genomics of 
rubber tree: small genome size, close phylogenetic relationship with 
Hevea, and consequently a strong genome colinearity is expected 
between Hevea and Manihot.

Whole Genome Sequencing of cassava is in progress: 
- Donald Danforth Plant Science Center, USA (Dr Claude Fauquet);  grants from the
U.S. Department of Energy Joint Genome Institute 
(http://www.ars.usda.gov/IS/pr/2006/060830.htm)

Other model species : 
- castor bean (Ricinus communis), genetically more distant from 
Hevea but with a very small nuclear genome already sequenced 
(public availability of sequence from Craig Venter Institute ?)
- poplar (Populus trichocarpa), genome annotation in progress

http://www.ars.usda.gov/IS/pr/2006/060830.htm
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Whole Genome Sequencing of the nuclear 
genome of rubber tree – 1/2

A tremendous task:

- due to genome size, extent of highly repetitive DNA, chromosome
segments duplications and … heterozygosity
<= all rubber tree accessions are highly heterozygous: for example, from 41 
to 71 % or the 450 SSR loci were found heterozygous in cultivated rubber 
tree clones

⇒ A draft WGS would provide thousands of small unarranged contigs of 
DNA sequences, and progress in physical mapping might be limited; 
and gene identification and annotation difficult.

⇒ at least one useful output can be expected from this draft sequence:
a great number of SSR markers (???)



Whole Genome Sequencing of the nuclear 
genome of rubber tree - 2/2

Possibilities of action:

- Concentrate sequencing effort on the single copy fraction of the
genome in order to avoid wasting time and money on repetitive DNA:

- Large scale EST / cDNA sequencing (-> gene annotation) and re-
sequencing (-> SNPs identification)

- Genomic DNA enriched in single copy genome using for instance Cot 
hybridization methods…

- ….
- Choice of the sequencing / data mining strategy and methods:

- GS-FLEX
- Whole Genome Profiling (Keygene N.V. and Amplicon Express Inc.) => 

Whole Genome sequence-based physical BAC map
- Sequence alignment with cassava / castor bean / poplar



Whole Genome Sequencing of the nuclear 
genome of rubber tree - 2/2

Possibilities of action:

- Concentrate sequencing effort on the single copy fraction of the
genome in order to avoid wasting time and money on repetitive DNA:

- Large scale EST / cDNA sequencing (-> gene annotation) and re-
sequencing (-> SNPs identification)

- Genomic DNA enriched in single copy genome using for instance Cot 
hybridization methods…

- ….
- Choice of the sequencing / data mining strategy and methods:

- GS-FLEX
- Whole Genome Profiling (Keygene N.V. and Amplicon Express Inc.) => 

Whole Genome sequence-based physical BAC map
- Sequence alignment with cassava / castor bean / poplar

- Or wait for next generations of DNA sequencing technologies

The aim of the present IRRDB workshop



Thank you for your attention



RUBBER TREE (Hevea spp.) BAC library
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• Number of BAC clones: 92,160

• Average BAC size: 100 Kb

• Genome equivalents: 3.5 - 4 X

• Species: (interspecific hybrid)

H.benthamiana x H. brasiliensis

• Genotype: FX3899 (syn. RO38)

• Ploidy: diploid 2n=2x = 36

• Genome size: 2.1 109 bp / 1C

• Scientific interest:

disease resistance 
(Microcyclus ulei)

linkage disequilibrium
from Piffanelli et al. 2002



rubber tree taxonomy

Hevea brasiliensis (Willd. ex A.Juss.) Müll.Arg.

Phylogenetic classification of Angiosperms (APGII) :

class : Eudicot
sub-class: Rosids

order: Malpighiales
family: Euphorbiaceae -> 5735 species

sub-family: articulated crotonoids
tribe: Micrandreae

genus: Hevea -> 10 species
species: brasiliensis

http://species.wikimedia.org/wiki/Willd.
http://species.wikimedia.org/wiki/A.Juss.
http://species.wikimedia.org/wiki/M%C3%BCll.Arg.
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