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1. Scientific issues

Since the mid 19805. tomato growing has been severely affected by geminiviruses transmitted by the
whitefly Bemisia tabaci. One hundred percent disease incidence is common, leading to the complete
loss of the crop. Insecticides generally provide insufficient control. Hence breeding for resisraoce is a
major scientific and economical goal. The main goal of this project is to facilitate bn:edi.ng by
introducing molecular marker-assisted breeding technology into Guatemala using the development
of locally adapted tomato cultivars resistant to \\ilitefly-transmitted geminiviruses and other
economically important pathogens as a model system.

The specific research objectives as stated in the project are to:
I. Introduce the principles of molecular marker-assisted breeding technology into a research

program and into the M. Sc. Degree Program at Universidad de San Carlos, Guatemala City.
2. Detennine whether the markers used to map genes for resistance to TYLCV and ToLCV

(Eastern Hemisphere geminiviruses) identify identical loci in the tomato breeding lines selected
for resistance to the Guatemalan geminiviruses.

3. Identify molecular markers linked to genes for resistance to whitefly-transmined gemini\iruses
from Guatemala that are different than those in objective 2.

4. Detennine if the field-selected resistant tomato germplasm is resistant to all three tomato­
infecting whitefly-transmitted geminiviruses in Guatemala.

5. Combine the independent sources of resistance to whitefly-transmitted gemini\i.roscs and
evaluate this material in the field in Guatemala and Israel.

6. Use molecular markers to combine genes for resistance to whitefly-transmined gemini\i.roscs
and other pathogens into improved resistant genotypes of tomatoes suited for lhe Guatemalan
market.

2. Scientific achievements

2.1. Evaluation and selection ofgermplllsm in GIUlleIfUllIl - December 2003 to April ]otU

2.1.1. Gennplasm utilized

Germplasm was collected from various breeding programs. which were focused on resistance to

Tomato yellow leaf curl virus in the Mediterranean region or TOmalo leafcurl virus in Asia. In all
cases. begomovirus resistance had been introgressed from wild tomato species. In all cases, these
lines or hybrids had moderate to high levels of viral resistance to a particular begomovirus species
in the region where they were selected.

1. Population introgressed from L. p;mpine//ifo/ium and L. peruvianum (designed Pimpenylc J-13);
obtained from Dr. H. Laterrot, INRA, France.
2. Population introgressed from L hirsutum: hybrids FAVI 9. FAVI 12. and FAvl 13; obtained
from Drs H. Czosnek and F. Vidavski. the Hebrew University of Jerusalem. Israel.
3. Line TY52 homozygous for the TyJ gene from L chi/ense; obtained from Dr D. Zamir, the
Hebrew University ofJerusalem, Israel.
4. Two lines, TY198 and TY197. \\ith introgressions from L. pef1lVianum from Dr. M. Lapidot and
colleagues. Volcani Center, Israel.
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5. Line H24 with introgressions from L. hirsutum f. glabratum; obtained from Dr. P. Hanson.
AVRDC, Taiwan.
6. Several lines ~;th introgressions from L. chileme; obtained from Dr J. Scon. University of
Florida, USA.

2.1.2. History of selection in the field in Guatemala

At the beginning of this project, several breeding lines were selected, with assistance from F.
Vidavski, Hebrew University of Jerusalem, Israel (Tables I and 2). It was then decided that, since
resistance to geminiviruses already seemed to have been fixed in these breeding lines, it would be
desirable to introduce resistance to other pathogens and other traits of agronomic interest. Basic
resistances to pathogens (such as to the fungi Verticiliium and Fusarium) and other chaIacters
related to yield and fruit quality, such as fruit size and finnness. are essential before these genotypes
can be released to the growers. The begomovirus resistant breeding lines were further evaluated and
crossed to susceptible cultivars carrying other traits of interest (Table 3).

Table I. Performance of parental lines (September, 2001 to February, 2(02) and breeding lines
which were selected.

Une and origin I Av. Av. Av. weight! Av. yieIdJ Selected IDSI301 DSIW fruit (2t'8m) plant (era.m) Ii.e
FAVI-9
F6-2522-1 1.45 1.68 36 235 Glh
F6-2522-2 1.08 1.48 39 499 G5h
F6-52 I 1-1 1.67 2.17 24 130
F6-52 I 1-2 2.70 3.00 21 50
F6-23 12-1 1.22 1.97 93 293
F6-23 12-2 1.45 2.29 40 330
F6-4III-1 1.49 1.98 61 868 G4h
F6-4111-2 2.85 1.80 35 272
F6-5222-1 1.15 1.57 '7 116-,
F6-5222-2 1.24 1.82 33 119 ,
F6-221l-1 1.23 1.38 61 868 G3h.Gl3b
F6-22 I 1-2 1.60 1.92 56 463
FAVI-12 nTl'r IT>

FI-2112-1 1.67 2.14 45 395 G2h
FI-2112-2 1.36 2.00 36 420

FAVI-13 1D~.rn

F2-211-1 1.80 2.63 62 291

F2-211-1 1.89 2.50 0 0
TY-198 (VokaDi)
Ll-IIl-l 1.35 2.29 25 254 Gllp
ll-11l-2 1.39 2.39 28 264
LI-112-1 1.61 2.18 35 690

Ll-112-2 1.51 .. ., 410.)-

TY-I97 (Volcani)
L2-22 1-1 1.25 3.00 42 1,020 Gl2p, GI9p

L2-221-2 2.09 2.25 32 418

U-211-1 1.91 2.00 35 390

Control
Elios (Peto) 2.66 2.94 II 44 i
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Line and origin I Av. Av. Av. weight! Av.yiddI Selected
DSI301 DSIW fruit (2n.m) plaac (enuu) 6.

8933 (Volani)
LJ-I32 1.36 2.71 19 309
536 (Voleani)
LS-I 2.17 2.80 28 210 G130
HUJI
VT-914 1.78 2.75 24 110
HUJI
21-1 2.63 2.90 15 282
INRA
P2-113 (l) 2.11 2.83 21 93 GlOP
P2-113 (2) 2.03 2.61 20 277
TY-200 (Volcani)

L~ 2.04 2.92 12 45

nHLD
HC-7880 2.63 3.44 8 17 GC6
FLORIDA
Fla 417-8 1.79 2.57 28 411

Fla 496-11 1.49 1.70 72 995 G7c. GI4c
Fla 476-19 - - - -
Fla 595-2 1.69 2.24 52 639 G9c

Fla 612-Y2 1.80 2.54 26 300

Fla 619-2 1.65 2.07 S6 498

Fla 653-3 1.16 2.30 49 622

Fla658-2BK 1.14 1.74 49 1,010 GBc. GI6c I

IHebrew University of Jerusalem, Israel (HUJI); The Volcani Center, Israel (Volcani); Institut Nationale de
la Recherche Agronomique, France (INRA); Instituto de Investigaciones Horticolas '"Liliana Dimitrova".
Cuba (lIHLD); University of Florida (Florida). Elios is a commercial hybrid from Peto Seed Co.
20isease severity index on a scale of 0-4, at 30 and 60 days alter transplant. A score lower that 2 is
considered indicative of resistance.

Table 2. Performance of twelve resistant breeding lines compared to susceptible line GC6
(April to September, 2002).

Line Origin Av. Av. Av. weight Av. yiddI
DSIJt DSI68 Ifruit (e) Dluc (e)

Glh FAVI-9 1.11 1.48 81.4 1756

G4h FAVI-9 1.08 1.50 88.6 1373
G13h FAVI-9 1.22 I.S0 %.2 2031

Gt5h FAVI-9 1.19 1.12 89.7 1383

G2h FAVI-12 1.08 1.58 58.6 1060

GI7h FAVI-13 1.92 2.44 66.0 588

GI4c Fla 496-11 1.40 1.54 89,0 1348

G9c Fla 595-2 1.19 1.82 82.4 1742

Gl6c Fla 658-2BK 0.95 1.21 68,4 2312
Gllp TV-198 1.68 2.46 38.1 1241

G190 TV-I97 1.17 1.70 55.7 Ji50

GlOp Pimper J-I) 2.37 3.24 42.8 375 I

GC6 HC-7880 3.24 3.38 16.3 148 !



5

Table 3. Cultivars susceptible to begomoviruses but carrying resistance to other pathogens and

other characters of interest...
•

Cultivar OrWiIr IUId otla~, c1Il1Ti1C1Di..ftia

Sun Coast North Carolina, large fruit, VF,F/

Rodade South Africa, bacterial wilt. VF I Fl
l
, determinate growth

Very Firm Israel, long shelf life, VF.. detenninate growth

M-82 Israel, processing, verY fum, VF1

HC-7880 Cuba, detenninate gro\\<1h, finn fruit, processin~ VFSM

I Resistance to Verticillium (Y), Fusarium race I (FI) and race 2 (F2), Slemphyllium (SM).

•
Table 4. Perfonnance ofR X Sand R X R hybrids (Septeberl2001 to February, 2002).

•
•

•

No. Hybrid Av. Av. Av. weight! Av. yield!

DSI3cr DSI6CY fruit I .....t

HI HC-7880 X F6-22 11 1.46 2.09 44 1,077

Hl HC-7880 X F6-522I 1.52 2.21 37 912

H3 HC-7880 X P2-1132 2.00 2.87 24 574

H4 F6-2211 X P2-1132 1.32 1.89 54 878

H5 F6-5221 X P2-1132 1.38 1.75 46 598

H6 F6-S221 X Suscept. r 1.34 2.24 53 855 ,,

H7 F6-22 I I X Suscept. I 1.39 1.78 49 1,423 !

H8 P2-1132 X Suscept. I 1.36 2.56 28 468 I

H9 HC-7880 X Suscept. 1 1.87 2.96 19 155
I

I

H13 Marina (Sakata)2 2.29 3.12 18 303 :

I Susceptible line from the HUn.
2Most popular commercial hybrid in the test area.

IiIi )Disease severity index on a 04 scale, at 30 andy 60 days after transplant. A score lower that 2 is

considered indicative of resistance.

tit The hybrids resulting from crosses to the susceptible cultivars (Table 3) were e...-aluated during the

later part of 2002 (Table 5).

.. Table 5. Performance ofR X S hybrids (April to September, 2002).

