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Abstract Total genomic DNA from 31 available Gos-
sypiwm species, three subspecies and one interspecific
hybrid, were analysed lo evaluate genelic diversity by
RAPD, using 45 random decamer primers. A total of 579
amplified bands were observed, with 12.9 bands per
primer, of which 99.8% were polymorphic. OPJ-17 pro-
duced the maximum number of fragments while the min-
imum number of fragments was produced with primer
OPA-08. Cluster analysis by the unweighted paired
group method of arithmetic means (UPGMA) showed
six main clusters. Cluster ‘A’ consisted of two species
and one subspecies of the A-genome, with a 0.78-0.92
Nei’s similarity range. Cluster B, composed of all avail-
able tetraploid species and one interspecific hybrid,
showed the same sister cluster. Nei’s similarity ranged
from 0.69 to 0.84. The B-genome formed: the UPGMA
sister cluster to the E-genome species. Cluster ‘C’ con-
sisted of five Gossypium species of which three belong
to the B-genome, with Nei's similarity .values of 0.81 to
0.86. Although there was considerable disagreement at
lower infra-generic ranks, particularly among the D-
genome (diploid New World species) and C-genome
(diploid Australian species) species. The sole F-genome
species Gossypium longicalyx was resolved as a sister
group to the D-genome species. Gossypium herbaceum
and G. herbaceum Africanum showed the maximum
Nei's similarity (0.93). Minimum similarity (0.29) was
observed between Gossypium trilobum znd Gossypium
nelsonii. The average similarity among all studied spe-
cies was 50%. The analysis revealed that the interspecif-
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ic genetic relationship of several species is related to
their centre of origin. As expected, most of the species
have a wide genetic base range. The results also revealed
the genetic relationships of the species Gossypium hirsu-
tum to standard cultivated Gossypium barbadense, G.
herbaceum and Gossypium arboreum. These results cor-
respond well with previous reported results. The level of
variation detected in closely related genotypes by RAPD
analysis indicates that it may be a more efficient marker
than morphological marker, isozyme and RFLP technol-
ogy for the construction of genetic linkage maps.
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Introduction

The genus, Gossypium comprises about 50 species of
trees, shrubs and herbs (Fryxell 1971). The study of the
genetics and evaluation of Gossypiium diversity is impor-
tant for improvement in the existing gene pool. Cotton is
the most important textile fibre crop and is the second
most important oil seed crop in the world ( Cherry and
Leffler 1984). Eight cytogenetically defined diploid ge-
nome groups (A through G and K) have been recognized
(Stewart 1995). Wild cotton species has proved to be a
valuable source of the genetic material-wide spectrum of
a biological” and economical index that could be useful
for the modelling of varieties corresponding to modern
requirements and conditions.

Previously morphological markers, with their com-
plex and undeciphered genetic control, were used for in-
dividual identification. Morphological markers may be
alfected by envirdnmental effects and growth practices.
In contrast to the morphological markers, proteins and
DNA-based data are available from genetically, based
descriptors. Apart from identification they can also be
used in tests of parentage, in genetic mapping and in the
measurement of genetic diversity (Chapparo et al. 1994;
Igbal et al. 1997). The environment, however, can inter-

Ms. 18 Pages 8

Springer-Verlag, Heidelberg / H. Stiirtz AG, Wiirzburg
Provisorische Seitenzahlen / Provisional page numbers

. Korr.: Date: P

8.8.2000

L



28172

fere with the quality and quantity of proteins in seed
(Higgins 1984). Proteins in the seed also show interac-
tion with other compounds which are found in roots and

leaves. Protein is also growth-stage and tissue specific. .:

The roots, stem and leaves of cotton plants are very rich
in polyphenodlic products (Cherry and Leffler [984).
These phenolic compounds interact with proteins in vari-
ous ways so that electrophoretic analysis of isozymes be-
comes difficult. As a result, genetic research based on
isozymes has been relatively difficult in polyphenolic-
rich plants such as cotton.

