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Abstract: PMC-FISH (pollen mother cell-fluorescence in situ hybridization) technology was firstly ap-
plied to identify probed chromosomes in univalent, bivalent and multivalent, as well as to distinguish
star- or fragment-like hybridization signals from non-probed chromosomes in four triploid F; hybrids
produced by cultivated allotetraploid cotton crossed with different diploid cotton species in the genus
Gossypium. Using genomic DNA from A genome species as probe, the meiotic chromosome configura-
tions in metaphase I of four triploid F, hybrids were identified as 1[laad + 111aa + 41lad + 711 dd
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+ 5Ta+ 71d for (AD),D;(G. hirsutum X G. raimondii), 1V aaaad +1[ladd + 2Tad + 811 dd
+ 6T a-+ 51dfor (AD),D,(G. barbadense X G. aridum), 2[ladd (adc oracc) + 1Taa + 9T a +
4Mcec (deordd) + 14T d () for C(AD),Cs(G. hirsutum X G. australe), and 1[Jaa + 11 ad (ac)+
10Ja+ 6Ilcc (dcordd) + 131 d (c) for (AD)1Cl-n (G. hirsutum X G. nandewarense), respec-
tively. While the two cultivated tetraploid species, G. hirsutum (AD), and G. barbadense (AD);,
which were used for the triploid female parents, displayed the same chromosome configuration as 13 ]
aa + 1311 dd. It is obvious that there were more bivalents but less univalents in ADD [ (AD);D; and
(AD),D, ] type than that in ADC [ (AD);C, and (AD),C,., | type of triploid F; hybrids and with fewer
A-subgenome univalents and more A-subgenome combined pairings in ADD than in ADC type of trip-
loid F; hybrids. The results indicated that specific relationship of AD cultivated tetraploid species with
D genome may be much closer than with C genome, and that the PMC-FISH technology may play an

irreplaceable role in the specific relationship analyses of triploid F, hybrids in Gossypium.
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Introduction

There are 51 species in the genus Gossypi-
um including 46 diploids (2n=2x=26), desig-
ning genomes as A to G and K, and five tetra-
ploids (2n = 4x = 52), designing genome as
AD ™M, The tetraploid cotton is usually consid-
ered as the amphidiploid composed of A- and D-

[2]

subgenome Now, many new technologies

have been brought to bear on the problem of the
origin and evolution of tetraploid cotton, and

some basic theory has gotten the same

(4] Yet few data address the ques-

conclusions
tion of the actual diploid ancestor of tetraploid
D-subgenome, the relationship between the dip-
loid and the tetraploid genome, and homologous
degree among diploid taxa 1.

The integrated events of genome may occur
polyploidy

immediately after synthetic

171 and the investigation to the chro-

formation
mosome paring in polyploidy is a good way to
study the relationship among polyploidy ge-

nomes %

. The previous reports about interspe-
cific relationship mainly focused on studies of
chromosome paring based on traditional meiotic
morphology or mitotic karyotypes. Chen et al M
had chosen the interspecific hybridization be-
tween Cucumis hystriz and Cucumis sativus to

investigate the chromosome pairing and found

that the interspecific relationship of the above
1 [11]

species is relatively far. Rodrigues et a in-
vestigated the interspecific hybridization among
several Triticum species and found that the rela-
tionship between G and S genome of Triticum is
closer than that between B and S genome.

It also has become a common method in cy-
tobiology to utilize the chromosome pairing in
meiotic metaphase I to investigate interspecific
relationship of Gossypium. However, it is diffi-
cult to distinguish the source of the chromosome
in interspecific hybrids by using the traditional
cytological methods, which has limited to inves-
tigate the interspecific relationship more exactly.