I

i

•

Hybrid No. Desc:riptioa of the hybrid ud origia Av. Av. Av·weiPtJ Av.

of the resistaat breedia2 liae DSIJO DSI60 fruit (2) t(&)

FAVI-12

Hl4 GF2 X Sun Coast 1.81 2.51 48.3 612

HI5 GF2 X M82 1.67 2.54 35.3 1314

HI6 GF2 X HC-7880 1.76 2.38 48.9 1340

FAVI-13

H17 GFI7 X M82 2.31 2.97 31.3 704

HI8 GF17 X Very Finn 1.65 i 2.65 ! 46.3 770

,: Hl9 GF17 X Rodade 1.18 2.07 49.3 1251

H2O GF17 X HC-7880 1.86 3.04 31.9 990

FA\t1-9

Hll
H22

GF3 X Sun Coast

GF3 X Rodade

1.87

1.38

2.18
L81

70.3

64.8

1448
I719
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H23 GFI X M82 1.77 2.48 34.5 1327
H24 GFI X Very Finn 1.64 2.43 55.6 1446
H2S GFI X HC-7880 1.33 1.93 35.6 1320

HUn
H26 632 1.80 2.37 68.4 1245

Control I
HI3 Marina (Sakata) 3.07 3.36 15.2 136

Additional hybrids were made by crosses among some of the resistant lines (Table 6).

Table 6. Performance ofR X R hybrids (April to September, 2002).

1.20 1.44 57.1 2088

1.27 1.60 52.0 1811

2.06 2.87 38.7 1193

1.32 1.77 38.6 1781

1.31 1.48 55.9 1622

1.30 1.33 64.9 1940

3.10 3.32 22.4 116

! GLII XGF5

FAVI-9XTY-197
GFI XGLI2

! TY 198XFAVl9

, Elios (Peto Seed Co.)

i GFI X GF2

! TY-I98XPimperJ13

i Control

I FAVI-9 X FAVI-12

IGPIO XGLl2

; GLII XGPIO
IPimperJI3XTY-I97

HJ2

HJ3

HJI

H35

H37

H36

HJ4

Hybrid Description of the hybrid aDd OrigiD Av. Av. Av. weiglttJ Av.
of the resistaDt breecliD2 liDe DSI30 DSI60 fnlit (2) .

t(~)

TY-l98 X FAVI-12
H27 GLI 1 X GF2 1.19 1.63 48.4 1590

FAVI-12 XTY-I97
H28 . GF2 XGLI2 1.77 1.23 55.1 2312

!j

'j FAVI-I3 X TY-l98
H29 ! GFl7 X GLI 1 . 1.52 1.82 47.2 1582

FAVI-IJ X TY-I97 ,

IDO , OFI? X GLI2 1.29 1.51 47.4 1478 I

I - -

•

•

•
..

•

•
•

After the International seminar on breeding of vegetable crops for resisulIIce 10 whitefly
transmitted geminiviruses, that was held in Antigua Guatemala in January, 2003, ~'"e were
approached the manager of a seedling producing cempany, Mr. Richard Rotter, called Pi/ones de
Antigua. Mr. Rotter was interested in starting a vegetable seed company (tomatoes and peppers)
and wanted to know if we would be willing to share our gennplasm Vlrith him. Some begomovirus
resistant lines were transferred to him in March, after the cycle of selection, these lines were G13h,
G9c (Table 2) and T47-1 (a line selected from an early cross between a selection from Fa..; 9 and
Lignon, a Cuban cultivar). Additionally, two other lines 31-4 (derived from a cross between Gil p
X G5h) and 36-4 (from a cross Glh X G2h). These lines were crossed to produce hybrids LLanero
10, Llanero 11, L/anero J1 and Maya Garden. Additionally, based on previous results (Table .I), F.
Vidavsky prepared seed of the H7 hybrid (G3h X susceptible line from his program). now called
L/anero 7. The term L/anero, meaning plainsman, refers to the area in Sanarate where our trials are
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located. which is known by the locals as Los Llanos or the plains. The hybrid called Maya Garden
was produced crossing two lines with high resistance and good flavor. irrespective of shape or
firmness. with the idea planting it in borne or school gardens for domestic consumption. Tbese
hybrids were first planted by Pi/ones de Antigua. at different locations. in early 2004 and at least
some are being considered for commercial release. even though the shape of their fruit is round and
the level of firmness is not as high as required in most market situations. Tables 8 and 9 show the
performance of some of the breeding lines and hybrids in Sanarate during the last trial that has been
conducted (DecemberI2003 to Apri1l2004). In view of the promising results that were observed in
the Llanero hybrids. the owners of Pi/ones de Antigua decided to go ahead ",ith the initiative of the
seed company, and this has just recently been fonned under the name GenJropic Seeds.

Table 7. Symptom severity and partial yield ofbegomovirus resistant breeding lines
(Decemberl2003 to ApriIl2004).

LiDe Av. Av. Av. Av. A\'.
05DO 05145 D5160 FruitWL Yield~~:

Gl3h 1.2 1.6 1.6 n 1.219
G9c 1.2 1.6 1.6 61 800
GI6c 1.4 1.8 1.8 55 1.110
902 1.3 1.7 1.7 nd nd
M82 2.1 3.0 3.1 nd nd

Table 8. Symptom severity and partial yield of begomovirus resistant hybrids (December!2003
to Aprill2004).

Hybrid Av. Av. Av. Av. Fran Av.
D5130 05145 05160 weight Yield

. "'

L1anero 7 (G3h X Favi susceptible) 1.2 1.7 1.7 59 1,997
L1anero 10 (G9c X T47-1) 1.1 1.5 1.6 71 1,277
L1anero II (Gl3h X T47-1) 1.0 1.5 1.5 95 1.262
L1anero 12 (GOh X G9c) 1.0 1.5 1.5 87 1.973
Mava Garden (314 X 36-4) l.l 1.6 1.6 61 1.l89
Elios 2.4 2.8 3.0 31 802
Marina 2.4 2.8 2.9 27 596
Silverado 2.3 2.8 2.9 39 955

Sheriff 2.3 3.0 3.1 20 446

From all of these hybrids, individual plants carrying desirable traits have been selected for severaJ
cycles. The most important criteria for selection have been resistance to begomoviruses along ",ith
fruit shape. fruit size. firmness and yield. The preferred fruit type for the Guatemalan market is a
plum shape (the so called Romo type). with high firmness. There have been three cycles of selection
up to now; March, 2003. September, 2003 and March, 2004. Along with the Guatemalan team. D.
Maxwell has participated in all three evaluations. tomato breeders J Scon and F. Vida,,-ski
participated in the second and third evaluations respectively. As a result of these cycles of selection
a 'Aide array of resistant germplasm has been developed.

2.1.3. Selection in the field, September 2003 - August 2004
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After the second cycle of selection (September, 2003), several of these lines were considered to be
far enough along the selection process to participate in the formation of a new set of hybrids. These
lines possessed the desired characters of fruit shape and firmness and could hopefulI}' give origin to
hybrids which could soon be released to the growers. The Lines were given to Gentropic Seeds and
approximately sixty hybrids (denominated XA hybrids) were produced and will be transplanted for
evaluation in Sanarate and other locations in early July, 2004. After the third cycle of selection
(March, 2004), several additional breeding lines v.ith the desired qualities became available (fable
9). Several of these lines were again given to Gentropic Seeds for crossing and approximately 300
new XA hybrids are being produced at the present time. It must be stressed that Gentropic Seeds
has agreed to pay the corresponding royalty fees for the use of these lines and that all the costs
related to the crossing of the lines for the production of hybrids and the evaluation of these h)-brids
are being covered by the company.

From July 13 to 15, 2004, two hundred and twenty breeding lines and segregating populations were
transplanted in Sanarate. This trial will be evaluated in October, 2004.

Some hybrids were produced by crosses between resistant and susceptible lines (Table 4: R X S.
HI-H3 and H6-H9) and others by crosses among resistant lines (R X R; H4 y H5)_ One of tile most
popular cultivars in the area, the hybrid Marina (Sakata Seed Co.; H13) was used as a control.

Table 9. Lines selected in March 2004 with an overall rating above 80. Combinations of some
of these lines are being used in the fonnation ofaround 300 hybrids to be evaluated at the end
of 2004.

Line Parent Pareat Resis Geaen OS. Stage Shape Fir LB. Color WT Yw V. OYer
I :z ranee lioa m. lei or aU

21n. Sun G3h h F5 0 Red 60 25 160 45 40 90
3-2-1 Coast
I22b- Favi Fav! h F4 0 Red 55 25 30 60 30 30 80
1-3

165h- Favi Favi h F4 I.5 Gr 5S 150 40 ..0 80
I-a

IITh- Favi Favi h F4 0 Gr 50 5 ISO 40 4~ 85
I-a

T47b- Favi9 Lignon h F7 0 Red 50 20 100 40 40 SO
1-1-1

31hp- Gllp G5h hp F5 1.5 Red SO 20 110 40 40 80
7-1-1
25n. GC6 G5h h F4 1 Red 50 40 4 35 80 35 40 80
6-a

31hp- Gllp G5b hp F5 0 Red 48 20 30 60 40 40 80
4-1-2
4Jc- Marina G9c c F5 1.5 Red 42 35 4 30 60 40 45 95
5.4-a
43-<:- Marina G9c c F5 0 Red 40 30 5 30 90 40 30 90
5-1-2
2Sb- GC6 G5h h F5 1.5 Red 40 35 4 35 90 45 45 90
4-1-a
31hp- Gllp G5b hp F5 I Red 40 35 3 40 25 30 40 85
4-1-1
124h- Favi Favi h F4 1.5 Red 40 25 4 70 50 45 85
1-3

43-<:- Marina G9c c F5 1 Red 40 25 5 60 40 30 80
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30308052535RedF6hFaVlF6­
2211

I05h­
1-4

Line Parent Parent Resis GeDen DSI Stage Sbape Fir La. Color WT Yle V. Over
I 2 lance tioD III. Id or all

5-1-3
43e- Marina G9c c F5 1.5 Red 40 35 4 30 70 45 ! .15 80
5-4-b
I5h- G2h M82 h F5 1.5 Red 40 30 4 30 90 40 40 80
I-I-a
136h- GC6X SCXG2 h F4 1.5 Gr 40 4 90 I 40 40 80

I-a G3h h
J05h- F6- Favi h F6 L5 Gr 38 6 120 40 40 90 I
I-a 2211 1

43e- Marina G9c c F5 1.5 Gr 38 5 100 35 40 80
I2-I-a

44hp- Marina GPIOX hp F5 1.5 Red 38 35 4 35 80 35 40 80 !
1-2-a Glb ! I
173c- Scott Scott

,
c i F6 I Red

I
38 40 4 35 80 I 35 35 80 I

I-a !
•

I

43e- Marina G9c c F5 L5 Brk ! 37 40 6 110 40 40 90
i 4-1-a ,

I 43e- Marina ' G9c c F5 I Red 37 25 5 90 40 40 80
2-1-1
44hp- Marina GIOpX hp F5 I Red 37 25 4 35 50 40 40

1
80

r1-2-1 Glh I
I i

J05h- F6- Favi h F6 1.5 Gr 37 5 60 30 30 I 80
i1-3 2211 • i

137h- Marina G2h h F4 I Gr 37 5 50 45 401 80
1-4 I

25h- GC6 G5h h F5 2 Red 35 25 5 90 45 40 I 95
2-1-2 i

-

•

•
•

•

•
..