Within the last few years restriction fragment length
polymorphism (RFLP) technology has been applied to
several cotton species to study evolution, population ge-
netics, phylogenetic relationships and genome mapping
(Shappley et al. 1996; Yu et al. 1997), but it creates low
variation in cotton compared to other plant taxa (Brubaker
and Wendel 1994). )

Random amplitied polymorphic DNA (RAPD) mark-
ers (William et al. 1990) have been successfully used for
cultivar analysis and species identification in most plants,
due to the technical simplicity and speed of RAPD meth-
odology (Gepts 1993). These include papaya (Carica pa-
paya L) (Stiles et al. 1993), rye (Secale cereale L.) (Igbal
and Rayburn 1994), 14 Australian cotton cultivars

(Multani and Lyon 1995), 54 genotypes of lentil (Sharma
et al. 1995), 16 elite US cotton varieties (Tatineni et al.
1996), 23 elite commercial cotton varieties (Igbal et al.
1997) and Phaseolus vulgaris (Yonghe Bai et al, 1998).

Tetraploid species of cotton Gossypium hirsutum L.
occupies more than 90% of the cotton growning area in
Pakistan. All available cotton cultivars in Pakistan are
the intraspecific crosses of G. hirsutum L. evaluated
with a narrow genetic base (Igbal et al. 1997). Therefore,
we were interested to explore the application of RAPD
marker technology the ‘genctic fingerprinting potential for
the genotypic discrimination of a number of Gossypium
species. The objectives of this current work were, there-
fore: (1) to analyse and quantify the genetic diversity in
cultivated and wild Gossypium species using RAPDs, and
(2) to check the validity of already available data about
the genus with those based on alternative markers.

Materials and methods
Plant materials
Thirty one species, three subspecies and one interspecific hybrid

of colton (Gossypium) were collected from different sources
(Table 1),

Table 1 List of the Gossypium

species used in the present 0, species name Genome Genome Source
sludy to determine their genetic size (2n)
Rilyiogeny | G. herbaceum A 26 CCRI, Multan®
2 G. herbaceum Africanum Al 26 CCRI, Multans
3 G. arboreum A, 26 NIBGE"
4 G. anomalum B, 26 CCRI, Multan
5 G. barbosanum B, 26 CCRI, Multan
6 G. capitis-viridis B, 26 UOA, USA*«
7 G. sturtianwum C, 26 UOA, USA¢
8 G. nandewarence C, 26 CCRI, Multan
9 G. robinsonii C, 26 CCRI, Multan
10 G. australe C, 26 UOA, USA
11 G. thurberii D, 26 CCRI, Multan
12 G. herknesii D, 26 CCRI, Multan
13 G. davidsonii Dy 26 CCRI, Multan
14 G. aridum D, 26 CCRI, Multan
15 G. raimondii Dg 26 CCRI, Multan
16 G. lobatum D, 26 CCRI, Mulian
17 G. trilobum Dy 26 CCRI, Multan
I8 G. laxum D, 26 CCRI, Multan
19 G. turnerii Dip : 26 UOA, USA
20 G. schwendimanii Dy 26 UOA, USA
21 G. stocksii E, 26 CCRI, Multan
22 © CLincanum E; 26 CCRI, Multan
23 G. longicalyx F, 26 CCRI, Multan
24 G. bickii G, 206 CCRI. Multian
25 G. nelsonii G, 26 CCRI, Multan
26 G. rowmdifolium 499788K 26 UOA, USA
27 G. pilosum 499786K 26 UOA, USA
“ Central Cotton Research 28 G. hirsutum (AD)) 52 NIBGE
Institute, Multan, Pakistan 29 G. hirsutum Yucatenanse (AD) 52 UOA, USA
" National Institute for Bio- 30 G. barbadense (AD), 52 UOA, USA
technology and Genetic engi- 3 G. barbadense Mummy (AD) 52 UOA, USA
neering, Faisalabad Pakistan 32 C. tomentosum (AD), 52 CCRI, Multan
¢ University of Arkansus, USA 33 G. mustilinum (AD) 52 CCRI, Multan
¢ Breeding line provided by 34 G. lanceolatum (AD), 52 CCRI, Multan
Professor James McD. Stewart, 3 G. arboreumxG. herknesii AgxD,y_, 52 Breeding Lined

USA

T



Total genomic DNA isolation

Total genomic DNA was isolated with the CTAB method described
by Doyle and Doyle (1987) and treated with RNase Lo eliminale
RNA. DNA concentration was measured by DyNAQuant 200
and the DNA was diluted in distilled water to a concentration of
12.5 ng/pl for PCR reaetions.

