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Abstract Trichomes are small hairs that originate from
the epidermal cells of nearly all land plants, and they exist
in unicellular and multicellular forms. The regulatory path-
way of unicellular trichomes in Arabidopsis is well charac-
terized. However, little is known about the multicellular
trichome formation in tomato (Solanum lycopersicum). The
woolly (Wo) gene controls multicellular trichome initiation
and leads to embryonic lethality when homozygous in
tomato. To clone and characterize Wo, the gene was
Wne-mapped to a DNA fragment of »200 kb using the
map-based cloning strategy. A series of sequence-based
molecular markers, including simple sequence repeat,
sequence characterized ampliWed region, and cleaved ampli-
Wed polymorphic sequence were utilized in this study.
Analysis of the sequence indicated that this region carries
19 putative open reading frames. These results will provide
not only the important information for the isolation and
characterization of Wo but also the starting point for study-
ing the regulatory pathway responsible for trichome forma-
tion and embryonic lethality in tomato.

Introduction

Plant trichomes, which are found in nearly all terrestrial
plants, originate from epidermal cells. Trichomes can be
divided into two types, unicellular and multicellular
(Werker 2000). Arabidopsis and cotton (Gossypium arbo-
retum) are characterized by their unicellular trichomes,
whereas tomato (Solanum lycopersicum) and tobacco
(Nicotiana tabacum) are characterized by multicellular tric-
homes. Due to the simple cell structure of trichomes, they
provide excellent models to study the pattern formation in
plants (Schiefelbein 2003). Many important genes involved
in the initiation of unicellular trichomes on the epidermis of
Arabidopsis have been cloned and characterized. The GLA-
BROUS1 (GL1) gene promotes trichome formation, a loss-
of-function mutation of which results in a complete absence
of trichomes (Marks and Feldmann 1989). This gene
encodes a protein ascribed to the R2R3 MYB family featur-
ing two MYB repeats (Oppenheimer et al. 1991). TRANS-
PARENT TESTA GLABRA1 (TTG1) gene is another key
regulator controlling trichome formation in Arabidopsis
(Koornneef 1981), which encodes a protein containing four
conserved WD repeats (Walker et al. 1999). Genetic studies
indicate that GL1 and TTG1 regulate the same process in
trichome initiation (Larkin et al. 1999). Overexpression of
GL3 results in the formation of additional leaf trichomes.
GL3 encodes a transcription factor of the bHLH family
(Payne et al. 2000). In addition, a bHLH-like protein
encoded by the R regulator of maize can also activate leaf
trichome formation when overexpressed (Lloyd et al.
1992). Another bHLH gene, ENHANCER OF GLABRA 3
(EGL3) functions in a redundant manner with GL3 to spec-
ify trichome cell fate in Arabidopsis (Bernhardt et al.
2003). A WD-bHLH-MYB complex consisting of these
four genes triggers trichome formation in Arabidopsis by
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enhancing the expression of two downstream genes, GL2
and EGL2 (Zhao et al. 2008). Cotton Wbres, resembling
Arabidopsis trichomes, are controlled by GaMYB2, which
shows high sequence homology with GL1 and can restore
trichome formation in a gl1 mutant (Wang et al. 2004). A
common complex possibly regulates trichome formation in
Arabidopsis and cotton, both of which are Rosids (Serna
and Martin 2006).

Whether there is a complex similar to WD-bHLH-MYB
controlling trichome formation in tomato, snapdragon
(Antirrhinum majus), and tobacco (N. tabacum) is still
unknown, three of which are Asterids (Serna and Martin
2006). Overexpression of GL1 in tobacco does not aVect
trichome formation (Payne et al. 1999). MIXTA, a MYB-
related regulator controls conical cell formation in snap-
dragon, overexpression of which can trigger the trichome
formation (Glover et al. 1998). However, the ectopic
expression of MIXTA in Arabidopsis gl1-1 mutants failed to
induce trichome initiation (Payne et al. 1999). Hence, the
trichomes in snapdragon, tobacco, and tomato may develop
through a transcriptional network diVerent from that of
Arabidopsis and cotton. The woolly gene (Wo), a spontane-
ous mutation in tomato, is responsible for trichome forma-
tion (Shilling 1959) and embryo lethality of tomato (Huang
and Paddock 1962). Plenty of trichomes on the epidermal
parts enable them to be easily distinguished from non-
woolly plants (Rick and Butler 1956; Shilling 1959; Huang
and Paddock 1962). The self-pollinated progenies of
woolly plants always exhibit two phenotypes, the woolly
and the non-woolly. However, the oVspring of non-woolly
plants do not segregate. The Wo mutation is inferred to be
lethal for the embryo when homozygous (Shilling 1959);
the lethal action occurs prior to the torpedo stage and no
cambial diVerentiation is found at this period through cyto-
logical observation (Huang and Paddock 1962).