Fluorescence in situ hybridization (FISH),
which integrates the advantages of cyto- and mo-
lecular biology, has been widely applied in many
aspects, especially in studying the interspecific
relationship. The pollen mother cell FISH
(PMC-FISH) by using the genomic DNA as
probes, which can reflect the hybridization sig-
nal of whole genome and obtain more compre-
hensive genetic information, has become a relia-
ble method for investigating the interspecific re-
lationship of different genome in hybrids. The
PMC-FISH in cotton was established by the la-
led by Stelly in A&M

Lz20l and developed well currently in

boratory Texas

University
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Zhang's laboratory in Nanjing Agricultural Uni-
versity with the application in conjunct with

BAC library 224,

ful tool more accurately to probe the nature of

However it may be a power-

chromosome pairing in the hybrids, there has
been no report of PMC-FISH based on interspe-
cific hybrids in Gossypiumt?1,

This paper firstly reported the application of
PMC-FISH on detecting the meiotic chromosome
configurations in triploid F; hybrids produced by
cultivated allotetraploid cotton crossed with dif-
ferent diploid cotton species to investigate the
interspecific relationship in the genus Gossypi-

um.

1 Materials and Methods
1.1 Plant materials

Nine accessions were used in this study, be-

longing to the four cultivated species and five
wild species in Gossypium, respectively (Table
1). CCRI 12 and CCRI 16 were upland cotton
cultivars (G. hirsutum, (AD);) developed by
Cotton Research Institute, Chinese Academy of
Agricultural Sciences (CRI-CAAS, or Chinese
Cotton Research Institute, CCRI). Hai-7124
(G. barbadense, (AD),;) and Shixiya-1 (G. ar-
boreum A;) were cultivars developed in China
and provided by CCRI. The herbaceum var. af-
ricanum (Ay,) was a wide accession and provid-
ed by CCRI. The wild species accessions 530888
D4-3 (G. 5308998 D5-2 (G.

raimondii, D;) were introduced from USDA-

aridum, D,),

ARS, Crop Germplasm Research Unit in College
Station, USA, and C,n01 (G
nandewarense, C,), 464482 C3-7 (G.

trale, Cy) were introduced from Australia.

Texas,

aus-

Table 1 The parent materials and their genomes

Accession / PI number  Species Genome Usage

CCRIF-12 G. hirsutum (AD), Female parent

CCRI-16 G. hirsutum (AD), Female parent & target DNA
Hai-7124 G. barbadense (AD), Female parent & target DNA
-— G. herbaceum var. africanum A, Probe

Shixiya-1 G. arboreum A, Probe

530888 D4-3 G. aridum Dy Male parent

5308998 D5-2 G. raimondii Ds Male parent & blocking
Ci-n-01 G. nandewarense Cia Male parent

464482 C3-7 G. australe G Male parent

Table 2 shows four F; triploid hybrids used
in this study. The hybrids were all made by
crossing diploid wild species as male parents to
tetraploid cultivars as female parents in 1990s in
National Wild Cotton Plantation,
land, China, which is managed by CCRI. All

Hainan Is-

plant materials including F; hybrids and their
wild species parents were maintained in living
plants in the plantation. The cultivated parents
were maintained in Anyang City (CCRI), Chi-

na.

Table 2 The combinations of interspecific hybrids

Accession combination Species combination Genome Hybrid type Year
CCRI-16 X 464482 C3-7 hirsutum X australe (AD), X C; ADC 1998
CCRI-F12 X C,;-n-01 hirsutum X nandewarense (AD); X Cia ADC 1999
Hai-7124 X 530888 D4-3 barbadense X aridum (AD); X Dy ADD 1994
CCRI-16 X 5308998 D5-2 hirsutum X raimondii (AD); X Ds ADD 1998

1.2 DNA probes and labeling

The genomic DNA (gDNA) prepared from G.
arboreum and G. herbaceum var. africanum were
used as probes. The procedures to label probes of

the gDNA were according to Wang et al ),

1.3 Blocking DNA

The gDNA prepared from G. raimondii was
used as blocking DNA in all experiment. The
procedure of preparing blocking DNA was ac-
cording to Wang et al (241,
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Figure explanation;

Figs. A and B, FISH images of ADD type triploid hybrids using gDNA from A genome (G. arboreum, A,) as
probes and gDNA from D genome (G. raimondii, Ds) as blockings. Hybridization signals (red Rhodamine fluorescence)

are visualized on 4', 6-diamidino-2-phenylindole (DAPI) stained chromosomes (blue).

