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Race 1 resistance (I gene)

1940’s

Race 2 resistance (I-2)

1969 - ‘Walter’ 



» Fusarium wilt race 3

˃ Emerged in Australia in late 70’s

˃ First found in FL in 1982

˃ I-3 resistance gene from S. pennellii
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PicClor60        vs.  Methyl bromide



 I-3 cultivars available since the 1990’s

 Associated with negative traits

 Increased sensitivity to bacterial spot



Effect of a marker linked to Fusarium wilt race 3 resistance on bacterial spot race T4 

foliar disease severity in tomato across four populations and two seasons. From Hutton 

et al. (2014) J. Amer. Soc. Hort. Sci. 139:282-289.

Population Season I-3 

Genotypez

Plant no. Mean 

DSIy

Dis. (%)x

(Fla. 8233 x Fla. 7946) Fall 2009 +/+ 103 5.7 a 32

+/- 103 5.4 b 28

-/- 103 5.2 c 25

(Fla. 8517 x Fla. 7946) Fall 2008 +/+ 58 4.2 a 16

+/- 111 3.3 b 9

-/- 62 3.0 c 7

(Fla. 8517 x Fla. 7946) Fall 2009 +/+ 99 5.5 a 30

+/- 105 5.7 a 33

-/- 92 5.4 b 28

(Fla. 8326 s Fla. 7946) Fall 2008 +/+ 58 6.2 a 44

+/- 100 5.8 b 35

-/- 62 5.1 c 24

z +/+ = homozygous for fusarium wilt race 3 resistance or for the resistant allele at the chromosome 11 

quantitative trait loci; +/- = heterozygous; -/- = homozygous-susceptible.
y Disease severity index rated on the Horsfall-Barratt (Horsfall and Barratt, 1945) scale, where higher 

numbers indicated more disease.  Different superscript letters represent statistically significant 

differences among genotypes in a population and year at P<0.05 based on Duncan’s multiple range 

test.
X Percentage diseased tissue as converted from Horsfall-Barratt ratings.
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 Linkage drag or pleiotropy?
 Identify new sources of resistance

 Eliminate Linkage Drag

(Adapted from Li et al. (2018) TAG 131:145-155)

Marker:

Physical position: Fla.7228 69 a

Fla. 7217D 51 b

Fla.7169 38 c

R07

R09

R15

R14

63.60 63.63 63.63

bB6SLG-17g63627g923
Control / 

Haplotype

Tomato Chromosome 7

Pct. 

Disease 

Severity

LL

PP

7g6363 7g9577g9167g5017g60967g5862 I-3CAPS 7g728

Recombinant Lines

R18

R12

R17

R11

7g5951

PP

58.62 59.51 62.77 63.41

I-3

63.7063.6363.6263.5963.1860.96

43

62

b

a

PP 44

LL 43

LL 58

PP 65

LL 62

PP 57

55

PP 55 a

LL 48 b

PP 57

LL

61 a

LL 43 b

51 a

LL 36 b

PP



4 Mbp:
~640 annotated 

genes

70-160 Kbp:
≤20 annotated 

genes



Genotype Introgression

Lg/Lg

Lg/Min

Min/Min

-/-

Min/-

Min/Min

Fla. 7946

Fla. 8059

 Linkage drag or pleiotropy?
 Identify new sources of resistance

 Eliminate Linkage Drag

 Cross/backcrdoss minimal introgression into elite lines

 Test segregating populations to confirm no effect on bact. spot or fruit size 



DSI for I-3 introgression haplotypesz

Background Introgression Spring 2017 Fall 2017 Spring 2018

Fla. 7946 Lg/Lg 6.0 A 5.8 A 8.6 ns

Lg/Min 5.7 B 5.6 AB 8.8

Min/Min 5.6 B 5.2 B 8.7

Fla. 8059 -/- 4.8 ns 6.4 ns

Min/- 4.9 6.6

Min/Min 4.8 6.8

zDisease severity index (DSI). Mean separations based on ranked mean analysis and 95% 

confidence intervals analyzed using SAS 9.4.



Average fruit size (g)z

Background Introgression Spring 2017 Fall 2017 Spring 2018

Fla. 7946 Lg/Lg 162 ns 132 A 167 ns

Lg/Min 185 149 AB 165

Min/Min 222 154 B 157

Fla. 8059 -/- 111 ns 159 ns

Min/- 110 152

Min/Min 115 152

zFruit size data was analyzed using PROC GLIMMIX of SAS 9.4 with block treated as a random 

effect and means compared with Tukey-Kramer mean separation.



 Linkage drag or pleiotropy?
 Li et al. (2018)  L.D. likely cause of bacterial spot

 Minimal I-3 introgression

 <20 foreign genes

 No evidence of negative assoc. 

 Alternative sources of race 3 resistance
 Novel genes from 30+ S. pennellii accessions

 Mapping efforts currently underway
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