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FMSnrium oxysporuinf sp. DRSinfectt!in (Foo) is considered tile most destructioe patliogen of cotton in
Australia. In tilts study, BC3 progenies of cityomosome "ddition lines between G. shirtinnum (C
genome), rin Austinlinn toild Cossypiuin species shown to be resistant to f!sariuin wilt, and G
hirsutuin roere genetically CIMracterized (using G. sinrtinnum chroinosome-specific AFLPs) to
determine tile number rind identity of tile G. stuffinnui?I chromosomes in 47 G. Inrsutum X G.
stuffinnuin chromosoine addition families. rite 47/11milies were challenged cottlt Foo (VCG 11) in
glasshouse trials using root-dipping inoculations to detennine their Ieoels off!sarinm wilt resistance.
Quern11, 20 offIle BC3/11milies shott, ed enhanced/i'snrium toilt resistance rel"title to filetr G. Inrsutttin
parent. Logistic I'egitssioiiizoiniii"ted floe G. sturtinnuiiiliiik, 18e groups as Imjinig a sign;ficniit 4/7ect
on Illsnrittm wilt resistrince in n G. litrsut"In background. Two nilknge groups were associnted with
improoed resistance, while titree linknge groups toere nssocinted with increased susceptibility

Introduction

Illsnri"In coilt of cotton in Allstrnlia is caused by FMS"rimn oxysporum f sp. Dasii!fectum (Foo).
Illsnriuin wilt runs first recorded in 1993 in the Cecil Plains/Brookstend region of Queensland
(Kochinnn, 1995). Since tilen, tile incidence off1100riuin toilt in Austinlinn cotton crops 11ns increased
drasticnlly, spreading Inpittly to InOSt cotton growing regions tit New South Wales rind Queenslnnd
(Reid at a1. , 2002). Despite, robust improoements in tilefi. Is"rimn toilt resistance of Austinlinn cotton
cultioars, cotton breeders continue to look for neto sources of resistrince. Genetic lianability for
resistance tollisnriuin runt seems to be Initited ill tile cultionted cotton gennplnsin, and consequently
cotton breeders nre looking beyond tile cultionted gene pool In addition, reinnrknbly little is known
about tile genetics of resistance tollisnrittm toilt in cotton, particulnrly in AUStrnlin. Reports o11 the
mode of inheritnnce of resistance to F00 11noe been inconsistentzt, it11 respect to the number rind effect of
genes tricolord (Fahiny, 1927; Sinitli and Dick 1960; Monnined, 1963). Understanding tile genetics of
illsnrit!In toilt resistrillce in cotton loin nilotti breeders to dellelopf!fure cultionrs Inore 46'iciently and
quickly
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Die Austinliqn cotton relatioes I'my be a tinlunble pool of gel'Inpinsin flint can be used us n source of
genetic resistance tollsnriiiin toilt (Bri!baker rind Bensley per. coinm. ), and because they IMOe " simpler
genome, tiley could nlso serve ns useji!I genetic models for elucidnting the genetics off, sririuin runt
resistance. One Australian cotton relntioe, G. sturtinnt, in hns been shown to improoe Ieoels of
it's, Innm coilt resistance when 11ybridized until cultionted cotton (G. litrsutum) (MCFndden at al. , in
press). In a preliminary attempt to 81ucidnte tile genetics off!sarinm coilti, esistnnce in G. st"rtinnum,
4' G. 11irsutuin X G. sturtirrnuin cityomosoine lines were assessed for tile letiels off!sarinm wilt
resistrrnce to determine ifdjfferentinl. Illsarium wilt resistant responses could be attributed to specific
G. sturtinnum chromosomes.

Methods

Tzuo-week old seedlings of 47 G. Inrsutum X G. sturtianum chroinosoine addition filmilies rind the
common G. 11irsi!min parent (CPI138969) were trioculnted by dipping the roots into a VCG 11 (2x106
conidin per in I) conidinl suspension. Plant responses were assayed six weeks offer inoculation using a
categorical scoring syste, n, tile Dasculnr browning SCOi'e (VBS): 10 = 110 Dasc"mr discolorntion, I =
discoloration restricted to base of stein only, 2 = discoloration offhe 11ypocoty1, 3 = discoloration offIle
epicoty1, 4 = complete Dasci!mr discoloration of stein rind 5 = plant deadj. After the tnnls total
genomic DNA cons extracted from lenties following Byttbnker rind Brown (2003) rind a suite of 181
G. sturtinnt, in cliroinosome-specific AFLP molecular markers runs used to identify tile G. stuffinitum
chromosomes presentin the BC3 individuals/6110ztiing Becerrn Lopez-Lauane at a1. , (2002).