Fig. A, the triploid F; hybrid of G. barbadense ((AD);) X G. aridum (D,), with chromosome configuration as
1V aaaad +1Mladd + 2[Jad + 8[Idd + 6 Ta + 51 d. The arrow indicates a pentavalent.

Fig. B, the triploid F; hybrid of G. hirsutum [(AD):] X G. raimondii (D;), with chromosome configuration as

1Maad + 1Maa + 4Nlad + 71dd +5Ta+ 71 d.

Figs. C and D, FISH images of ADC type triploid hybrids using gDNA from A genome (G. arboreum, A;) as
probes and gDNA from D genome (G. raimondii, D;) as blockings. Hybridization sighals (red Rhodamine fluorescence)

are visualized on 4', 6-diamidino-2-phenylindole (DAPI) stained chromosomes (blue).

Fig. C, the triploid F; hybrid of G. hirsutum ((AD)1) X G. nandewarense (Ci,), with chromosome configuration
as 1Jaa + 1[lad (ac)+ 10T a + 6 cc (dcor dd) + 131 d (). The arrows indicate the fragment-like signals.

Fig. D, the triploid F; hybrid of G. hirsutum ((AD)1) X G. australe (C), with chromosome configuration as 2]
add (adc orace) + 1Taa + 9Ta + 4 cc (deordd) + 141d (0.

Figs. E and F, FISH images of meiotic metaphase I or prophase spreads of two AD tetraploid species, G. hirsutum

(E) and G. barbadense (F), using gDNA from A genome (G. herbaceum var. africanum, A;-a) as probes and gDNA

from D genome (G. raimondii, Ds;) as blockings, showing chromosome configuration of 13 [[ aa (hybridization signals

(red Rhodamine fluorescence) + 13 I dd (non-hybridization blue DAPI stained fluorescence) for both species.

1.4 Chromosome preparation

Meiotic chromosome spreads were prepared
according to the procedure of Wang et al ! with
some modification. Young buds were selected
and the appropriate prophase was determined
firstly. A few anthers from a bud were squashed
in 45% acetic acid on a slide and checked under a
phase microscope. The buds checked to be at

meiotic metaphase [ were fixed overnight in fixa-

tive (ethanol: acetic acid: chloroform=>5:3:2)
at room temperature. After two washes in dei-
onized water, the anthers were squeezed with a
surgical knife to extrude the chromosomes in
60% acetic acid. Then immediately, the slide
was briefly immersed in absolute ethanol, and
left to dry. The slides could be used directly for
FISH experiment or stored at -20C for up to

several months.



148 # %

% % 21 %

1.5 Fluorescence in situ hybridization (FISH)
and detection

The FISH of meiotic chromosomes were
performed according to Wang et al ", The
slides were pretreated with 100 g + L' DNAase-
free RNAase in 2XSSC at 37°C for 1 h and then
washed three times for 5 min each in 2 X SSC.
For each slide, total 20 pL hybridization mixture
including 50% formamide, 2 X SSC, 10% sodi-
um dextran sulphate, 50 mmol * L' phosphate
buffer with pH 7.0, 1~2 mg » L' probe DNA
and 50~100 mg * L* block DNA were used. In
situ hybridization was allowed to proceed at 37°C
overnight, followed by post-hybridization wa-
shes for 3 X5 min in 50% formamide at 37°C,
3X5 min in 2 X SSC at room temperature, and
3X5 min in 0. 2 X SSC at room temperature. The
slides were blocked with 5% BSA at 37°C for 30
min and then covered with corresponding anti-
body (Roche) at 37 'C for 1 h each. After wash-
ing with 1 X PBS for 3X5 min, the slides were
counterstained with 1 mg « L* 4’, 6-diamidino-2-
2-phenylin-dole (DAPI) and then washed with 1 X
PBS for 3X3 min. And finally the slides were mount-
ed in 10% Vectashield antifade mounting.