•

•

•
•
•

143­
I-I

I72c­
2-a
43c­
4-3-a
143­
1-2

I24h­
l-a

4le­
4-1-3
T44h­
2-I-a

111e­
2-1

11lc­
208

LRI7
le-I­

a
113e­
2~a

124h­
1-2

Marina

Scon

Marina

Marina

Favi

Marina

Favi9

Scott

Scott

Scolt

Scon

Favi

GC6X
M82
Scott

G9c

GC6X
M82
Favi

G9c

Elias

?

Scott

Scott

Scott

Favi

c

c

h

c

h

?

c

c

c

c

h

F4 Red 35 25 4 35 70 40 40 85

F6 0 Red 35 30 3 30 60 40 45 85

FS 2 Pk 35 35 6 110 45 40 85

F4 Pk 35 30 5 40 35 35 80

F4 1.5 Gr 35 6 140 40 40 80

F5 Red 34 30 5 100 40 45 80

F7 2 Gr 34 7 120 35 40 80

? Red 33 20 5.5 40 40 40 40 90
F6 Pk 33 35 5 50 40 40 90

F6 Red 33 35 3 30 60 40 35 90

F6 Gr 33 4 60 45 40 90

F6 PIc 33 35 5 80 40 40 90

F4 1.5 Red 33 35 5 30 50 45 45 85
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Line Parent Parent Resis Genera OSI Stage Shape Fir La. Color wr r Vie Vic OnrI 2 tance lion m. aDild orl73c- Scott Scott c F6 1.5 Red 33 30 5 40 70 I 30 30 852-1
173e- , Scott Scott c F6 0 Red 33 30 4 45 80 135 35 851

!2-2
; !i.

171e- Scott Scott c I F6 I PIc 33 40 5 35 40 40 '. 30 85 II-SB ! I J

43c- ! Marina G9c e F5 I
I

Red 33 I 35 I 5 I J5 40 40 45 85 I4-1-2 ! i!
i II 173e- Scott Scott e F6 i 1.5 I Red 33

I

30 5 35 80 : 35 40 -:j 80I-I ! , i IT44h- Favi9 Elios h F7 1.5 -T Gr 32 I 6 100 ! 4O! 40 85 I2+b i , i II

136h- GC6X ISC~G2 h F4 2 I Red 28 i' 25 6 100 35 !
40 !i 85 I4-1 G3h r i I iI I

I

43c- Marina Gge c
r

F5 I I I Red 22 40 7 100 ' 45 ; 45 90,
4-3-1 I

I,i
43e- Marina Gge i c F5

I
I • Gr

I
22 I 7 50 , "', 40 80

,
l -'- ,4-1-1 ~ I

!
;

! ;

21. Identification of loci lillked to resimmce agailrst GIUlIeIllllliur gelllilliviruses ill tJu sekctetltomoto breeding lines utilizing the markers used to map ge1U!S for resistlDlce to mcv tUUIToLCV (Eastern Hemisphere geminiviruses)

2.2.1. Background

Several research programs have introduced genes for resistance to begomoviruses from \\ild tomato
species into L. esculentum. As indicated above the main breeding lines being used in Guatemala.which have high levels of begomovirus resistance, are those derived from the program of Drs F.Vidavski and H. Czosnek (s. habrochaires (L. hirsurum) as resistance source) and those from Dr. 1.Scon in Florida (L. chilense as resistance source). Thus, our resistance gene tagging efforts baveconcentrated on tagging genes from these sources, and mainly the lines \\ith L. hirsurum resistancegenes. The molecular tagging approach involved the development of PeR primers from RFlPprobes that are located in the region of known introgressions for Tyl gene from L. cmlense inchromosome 6 (lheor. Appl. Genet. 88:141-146) and for Tyl gene from L hirsutwn in chromosomeII (1. Amer. Soc. Hort. Sci. 125:15-20).

2.2.2. Application of peR-based tagging 'Y'proach

The general approach was to sequence RFLP probes located in the region of the Tyl or Tyl gene
introgression. These probes were identified from the published papers and the chromosome maps atthe Solanum Genome Network site (www.sgn.comell.edu). These sequences were used to search formatching gene sequences in GenBank and the Arabidopsis rhaJiano genome daIa base(mips.gsf.deJprojectsiplants). PCR primers were designed to match the conserved sequences in theexons between L. esculemum and A. tha/iana, so that at least one inoon and more, if possible,
would be amplified by the PCR primer pair. The PCR fragments were cloned and sequenced orsequenced directly. These sequences were compared 'Nith DNA software such as GCG or
DNMtAtl\.I.

2.2.3. Chromosome 11 introgression for Ty2 gene:
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The Ty2 gene from L. hirsutum var. glabratum accession B6013 is located in chromosome II (Fig.
I) (Hanson et aI. 1. Amer. Soc. Hort. Sci. 125:15~20). The probes TGlO5, TG26 (pUC8, PstI, 2,400
bp), TG30 (pUC8, EcoRI, 2,000 bp), TG36 (pUe8, PstI, 3,200 bp) and TG393 (pGEM4z., PstI,
1,200 bp), which map to this region, were obtained and sequenced. The resistant line, H24.
homozygous for Ty2 gene was supplied by Peter Hanson from Asian Vegetable Resean:h
Development Center. DNA of Solanum habrochaites (L hirsutum) accessions 1928, and 1353 and
S. habrochaites f. glabratum LA 1223 (Amer. 1. Botany 88: 1888-1902) was supplied by D. Spooner,
USDA and Department of Horticulture, University of Wisconsin-Madison. Susceptible lines L
esculentum line was L. esculenrum var. cerasiforme and M82.

Figure I. Chromosome il. Arrow indicates iocation of inb"OgreSSion from L hirsutrurr
reported by Hanson et al. (1. Amer. Soc. Hort. Sci. 2000, 125: 15-20).
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Design of PCR primers for amplification of fragments from the region ofthe Ty2-gene introgressioo
involved development of primers for RFLP markers using the sequence of the ends of the markers
TG36, TG30, TGlOS, TG26, CT120, and TG393. From these effort, the primer pair for the
sequence ofTGI05(M13F) had a high nt identity with (95%) with Solanum demissium BAC clone,
AC091627, at 50,320..50,486 was most informative and only this data is provided Primer PlOSs
(5'-en cag aat tcc tgt ttl agt cag ttg aae c-3') and PI 05c (5' -atg tea cat ng ng en gga cca tee·3') ga,,-e
a single 450-bp fragment with various genotypes of tomato. 1bese peR fragments ~'ere directly
sequenced (Fig. 2).

Conclusions: In a region ofabout 160 n1, the sequence ofH24 with the Ty-2 gene introgression from
S habrochailes for ToLCV resistance shares 10 SNPs and one large indel ",ith the three accessions
of S. habrochoites. These are unique for the H24 and the three wild species accessions and clearing
demonstrate that an introgression for S. habrochoites has occurred in this region of chromosome 11.
Since these SNPs and the indel are not present in 902h, Glh. and G2b. which all have begomovirus
resistance derived from S habrochaites, it is concluded that this TG105 locus does not contain the
resistance gene for these lines. TY52, TY50, Glh, cerasiforme, and HC7880 have identical
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sequences in this region and G 1h is resistant to begomoviruses in Guatemala and the other three are
susceptible in Guatemala and TY52 has the Ty-l gene introgression in chromosome 6.
The results with the locus TGI05 show that this peR-based tagging method can be used to tag
regions of introgressions for wild species.

Figure 2. Sequence from PCR fragments amplified ~;th primer pair PI05s/PI05c from tomato breeding
lines and three wild species accessions of hir = S habrochaites (L. hirsuJum)(Amer. J. Botany 88:1888­
1902). 902h, breeding line with resistance to TYLCV (Phytopathology 88:910-914) with resistaoce derived

• from S. habrochaites; G9c line selected in Guatemala from Fla 595-2 with resistance to TYLCV and
ToMoV from S. chi/ense (J. Scon); G2h,line selected from hybrid FAVI 12 (begomo\'irus resisted derived
from 902h); HC7880, open pollinated cultivar from Cuba susceptible to begomoviruses in Guatemala; (en,

iii S. lycopersicum var. cerasiforme collected in Sanarate, Guatemala, susceptible to begomoviruses; G IIt, line
selected from hybrid FAVI 9 (begomovirus resistance derived from 902h); 1Y52, isolines -.ith T~J gene
from S chilense (Zamir et aI. TAG 88:141.146); 1Y50, isoline to 1Y52 without Ty-J gene for TYLCV

Ii resistance; H24, line with Ty-2 gene introgressed from a S habrochaites into chromosome II in the region
of the TO 105 marker (Hanson et a!' 1. Amer. Soc. Hart. Sci. 125: 15-20).
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TTTGCAAACCCCTAACAAATAGACTAAGCCCTTTAACTTGTTT.AAGAGA!GTCAA!7~A

TTTGCAAACCCCTAACAAATAGACTAAGCCCTTTAACTTGTTT.AAGAGAT~T~~7T7A

TTTGCAAACCCCTAACAAATAGACTAAGCCCT7!AACTTGTTT.AAGAGATGTCA~TT7A

TTTGCAAACCCCTAACAAATAGACT.~GCCCT7TAACTTGTTTtAAGAGATGTCAATT7A

TTTGCAAACCCCTAACAAATAGACTAAGCCCTTTAACTTGTTTtAAGAGATGTCAATTTA
TTTGCk~CCCCTAACAAATAGACTAAGCCCTTTAACTTGTTTtAAGAGATGTCAATTTA

TTTGCAAACCCCTAACAAATAGACTAAGCCCT77AACTTGTTTtAAGAGATGTCAATTTA
TTTGCk~CCCCTAACAAATAGACTAAGCCCT7T~~CTTGTTTtAAGAGATGTCAA7TTA

TTTGtAAACCCCTAACAAATAGACaAAaCCCiTcAACTTGTTTtAAGAcATGTaAATTTA
TTTGtAAACCCCTAACAAATAGACaAAaCCCTTcAACTTGTTTtqAGAeATGTaAATTTA
iTTGtAAACCCCTAACk~TAGACaAAatCCTTcAACTTG7TTtAAGAeATGTaAArTTA

