
 History of  cotton 
 Introduction to Gossypium 
 Polyploidy (three short stories) 
 Diversification and crop improvement 
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“It would not be far from correct 
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“We were dwarfs on the shoulders of  giants, so 
that we can see more than they, and things at a 
great distance, not by virtue of  any sharpness 
of  sight on our part, or any physical distinction, 
but because we are carried high and raised up 
by their giant size” 





 Not even described until 1932 (by 
Oskar Ulbrich) 

 Work by Harland, Gerstel, Phillips, 
Stephens, showed that this is among 
the best models of  the D-genome 
ancestor of  the allopolyploids 

 Phillips (1966) states that the 
species was "represented by a 
relatively few individuals, and that 
these are confined to a narrow 
geographical range 

 Intentional eradication as a 
“dangerous plant” (along with many 
other Malvaceae) by the Peruvian 
government 



Plant Genetic Resources Newsl., 1985 





 First proposed as a species in 
1928 by Wittmack 
 Endemic to the the Dominican 

Republic; “perfectly wild” 
characteristics 

 Reclassified as G. latifolium var. 
ekmanianum by Roberty in 1942 

 Reclassified as G. hirsutum var. 
ekmanianum by Roberty in 1950 

 Reclassified asG. tricuspidatum 
var. ekmanianum by Mauer in 
1954 

 Treated as a form of G. hirsutum 
by Fryxell and modern workers 
 

 
 Sumario. Krapovickas, A. & G. Seijo. 2008. Gossypium Ekmanianum 

(Malvaceae), algodónsilvestre de la República Dominicana. 
Bonplandia 17: 55-63. 











 Sequenced ~100 genes in a diverse panel of all allopolyploids 
 Separately analyzed both the At and the Dt homoeologs 



B 

G A 

D 

C 

K 
F 

E 
900 

1700 

2000 

2600 

1400 

1300 

1800 

1600 



AA 
2 species 

2n = 26 
Africa 

DD 
13 species 

2n = 26 
Mexico 

AADD 
5 species 

2n = 52 
New World 

G. tomentosum G. mustelinum 

G. darwinii G. barbadense 
G. hirsutum 











© Y. Arthus-Bertrand 





0.036 

0.006 0.009 





Null hypothesis 

Gene conversion 
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Null hypothesis 

Unequal rates 

Gene conversion 



      AT      DT  AT:DT  

5' UTR 0.0064 0.0031 2.065  

Exon  0.0032 0.0017 1.882  

Intron  0.0066 0.0029 2.276  

3' UTR 0.0084 0.0037 2.270  



Null hypothesis 

Unequal rates 

Gene loss 

Intergenomic 
transfer 

Gene conversion 







Dt  64   37   45  37  65 100 100  0  100  64   51 
At  36   63   55   63   35   0     0  100  0    36  49 

AdhA 

Reciprocal silencing of  alternative homoeologs  



Synthetic allopolyploid 

AdhA 

G. hirsutum 

Natural allopolyploid (1-2 mya) 
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Gene level 

D A 

Genomic scale 

Complete or 
partial A-
genome bias 

Complete or 
partial D-
genome bias 



GACGGGATCGGACCTTTGGTGACGAACGCGGTGGAACAAGTGATGGAAGTGATGCACGCTCCG   
GACGGGATCGGACCTTTGGTGACGAACGCGGTGGAACAAGTGATGGAAGCGATGCACGCTCCG   
GACGGGATCGGACCTTTGGTGACGAACGCGGTGGAACAAGTGATGGAAGCGATGCACGCTCCG   

GACGGGATCGGACCTTTGGTGACGACCGCGGTGGAACAAGTGATGGAAGCGATGCACGCGCCG   

CTTTGGTGACGACCGCGGTGGAACA 

CTTTGGTGACGAACGCGGTGGAACA A genome probe 
D genome probe 

Imagine a contig of  ESTs … 

GACGGGATCGGACCTTTGGTGACGACCGCGGTGGAACAAGTGATGGAAGCGATGCACGCGCCG 
GACGGGATCGGACCTTTGGTGACGACCGCGGTGGAACAAGTGATGGAAGCGATGCACGCGCCG 
GACGGGATCGGACCTTTGGTGACGACCGCGGTGGAACAAGTGATGGAAGCGATGCACGCGCCG 