The hybridization signals were observed u-
sing a fluorescence microscope (Leica MRAZ2).
Images were captured by the Imaging System
Software and brought together to make the plate
using Adobe Photoshop 7. 0 software.

2 Results

There are two types of triploid F;, hybrids
based on their genome combinations, ADD type
includes an AD genome (tetraploid, 2n=4x=
52) and a D genome species (diploid, 2n=2x=
26), and ADC type includes an AD genome and
a C genome species (diploid) (Tab. 2). Probes
hybridized to the two type hybrids were the
same as gDNA prepared from a diploid species
G. arboreum (A;) but the FISH patterns differ-
ences existed between them.
2.1 ADD type triploid hybrids

The identification of chromosome configura-

tion and translocation was primarily according to
Zhang et al %,
FISH images of meiotic chromosomes (meta-
phase I ) of two hybrids of the ADD type, G.
barbadense (AD); X G. aridum (D,) [fig. A as
(AD),;D,] and G. hirsutum (AD), X G.
raimondii (D;) [fig. B as (AD),D;], respec-
tively, with G. arboreum gDNA as probes to

Figs. A and B represented

both triploid F, hybrids. The chromosome con-
figurations differed from 1V aaaad +1[[add + 2
Had + 8Tdd +6Ia+ 51dfor (AD),D, to 1
Maad + 1M aa + 4Mad + 7dd +5Ta+ 7
I d for (AD),Ds;. The highest valent was penta-
valent in (AD);D, and trivalent in (AD);Ds, re-
spectively. There were 2 multivalents, 10 biva-
lents and 11 univalents in former, and 1 triva-
lents, 12 bivalents and 12 univalents in the lat-
ter. Clearly, bivalent number in (AD),D; was
more than that in (AD),D,, and the transloca-
tion number in (AD);D; (5) was more than
(AD);D,(3), demonstrating the closer relation-
ship of G. raimondii (Ds) than G. aridum (D,)
to AD genome cottons. While generally, both
hybrids showed more bivalents or multivalents
than univalents with their primarily correspond-
ing locations in the PMCs at equatorial plane and
bipolar (figs. A and B).

One of the most advantages of FISH on in-
tespecific hybrids with the cognition to genome
or subgenome chromosome derivations in bi- and
multivalent configurations, such as A- and/or D-
subgenome, and D genome origins in ADD type
triploid F; hybrids, was well confirmed in today’s
study. Based on hybridization signals in figs. A
and B, bivalents could be distinguished as fol-
lowing three combinations, aa, dd, and ad, with
the corresponding numbers of 1, 7 and 4 in
(AD),Ds and 0, 8 and 2 in (AD);D,, respec-
tively, showing much more dd than aa, or aa
plus ad combinations, and thus indicating close
relationships of the wild diploid D genome with
two tetraploid cultivated cottons, G. hirsutum
(AD), and G. barbadense (AD),. Chromosome
univalents in the two triploid F; hybrids of the
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ADD type were also distinguished as A or D ge-
nome origins clearly, 5 a and 7 d in (AD,)D;,
and 6 a and 5 d in (AD);D,, respectively. The
pentavalent in (AD);D, would be of 4 aand 1 d
genomic origins.

It was obviously detected that most univa-
lent chromosomes with red hybridization signals
were bigger in size than those with blue non-hy-
bridization signals. Star-like or fragment-like red
hybridization signals existed in some blue non-
hybridization bivalents and univalents, but re-
verse could not be observed in our experiments.
Referring to A genome species gDNA probes,
the red hybridization and blue non-hybridization
signals would be reflected to the A- and D-sub-
genome or D genome sequences, respectively.
The existing of star- or fragment-like hybridiza-
tion signals in non-probed chromosomes indica-
ted a unidirectional introgression of DNA se-
quence from A-subgenome into D-subgenome
chromosomes, which could be difficult to be ob-
served by the traditional cytological (non-FISH)
technology.