TTTGtAAACCCCTAACAAATAGACaAAaCCCTTcAACTTGTTTtAAGAcP.TGTaAATTTA
tttg*aaacccctaacaaatagac*aa* cctt*aacttgttt aga*atgt*aatt:a

TGTATTTATATTTACAAAACTAAAATTTAATCACTATATACAACGTAATTTTCCGA~'

TGTATTTATATTTACAAAACTAAAATTTAATCACTATATACAACGTAATTTTCCGACAAA
TGTATTTATATTTACAAAACTAAAATTTAATCACTATATACAACGTAATTTTCCGACAAA
TGTATTTATATTTAtAAAACTAAAATTTAATCACTATATACAACGTAATTTTCCGACAAA
TGTATTTATATTTAtAAAACTAAAATTTAATCACTATATACAACGTAATTTTCCGA~~~

TGTATTTATATTTAtk~CTAAAATTTAATCACTATATACAACGTAATTTTCCGAC~~~

TGTATTTATATTTAcAAAACTAAAATTTAATCACTATATACAACGTAATTTTCCGA~;

TGTATTTATATTTAtAAAACTAAAATTTAATCACTATATACAACGTAATTTTCCGACAAA
TGTATTTATATTTAtAAAACTAAAATTTAAcCACTATATACAACGTAATTTTCCGACgAA
TGTATTTATATTTAtAAAACTAAAATTTAAcCACTATATACAACGTAATTTTCCGACgAA
TGTATTTATATTTAtAAAACTAAAATTTAACCACTATATACAACGT~~TTTTCCGACgAA

TGTATTTATATTTAtAA.a.ACTAAAATTTAAcCACTATATACAACGTAA'!'TTTCCaAC9~;

tgtatttatattta aaaactaaaatttaa.cacta~atacaacqtaattttccac*aa

GGAGTGTCG AGCCAAGGTAGGTCCTG
GGAGTGTCG AGCCAAGGTAGGTCCTG
GGAGTGTCG AGCCAAGGTAGGTCCTG
GGAGTGTCG AGCCAAGGTAGGTCCTG
GGAGTGTCG AGCCAAGGTAGGTCCTG
GGAGTGTCG AGCCAAGGTAGGTCCTG
GGAGTGTCG AGCCAAGGTAGGTCCTG
GGAGTGTCG AGCCAAGGTAGGTCCTG
GGAGTGTCGetcgacaccccttqgaCCAAGGTAGGTCCTe
GGgGTGTCGctogacaecccttggaCCAAGGTAGGTCCTC
GGgGTGTCGctcqacaccccttggaCCAAGGTAGGTCCTc
GGAGTGTCGcteqacaccecttggaCCAAGGTAGGTCCTc
gg*gtgtcg······*··*******ccaagg:agqtcc:*

59
59

2C
2G

20
23



..
•

..
•
•
..

,

•
•

II

•

13

For the TGI05 locus, the PSNPIOSslPSNPIOSc-PCR fragment was sequenced for II tomato lines
and the three S. habrochaites accessions. For the II tomato lines. there were three S1'I"P-indel
patterns, the esculentum type, the habrochaites type, and the chilen.se type. Lines G Ih, HC7880,
M82. G3h had the escuJemum type, lines G2h, 902h. G9c, and GL II had the chilense Iype, and
lines H24 and CLN2498-68 had the hahrochaites type. Thus, the lines derived from 902 in
Guatemala, existed in only the esculentum- and chilense-type patterns and DOl the habrochaites
type.

2.2.4. Testing of other primer pair for introgressions of the resistance gene in 902 in chromosome II
in the region ofTy-2 gene.

2.2.4.1. Aldehyde Oxidase primers (pALO, Chromosome II):
The TGIOS sequence had a high identity to the S demissum BAC (AC091627) and there were
several gene sequences associated with this BAC clone. One gene, aldehyde oxidase (exon nt
nwnbers 76,163 - 76,310 to 77,520 - 77,821) has a 97% nt identity with the aldehyde oxidase of
tomato (mRNA sequence, AF2S8814). Two PCR primers were designed (pAL02s./PALOs) to give
an amplification of an intron, which is present in the S demissum. PCR with this primer pair
produced multiple bands, two bands of around 1.1 and 1.2 kb and one band of the expected size of
666 bp. The band of the expected size from G I h and S habrochaites 1928 was cloned, despite
repeated trials the band corresponding to HC7880 could not be cloned. This multiple band situation
was not improved when annealing temperature was raised from 50 to 57'C and these primers were
not used for further analyses.

2.2.4.2. TG30 Locus:
PCR primer pair (p30sIP30c) amplified a SOO-bp fragment and the sequence \\'35 identical for
HC7880, M82, Glh, G2h. G3h, G9c. 902, H24 (Ty2 gene), GLll, CLN2443A (Ty2 gene),
CLN2498-68. Thus, there is no evidence for an introgression from any wild species in this region
of these lines.

2.2.4.3. TG26, T1660 and cLET24J2 region:
The primers "'"'ere designed as follows. The MI3F TG26 sequence (complete sequence, App. () bad
a 94% and 96% nt identity for 189 nt with 46,465..46,654 and for 172 nt with 46,783 ..46,952,
respectively, of S. demissum BAe, AC136471 (123,428 nl). Two other RFlP probe markers
(cLET24J2 and T1660) also had high ot identity with this BAC clone sequence. TIle sequence
10..450 of cLET24J2 had a 97% nt identity with 74.065..74,SOS of S. demisSU1ll and a 18% Dt
identity with the calmodulin mRNA (NM_101103). These sequences also gave positive matches
with A. thaliana (ACOO719O, gene Atlg1231O). Two putative exons were identified in the S
demissum sequence; one corresponded to 430..565 and 1..476 ofcLET24J2 with 11.548..71,614 and
74,515..74,066, respectively, for S. demissum. Two primers. PCALls and PACLlc, were designed
to amplify the putative intron with a fragment sequence of about 2,500 bp. For the 11660 marker
sequence, it had a 82% nt identity with A. thaJiana (AF069299, 31,303..31,427), which indicated
the presence of an exon. Additionally, there was a high ot identity of Tl660 regions, 4..63, 66.. 141,
and 143..279 with S. demissum AC13647 I for regions 70,226..70.286, 70070..70145, and
69030..69166, respectively. The A. tha/iana region corresponds to a putative ribosomal protein and
the exons for this gene were used to match regions ofS. demissum (68,683 ..70,248) and then design
primers. This is the region of S demissum BAC that corresponds to 11660 sequence. Primers
PRib3s and PRib3c were designed from the S. demissum sequence (regions 69, II 0..69,132, and
69,130..70,110) that was conserved ""1th A. thaJiana. Because the S. demissum BAC AC136471 was
not annotated, the GlimmerM (ver. 3) program at llGR web site was used to detect putative ORFs.
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The ORFs that appeared to be mostly likely genes as determined by length of exoDS over 1,000 bp
were used to detect regions of high identity with A. thaliana. For reference, the tomato RFLP
marker probes sequences for TG26, TI660, and cLET24J2 correspond to nt number 46,600,69,800,
and 73,500, respectively. Putative ORF #53 (77,727..79,701) had high identity 'o\ith A. thaJiana
(ABOI8109, ego 49,447..49,778) and the exons from A. thaliana were compared \'tith the sequence
ofS demissum and two primers (PS3s and P53c), which would give a PCR fragment of 790 bp for
S demissum. Putative ORF #69 (117,424.. 119,162) had a high identity (96%) with AF049900 of L
escu/entum mRNA for gibberellin 20-oxida.se and also for A. tha/iana (85%, ALI61563). The
mRNA sequence for L. escu/entum was compared with S. demissum and two sets of primers
(p69s2IP69c2 and P69s IIP69c 1) designed from putative exons to amplify different introns.

2.2.4.4. Ribosomal Protein primers (Chromosome 11):
Fragments corresponding to HC7880, Glh and S. habrochaites 1928 were cloned and sequenced.
The fragment corresponding to L. hirsutum 1928 was larger (around 900 bp) than the one from
HC7880 and Glh (around 650 bp). These fragment sequences were aligned and it was found that
1928, which is <or. hirsutum" DNA, differs substantially from the L esculenrum sequence. There is
for example a large intron which is missing in the L escu/entum sequence. 11lere is one SNP
between the Glh and HC7880, an AlG substitution. The HC7880 allele was designated G and the
Glh allele g (Table 10).

Table 10. Genotypes of parental lines and segregating progeny for the ribosomal protein sequence.

Line Phenotype Genotype
Glh R gig

HC7880 S GIG
F3-Il R gig

F3-15 R 2/f!.
F3-I8 S gig

F3-31A S g/g

.. Since two susceptible plants had the G 1h allele, this region ""'35 not thought to be invol~-ed in
resistance for the GIh phenotype.
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2.2.4.5. Calmodulin protein primers (pCall, Chromosome 11):
A PCR fragment of around 2.3 kb was amplified from the parental lines, HC7880, G1h. G2b, Glb
and 1928. An attempt was made to clone this fragment, the digestion of plasmid DNA \'tith EcoR!
and BstZ1, however, produced unexplainable results and this effort was abandoned.
2.2.4.6. TG26 locus:
PCR primers (p26s1P26c) gave fragments which were sequenced. Three resistant lines -G I h, G2b,
G3h, and one susceptible line M82 had identical sequences: there were 16 Sl\l'Ps between the
sequence for these lines and S. habrochaites 1928, which does not suppon an introgreSSion in this
region from S habrochaites in these lines. It would be interesting to test H24 with these primers.

2.2.4.7. T1660 locus:
peR primers (P69s2IP69c2) gave an 820 bp-fragment wilicb was sequenced. The sequence for the
susceptible M82 and HC7880 lines was identical [0 the begomovirus resistant line G3h. Thus, there
is no evidence for an introgression in this region. The abi sequence indicated that they are
homozygous for this region. \\!hen the sequence was used in a BLAST search, a >970/0 nt identiry
was obtained for 8.. 174 and 745..820 with 784..950 and 949.. 1023 for the mR.N'A for gibberellin 20
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oxidase-3 (AF04990). The intron region for tomato should be compared ~ith the intron for S
demissum, which was used to design the primers.