Reportedly, Wo is located near the midpoint of the long
arm of chromosome 2 (Rick and Butler 1956) and a classi-
cal map on pachytene also demonstrated that Wo is located
near the mid-region (Khush and Rick 1968). However, no
nucleotide information regarding the Wo gene is known.
Therefore, Wne mapping and molecular cloning of Wo
would signiWcantly enhance our understanding of the
mechanism of multicellular trichome formation and
embryo lethality when homozygous at this locus in tomato,
as well as the relationship of the regulatory pathway con-
trolling trichome initiation between the tomato and tobacco,
snapdragon, Arabidopsis, and cotton.

In this study, we developed three types of molecular
markers: simple sequence repeat (SSR), sequence charac-
terized ampliWed region (SCAR), and cleaved ampliWed
polymorphic sequence (CAPS), based on the bacterial arti-
Wcial chromosome (BAC) and RFLP probe sequences. We
constructed a high-resolution molecular map of Wo and

delimited it in an »200 kb DNA fragment. Sequence analy-
sis indicated that this region contains 19 putative open-
reading frames (ORFs). These results set a good foundation
for further isolation and characterization of Wo.

Materials and methods

Plant materials, mapping populations 
and phenotyping trichomes

Two introgression lines (ILs), IL2-3 and IL2-5, which con-
tain the middle fragments of chromosome 2 of Solanum
pennellii (Syn. Lycopersicon pennellii) LA716 genome in
S. lycopersicon cv. M82 background (Eshed and Zamir
1994), and LA3186, a spontaneous woolly mutant (derived
from Ailsa Craig, as the “wild-type” for sequence compari-
sons) (Fig. 1), were provided by the Tomato Genetics
Resource Center. Due to embryo lethality when homozy-
gous at Wo locus, the mutation is maintained at the hetero-
zygous state. F2 populations segregated for the woolly
phenotype were obtained by crossing IL2-3 and IL2-5 with
LA3186 (removed non-woolly F1 plants and self-polli-
nated). A total of 106 F2 recessive non-woolly individuals
from the cross of IL2-5 £ LA3186 were used for rough
mapping analysis. Then, equal amounts of DNA from 6 F2

recessive individuals (total = 1,035) from the cross of
IL2-3 £ LA3186 were pooled to construct non-woolly bulk
and analysed with the newly developed markers for Wne
mapping. Young plants (woolly and nonwoolly) were mon-
itored for the presence of trichomes on the surface of leaf
and stem by visual observation.

Isolation of genomic DNA and PCR 
for marker development

Plant DNA was extracted from 3-week-old seedling leaves
for PCR-based genotyping using the method described by
Fulton et al. (1995). Three kinds of molecular markers were
utilized in the mapping of Wo, namely SSR, SCAR, and
CAPS. The PCR for the SSR markers were performed in
20 �L containing approximately 50 ng of genomic DNA as
template, 20 pm/�L of each primer, 1 U of Taq DNA poly-
merase (Invitrogen, USA), and 2 �L of buVer solution
(10£). The reaction program consisted of one cycle at 94°C
for 5 min, followed by 35 cycles at 94°C for 40 s, 55°C for
40 s, and 72°C for 30 s. The PCR products were separated
on a 6% polyacrylamide gel in 1£ TBE buVer. After elec-
trophoresis, the gel was stained with 4 g/L silver nitrate.