Above results were basically or largely in
accordance with the previous cytological and cy-
togenetic studies on cotton interspecific hybrids
1326271 hut hybrid PMC-FISH researches here
provided the direct evidence.

2.2 ADC type triploid hybrids

Two C genome species, G. australe (C;)
and G. nandewarense (C.,), are diploid wild
cotton distributed on Australia. Figs. C and D
represented FISH images of meiotic chromo-
somes (metaphase I ) of two hybrids of the ADC
types G. hirsutum ((AD),) X G. nandewa-
rense (Cy) [fig. Cas (AD),C.y] and G. hirsu-
tum ((AD);) X G. australe (C) [fig. D as
(AD),C], respectively. The probes and the
blocked DNAs used here were the same as a-
bove, but a rather different result was obtained.
The chromosome configurations for the two hy-
brids were as 1llaa + 1llad (ac) + 10T a + 6
Dece (deor dd) + 131 d () for (AD),C.., (G.
hirsutum X G. nandewarense) and 2]l add (adc

oracc) + 1lTaa + 9T a + 4l cc (dc or dd) +
14T d (c) for (AD),C;(G. hirsutum X G. aus-
trale) , respectively, with corresponding translo-
cation numbers of 11 and 8. Comparing to ADD
type, there were fewer multivalents [only 2 tri-
valents in (AD),C; ], less bivalents (8 and 5 in
former and latter) but more univalents (23 in
both), thus indicating that, to AD tetraploid
species, C genome was less relative than D ge-
nome. The similarity with ADD type was the lo-
cations at equatorial plane of bivalents and bipo-
lar of univalents in the PMCs, as well as bigger
size of chromosomes with red hybridization sig-
nals than those with blue non-hybridization sig-
nals (figs. C and D). It was easy to distinguish
A-subgenome derivated chromosomes but diffi-
cult to discriminate D-subgenome from C ge-
nome derivated chromosomes. However there
were two and three valent combinations in
(AD),C., and (AD),C,;, respectively, related to
A-subgenome derivated chromosomes, sugges-
ting that there were, though not very close, cer-
tain relationships between the two Australian
species to G. hirsutum.

Similarly to ADD type, the star- or frag-
ment-like hybridization signals could be detected
on part of univalents or bivalents, which existed
blue non-hybridization signals and should be
taken as D-subgenome or C genome origins in
the ADC type PMCs of the two triploid F; hy-
brids. Higher frequency of the existing of star-
or fragment-like hybridization signals in non-hy-
bridization chromosomes than in ADD type (fig.
C, the white arrows) may indicate, with more
possibility, a unidirectional introgression of
DNA sequence from A-subgenome into D-subge-
nome or even to C genome chromosomes.

2.3 PMC-FISHs of two cultivated tetraploid cot-
tons

The PMC-FISH of two cultivated tetraploid
cottons, G. hirsutum (AD), and G. barbadense
(AD);, used as female parents for producing
triploid hybrids with D or C genome species (to
form ADD and ADC type F, hybrids), by using
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gDNA from G. herbaceum var. africanum as
probes, showed the same chromosome configu-
ration as 13 [ aa + 13 Il dd in their FISHs of
meiotic PMCs, being obviously visualized as
probed and non-probed chromosome pairs, re-
spectively (figs. E and F). The result of the
PMC-FISH used gDNA from G. herbaceum var.
africanum as probes in our study was actually
similar with that used gDNA from G. arboreum
as probes because G. herbaceum var. africanum
and G. arboreum are phylogenetically sister to
each other and hence are genealogically equidis-
tant from the A-genome of the allopolyploids ¢!,
The FISH based bivalent chromosome pairing
could be distinguished very clearly but could be
deduced in traditional cytology (non-FISH )
studies mainly according to their sizes, in which
bigger and smaller pairs were thought as A- and
D-subgenome derivations, respectively, in tetra-