2.2.4.8. P120 primers (Chromosome 11)
Three sets of primers corresponding to this region were designed, 120S-120ASC. 120S-12OC and
120S-120AC. Only primer pair 120S-120ASC produced a single band (around 450 bp); this band,
corresponding to parental genotypes HC7880, G Ih. G2h and G3h, was sent for direct sequencing.
Increasing the temperature of annealing to 5'f1C with primer pair 120S-120AC resulted in the loss of
the three bands that had been observed (0.4. 1.1 and 2 kb).

2.2.4.9. Probe 393 (Chromosome II)
The PCR products corresponding to this probe (around 900 bp, primers P393s1P393c) ""-ere
sequenced directly. No differences were observed between the parental lines HC7880, M82, G1h.
G2h and G3h except G2h may have one indel at about 90 nt (an A).

2.2.5. Chromosome 6 introgression for Tyl gene

For the TyJ gene, clones of probes TG297 and TG436 in chromosome 6 that are localed in the
introgressed region from 1. chiJense in the resistant isoline TY52 (lbeor. Appl. Genet 88: 141-146)
(Fig. 3) were sequenced. TY52 and TY50, isoline to TY52 ""ithoUl the introgression, were supplied
to Dani Zamir, Hebrew University of Jerusalem (HU1). The RFLP map of the introgression was
provided by H. Czosnek, which showed that introgression was TG97 and TG232.

Fig. 3. Chromosome 6. Introgression from L. chilense (From zamiret at. 1993. Theor. AppI. Genet. 88:141­
146).

For primer design, the RFLP probes CD67 (no sequence), TG97 (pst!. 1.4 kb. DO good sequence).
CT216c (EcoRI, 1.7 kb), TG232 (pst!, 1,415 bp), TG297 (pstI, 1,807 bp). TG436 (pstI, 13n bp.
HUJ; Pstl. 1036 bp. Cornell University) were sequenced. Sequences for each probe were compared
with data bases for Arabiopsis and GenBank. CT216c bad one exon and one intron match with
AT5g59550 (no primers designed). TG232 bad 7QO/o identity with for 28 - 496 ot ~ith ACOO999I
(PTG232sl/PTG232cl). TG297 bad an excellent match with AT5g22TIO and 8 exons were
identified (p297s3, P297s6, P297c6, P297c8). The sequence for the Cornell University probe
TG436 matched exon 5 and 6 of At2g47680 (ATP-dependent R.1o.lA belicase A)
(PCT436s5bIPCT436c6).

The most useful infonnation was \\ith PCR primer pairs for TG436 locus: PCT436s5b (Y
cct tcc aac ata eta tgc act tga gc 3'), PCT436c6 (5' teC aga aaa ctt gta aag aac ggc )'). This primer
pair gave a PCR fragment of about 900 bp, which Ylas cloned and sequenced for S habrochaites
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TG436 is located in region between Tyl and TG25.
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LA1223. Glh, TY52, TY50 and HC7880. Two indels were detected (Fig. 4) among these five
genotypes and TY52 and G Ih shared the same indel pattern. As these were the two genotypes that
had resistance to begomoviruses, two PCR primers were designed to amplify a 300-bp fragment
(PSNP436s, 5' tct gca agt cgc atc gga agg tat gc 3'; PSl'i'P436c, 5' gta tgg gee ace tgg eat gca cct cg
3') that would amplify the region with the two indels. •

This primer pair was used to amplify peR fragment, which was sequenced. from to
additional genotypes. The genotypes were divided into two groups based on the two indels (Fig. 4).
Those that have esculentum-type sequences and those that had the TV52 or chi/erase-type sequences.
Those in the esculentum-type were TY50, HC7880, M82. G3h, GUI, CLN2443A (Ty 2 gene).
CLN2498-68, and H24 (Ty 2 gene). The chi/eme-type sequence group included TY52 (Ty I gene),
Gill. G2h, 902h, and G9c. G9c has resistance to TYLCV and ToMoV derived from S. chi/erase, so
it may have the Ty I gene. Lines with resistance in Guatemala to begomoviruses were in both
groups. which indicated that this region is not the location of the introgression from S. hahrochaites.
ie for G3h.

Because of the presence of the chilense-type sequence in two resistant lines from Guatemala.
G Ih and G2h, the presence or absence of these two indels was detennined in F3 populations from
four crosses. Lines with resistance to begomoviruses Glh And G2h were crossed to susceptible
parental lines HC-7880 and M82. The resulting FI hybrids were planted at the beginning of 2002
(Table I). The F2 populations were planted in early 2003 and resistant and susceptible plants (the
most extreme phenotypes) were selected in March. 2003 (see web site for images:
http://www.plantpath.wisc.edulGeminivirusResistantTomatoeslCDRlMarQ31H16RS.htm). DNA
was extracted from pooled tissue of the progeny of these plants (around 15 seedlings). 1bis DNA.
along with DNA from the parenta1lines. was used during this period (July. 2(03) to screen for the
indel marker in region 436 of Chromosome 6

Table II. Hybrids evaluated in Guatemala from September to April 2002.

Hybrid Description DSI30 DSI60 Average Average yie1diplant ~

Weight/fruit (g) (g)
Hl5 GF2 X M82 1.67 2.54 35.3 1.314
Hl6 GF2 X HC-7880 1.76 2.38 48.9 1.340
H23 GFI XM82 1.77 2.48 34.5 1.327
H2S GFI X HC-7880 1.33 1.93 35.6 1.420

Two approaches were used to analyze the F3 populations. In one case. fluorescc:nt·labeled pimers
were designed to be used with primers PSNP436s or PSNP436c for amplification of the sequence
containing one of the two indels in that region. The PR fragments were analyzed with a Gene Scan
single lane system in order to determine their length; those \\ith a deletion were expected to be
shorter by two nucleotides. This is what was detected. The other approach involved the sequencing
of PeR fragments from the primer pair PSNP436s1PSNP436c and scoring each sequence for
esculenrum-type. chilense-type or heterozygous. It was very easy to detect the beteroZ)'gous
genotypes as the sequence would go out of frame exactly at the position of one indel and then into
frame at the exact position of the second iode!.

Results obtained with fluorescent (FAM) labeled primers and sequence data are sbo~n in
Table 3. HC7880, M82 and GF3 have genotype EIE (homozygous for escuJenlJlm type, AA
deletion followed by AC insertion). G 1h and G2h have genotype e/e (homozygous. chilense type.
AA insertion followed by AC deletion). For the resistant phenotype, there are 2. 13. and 5 plants in
class EJE. Ele. and ete, respectively. For the susceptible plants, there are 7. 5, and 4 plants in class
FJE. E/e, and ele. respectively. When the data are combined across both susceptible and resistant
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phenotypes (9, 18, 9 plants for the Ele, E/e, e/e. respectively), the segregation fits 8 1:2:1 ratio.
which would be expected for a random selection of plants.

Conclusion: Thus, the combined data are not supportive of a linkage between the resistant
phenotype in the G I h and G2h lines and the molecular marker TG436. It is possible that these
indels can be used as a marker for the Ty-l gene as they are present in TY52 and G9c.

Figure 4. Sequence of PCR fragment with primer pair (PSNP436s1 PSNP436c) for S. habrocltailes (L
hirsutum) LA 1223. and HC7880, open pollinated cultivar from Cuba susceptible to begomoviruses in
Guatemala; Gltt. line selected from hybrid FAV19 (begomovirus resistance derived from 902b): TY52,
isolines with Ty-l gene from S. chi/ense (Zamir et al. TAG 88: 141-146); TY50, isoline to TY52 wilbout T,..
1 gene for TYLCV resistance.
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AAAAGTTTGTGGAGATAGTCCTTAAAGCAGGCAGAATACTGCACCCAAGGGAGTGACATA
AAAAGTTTGTGGAGATAGTCCTTAAAGCAGGCAGAATACTGCACCCAAGGGAGTGACATA
AAAAGTTTGTGGAGATAGTCCTTAAAGCAGGCAGAATACTGCACCCAAGGGAGTGACATA
AAAAGTTTGTGGAGATAGTCCTTAAAGCAGGCAGAATACTGCACCCAAGGGAGTGACA7A
AAAAGTTTGTGGAGATAGTCCTTAAAGCAGGCAG~~TACTGCACCCAAG~~GTGA~~TA

aaaagttcgtggagatagtccttaaagcaggcagaatactgcacccaagggagtgacata

GTT~~TCAATAAAGTAGGGAAAA.. CCATGAGG!CTCGGGTTATTAAAATCTGAG!AGAG
GTTGATCAATAAAGTAGGGAAAA .. CCATGAGGTCTCGGGTTATTAAAATCTGAGTAGAG
GTTGATCAATAAAGTAGGGAAAA .. CCATGAGGTCTCGGGTTATTAAAATCTGAGTAGAG
GTTGATC~_~Tk~GTAGGGk~~CCATGAGGTCTCGGGTTATTAAAATCTGAG!AGAG

GTTGATC~~TAAAGTAGGGAAAAaaCCATGAGGTCTCGGGTTATTAAAATC7GAG!AGAG

gttgatcaataaagtagggaaaa**ccatgaggtctcgggttattaaaatctgagtagaq

TCAAAACCACTAGGTGATTCTCATTTGCACAAGACCCCAAACCTTGGTGGACAGATTTAC
aCAAAACCACTAGGTGATTCTCATTTGCACAAGACCCCAAACCTTGGTGGACAGATTTAC
a~~CCACTAGGTGATTCTCATTTGCACAAGACCCCAAACCTTGGTGGA~~GATT7AC

aC~~CC .. TAGGTGATTCTCATTTGCACAAGACCCCAAACCTTGGTGGACAGA.T.AC
aCk~CC .. TAGGTGATTCTCATTTGCACAAGACCCCAAACCTTGGTGGACAGAT77AC
*caaaacc**taggtgattctcatttgcacaagaccccaaaccttggtggacagatttac

CCGGTACCTGTGTTAGTGGGACTTGGGAGGTAGCATGTACTCGATAGAATTAGTCGAGGT
CCGGTACCTGTGTTAGTGGGACTTGGGAGGTAGCATGTACTCGATAGAATTAGTCGAGGT
CCGGTACCTGTGTTAGTGGGACTTGGGAGGTAGCATGTACTCGATAGAATTAGTCGAGGT
CCGGTACCTGTGTTAGTGGGACTTGGGAGGTAGCATGTACTCGATAGAATTAGTCGAGGT
CCGGTACCTGTGTTAGTGGGACTTGGGAGGTAGCATGTACTCGATAGAATTAGTCGAGu~

ccggtacctgtgttagtgggacttgggaggtagcatgtactcgatagaattagtcgaggt
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2.3. RFLP - tagging of resistance genes to begomoviruses ill • Guatemalaa breatiac be

Since no region of introgression had been detected for the resistance genes in 902 derived lines, an
RFLP approach was also tried. DNA from two susceptible lines (HC7880 and M82) and one line
(Olh) resistant to the begomoviruses in Guatemala and derived from FAVI 9 (resistance genes from
902) were subjected to standard RFLP analysis with 33p_Iabelled probes for each of the 12
chromosomes. DNAs were digested with five restriction enzymes: DraI, £CoRl. £CoRV, HindIlI, or
XbaI. Chrl, top TG301, middle TG19; Chr2, top TG227; Chr3, middle TG129; Chr4, top TGI46.
middle T062, bottom TG450 ; Chr5, bottom TG23, bottom CD74; Chr6, top TG23I. TGI19,
middle TG54, bottom TG422~ ehr?, top TG438, bonom CD54, Chr8, top TG41, middle TG282:
bottom TG402; Chr9, top TGIO, bottom TG8; Chrll, top TGI94, bottom TG30, TG26 (TY2 gene
introgression region); Chr12, middle CT79, bottom C02.