The SCAR and CAPS markers from BAC and RFLP
probe sequences were designed using Primer 3 (http://
frodo.wi.mit.edu/primer3/). The PCR mixture contained
1 �L of DNA, 2 �L of 10£ PCR buVer, 0.4 �L of 10 mM
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dNTPs, 0.4 �L of 2.5 U/�L Taq polymerase (Invitrogen,
USA), 0.5 �L of 20 pm/�L of each primer, and 15.7 �L of
distilled water. The program used for the PCR machine
(Bio-Rad, USA) was as follows: 1 cycle of 4 min at 94°C;

35 cycles of 40 s at 94°C, 40 s at 57°C, 2.5 min at 72°C,
and, Wnally, 10 min at 72°C. The products were analysed
with a 1.5% (w/v) agarose gel. The PCR products, which
exhibited good polymorphisms between the parents, were

Fig. 1 Trichome phenotypes of non-woolly plant (a, c and e) and woolly mutant LA3186 (b, d and f). Photographs a and b are magniWed images.
c–f Were taken by a scanning electron microscope (c and d, trichomes on leaves; e and f, trichomes on stems)
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directly used for genetic mapping, and those that showed
no polymorphisms were digested with endonucleases with
recognition sites in the marker sequences in order to iden-
tify the polymorphisms for further mapping.

Genetic mapping

For all the polymorphic markers between IL2-5 and
LA3186, an F2 recessive population of 106 individuals was
initially used for mapping Wo and a rough map was con-
structed. Based on this map, new markers were developed
according to the BAC and RFLP probe sequences between
the two closely linked markers Xanking Wo. These markers
were subsequently analysed for Wne mapping in a larger
population of 1,035 F2 recessive non-woolly individuals
from the cross IL2-3 £ LA3186. Data from the genotype
survey of each individual were adopted for linkage analysis
by the MAPMAKER/EXP 3.0 program (Lander et al. 1987;
Lincoln et al. 1992). The Kosambi function was used to
transform the recombinant frequencies into genetic distance
(centiMorgan, cM). Map order was estimated based on the
maximum likelihood estimates.

Construction of a BAC contig and gene prediction

BAC sequences deposited in the SOL genomics network
(SGN), in which the most related markers with Wo were
located, were aligned with each other using the BLAST soft-
ware from the National Center for Biotechnology Informa-
tion (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The physical
map around the Wo locus was constructed if completely
identical overlapping ends were present between the two
BACs. Protein coding genes were predicted from the resul-
tant contig using the FGENESH program (http://linux1.soft-
berry.com/berry.phtml). The predicted proteins were further
analysed by GENESCAN (http://genes.mit.edu).

Results

Segregation of the woolly phenotype and trichome 
phenotype analyses

Progenies of the woolly mutant LA3186 presented two phe-
notypes (95 woolly and 46 non-woolly plants) at the segre-
gation of a 2:1 Mendelian ratio (�2 = 0.01, P > 0.05).
Nevertheless, the non-woolly plants did not show pheno-
type segregation. The F1 plants from the crosses IL2-3/IL2-
5 £ LA3186 presented two phenotypes. We scored 65
woolly plants versus 61 non-woolly plants from the cross
IL2-3 £ LA3186, and 53 woolly plants versus 47 non-
woolly plants from IL2-5 £ LA3186, both of which corre-
sponded at a 1:1 Mendelian ratio (�2 = 0.07, P > 0.05;

�2 = 0.25, P > 0.05). Previous studies showed that there are
Wve types (I, III, V, VI and VII) of trichomes on the epider-
mis of cultivated tomato plants (Luckwill 1943). LA3186
was found to have much higher density of type I trichomes
on leaves and stems than non-woolly plants (Fig. 1). How-
ever, no obvious alteration of other types of trichomes was
observed.

