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Introduction

in 2000/01, the Australian cotton industry produced approximately 3.4 Thinion bales with
a gr'OSs estimated value of 1.7 billion dollars. A1thougli cotton production in Australia is

efficient, diseases, such as F1rsadum wilt, are causing severe production losses.

Unfortunately, the incidence of Fusadum wilt in Australia has been increasing since it
was identified in NSW daring the 93194 season (1<. 0chmari, 1995). The disease is now
present mmanycoinmercialcotton fields inNSW and Queensland.

A1ttiougli the resistance of elite Australian cotton cultivars is improving steadily,
increasing the Fusadum wilt resistance of cotton cultivars remains a priority. While
Australian cotton breeders are actively trying to enhance resistance to Fusarium wilt in

their cument breeding materials, they are also searching for novel sources of resistance

genes. One possible source of new gales may be the native Australian Gos^?pmm
species, that are distant relatives of the cultivated cottons.

Prehiintiary surveys of the wild Australian Gos^, pmm species suggest that some of the C

and K genome species may be resistantto the two F"sari'I'm o. :^),.$pon, in (Fov) pathotypes
OrcG 0111 and 0112) affecting cotton cultivation in AUShafia (unpublished data). Iftliis
resistance proves to be robust, than the introgression of these genes from the wild species

into the cultivated cottons depends on the generation offertile hybrids and the frequency of
genetic recombination (Stewart, 1995). Several studies have been made using Australian

diploid species in breeding programs. Brubaker at a1. (1999) evaluated the production of
fertile hybrid gemiplasm with diploid species in the C, G and K genomes using tetra- and
hexaploid bridging faintlies. They concluded that the G genome species hybridise most
readily with G. arbore"in (A genome), while C and K genome species are more
compatible with G. htrs"twin (AD genome). However, all the intergenomic hybrids were

sterile and colchicine treaiment was needed to restore fertility before backcrossing to
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G. htrst, twin. The only exceptions were four G. htrsz, twin x K genome triploids, which
exhibited limitted female fertility when backcrossed to G. hirs"twin. This low fertility was
attributed to the occurrence of wireduced gametes. Brubaker at o1. (1999) also obtaliied 18

new fertile synthetic polyploids and 23 self-fertile derivatives of 2 synthetic hexaploids.
These fertile hybrids represent a possible avenue of introgi. ession of genes from the wild
Australian Gos^,pillm species into cultivated cotton and justify further attempts to use
hexaploid bridging farmlies to access lines of potential utility (e. g. Fov resistance) for in
future breeding efforts.

Materials and methods

Plant Material

The chromosomal locations of G. sinrti@"I'm-specific AFLP markers were dateLiLLuied

using 13 G. sinrtt@""in BCj multiple chromosome addition lines that were generated by
crossing a synthetic G. hirst4t"in x G. st, ,rti@"win allohexaploid (Gos 5271) to G. hirst, twin
(CPI138969) to generate an AADDC pentaploid F1 (11yb 629) that contained a haploid
component of the G. startt""I'm chromosomes. This pentaploid was subsequently
backcrossed to G. htrs"twin (SiCala V2) to generate the 13 BCj multiple chromosome
addition fines that contained the full G. hirs"twin tehaploid geriome complement

accompanied by nitxed subsets of the G. stunt'@, 231m haploid genome. These BCj multiple
chromosome additions lines were subsequently backcrossed to G. hirst, twin (SiCala V2) to
gonerate 1/4 BC2multiple chromosome addition fines.

AFLP analysis
Genorritc DNA was extracted from 100 ing of young leaves, preferentialIy taken from just

below the shoot apex to reduce the levelofrecalcitrarit compounds in the leaftissue. The
plant material was gr'ound in a 1.5 rill nitcrocentr'ifiige tube with a plastic pestle in liquid
nitrogen. The powdered leafmaterial was resuspended in I rill of Iysis buffer t100 inM
Tits-HCl(pH 8.0); 1.4 M NaC1; 20 mm EDTA (pH 8.0); 2% (w/v) CTAB; 2% (w/v)
PVP-40; 0.1% (w/v) D^CA; 0.1% (w/v) ascorbic acid; 0.2% (v/v) ^-mercaptoettianoll,
incubated 20 null at 60'C, extracted at leasttwice with chiorofonn:isoamyl alcohol(24:I),

andprecipitatedwittiisopropanol.