Conclusions: No polymorphisms were detected for these 125 combinations of probes (25) and
restriction enzymes (5).
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2.4. Introduction of molecular based tagging of genes for use in a breeding program at San
Carlos University.

Several options for molecular gene tagging were considered originally. The Volcani Institute group
had limited success with the PCR markers for Verticillium wilt resistance and Hebrew Universitv
was using the REX markers for the nematode resistance gene (Mi). It was decided that this mark~
would be use to introduce these methods into the biotechnology curriculum at San Carlos
University. The technique involved PCR and restriction enzyme digestions. which could be
performed in Dr. Mejia's laboratory at San Carlos University. Also. it would be very useful to
develop breeding lines for Guatemala that had both resistance to begomoviruses and root knot
nematode. This has not been possible with the Ty-l gene. since this gene for TYLCV resistance is
very closely linked to the Mi gene.

2.4.3. Primers REXFllREXR2 (Chromosome 6) - REX locus

The REX primers amplify a molecular marker linked to Mi gene (root knot nematode resistance) in
Chromosome 6 (Williamson et al. 1994. TAG 87:757-763). This primer pair amplifies a single
band ofaround 750 bp from tomato breeding lines and hybrids. The REX fragmenl is then digested
with Taql restriction enzyme. and if a TaqI site (TCGA) is present, the REX fragment is linked to
the Mi gene (ie an introgression from S. peruvianum). This gives a digestion of~'O fragmenrs, 570
and 160 bp. The esculentum sequence does not have the sequence associated ~ith the Taql
restriction site. A heterozygous plant would give three bands after digestion.

An M. Sc. student, Carolina lea, at San Carlos University did her thesis resean:b on the
application of this marker for evaluation of germplasm in the breeding lines being developed in this
CDR project. A cross was made between Marina, a commercial cultivar with the N gene (Mi gene)
and the hybrid H5 (Glh x GlOp) giving population H44. This H44 population was evaluated in the
field in March 03 and plant 29 was resistant to begomoviruses. This plant was identified by the
REX marker in Guatemala as being heterozygous for the Mi gene. One potential problem ~itb

digestions is the possibility that incomplete digestions could produce erratic results. In order to

verify digestion results, several seedling progenies (F3 plants) were produced in Guatemala and the
DNA from these plants was brought to Wisconsin and amplified with the REX primers. The
amplified fragments were sent for direct sequencing, using the REXR2 primer. Sequence analysis
of the REX PCR fragment clearly distinguished among the three classes of plants. homozygous for
the TaqI site, heterozygous, and bomozygous for no Taql site. TIle presence of the Toql site
corresponds to the resistance gene marker and is associated with a SNP for AlC, T for Mi gene and
G for Mi+ gene or L esculentum phenotype (susceptible). A commercial bybrid, Better Boy,
reponed to have the Mi gene (N) was heterozygous (AlC). Glh and G2h were homozygous for the
Mi gene marker (AlA), and G3h, HC7880, M82 and L. escuJentum var. cerasifonne were
homozygous for the Mi+ gene (susceptible allele) marker (ClC).

At the Tomato Round Table Meeting in Guaremala in 2002, Dr. Judith Milo from the Hebrew
University ofJerusalem reponed that the REX locus could be used to tag the TyJ gene (chilense) for
resistance to TYLCV. So we wanted to compare the REX locus sequence for a line with TyJ gene
(TY52), a line with S. habrochaites (L. hirsutum) (902), a control cultivar that is homozygous for
the resistance Mi gene (MiI"'!i. Motelle) and the susceptible lines (-"fi+/Mi-, Moneymaker and
M82). Dr. Valerie Williamson supplied seeds of Motelle and Moneymaker. Dr. Fa'" Vida..'Ski
seeds of the 902 breeding line and M82, and Dr. H. Czosnek seeds for the TY52 and TY50 from D.
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Zamir. The TaqI site (CAPS marker) was evident in Motelle (faqI site present) and restriction site
was lacking in the REX fragment for the susceptible line (M82) (Fig. 5). The susceptible line bad a
SNP at this position and the sequence was C instead of A. as was present in Motelle. This result is
consistent with the expected results for the Taql digestions (Williamson et aI. TAG 87:757). The
three presumably susceptible lines, M82, TY50 and L. escuJentum var. cerasiforme had the identical
sequences for this 600 nt region. Four lines, Motelle, TY52. G2h, and 902, bad the A ot for this
TaqI site SNP. This was unexpected as TY52 and G2h and 902 were thought to be susceptible to
root knot nematode. These three lines were subjected to a standard bioassay for root knot
resistance. TY52 and 902 were found to be susceptible in the bioassay conducted al Hebrew
University of Jerusalem (F. Vidavski. pers. com.) and G2h was resistant to root knot nematode al
UC-Davis (V. Williamson, pers. com.). Thus, in two cases the presence of the Taql S~~ (A)
gave false positive results. In this 600-nt region of the REX fragment, there are nine $l\rps
between the three susceptible lines (TY50, M82 and cerasiforme) and the three lines MoteUe. 902,
and G2b. However. only seven of these SNPs were shared by TY52 and Motelle. lbere ",-ere four
SNPs that could distinguish TY52 from Motelle. It was concluded that three types of sequences
could be recognized by the unique SNPs for the REX locus. ie. escuJentum type (M82), IN.ruviomIm
type (Motelle). and chilense type (TY52). Dr. Valerie Williamson noted that the chilense-r,-pe
sequence had two Taql sites, and thus would give three fragments when digested with Taql
restriction enzyme. SNPs associated with the peruvianum-type sequence were easily detected in
commercial hybrids (heterozygous for the REX locus) such as Bener Boy and Marina.

Because 902 is the main source of resistance to begomoviruses being used in Guatemala and also
the Tomato MERC countries (Palestinian Authority, Lebanon, Jordan. Egypt, Morocco. and
Tunisia), it was decided that a new PCR-based method for detection of the Mi gene should be
developed. Dr. S. Tanksley, Cornell University, had developed a PeR-based method (CAPS) for
detection of the Mi gene and it is protected by intellectual property by the Cornell Uni,,-ersity
Foundation. Dr. Maxwell negotiated with the Cornell University Foundation to ~'3luate the
Tanksley PCR-based method (Cornell method). He was given permission to e"-aluate the marker for
research only and that they could not be used in a breeding program. The Cornell method was
evaluated with the same germplasm as had been tested for the REX primers. As ",ith the REX
locus CAPS marker. the Cornell method gave false positives for TY52 and 902. The expected
results for linkage to the "Vi gene were obtained Vwith Motelle and G2h.. The PeR ftagmeots from
the Cornell primer pair were sequenced and as before the TY52 could be distinguished from Motelle
and M82 by several SNPs, thus the Cornell PCR fragment could distinguish between chilense-t)-pe.
peruvianum-type and esculentum-type sequences. The surprise wu that 902 had die clUk~
type sequence and not the pe'UVUUIIU" type sequence. Unfortunately, this information can DOl be
used to develop a specific PCR-based system, which would distinguish the three types of sequences,
because of the intellectual property agreement Vwith Cornell University Foundation.

Dr. Valerie Williamson's group cloned the Mi gene region and sequenced a RAC clone
(U81378) and the sequence for two genomic regions for the MiL2 and Mi1.1 gene (plant Cell
10:1,307-1,319). Several primers specific to the promoter sequence of the functional gene, Mi.12,
were designed and tested. From this effort, primer Mi 12FI (5' gca an eta gal eta get an tgl tgt te 3')
and Mi12R2 (5' ect gct cgt tta cea tta ctt ttc caa cc 3') gave the most encouraging results. This
primer pair gave a 720 bp and 620 bp fragment Vwith Motelle (resistant) and Mone)'marlc.er
(susceptible). respectively. For the heterozygous cultivars, Better Boy and Marina. two fragments
(620 and no bp) were obtained. These data are consistent with the results from the REX locus and
the Cornell locus. Six other lines that are thought to be susceptible to room knot nematode all gave
fragments of 620 bp. G2h, which is resistant, gave a 720 bp fragment Line Ty52. which gi\'"CS

false positives with the REX locus and Cornell locus gave a l,OOO·bp fragment Also, G9c. which
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as the chilense-type sequence for REX locus and Cornell locus, had a 1QOO-bp fragment. These
PCR primers should be useful to follow the IT1 gene as it gives a distinct fragment size from the
esculentum- and peruvianum-type fragments. The fragment from S habrochaites (L hirsurum) was
800 bp. Line 902 gave the peruvianum-type fragmen~ 720 bp, which would be a false positive.
These fragments were sequenced and compared to the published sequence for the BAC clone in
GenBank. Surprisingly, the sequences from the 620 bp or the 720 bp fragments did not match
sequences of this BAC clone, which means that a different region of the tomato genome had been
amplified. These two sequences were sent to Dr. Valerie Williamson (UC-Davis) and her group
matched the sequence obtained from Motelle (peruvianum type) with MilA in the 2p group of .\Ii
genes in this same region and the sequence from Moneymaker (esculentum type) ~ith the MilF in
the Ie region. Thus, the sequences did match those in the region of the Mi gene clusters of
Chromosome 6, but they did not match the original region (promoter of Mi 1.2) used to design the
primers. In June 2004, Seah et aI. (2004. TAG 108:1635-1642) reported that the nematode-resistant
region has the Mi·] gene and 6 other homologs, which are grouped into two clusters (four in one
and three in the other) and are separated by 300 kb. The REX locus is located in this 300-kb region.
The organization of this Mi gene region in susceptible tomato was also report by Scab et at (2004).
and they suggested that there has an inversion of the 3OO-kb region between the two clustetS. Also,
they found two additional Mi-l homologs that mapped to chromosome 5.