Polymerase chain reaction and primers

PCR-amplification reactions were performed exactly as described
by Igbal et al. (1997). Out of the 45 primers used, 20 were of the
M series, 17 of kit J series and seven of kit A series purchased
from Operon Technologies Inc., Alameda, California, USA.

Analysis of amplification profiles

Amplification profiles of 34 Gossypitm species and one interspe-
cific hybrid were compared with each other and banus of DNA
fragments were scored as present (1) or absent (0). The data for all
45 primers was used to estimate the similarity on the basis of the
number of shared amplification products (Nei and Li 1979). A
dendrogram based on similarity coefficients was generated by us-
ing the unweighted pair group of arithmetic means (UPGMA).

Results and discussion

DNA of 34 Gossypiunt specics and one interspecifichy-
brid of Gossypium was amplificd with 45 different ran-

Fig. 1 Amplification profile
of 35 Gossypitm genotypes
with primers (a) OPM-16

(b) OPM-18 and (c) OPA-I 3.
Lane M=Size marker.

Lane 1=G. herbacewn.

Lane 2=G. herbaceum Afri-
canum. Lane 3=G. arboreum.
Lane 4=G. anomaltm.

Lane 5=G. barbosanum.

Lane 6=G. capitis varidis.
Lane 7=G. sturtianum.

Lane 8=G. nandewarence.
Lane 9=G. robinsonii.

Lane 10=G. australe.

Lane 11=G. thurberii.

Lane 12=G. herknesii.

Lane 13=G. davidsonil.

Lane 14=G. aridum. Lane
15=G. ramondii. Lane 16=G.
lobatum. Lane 17=G. trilobum.
Lane 18=G. laxum. Lane 19=G.
turnerii. Lane 20=G.
schwendimanii. Lane 21=G.
stocksii. Lane 22=G. incamun.
Lane 23=G. longicalyx.

Lane 24=G. bickii. Lane 25=G.
nelsonii. Lane 26=G. rotundifo-
lium. Lane 27=G. pilosum.
Lane 28=G. hirsutuni.

Lane 29=G. hirsutum Yuca.
Lane 30=G. barbadense.

Lane 31=G. barbadense Mum.
Lane 312=G. tomentosunt.

Lane 33=G. mustilinum.

Lane 34=G. lanceolatum.
Lane 35=interspecific hybrid

M1
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dom primers purchased from Operon Technologies. All
35 genotypes with the 45 primers revealed a unique
banding pattern and so can be used for species identifica-
tion. This might be indicative of a wide genetic base of
the cétton species studied. Different primers produced a
different level of polymorphism among the different spe-
cies (Fig. la, b, ¢).

A total of 579 DNA fragments were amplified, with an
average of 12.9 RAPD markers per primer. Out of 579
DNA-amplified fragments, only one (0.2%) was found to
be monomorphic (less than 0.5 kb ). The remaining 578
(99.8%) were polymorphic. The approximate size of the
largest fragment produced was 3.5 kb and the smallest
easily recognisable fragment produced was approximate-
ly 0.4 kb. Out of 35 genotypes studied, Gossypium herb-
aceum (A) produced the maximum number of DNA-
amplified fragments (289), while Gossypium lobatum
(D7) produced 119 bands, which is the minimum number.
Other species produced between 151 and 283 bands in
general. G. hirsutum (A1) and G. hirsutum Africanum
(A1) produced 264 bands which are the maximum com-
mon bands, while the minimum common bands (41) were
produced between Gossypium trilobum (D8) and Gos-
sypium nelsonii (G3). Other species produced between 51
to 230 common DNA-amplified fragments in general.
The pair-wise genetic distance estimates of the 35 geno-
types in this study were analysed and are given in Table 2.
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Table 2 Similarity matrix for Nei's and Li's coefficients of 35 Gossypium genotypes obi