Amplified fragment Ienglli polymorphisms (AFLPs) were identified using 6 adapters (2
ECOR1, 2 Pstl and 2 Msel) and 34 selective pmiers using I 11g cotton genonitc DNA for
each individual sample following Vos at at. (1995). The AFLPs were resolved on 6%
denatuntig polyacrylariiide gels mm at 50 watts using IX Tris-Tauime-EDTA (TTE)
buff^ (10.8 g Thana base; 3.6 g Tauime; 0.2 g 1.1a2EDTA2H20). The AFLP
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autoradiogr'ams were scored visually and data relating to presence or absence of
polyrnorphicbandswere entered into an Excelspreadsheet.

Genetic analysis of AFLP inheritance

The G. sinrtt@""in-specific AFLP markers were putatively assigned to linkage groups
based on the seeregation of the markers among the 13 BCj G. sinrti@"I'm multiple
chromosome addition fines. It was expected that the G. sty, tic"win chromosomes would

be inherited largely umecombiried, and therefore genetically identifiable as sets of

cosegi'egatirig loci, identified by manually sorting the data in an Excel spreadsheet
(Brubaker and Brown, unpublished). Each co-segregating set of loci was labelled
alphabeticalIy.

Fusarium wiltresistance in G. st"rtian"in x G. hitsutum lines

The synthetic G. hirsi, twin x G. sinnto"win allohexaploid (Gos 5271) used to generate the
chromosome addition fines and its parents (G. htrsz, twin, CPI138969, and Gsmrti@"win, Gos

5275) were germinated intrie glassliouse and challenged withFovbyroot-dip inoculation in a

couldial suspension, two weeks after germination. Twenty unitioculated and twenty
trioculated plants were used for each hale. Host-panogeiiresistaiice of each fine was assessed

using plant heiglit (P'}I) (relative to the unchallenged control plants) and fi, liar disease rating.
Stintarly, 23 BC2F2 multiple chromosome addition fines were scored for F1rsatium wilt

resistance based on fi>liar syinptoius (};'S) and vascular browixing index (VBD using a
standard 0-5 scorng systern. Forty plants were trioculated for each multiple chromosome
addition fine, and the G. hirst, min paront(CPI 1389069)was included as the control.

Results

AFLP inheritance among the chromosome addition lines

The G. hirs"twin and G. sinrti"""in AFLP inheritance was additive in the hexaploid
(Gos-5271) and in the pentaploid (11yb 629). A total of 2036 G. starti@""in-specific
AFLPs were resolved, 861 of which segi'egated among the trimeen BCj chromosome

addition fines. Segi'egation analysis identified 19 distinct sets of cosegregating markers,
or linkage groups, designated A to S (Table I). Because G. sinrti@""in contributed 13
chromosomes to the chromosome addition lines, the identification of more than 13

linkage gi'oups suggests that at least some G. stt, rtia"win chromosome restructuring has
occurred. The complete absence of one large linkage gr. oup suggeststhat that only 12 of
the 13 G. stz, rti@"I'm chromosomes are segregating in the chromosome addition lines.
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Table I. Distribution of coseg'egating sets ofG. starti@""in AFLPs among
13 BCj G. hirs"twin x G. st"rti@"I'm chromosome addition lines.
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Table 2. AFLP inheritance among 1/4 BC2 G. hirs"twin x G. starti@"I'm from 11 BCjchromosome

addition lines families.
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Frequency and fidelity of alien chromosome transmission
One hundred and fourteen BC2 aneuploid farmlies comprising eleven of the timeen BCi
aneuploid parental lines were evaluated to estimate the frequency and the fidelity of
G. starrtion"in chromosome hallsintssion. Twenty-four ECORl/Msel primer combinations

employed-577 G. stunt@, 231m-specific molecular markers were screened.

Segi'egation analysis suggests hat each of these BC2 farmlies contoiiis a subset of the
G. starrtio"I'm chromosomes intrieirrespective BCj parent(Table 2).

were

Fusarium wiltresistance

The Fusadum wilt resistance assay of the G. hirst, twin x G. stz, rti@,, I'm allohexaploid
(Gos 5271) and its two parental lines suggested that G. stz, rti@?131m was markedIy less
susceptible to Fusadum wilt-induced stunting than G. hirs"turn and that tins effect was
also evident in the G. hirsz, twin x G. sinrti@"I'm hexaploid, albeit at a levelintennediate

between G. stunt@, 234m and G. hirsz, turn (Figure I). This suggests that G. stz, rti@,, Min
has a heritable level ofFov resistance, but whether his reduced stunting translates into

robustfield resistance to Fov has not be collfinned and is the subject of ongoing studies.