Susceptible lines gave either the 620-bp fragment (cerasiforrne, M82, G3h, Gl6c. TY50) or
the 1000 bp fragment (TY52 and G9c). The 620-bp fragments ",'Cre sequenced except for M82: they
all were identical to the escu/entum-type sequence for Moneymaker. The 72O-bp fragment.
characteristic of the peruvianum-rype sequence from Motelle. was for G 1h gave the peruviDmurt­
like sequence.

In conclusions, both the CAPS markers for the REX locus and the Cornell locus give false positives
'With 902 and TY52. When the fragments are sequenced, the peruviGJ'tUm- and chiJense-t)-pe
sequences can be identified by unique SNP patterns. The Mi12FI/Mi12R2 primers gilo'e four
different size fragments for each type, escu/entum· (620 bp). peruvianum- (720 bp). hirSJllllm- (800
bp), and chi/ense-type (1,000 bp). Line 902 appears to be chimeric in this region with sequences
both from chi/ense (Cornell locus) andperuvianum (REX and MiI2FIlMiI2R21oci) and this may
explain the difficulty in developing a PCR-based method to distinguish 902 from Motelle. This is
important since most of the resistance to begomoviruses is being derived from 902.

One last point. G2h, which was selected from FAVI 12, has both resistance to root knot nematode
and begomoviIUses and has the excepted sequence and peR fragments for the Mi-/ gene. This is an
excellent line to use to incorporate resistance for both begomoviruses and root knot nematode into
the various programs in the tomato MERe project.

Fig. 5. Alignment of sequences for the REX locus for TY52 (Tyl gene TyllTyl. L. cJrill!nse re:sisrance to
lYLe¥), 902 (L. hirsuJum resistance to begomoviruses), Motelle (MilMi. homozygous for resistance to root
knot nematode), TYSO (isolines to TY52, TY]+ITY1+), M82 (Afi+/Mi+, susceptible to begomoviruses and
root knot nematode), and cera (L esculenlJlm var. cerwiforme, susceptible to begomoviruses)
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TY5 2- R2 TGCAAGCAAATTGACTAG<---rTGACGTAAGGGATCTGCAC'1"TACATCGGTATCCTG'!"!"""...AG
302 -R2 TGCAAGCAAATTGACTAGcrTGACG'!'AAGGGATCTGCACTTgCATCGGTATCCTGT'tGAG
Motelle-REX TGCAAGCAAATIGACTAGCTTGACGTAAGGGATCTGCl\CT'T'1CATCGG'!'ATC~"Jr,G

G2hREX TGCAAGCAAATIGACTAGCTTGACGTAAGGGATCTGCACTTgCATC'"...GTATC:::1"GT'!'GAG
,,:Y50-R2 TGCAAGCAAAgTGAC7Ac;..,....,.1'GACG1'AAGGGATC'TGc..~crrACA,CGG7A!'CCT~vAG

M82REX TGCAAGCAAAgTGACTAGCT7GACGT~~G~;T~GCAC7TACATCGGTA7CCTG77~~~

CERREX TGCAAGCAAAgTGACTAGCT7GACGTAA~;TCTGCAC77A:A7CGGiATCC7GT7GAG

Consensus tgcaagcaaa tgaccagcttgacgtaagggat~tgcacttcatcggtatcctg~tqaq
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TY52-R2
902-R2
Mor-elle-REX
G2hREX
TY50-R2
H82REX
::;ER"~EX

Consensus

TY52-R2
902-R2
otelle-RE}(
G2hREX
TYSO-R2
MH82REX
CERREX
Consensus

TY52-R2
902-R2
Motelle-REX
G2hREX
TY50-R2
M82REX
CERREX
Consensus

TY52-R2
902-R2
Motelle-REX
G2hREX
TY5J-R2
M82REX
CERREX
Consensus

TY52-R2
902-R2
Motel Ie-REX
G2hREX
TY5Q-R2
M82REX
CER.~

Consensus

TY52-R2
902-R2
Kotelle-REX
G2hREX
TY5;)-R2
MB2REX
CERREX
Consensus

TY52-R2
902-R2
Motelle-REX
G2hREX
TYSO-R2
H82REX
CERREX
Consensus

TYS2-R2
902-R2
Mot.elle-REX
G2hREX
TY50-R2
H82REX
CERREX
Consensus
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TTGCATAACCAGAAACCGTGGACTTTGCTTTGACT 11 I , 1ACCTGATTCACGA7GGACAT
TTGCATAACCAGAAACCGTGGACTTTGCTTTGACTII i i iACCTGAT'l'CACGA'I'GGACAT
TTGCATAACCAGAAACCGTGGACTTTGCTTTGAC7TT7TTACCTGA'!"!'CACGATGGACAT
TTGCATAACCAGAAACCGTGGACTTTGCTTTGAC • TTTT'l'ACCTGA'!'TCAC"'...ATGGACAl'
TTGCATAACCAGAAACCaTGGACTTTGCTTIGAl.':'TT.TTACCTGA!'TCACGA':'GaACAT
TTGCATAACCAGAAACCaTGGACTTTGCTTTGACT~ACCTGATTCACGATGaACAT

TTGCATAACCAGAAAC::;aTGGACTITGCTTTGA~ACCTGA:'TCACGA'!'GaACAT
ttgca~aaccagaaacc tggactttgct.ttgact.t.t.t.t.tacctgat.tcacgatg acat

CTCTCTCCTCTAATTCAGCTTCAGATAATAGATCATAACTCTTGCCATTGCAGGCATTAT
CTcTCTCCTCTAATTCAGCTTCAGATAATAGATCATAACTCTTGCCATTGCAGGCATTAT
CTtTCTCCTCTAATTCAGCTTCAGATAATAGATCATAACTCTIGCCATTGCAGGCA'!'!AT
CTtTCTCCTCTAATTCAGCTTCAGATAATAGATCATAACTCTTGCCATTGCAGGCAT1AT
CTtTCTCCTCTAATTCAGCTTCAGATAATAGATCATAACTCTTGCCATTGCAGGCAT':'AT
CTtTCTCCTCTAATTCAGCTTCAGATAATAGATCATAACTCTTGCCATTGCAGGCATTAT
CTtTcrCCTCTAATTCAGCTTCAGATAATAGATCATAACTC'ITGCCATIGCAGGCA'M'A'!'
ct tctcctcta=ttcagcttcaqataataqa~cataactct~qccat~qcagqca~ta~

CCTTCTTAACCATACTGGATTTATTGGAGAACCCATCATTITCACCATCAGAAGACCTC!
CCTTCTTAACCATACTGGATTTATTGGAGAACCCATCATTTTCACCATCAGAAGACCTCT
CCTTCTTAACCATACTGGATTTATTGGAGAACCCATCATTTTCACCATCAGAAGACCTCT
CCTTCTTAACCATACTGGATTTATTGGAGAACCCATCATTTTCACCATCAGAAGACC"rCT
CCTTCTTAACCATACTGGATTTATTGGAGAACaCATCATTTTCACCATCAGAAGACCTCT
CCTTCTTAACCATACTGGATTTA'M'GGAGAACaCATCAT'!"!"TCACCATCAGAAGACCTCT
CCTTC!'TAACCATACTGGATTTATTGGAGAACaCATCATTTTCACCATCAGAAGACCTCT
cct~cttaaccatactggatttattgqagaaccatcattttcaccatcagaagacctct

TGGGACTAGAAGTGGGTAAGGCTGAAGAGGGAGCAACAGAAGGTCGCGAAT'!'GCATCGAT
TGGGACTAGAAGTGGGaAAGGCTGAAGAGGGAGCAACAGAAGGTCGCGAATTGCATaGAT
TGGGAC'!'AGAAGTGGGaAAGGC'I'GAAGAGGGAGCAACAGAAGGTCGCGAATTGCATaGAT
TGGGACTAGAAGTGGGaAAGG....'"TGAAGAGGGAGCAACAGAAGGTCGCGAATTGCATaGAT
TGGGACTAGAAGTGGGTAAGGCTGAAGAGGGAGCAACAGAAGGTCGCGAATTGCATaGAT
TGGGACTAGAAGTGGGTAAGGCTGAAGAGGGAGCAACAGAAGGTCGCGAATTGCA'!'aGAT
TGGGACTAGAAGTGGGTAAGGCTGAAGAGGGAGCAACAGAAGu'lCGCGAATTGCA'!'aGAT
tggqactagaagtggg aaggctgaagagggagcaacagaagq~cgcgaatt;catgat

CCTTTTGTGAAGAATCTGCAGCTTTAACACTCAACAAAGATAGAGTACTATCCAGATCTT
CC1'TT'!'GTGAAGAATCTGCAGCTTTAACACTCAACAAAGATAGAG'!'ACTATCCAGATC'!"r
CCTTT'!'GTGAAGAATCTGCAGCTTTAACACTCAACAAAGATAGAGTACTATCCAGATCTT
CCTTTTGTGAAGAATCTGCAGCTTTAACACTCAACAAAGATAGAGTACTATCCAGATCT!
CCTTTTGTGAAGAATCTGCAGCTTTAACACTCAACJ\.AAGATAGAGTACTATCCAGATCTT
CCT'M'TGTGAAGAATCTGCAGCTTTAACACTCAACAAAGATAGAGTACTATCCAGATCTT
CC'ITTTGTGAAGAATCTGCAGCTTTAACACTCAACAAAGATAGAGTAcrATCCAGATC7T
ccttttqtgaagaatctgcagctttaacactcaacaaaqatagagtactatccaqatctt