ailped from RAPD markers

Number* Species name I 2 3 4 5 6 T 8 9 10 11 12 14

| G. herbaceum I

2 G. herbaceum Africanum 0.923 |

3 G. arboreum 0.709 0.708 |

4 G. anomalum 0.609 0.606 0.565 |

5 G. barbosanum (.558 (.555 0.514 0.864 |

6 G. eapitis-viridis 0.548 0.542 0.549 0818 0816 |

7 G. sturtianum 0.446 0.45% 0431 0465 0.487 0.553 |

8 G. nandewarence 0510 0.492 0475 0516 0.488 0.543 0.690 |

9 G. robinsonii 0.560 0.553 0.523 0.600 0.572 0.581 0.548 0.589 1

10 G. australe 0.397 0.400 0.474 0.500 0.515 0.531 0532 0,512 0.530 1

11 G. thurberii 0.500 0.522 0.508 0.498 0.464 0.484 0.413 0451 0.540 0.465 |

12 G. harknesii 0.527 0.536 0.529 0.552 0.524 0.530 0.437 0455 0.555 0.471 0.659 |

13 G. davidsonii 0.474 0.486 0.481 0446 0.443 0.427 0.432 0463 0.491 0.456 0.546 0.562 |

14 G. aridum 0.505 0.499 0.474 0.499 0.470 0.472 0.408 0.457 0.519 0.450 0.610 0.598 0.586 |

15 G. raimondii 0.460 0.462 0.413 0483 0.484 0477 0.364 0.395 0.544 0.434 0.555 0.593 0.518 0.587
16 G. lobatum 0.387 0.395 0.405 0376 0.397 0.430 0.395 0.378 0.430 0.456 0.505 0.510 0.514 0.574
1/ G. trilobum 0.330 0.323 0.301 0316 0.333 0.327 0.423 0.347 0.389 0.387 0.310 0.308 0.383 0.321
18 G. laxum 0.560 0.545 0.524 0.473 0.455 0.453 0.421 0.450 0.473 0.428 0.448 0.461 0.477 0.494
19 G. turnerii 0.450 0.457 0.454 0489 0517 0511 0.488 0.500 0.527 0.494 0.531 0.639 0.504 0.533
20 G. schwendimanii 0.447 0.449 0450 0.478 0.50] 0.512 0.453 0.471 0.468 0.459 0513 0.508 0.467 0.555
21 G. stocksii 0.528 0.529 0.492 0.592 0.572 0.531 0.400 0.473 0.509 0.387 0.485 0.520 0.515 0.541
22 G. incanum 0.525 0.534.0.48! 0.714 0.683 0.633 0.443 0451 0.549 0.454 0.458 0.560 0.531 0.496
23 G. longicalyx 0.428 0.417 0.435 0407 0.436 0474 0.400 0.405 0.434 0.408 0.404 0.426 0.460 0.398
24 G. bickii 0.493 0466 0.460 0.487 0.509 0.503 0.505 0.50] 0.487 0.470 0.474 0.476 0.483 0.470
25 G. nelsonii 0.381 0.380, 0.373 0.375 0.390 0.413 0.387 0.393 0.346 0.423 0.370 0.365 0.338 0.354
26 G. rotundifolium 499788  0.478 0.460 0.453 0.480 0.489 0.483 0.523 0.473 0.475 0.488 0.442 0.436 0.371 0.447
27 G. pilosum 499786 0.473 0.467. 0.452 0.500 0.493 0.491 0.496 0.467 0.460 0.533 0.406 0.413 0.386 0.446
28 G. hirsutum 0.603 0.622 0.604 0.579 0.540 0.534 0.452 0.472 0.541 0.458 0.516 0.555 0.519 0.501
29 G. hirsutum Yucatenanse  0.605 0.613 0.590 0561 0.519 0.545 0.460 0.489 0.503 0.457 0.523 0.542 0.502 0.488
30 G. barbadense 0.604 0.616 0.606 0.569 0.524 0.529 0.467 0.521 0.516 0.459 0.506 0.518 0.503 ().485
31 G. barbadense Mummy ~ 0.603 0.604 0.604 0.564 0.514 0.548 0.484 0.542 0.482 0.480 0.483 0.488 0.492 0.475
32 G. tomentosum 0.598 0.606 0.611 0.542 0.522 0.540 0.496 0.502 0.506 0.497 0.491 0.508 0.501 0.483
33 G. mustilinum 0.489 0.483 0.502 0.470 0.442 0.477 0.432 0.426 0.446 0.471 0.445 0.429 0.456 0.425
34 G. lanceolatum 0.468 0.645 0.597 0.589 0.554 0.532 0.473 0493 0.547 0.474 0.521 0.533 0.496 0.514
35 G. arboreumxG. harknesii 0.623 0.627 0.601 0.572 0.548 0.517 0.448 0.482 0.549 0.472 0.502 0.526 0.494 0.507