All disease ussays were conducted in I. rindomized complete blocks in titree consecutioe experiments; the
G. hirsutum parental line (CPI138969) was induded in 0087y experiment us a contiol. The VBS
onines toere analyzed by unmannte analysis of Dannnce under a generalized linear model (GLM)
( =0.00. Tlte means were compared for significant differences using least significant differences
(LSD). Tile association between it'sarmm wilt resistance and tile presence of G. st"rtiniium
chroinosoines in tile G. litrs"turn background tons eonlunted using binomial logistic regression. rite
binoininllogistic regression runs usedfor Inodenng tile relationship beltueeii theftisnriuin coilt response
tinrinble rind a set of explanatory Dannbles (e. g. , the G. sttirtinnuin cityoinosoines present in each
individual).

Results

rite 47 G. litrsut"in X G. stuffinnuin chroinosome addition lines (1600 BC3 indintdunls) wei'e assayed
font, SRI'min toilt resistrillce in tliree consecutioe trials. 'Die G. Inrsi!fulli PRreittnl (CPI 138969), 00/10se
FDD di^ease I'CSpoiise is coll!primble to tile Foo susceptible shilldnr, I cultionr SIokrii I-4 (MCFndden at
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nl. , in piess), tons included in all tliree tnnls. rite disease assay showed flint. It'sarmm runt syinptoins
diere Danably expressed botli in tile parental control, Ind in tile chroinosoine addition lines, ranging
from rely resistant (0) to rely susceptible (5) (Fig. I).
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Twenty of the 47 cityomosome addition lines 11nd significantly Ingher resistance Ieoels than tile
G. litrsutum parental control (P 0.01; Table I). To detennine if tilts enhanced resistance could be
attributed to specific G. stt, rtinnt!in chromosomes, a suite of 181 G. sturtinnum cityomosome-specific
AFLP moleculnr markers diere selected to identyy the G. stuffinnttin cityoinosomes in 625 BC3
indioiduals witlt extremeji4snriuin wilt responses 1370 resistrint (VBS of 06'1s) rind 255 susceptible
(VBS of 4 &' 5s) individuals). Binomial logistic regression rinnlyses identified floe putntioe
G. stuffinnuin linkage groups that toere associated witli significant differences in Ills, InMin wilt
response reintioe to the G. litrs"tuin PRrent (Table 2). Linknge groups "C", "H", rind "0" toere
significantly associated witli Foil susceptibility, while linknge groups "N" and "Q" coefe associated
initli Foo disease resistrince

2

VBSs

3
I.

Figure I: Pooled frequency distribution of
VBS scores of G. hitsu/urn(CPI138969) and 47
G. slurti;?nu/n X G. hirsuium chromosome
addition lines
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Table it Mean comparisons of means vascular browning scores using a least significant
differences (LSD)test between G. Inrswt"in (A; CFIT38969) and 47 G. sturtinn"in chromosome

addition lines (B).

LSD test linean vascular discolouration index)

G. hirsuLum

A

CPI138969

Cgenome
addition lines MeanDifference

A-BB

Hyb645-2
Hyb686-7
Hyb687-15
Hyb687-17
Hyb687-8
Hybh0-18
Hyb710-2T
Hybn0.24
Hybh0-25
Hybh0-26
Hyb710.28
Hyb710-30
Hyb710.35
Hybh0.37
Hyb710-38
Hybn040
Hybh0-41
Hybh042
Hybn043
Hybn044
Hybh0-45
Hybh046
Hyb71047
Hybn048
Hyb710-51
Hybh0-52
Hyb710-56
Hybn, -124
Hybhl-78
Hybn2-82
Hybn2-87
Hybn2.89
Hyb712-91
Hybn2-92
Hyb734-100
Hyb734-102
Hyb734-104
Hyb734-93
Hyb734-94
Hyb734-95
Hyb735-107
Hyb735-108
Hyb735-110
Hyb735-125
Hyb735-126
H b736-IT5

0,793 '
0.780
l. 180 '

0,705

0330

41,662

0303

41.1T3

0155

0005

0286

0330

0,086

0030

0,430

41. 100

0095

0105

0155

41.02T

41.160

0105

0.271

0,267

0,669 '
Cm3

0,155

0095

0724

0,953 '
0824

0355

0,744 '

1259

1,271 '

0,373

0598

1272

0,973 '
0824

0.859 '

0,755 '

T. 001 '

0,805 '
T. 267

0942

SId. Error

0243

0239

0239

0239

0239

0,377

0256

0273

0259

0239

0.241

0239

0248

0307

0266

0295

0263

0,239

0259

0.241

0307

0239

0269

0243

0248

0295

0239

0263

0248

0.28T

0,254

0239

0.251

0.251

0,269

0.251

0246

0256

0,251

0254

0.251

0239

0.251

0239

0243

0254

Si .