Generation of PCR-based markers

Although Wo is located near the mid-region of the long arm
of chromosome 2 (Rick and Butler 1956), we do not know
the interval in which Wo is delimited. Twelve markers,
evenly distributed across the mid-region of the long arm of
chromosome 2, were applied to screen polymorphism
between the two parents IL2-5 and LA3186, and eight of
them showed stable polymorphism. The primer sequences
of U237440, C2_At5g64670, HBa44O16SP6, and SSR287
were downloaded from the SGN (http://www.sgn.cor-
nell.edu). STS45 was designed according to the published
sequence of C02HBa0008G02. W124 and SSRD69 were
kindly provided by Dr. Wang. For Wne-mapping, we devel-
oped several new markers based on the published BAC and
RFLP probe sequences. Five markers exhibited stable poly-
morphism between IL2-3 and LA3186. WY42, STS64,
STS64, and STS62 were designed based on the sequences
of C02HBa0323A14, C02HBa0006L05, C02HBa0204D01,
and C02HBa0175O20, respectively. STS4 was converted
from an RFLP marker-TG494 probe sequence. Detailed
information regarding these markers is listed in Table 1.

Rough mapping of Wo

To determine the genetic interval of Wo, 8 markers were
used to screen 106 F2 non-woolly individuals from the cross
IL2-5 £ LA3186. Recombination events between these
markers and Wo were statistically analysed. The linkage
analysis indicated that all these markers span a genetic
region of 12.1 cM (Fig. 2). Among these Xanking markers of
Wo, W124 and C2_At5g64670 were the most closely linked.
The SSR markers SSRD69 and W124 were on one side,
approximately 5.3 and 3.9 cM from the Wo gene, respec-
tively (Fig. 2). On the other side, the SSR marker SSR287,
the SCAR marker C2_At5g64670, and the CAPS markers
U237440, HBa44O16SP6, and STS45 were at a distance of
5.8, 1.9, 2.9, 3.9, and 4.4 cM from the Wo gene, respectively
(Fig. 2). Simultaneously, we observed that the relative posi-
tion between U237440, HBa44O16SP6, and C2_At5g64670
had been inverted by comparing the local map of Wo with
the published EXPEN 2000 map (http://www.sgn.cornell.
edu/) (Fig. 2). The genetic distance between SSR287 and
C2_At5g64670 in the local map (4.9 cM) was much shorter
than in the published EXPEN 2000 map (41.0 cM) (Fig. 2).
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According to the bin-mapping of these markers in IL2-3 and
IL2-5 (Fig. 2), SSRD69 and W124 were located in the intro-
gression region of IL2-3, and U237440, HBa44O16SP6,
SSR287, and STS45 were located in the introgression region
of IL2-5 (Fig. 2). C2_At5g64670 was located in the overlap-
ping region of these two lines (Fig. 2).

Fine mapping of Wo

According to the result of rough mapping, Wo has been
delimited to an interval of 5.8 cM Xanked by W124 and
C2_At5g64670. This region was located in the introgres-
sion segment of IL2-3. In order to narrow the interval span-
ning the target locus, we carried out Wne mapping based on
1,035 F2 progenies derived from the cross IL2-3 £ LA3186
using the newly exploited markers between W124 and
C2_At5g64670 according to the published BAC sequences

and RFLP probe sequences. Fifteen individuals displayed
recombination between Wo and WY42, and 12 individuals
between Wo and STS33 (Fig. 3). STS64, STS4, and STS62
were further analysed with these recombinants. We delim-
ited Wo in the region between markers STS64 and STS62,
which were both closely linked to Wo with just one recom-
bination event identiWed (Fig. 3). One marker STS4 showed
cosegregated with Wo (Fig. 3).

BAC contig construction spanning the Wo region

As the cosegregating marker STS4 was located in the inter-
val between STS64 and STS62, we did BAC-blast search in
SGN using the probe sequence of TG494, which has been
successfully converted into the CAPS marker STS4. Fortu-
nately, a BAC clone (C02HBa0204D01) displaying 100%
identity with this probe sequence was found. Therefore, we

Table 1 Primer sequences and PCR parameters for SSR, SCAR, and CAPS markers

a Product length on IL2-3 or IL2-5 and LA3186, respectively
b Polymorphic after digestion with RsaI
c Polymorphic after digestion with MapI
d Polymorphic after digestion with DraI
e Polymorphic after digestion with DraI
f Polymorphic after digestion with AvaII

Marker 
type

Marker name Primer sequence (5�–3�) PCR product 
length (bp)

Annealing 
temp. (°C)