“ Numbers on the top of the table represent the same Gossypium species as listed in the

The similarity matrix is based upon Nei and Li’s similari-
ty coefficient. The genetic distances (Nei’s similarity)
ranged from 0.29 to 0.92. Maximum similarity was ob-
served between G. herbaceum and G. herbaceum Afric-
anum (0.92). G. trilobum (D8), a diploid cotton, in gener-
al showed a minimum degree of similarity with all other
species ranging between 0,29 to 0.42.

Cluster analysis using RAPD resulted in six main
cluster groups. The results in the present study are con-
gruent with both the cytogenetic and geographic group-
ings as well as maternal cladistics relationships (Wendel
and Albert 1992). In cluster ‘A" out of three species G.
herbaceum and G. herbaceum Africanum clustered' to-
gether indicating that they are more closely related as
compared to any other species. Their banding patterns
were also more similar to each other as compared to
other profiles. They have a high estimate of Nei's (1978)
genetic identity (0.923). Gossypium arboreum showed
0.788 Nei's identity to G. herbaceum. Wendel et al.
(1989) reported that G. arborewmn and G. herbaceum are
fixed, or nearly fixed, for alternate alleles at eight loci,
leading to a low estimate of Nei's genetic identity (0.74).
These two species comprise the A genome, based on
chromosome pairing relationships (Beasley 1942). In

first vertical column

this study they consist of one cluster, showing same re-
sults as Beasley (1942) and Endrizzi et al. (1985) and the
same, or a near, Nei's similarity between G. herbaceum
and G. arboreum also verify the conclusion of Wendel
(1989).

One of the striking aspects of the cpDNA (chloroplast
DNA) phylogeny is the sister grouping of the A-genome
diploids and those of the allopolyploid species (Wendel
and Albert 1992). In the present study, allopolyploids
were grouped together in one cluster and showed more
clustering similarity to species belonging to the A-
genome. In cluster ‘B’ an the average Nei's similarity of
0.80 in allopolyploids was found by cluster analysis. Ge-
netic similarity between allopolyploids indicates a very
narrow genetic base. Despite the strong homology exhib-
ited by many of the allopolyploids, this study demon-
strated that it is now possible to differentiate very closely
related species such as Gossypium lanceolatum and
interspecific hybridd vsed ne (e presead caiudy.

In the present study the AD-genome (allopolyploid)
clustered closer to the A-genome (diploid) as shown in
the Fig. 2. The AD-genome combines two diploid A-
and D-genomes. The A-genome has a larger chromo-
some size and more repetitive DNA sequences than the
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|

0.485 |

0.316 0.422 |
0.428 0.431 0.398 |

0.535 0.528 0.400 0.498 1

0.459 0.536 0.400 0.458 0.639 |
0.463 0.407 0.313 0.471 0.503 0.537 |
0.483 0.444 0.358 0.467 0.523 0.521 0.610 |
0.384 0.508 0.398 0.348 0.430 0.459 0.458
0.410 0.450 0.396 0.484 0.513 0.525 0.527
0.355 0.375 0.290 0.394 0.428 0.445 0.344
0.411 0.429 0.340 0.466 0.481 0.492 (0.493
0.358 0.394 0.383 0.414 0.485 0.531 0.473
0.480 0.392 0.347 0.53] 0.517 0.505 0.573
0.452 0.376 0.349 0.51] 0.492 0.484 0.514
0.459 0.420 0.333 0.539 0.462 0.485 0.53
0.431 0.434 0.353 0.542 0.501 0.488 0.514
0.441 0.420 0.374 0.529 0.504 0.514 0.496
0.392 0.403 0.354 0.433 0.464 0.459 0.404