9900 Confidence Interval

0001

000T

0000

0003

0167

0079

0238

0679

0550

0983

0235

0,167

0730

0922

O. 106

0,734

orig

0660

0550

0,930

0601

0660

0314

0,273

0007

O. %4

0517

On9

0,004

0001

0001

0,138

0003

0000

0000

0,137

O. in5

0000

0000

0001

0.00T

0002

0000

0001

0000

0000

Lower Boun

0.17

016

0.56

0.09

-0.29

-1.63

-0.36

.0.82

41.51

.0.61

41.34

-0.29

-0.55

-0.76

-0.26

-0.86

-0.58

-0.51

41.51

41.64

41.95

-0.51

-0.42

-036

0.03

-0.78

-0.46

-058

0.08

0.23

O. 17

-0.26

o. lO

D'or

0.58

-0.27

-0.04

0.61

0.33

O. 17

0.21

O. 14

035

0.19

0.64

0.29

er Bound

l. 42

T. 40

180

1.32

095

0.31

0.96

0.59

0.82

0.62

0.91

0.95

0.73

0.82

l. 12

0.66

0.77

0.72

0.82

0.60

0.63

0.72

097

0.89

1.31

0.75

0.77

0.77

1.36

1.68

l. 48

0.97

1.39

1.91

l. 97

To2

l. 23

1.93

l. 62

T. 48

T. 51

l. 37

l. 65

l. 42

1.89

160

' The mean difference is significant at the .01 level.
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Table 2: Logistic reoression analysis on 47 C-genome chromosome addition lines

C genome
Linkage Grou s
CHRC

CHRH

CHRN

CHRO

CHRQ
Constant

Fov

res onse

S

S

R

S

R

Discussion

B SE

1.13 0.63

060 0.28

-0.41 0.23

0.98 0.46

-0.92 0.45

-0.39 010

a 95'0confidencelevel

R Resistance

S Susceptibility

Introgi'ession of rigionoinically jiltportniit ti'in^s, sudi "s 1111/8nl di^errse I'esistniice, froiii nonel
germplnsiiiinto cultionted cotton to tillprooe ciiri'errt coiniiiercinl cullionrs represents one offIle Inqjor
amis of cottoii breeding todqy (BIWbnkei'find Byo101! 2003). Species-specific IMOleculni' mai'kei's cnii
Incllitnte sucli breeding rippi'ORChes considei'ribly. AFLP ringlysis (Vos at at. , 1995) 17ns pronen to be nil
1:6'icient 111etltod 101' ti'nckiiig tile innerithnce of G. shirti@MMIn cltroinosomes in G. Inrsz!twin X G.
sturtianum cityomosoine addition lines ns tiley are recurrently brickcrossed to G. hirsuti, in

Wald

3.25

4.53

3.26

462

4.09

1420

df

Die sigiijficnitt tillpronemeiit ill Illsnrium runt resistance obseitied ill G. Inrst!tnni x G. stui'tiniiunt
hybi'ids suggests thnt G. still"tinitmi! jins Ihe potentinl to contribufe IISqfi!I gelies to cotfoii breeding
PI'o81'Rills (MCFnddeii at "I. , ill 111'ess). Tilef!IsitI'ium runt Itsponse discnse Itsismi!t Itspollse obserzied
in 20 of the 47 G. litrsutuiii X G. sini, tinnum c1!1'011iosoine addition lilies also indicates thnt G.

slurtinnuin can coiner good letiels of I'esistmice to the Foil prtthogeii. 111 fins preliii!illniy analysis tile
G. slurtiniiiiin collti. ib!Ition could be truced to floe specific linkage 8101ips. Tzuo of these nilknge
groups, "N" rind "Q", roere associated witlt improoed 180els off!sarinin wilt resistance while, three
linknge groups roere associated tuttiiincrensed susceptibility. Die Ino1eciilnr Innrkers used to identify
the cityomosomes can also be used to select indioidi!nls cnrrying the "N" rrnd "Q"linknge groups while
simultnneously eliininnting tile indialdunls cnrrying tile "C", "H", ,Ind "0" linknge groups. Tilese
results also Ingliliglit the need to broaden our genetic undersinnding offIsrinum wilt resistrrnce,
because tins, in turn, will greatly 11cilitnte our ability to effectioely transfer genes from nooel
germplnsm to cultionted cottons

Sioa

0.07

0.03

007

0.03

0.04

000

Exp(B)
3 . I

I .8

0.7

2.7

0.4

07
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