Figure ,. Heiglit distribution of parental(A & C) and synthetic allohexaploid G. hirs"twin x
G. st"rti@"I'm (B) plants. Lig!It grey indicated heiglit ofFov-trioculated plants; dark

g'ey bars indicate heiglit of un-inoculated plants.

Twenty-itree G. hirsz, twin x G. sinrti@"aim BC2F2 aneuploid funilies were tested for Fov
resistance. The Hyb-710- derived farmlies, L30, LSI, and L56, pertorrned better than the

other 20 farmlies based on plant heiglit, foliar score, and vascular browning index (Table 3).
While these results are not conclusive, they are prorrxisirig, suggesting hat G. hirs"min x

G. stunto, IIJm hybrids may offer improved resistance. The pertonnarice of these funlies
will be tested futiler by examining the correlation between the occurrence of specific
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G. stunt'@"win chromosomes witlntithe Hy'b-710 faintly and individual plant scores. in this

preliiriiiiary analysis, G. stunt'@""in linkage g'oups I and S were shared by four of the five
most resistant fines, suggesting that improved resistance originates from G. stunt'@""in, and

that linkagegroups I orS maybe carrying the gene(s) of interest.

Discussion

Analysis of the distribution of G. stunt'@"I'm-specific AFLP markers among 13 BCi
multiple chromosome addition fines revealed 19 sets of cosegr. egathig G. swim'"""in-
specific AFLPs. Five of these linkage gi. oups were small(<19 AFLPs), while 14 large
linkage goups comprised 33 to 78 AFLPs. Bnibaker and Brown (unpublished)indicated
that the tertiary-gene-pool Goss}:pinm species chromosomes would be "mejotically static
in the G. hirs"twin backgr. ound and inherited largely umecombiried, thus 13 G. sinrti", IIJm
chromosomes should correspond to 13 G. sin, tin""in-specific AFLP linkage groups. This

suggests that of the 169 G. sinrti@""in chromosomes available (13 chromosomes XI3 BCj
individuals), 1/4 (68%) were transnittted to the first generation aneuploids (Table 2). The

data presented in Table I also showed that one of the 13 chromosomes present in
G. sinrtz'@inI'm was not transferred (linkage gr'oup A). The number of chromosomes

present in these first generation aneuploids varied from two to twelve chromosomes,
while the transintssion frequency of the 19 linkage groups varied from I to 12.

Table 3. Plant height, foliar score and vascular browning index for five Fov-trioculated
G. stunt@""in x G. him, ,twin BC2F3 fadlies (L30, L38, L48, LSI, & L56) and their

G. hirs"twin parent (C). N indicates number of plants assessed, CV indicates the
percentage coefficient of variation and the shaded lines indicates the correlation between
linkage 210uDs and Fov resistance.
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To establish the fidelity of the G. stunt'@""in chromosome trailsnxission, 1/4 BC21ines were

genotyped using 24 ECORl/Msel AFLP pmner combinations. The analysis of the
distribution of ECORl/Msel G. swim'@""in-specific AFLPs among 1/4 BC2 aneuploids

revealed hat of the approximately 925 G. swim'@""in chromosomes available, 570 (62%)
were tramrrittted to the second generation aleuploids(Table 2). More linege groups were

identified among the BC2 individuals suggesting hat futiler G. sinrti@"I'm chromosome

fragmentation hadoccorred.

The relative rate of chromosome loss versus the frequency of hornoeologous interactions
between the G. htrst, twin and G. st, ,rti@"I'm chromosomes is the critical parameter

estimating the probability that resistance genes from G. st"rti@""in can be introgressed
into cotton cultivars. 111 these first two generations, the level of G. sinrtto, twin

chromosome fragmentation suggests that some introgression may have occurred, but
furrier genetic analyses are required to collfinnhis.

The increase in Fusarium wilt across the Australian cotton growing regions has

increased interest intrie genetics ofFusadum wilt resistance. Ongoing screening of the

native Gossiptt, in species (unpublished data) and the data presented here suggest that
G. st"rtia"I'm may indeed represent a source of novelFov resistance genes. However,
the genetic analysis of the G. hirs"twin x G. sinrti@""in chromosome additions lines
litgliliglits the difficulties in introgressirig these genes into cotton cultivars. Over the
next year, the priority is to identify specific G. sinrtt@"I'm chromosomes that carry
genes that improve the Fov resistance of G. hirs"twin. If his is successful, more
efficient introgi'ession strategies can be employed. All alternative strategy that iniglit be
considered would be to identify the major gene(s) responsible for G. stt, rti@, 11, in's

superior resistance to Fov and introduced them into the con^nercial cotton cultivars
using transfonnationteclmology.
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