0.470 0.407 0.322 0
0.450 0.381 0.317 ¢

0.464 | -

0.533 0.505 1|

0.389 0.431 0.435 |

0.503 0.428 0.532 0.476 |

0.497 0.404 0.521 0.447 0.745 |

0.570 0.420 0.496 0.44] 0.516 0.527 |

0.528 0.436 0.506.0.429 0.518 0.539 0.848 |

0.537 0.439 0.490 0.46] 0.518 0.539 0.788 0.828 |

0.523 0.413 0.510 0.474 0.517 0.529 0.725 0.778 0.796 |
0.510 0.419 0.514 0.452 0.540 0.557 0.707 0.748 0.743 0.839 |

D-genomes (Geever 1980). The |
size and the more (he repelitive
are the chances for 10-mer rando
‘mology, and to give more and
amplified fragments, In this study
different sizes of RAPDs in the

arger the chromosome (1994) used allozyme analysis to assess the levels and
sequences, the greater patterns of genetic diversity in Gossypium mustilinum
m primers t6 find ho- and its relationships to other tetraploi i
different-sized DNA- variation was low and genetic-identity estimates between
Wwe produced more and G, mustilinum and other polyploid species ranged from
A-genome compared to 0.471 to 0.591. These loosely equivalent and relatively

other genomes, Thié\ was followed by ihe AD-genome low identity estimates quantify the isolated nature of the

which has derived one set of
diploid species, which s why t
UPGMA clustering similarity t

chromosomess from A- species. In the present RAPD analysis G, mustilinum
he A-genome has a more  occupied a basal phylogenetic posit
o the AD-genome. traploid Gossypium. The similarity m

ion among the te-
atrix (Table 2) iso-

The relationships portrayed by these allopolyploids  lated G mustilinum from the rest of the polyploids with

were also in accordance with the
formation. G. hirsu
showed sister cluster
G. hirsutum Yucalen

Similarly, the Gossypium barbadenye

Mummy gave sister clustering, show
0.839. G. barbadense Mu

available pedigree in- Nei's similarity ranging from 0.554 to
tum and G. hirsutum Yucatenanse DNA and ribosomal DNA restriction-site data also sug-
ing, with a Nej's similarity of 0,848, gested a relatively basal position for G. mustilinum
ase is a subspecies of G, hirsutum, (Dejoode and Wendel 1992). Wendel
and G. barbadense mated the genetic diversity between
ing a similarity of other tetraploid species and found it to be lower than for
mmy is a subspecies of the cul-  other comparisons among the polyploids.

et al. (1994) estj-

tivated G, barbadense; (heir differences being due to Gossypium tomentosum is morphologically distinet

Some spontaneous mutations.
of chromosomes are very
Gossypium (Barrow

Spontaneous alternation  from other allopolyploids and its phylogenetic relatjon-
common in the genome of ships with them is uncertain. G. ron
and Dunford 1974

), especially in the guished from other amphiploid members of the genus on
allopolyploids and have been occurring since the origin “ the basis of several morphological characters, including
] of the allotetraploids (Endrizzi et al, 1985). Wendel et al, jts sulphur-yellow corolla (Dejoode and Wende] 1992).
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Fig. 2 Dendrogram of 31 i
Gaossypiun specics, three sub-
species and one interspecific

hybrid of Gossypium generated

by RAPD data using the

UPGMA method

;n
&

43 46 49 52 58 61

fM 67 70 73 6 7 n as i 91 94

G. herbacium (A1)

G. fmndmmﬁmnmljl A
G. arboreum (A2)
G. hirslum (AD)1
G. hirsulum Yucat (AD)

G. barbadensn (AD)2
G. barbadense Munm ny B

G. tomantasum (AD)3

e PRV
S

G. lanceolatum (AD)

[
L

Interspecific Hybrid
G. mustilinum (AD)

.