D 

GACGGGATCGGACCTTTGGTGACGAACGCGGTGGAACAAGTGATGGAAGCGATGCACGCTCCG  
GACGGGATCGGACCTTTGGTGACGAACGCGGTGGAACAAGTGATGGAAGCGATGCACGCTCCG  
GACGGGATCGGACCTTTGGTGACGAACGCGGTGGAACAAGTGATGGAAGCGATGCACGCTCCG  
GACGGGATCGGACCTTTGGTGACGAACGCGGTGGAACAAGTGATGGAAGCGATGCACGCTCCG  

A 

Homoeologous SNPs 



Sample Bias ‘A’ Bias ‘D’ A & D 
Equivalent 

F1 121 301 961 

G. hirsutum 423 546 414 

Intersect 51 184 324 

Results (1383 genes) 
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Sample Bias ‘A’ Bias ‘D’ A & D 
Equivalent 

F1 121 301 961 

G. hirsutum 423 546 414 

Intersect 51 184 324 

Overall D bias 

Results (1383 genes) 
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Allopolyploid 



Increase in bias 

Sample Bias ‘A’ Bias ‘D’ A & D 
Equivalent 

F1 121 301 961 

G. hirsutum 423 546 414 

Intersect 51 184 324 

Results (1383 genes) 

 A            D 

F1 

Allopolyploid 
Temporal partitioning of  expression 
evolution: 30% genes showing bias 
in polyploids already do so in the F1 



 33% change duplicate gene expression, even in a single cell 

Primary and Secondary Wall Synthesis 

At 
Dt 50:50 
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AA GG 
      42% 

18% 9% 
MP 

6% 

MP 

1% 

 Differential expression between diploids and polyploids is asymmetric  
 Most genes expressed at mid-parent level: expression level dominance 

 (level of  gene expression resembles one parent) 
 Differs in magnitude and direction among systems  

AADD 

AA DD 

34% 4% 

      53% 



What is “expression 
level dominance”? 

DD AA AADD 
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Meta-analysis of  196 fiber QTLs 

A-genome — 84 

D-genome — 112 

 



1988/1545 2/0 4145/3460 901/585 

2 7 10 20 25 

G
. h

ir
su

tu
m

 T
M

1
 

1941/ 
1326 

1062/ 
763 

1838/ 
1249 

1255/ 
693 

2904/ 
2133 

1175/1377 54/86 1144/1372 20/25 

2 7 10 20 25 

G
. h

ir
su

tu
m

  
va

r 
yu

c
at

a
n

e
n

se
 

 Days Post Anthesis 



Wild versus domesticated G. hirsutum 

1cm 

MAXXA                                   TM1                                  Cascot L-7                        Coker 315                          CRB252  

      TX2094                           TX2090                                 TX2095                                    TX665                               TX1228 

*TX2094, TX2090, TX2095: race yucatanense (Yucatan, Mexico) 

*TX665: race palmeri (Yucatan, Mexico) 

*TX1228: not classified (Veracruz, Mexico) 
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 Yoo et al., in prep. 
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9,000 genes 



   



 
We are the beneficiaries of  generations of  taxonomists, 

cytogeneticists, others 
Much remains to be learned, studied, preserved 
Power of  phylogenetics, genomics to reveal organismal history, 

and hence genome evolution 
Polyploids exhibit a variety of  types of  non-Mendelian evolution 

at the DNA level 
Gene conversion or “concerted evolution”; unequal rates 
of  evolution (higher in polyploids); gene loss; Intergenomic 
transfer of  sequences  

Gene expression in polyploids is radically altered  
Bias and silencing of  duplicate genes is ubiquitous; 
Expression partitioning occurs even in a single cell 
Expression level dominance is common 
Novel up- and down-regulation (transgressive   

 expression) 
Selection affects networks of  thousands of  genes; single cell 
Duplicate genes may be responsive to selection (domestication) 
Polyploidy offers novel avenues for evolution, crop improvement 
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