GCCCAGCCTGCTGTTCCTTTTIAACTTGACCTGTTCCAGCACTACCTTTGCTTGCACTAG
GCCCAGCCTGCTGTTCCTTTTIAACTTGACCTGTTCCAGCACTACCTTTGCTTGCACTAG
GCCCAGCCTGCTGTTCCTTTTTAACTTGACCTGTTCCAGCACTACCTTTGCT'I'GCAC'rAG
GCCCAGCCTGCTGTTCCTTTTTAACTTGACCTGTTCCAGCACTACCTTTGCTTGCACTAG
GCCCAGCCTGCTGTTCCTTTTTAACTTGACCTGTTCCAGCACTACCTTTG..."T'TGCACTAG
GCCCAGCCTGCTGTTCCTTTTTAACTTGACCTGTTCCAGCACTACC"I"ITGCTrGCACTAG
GCCCAGCCTGCTGTTCCTTTTTAACTTGACCTGTTCCAGCACTACCTITGC"tTGCAC'TAG
gcccagcctgctgttcctttttaacttgacctgttccaqcactacctttqcttgcactaq

TGTCCTTCCGGTCAGACAAGGAGACCCT'l'GC'I'ACCTTTTCCTTCCiGGAGATGTCATCAC
TGTCCTTCCGGTCAGACAAGGAGACCCTTGCTACCT'TTTCCITCCTGGAGATGTCATCAC
TGTCCTTCCGGTCAGACAAGGAGACCCTTGCTACC'M"TTCCTTCCTGGAGATGTCA'I'CAC
TGTCCTTCCGGTCAGACAAGGAGACCCTTGCTACC'!'TT'I"CC'TTCCTGGAGATGTCATCAC
TGTCCTTCcr~CAGACAAGGAGACCCTTGC'!'ACCT'!'TTCCTTCCTaGAGATGTCATCAC
TGTCCTTCCGGTCAGACAAGGAGACCCTTGCTACCT'M"TCCTTCCTaGAGATGTCATCAC
TGTCCTTCCGGTCAGACAAGGAGACCCTTGCTACCTITTCCTICCTaGAGATGTCA1"'..AC
tgtccttccggtcaqacaaqgaqacccttgctaccttttccttcct gagatgtcatcac

'fCGA
ATATTTTTTCCATAGAATCCTGGGGATTACATGTCAAGGAATCTCGAAGTTCTCTCGC'M'
ATATTTTTTCCATAGAATCtTGGGGATI'ACA't'GTCAAGGAATCTCGAAGTTC"!CTCcC'!'T
ATATTTTTTCCATAGAATCtTGGGGATI'ACATGTCAAC-GAATC'TC~C"TCTCcCTT

ATATTTTTTCCATAGAATCtTGGGGATTACA'!"GiCAAGGAATCTCGAAJ--rTC'!'C'!"CcCTT
ATA7!7TTTCCATAGAATCCTGGGGATTACA~G'!'C.AAGGAA7C7CGcAGITC7C'T:cCTT
ATATTTTTTCCATAGAATCCTGGGGATTACATGTC~GGAAT~CGcAGT!CTCTCcCT1'

ATATTTTI'TCCATAGAATCCTGGGGATTACATGTCAAGGAATC":"CGcAG1"!'CTCTCcC'M'
atattttttccatagaatc tggggattacatgtcaaggaatctcg aqttctctc etc
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G2~REX ATATTTTTTCCATAGAATCtTGGGGATTACATGTCAAGGAATCTCGAAGTTCTCT:~C7!

TYSO-R2 ATATTTTTTCCATAGAATCCTGGGGATTACATG7CAAGUAATCTCGcAGTTCTCTCcCTT
ATA7TTTTTCCATA~~TCCTGGGGATTACATGTCAAGGAATCTCGcAGT"CTCTCcCTT 5'C
CERREX ATATTTTTTCCA7AGAATCC7~A~!A~~!G7CAA~~7CTCGcAGT7C7C7Cc~

atat::tttccatagaatc tggggattaca:gtcaaggaatctcg agttctctc ctt

TY52-R2 TTCTCTTAATCGGAGAATCATTATTGTCACACTTCCCCTTATGCG~TGACACATCGGAAA

902-R2 TTCTCTTAATCGGAGAATCATTATTGTCACACTTCCCCTTATGCGTTGACACATCGGAAA
Motelle-REX TTCTCTTAATCGGAGAATCATTATTGTCACACTTCCCCTTATGCGTTGACACATCGGAAA
G2~~X TTCTCTTAATCGGAGAATCATTATTG7CACAcr:CCCCTTATGCGTTGACACATCGGAAA
TY5C-R2 TTCTCTTAATCGGAGAATCATTATTGTCACACTTCCCCT7ATGCGTTGACACATCGGAAA
M82REX TTCTCTTAATCGGAGAATCATTATTGTCACACT7CCCCTTATGCGTTGACACATC~

CE~~£X TTCTCTTAATCGGAGAATCATTATTGTCACACTTCCCCTTATGCGTTGACACATCGGAAA
Consensus ttctcttaatcggagaatcattattgtcacacttccccttatgcgttgacacatcqgaaa

2.5. Web site
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Details and photographs of field plots can be found on the web site prepared by Dr. D.P. Ma.xwell:
hnp:/lwww.plantpath.wisc.eduiOeminivirusResistantTomatoeslCDRJ

3. Plans for next year

3.1. Seedling production and hybrid seed production

In March 2004 several begomovirus resistant tomato lines and hybrids were uansfem:d to a
Guatemalan seed company called Pilones de Antigua (see pages 6 and 1). These lines \\oue crossed
to produce hybrids Llanero 7, LLanero 10, Llanero 1/, Llanero /2 and Maya Garden. These
hybrids were first planted by Pi/ones de Antigua, at different locations, in early 2004 and at least
some are being considered for commercial release. In view of the promising results that were
observed in the Llanero hybrids, the owners of Pi/ones de Antigua decided to go ahead v..ith the
initiati"'e of the seed company, and this has just recently been fonned under the name GenlT0pic
Seeds. This company will be devoted to the production of seeds for Guatemala and Central
America

3.2. Field evaJllIIlion ofadditional populations

From July 13 to 15, 2004, two hundred and twenty breeding lines and segregating populations were
transplanted in Sanarate (see table 9, page 8). This trial ....ill be evaluated in October, 2004.
selections will be made that will be evaluated in March 2005.

3.3. D/'¥'A markers linked to resistance to begomoviruses

SNPs and indels have been used to show that the resistance in OF lines is not associated "'ith the
same introgression of TyI and Ty2 genes in Chromosome 6 and 11, respectively. Hence we v..ill
continue to use the RFLP approach which has been started during the last year of research. Several
markers for each of the 12 chromosomes \1,;11 be used to evaluate chromosomal regions for

polymorphisms.
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4. Manaceria' issues

No major issues.

5. Special concerns

During the last field assays, it appears that problems caused by Bacterial wilt were responsible for
damages unrelated to the presence of whitefly-transmitted geminiviruses. To deal \\;th this growing
problem, we have asked for the support of US AID to tackle this problem. In August 2004, we have
submitted a proposal entitled "Develop tomato breeding lines with resistance to Ralstonia
solanacearum and begomovirus in Guatemala and Central America" (project C25-031).

6. Strengthening

6.1. Training in the use ofDNA flUU'urs

The Guatemalan PI and three faculty members from San Carlos University spent 6 weeks at the
University of Wisconsin (May 15 to June 30, 2004). This training dealt mainly \\;th marker assisted
selection, identification of markers linked to geminivirus resistance in samples selected in
Guatemala These researchers were: Julieta Ortiz (Department of Chemistry). Sergio Melgar
(Department of Biology) and Daisuke Furusawa (a Japanese volunteer working with us in the lab.
College of Agronomy).

6.2. Workshop "Molecular methods for diagnosis of pathogens and breediDg for resistance in
vegetables"

The workshop was held in Antigua from February 25 to February 27, 2004. The first ~-o days dealt
with molecular methods for diagnosis of pathogens and breeding for resistance in vegetables. The
last day was devoted to a symposium on Bacterial Wilt. Infonnation about the meeting can be found
at: hnp:!/WVlw.concytgob.gt/noticias.html
Attending the meeting was:
Drs D. Maxwell, M. Nakhla and M. Havey, from the University ofWisconsm. USA.
Dr F. Vidavsky, from the Hebrew University ofJerusalem, Israel.
Dr Jaw-Fen Wang from the Asian Vegetable Research and Development Center, Taiwan.

There were approximately 30 participants in the workshop (faculty, students and technicians fiom
San Carlos University, other private universities, the public sector and the private producti'w'e
sector). There were around 60 participants in the symposium on bacterial wilt, including tomato
producers.

Dr Mathew Metz from USAID participated in the workshop.

6.3. VISit to Dr :1. Scott at the University ofFloridll

During the 1st International Symposium on Tomato Diseases and the 19th Annual Tomato Disease
Workshop which were held at Orlando, Florida. 20-24 June. 2004, Drs L. Mejia, F. Vidavski, M.
Lapidot, \1. Nakhla and D.P. Maxwell have visited Dr 1. Scon at the Gulf Coast Research and
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Education Center in Bradenton, Florida The researchers have seen the tomato breeding fields for
resistance to ToMoV and TYLCV and had a discussion 'with Dr 1. Scon and his lab members about
the use of molecular markers to tag resistance to begomoviruses.

7. CoDaborative activities

7.1. Visits andfield evaJ.llilIWns

Following the workshop, the tomato fields in Sanarate have been visited by the team of the
University of San Carlos headed by Dr L Mejia and RE Teni. Drs F Vidavski. M Havey. DP
Maxwell, M Nakhla, J-FWang and M Metz have participated in the evaluation and selections.•.

7.1. Production ofadvanced breeding lines

About 20 g of seeds of (GFI x commercial breeding line) have been produced by a commercial
company in Israel at 1.5 cents/seed. The seeds have been sent mid-October 2003 to Dr Mejia.
Guatemala. Five hybrids, Llanero 7, Llanero 10, Llanero 11, Llanero 12 and Maya Garden ba\'e
been produced at Pilones de Antigua. These hybrids were produced from crosses between
geminivirus resistant lines that have been selected in Guatemala All five hybrids are tested at

different locations in Guatemala in 2004.

7.3. Workshop

See 6.2.

7.4. Linkage with Middle East Regional Cooperation (MERC) Prognun

Dr D.P. Maxwell has presented the results of the breeding program in Guatemala during the annual
meeting of the MERC program on classical and marker assisted breeding for TYLCV resistance,
held in Chania, Crete, Greece, July 12 to 21, 2004. Dr Maxwell has also presented this program
during the visit to the Biotechnology Center in Heraklion, July 22,2004.
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