[3,27]

ploid cottons . There were two cells in in-

terphase stage, showing many copies of red

Rhodamine fluorescent hybridization signals
which dispersed dottily in whole cells (fig. E on
right). It was prospected that, almost in all A
gDNA probed aa bivalents of both species, hy-
bridization signals did not cover whole chromo-
somes but tended to being clustered mainly in bi-
polars of their centromere regions, demonstra-
ting hetero- and eu-chromatin distributions on
regions in

centromere- and telomere-near

plantst®-28,

3 Discussion

It has been long worried for cytologists,
with traditional (non-FISH) technologies, how
to identify meiotic chromosome derivation in
triploid F; hybrids in cotton, especially for biva-
lent and multivalent combinations which may
have different genome or subgenome origins *”,
thus leading to possibly misunderstanding for
chromosome pairing in meiotic metaphase and
then for interspecific homogeneity estimating a-
mong genomes or subgenomes of cotton triploid
F, hybrids. It is expected that PMC-FISH tech-

nology, developed in this study, has well
brought its advantages to identify probed chro-
mosomes both in univalents such as a or d univa-
lents and in bivalents or multivalents like aa, ad
and dd bivalent combinations in ADD type of
triploid F; hybrids. The technology let us distin-
guish the star- or fragment-like hybridization
signals in non-probed chromosomes in both ADD
and ADC types of triploid F, hybrids, which is
very difficult or even impossible to do so by tra-
ditional (non-FISH) cytology techniques. Here
in the ADD type of triploid F; hybrids, the biva-
lent combination of aa would be derive from A-
subgenome of AD tetraploid parent only [ (just
from Acapy » taking as acapyacamp o while dd from
D genome parent and/or D-subgenome origin
[(from Dy and/or Deapy » taking possibly as
dcan dcan 5 deam) dpacor sy » and/or d pucor ) Apacor sy s
and ad from A- and D-subgenome and/or D ge-
nome origin [ (from Ay and Dep s and/or
Aap Dicarsy » taking possibly as aapy deapy and/or
aca doscorsy |- It was similarly difficult or impos-
sible to distinguish D-subgenome [ D¢ap, | from C
genome origin in the chromosome pairing inclu-
ding bivalents and even univalents in ADC type
of triploid F; hybrids. It may be hopeful to solve
the problems by using genome (or subgenome)
specific probes simultaneously in this kind of hy-
brid PMC-FISH experiments.

Based on the comparison of the two types of
triploid F; hybrids, there were less univalents
but more bivalents in ADD than in ADC, as well
as some trivalents or even a pentavalent in ADD
but no multivalents in ADC. The result were
well corresponding to previous studies with non-

FISH cytology (1326271

ting, to AD genome, much closer specific rela-

and further demonstra-

tionship of D genome than C genome. The uni-
valents in the ADC triploid F; hybrids would be
consist of A-, D-subgenome and C genome.
However the A-subgenome univalents could be
well distinguished by probed chromosomes from
the other two genomes or subgenomes (figs. C

and D). There were 10 and 9 of A-subgenome u-
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nivalents, in (AD),C,, and (AD),C,, respec-
tively, just close to total 13 chromosomes each.
On the other hand, fewer A-subgenome chromo-
somes [only 1 and 2 in (AD),C., and (AD),C,,
respectively | did behave to pair to other two ge-
nome chromosomes (D-subgenome or C ge-
nome). In contrast, there were fewer A-subge-
nome univalents in ADD triploid F; hybrids [5
and 6 in (AD),D; and (AD),;D,, respectively ]
and more A-subgenome combined pairings [ 5
and 4 in (AD),D; and (AD),D,, respectively]
did behave to pair to D genome or D-subgenome
chromosomes. These investigations indicate that
specific relationship of AD cultivated tetraploid
species with D genome may be much closer than
with C genome, and that the meiotic FISH tech-
nology may play an irreplaceable role in the ana-

lyses of interspecific relationship in Gossypium.
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