G. robinsonil (C2)
G. furn (B1)
G. barbasanum (B3)
G. capitis viridis (B4) c
G. incanum (E4)

=

G. slocksif (E1)
G. sturtianum (C1)
G. nandewarence (C1)

D

G. laxum (D8)
T G. rolundifolium (K)

e

G. pilosum (K)

G. bickk (G1)

G. australo (C3)
G. thurberti (D1)
G. herkpn§ik(D2-2)

G. aridum (D4)

G. raimondil (D5) ,.!

G, davidsoni(D3-d) M

—

G. lobatum (D7)
G. tumerti (D10) '
G. schwendimanit(D1)),

G. lagicalyx (F1)

L

G. felsonil{G3)

Fryxell (1979) noted a similarity in the leaf indentation
of G. tomentosum and G. mustilinum. The flavonoid
data of Parks et al. (1975) suggested that G. tomentosum
is most similar o G. barbadense und 1o Gossypium
darwinii. Similarly, Hansen-Kampfl and Merizel (1980
reported little or no cytogenetic differentiation between
G. tomentosum and G. hirsutum. Nei's (1978) estima-
ted interspecific genetic identities are uas follows: (G.
tomentosum—G.  hirsurum=0.82); (G. tomentosum-G.
barbadense=0.65). In the present study, G. tomento-
sum showed Nei's similarity with other amphiploids
ranging from 0.69 10 0.83. G. tomentosum forms a sister
UPGMA cluster with G. barbadense Mummy. The high-
est interspecific genetic identity for G. romentosum is
with G. barbadense Mummy (0.83), whereas the genetic
identity of G. tomentosum with G. mustilinim was con-
siderably lower (0.69). G. barbadense formed a mono-
phyletic assemblage with G. hirsutum and G, hirsutum
Ycatenanse. G. barbadense has 0.78 Nei's similarity
with G. hirsutum. Nei (1978) also estimated an interspe-
cific genetic identity of 0.77 between G. barbadense and
G. hirsutum, Each of these species appears to have been
derived independently from different wild progenitors
(Lee 1984; Wendel et al. 1989). G. lanceolatum is close-
ly related to the interspecific hybrid (AxD-,). — 24
The main UPGMA cluster ‘C’ comprisedfive Gossyp-
ium species. Out of these three species belonged to the B-
genome and the other (two to the E-genome. B-genome
species grouped in a sister cluster to the E-genome spe-
cies. In the four Wagner trees (Wendel and Albert 1992),

G. trilobum (D8)

one resolved the B-genome clade as the sister group to
the New World (D-genome) diploid species, a second
showed it as a sister group to a clade consisting of the
A-D-E and F genome groups, while a third placed it as
part of an unresolved trichotomy. A fourth showed it as a
sister cluster to a clade contained the D-genome species.
Studies of flavonoids (Parks et al. 1975), seed proteins
(Cherry et al. 1970; Johnson and Thein 1970) and phene-
tic relationships (Fryxell 1979: Valicek 1978) offer little
or no convincing evidence for any of these alternative
resolutions. Cytogenetic data are similarly equivocal
(Endrizzi et al. 1985). Other evidence, however, strongly
implicates a close alliance of the B-genome species, in-
tluding foliar flavonoid data (Phillips 1966; Parks et al.
1975). The cpDNA data (Wendel and Albert 1992) dem-
onstrated a remarkable similarity among the three B-
genome species. In the present study the B-genome spe-
cies (Gossypium anomalum, Gossypium barbosanum and
Gossypium capitis viridis) demonstrated a remarkable
Nei’s similarity of 0.81 to 0.86 and showed a UPGMA
sister group to a clade consisting of the A-AD Gossypium
robinsonii and the E-genome group (Fig. 2).

The sole F-genome species  Gossypium longicaly.x
was resolved as a sister group to the D-genome diploids.
The Nei’s similarity with other Gossypium  species
ranged from 0.34 to 0.50. G. longicalyx showed maxi-
mum similarity with Gossypium bickii and minimum
similarity with Gossypium laxum. Wendel and Albert
(1992) resolved the sole F-genome species G. longicalyx
iIs ‘o sister group to cither the clade containing the



AD-genome or the clade comprising the E-genome spe-
cies. Several other authors have commented previously
on the relatively isolated -position of G. longicalyx
(Saunders 1961; Phillips and . Strickland 1966; Valicek
1978; Fryxell 1979: Vollessen 1987), which is adapted to
more mesic conditions than any other diploid Gossypium
species. Phillips and Strickland (1966) showed that -G,
longicalyx merited its own genomic designation, and
consider their cytogenetic data to imply that ‘G. longi-
calyx is closer to the A-genome species than the E-
genome species. The opposite conclusion was reached
by Johnson and Thein (1970), based on comparative
seed protein analysis, and by Valicek (1978) who con-
ducted a phenctic analysis of morphology. Iiryxell's
(1971) phenetic analysis showed G. longicalyx to be
about equidistant from both clades, as do the foliar fla-
vonoid data of Parks et al. (1975). Our result suggested
the placement of G. longicalyx as u sister cluster to the
D-genome diploid species. .

The cluster *F* in Fig. 2 comprised the D-genome
species. Out of 35 available Gossypium genotypes, ten
diploid species belonged to the D-genome, of which
eight species are grouped together in the same sister
UPGMA cluster. G. laxum showed more diversity and
formed a sister cluster with the C-genome species. G. tri-
lobum showed the minimum similarity (Nei’s 0.29 to G.
nelsonii) among all the species and formed a sister group
to a clade consisting of the G. nelsonii and the D-
genome groups. In the ¢cpDNA data of Wendel and
Albert (1992) cladistics relationships within the D-
genome are incompletely resolved due to an absence of
phylogenetic-informative cpDNA  variation. Approxi-
mately half of the D-genome species (Gossypium thur-
berii through Gossypium raimondii) are included in an
unresolved polychotomy, while species in the D-genome
have been differentiated by previous authors (Brown and
Menzel 1952; Phillips 1966; Johnson and Thein 1970;
Parks et al. 1975; Valicek 1978: Fryxell 1979). In respect
of cp DNA data, G. thurberii and G. trilobum showed a
similarity. In the prescnt RAPD analysis study, however,
they showed a wide range of diversity from each other.

A similar lack of correspondence between the RAPD
analysis and previous taxonomic concepls was apparent
in the Australian coltons. The present study includes
eight Australian species, designated as C-, G-, and K-
genome species. From the section Grandicalyx two spe-
ciew were included in the present study, Gossypium ro-
tundifolium and Gossypium pilosum. In this study these
two species formed a sister group. From the section Stur-
tia of the four species Gossypium sturtianum, Gossypium
nandewarence Gossypium robinsonii and Gossypium
australe, G. sturtianum and G. nandewarence group to-
gether into a sister cluster, while G. robinsonii and G.
australe showed more similarity with the AD-genome
and G,- and K-genome species. From the section Hibisco-
idea two species Gossypium bickii and Gossypium nel-
sonii were analysed in the present study. G. bickii
showed more similarity with other Australian species
and forms a sister UPGMA cluster with them. G. nel-

wmin

sonii, showed itself as sister group to a clade consisting
of D-, F- and C-group species. This means that G. nel-
sonii is more divergent than any of the other C-genome
species. G. nelsonii also has a different morphology,
ecology and geographic distribution (Fryxell 1965;
Fryxell et al. 1992), e R

In this study, the average genetic similarity of all the
Gossypium species analysed. was found to be 50.0%.
Similarly, the species studied indicated a wide range in
their genetic base. Despite the strong homology exhibit-
ed by many of the cotton genotypes, this study has dem-
onstrated that it is now possible to differentiate very
closely related subspecies such as G. herbaceum and G.
herbacewm Alricanum by using molecular markers. FFur-
thermore, most of.the species can be individually charac-
terized with species-specific RAPD markers which indi-
cates the utility of this approach for lingerprinting pur-
poses. The results obtained in the present study provide a
good correspondence to the recognized taxonomic divi-
sions within the genus Gossypium. These results suggest
that the RAPD technique produces reliable results with
which to construct the phylogenetic history of the genus
Gossypium.
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