No. of 
cycles

SSR SSRD69 F ATAGTTTATCTGCAATGTATTTAGTTC

R TGGAAATTTCACGGACTGGT 204 55 33

SSR W124 F ATGTATTGTGAAGAAGAGCAGTTTG

R GATAACTGCGATTCAATAGGTGG 194 55 33

SSR SSR287 F GCATCCCAAACAATCCAATC

R TCCACTTTCAAGATCAGAGCAA 168 55 33

SSR WY42 F GGTTTCGCCAGCATAAAATG

R CAACAAGAGTCCCAAGCAAA 234 55 33

SCAR C2_At5g64670 F TGATAAATGCTGGGAAGATTGACTC

R ATCAACCTGGCTCCATCTTCTATTTG 200,220a 57 35

SCAR STS33 F GCATCGGAGCTTGCTAAAAG

R ACTTTGGTGGAGGCAAAATG »1800–2450a 58 35

SCAR STS64 F TTACGGGTGTAATCGCACAA

R AGGGAGCAGCATGGTTAAAA »2,500 58 35

CAPS U237440b F TCCACACCTCCACCAATTTT

R AACCAAGTTGGACGCACTTC 218 + 209 + 106,614a 57 35

CAPS HBa44O16SP6c F CTTGTTGGCAATGCAAGAGA

R AAGGCCGTGAATCATTGAAC 265 + 204,469a 57 35

CAPS STS45d F GCAGGGTGAAAAATCTGGAA

R AAATCAACGCTTTGCTGCTT »650–450a 58 35

CAPS STS4e F ATTTGAGGCCGGTTTAGCTT

R TGCCTGCAGTTCCCTTTCTA »1,200–1,500a 58 35

CAPS STS62f F TTTGACTGGGCAAGAACCTT

R TTGGGACTTTCCAGTTGAGG »2,400–1,000 + 1400a
123
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concluded that STS4 is located in C02HBa0204D01.
Simultaneously, as the Xanking markers STS64 and STS62
were designed based on the sequences of C02HBa0006L05
and C02HBa0204D01 separately, we tried to align these
two BAC sequences. These two BAC clones formed a
»200 kb contig with ends overlapping by 15,328 bp
(Fig. 3). We conWrmed the location of Wo in this approxi-
mately 200 kb contig (Fig. 3).

Candidate genes of Wo

The BAC clones used for contig construction were not from
Ailsa Craig (cultivar, background material of the woolly

mutant LA3186). However, all the markers that were
designed according to the BAC sequences derived from the
cultivar Heinz 1706 were used in the physical map, indicat-
ing that the sequence content does not diVer greatly in these
two genetic backgrounds. Therefore, Wo (recessive allele)
must be found in this region. Analysis of the »200 kb
sequence revealed that this fragment contains 19 ORFs as
automatically predicted by FGENESH (http://softberry.
com) and GENESCAN (http://genes.mit.edu) (Table 2).
The best hits of these ORFs include copia LTR rider
(Solanum lycopersicum), COBRA-LIKE PROTEIN 10
PRECURSOR (COBL10) (Arabidopsis thaliana), PROTO-
DERMAL FACTOR 2 (PDF2) (A. thaliana), VPS28-2 (A.
thaliana), beta-glucosidase (Oryza sativa), Cytochrome
P450 (Populus trichocarpa), tobamovirus multiplication 1
homolog 3 (S. lycopersicum), abnormal spindle-like protein
(O. sativa), RNA Binding Protein 45 (N. plumbaginifolia),
MEDIATOR 21 (MED21) (A. thaliana), ATP BINDING
CASSETTE PROTEIN 1 (ATABC1) (A. thaliana), puta-
tive heat shock protein (A. thaliana), multi-antimicrobial
extrusion family protein (N. tabacum), MATE eZux family
protein (O. sativa), hypothetical proteins. We designed 19
primer pairs for full length ampliWcation of these ORFs to
test for polymorphism between the woolly mutant LA3186
and its segregated non-woolly plants (Supplementary
Table 1). No ampliWcation polymorphisms were found in
these PCR products generated by the 19 primer pairs. This
result demonstrated that the woolly phenotype may be con-
ferred by a single nucleotide polymorphism or small frag-
ment mutation. Therefore, all PCR products from the
woolly and non-woolly plants were sequenced and com-
pared. Sequence alignment showed that one putative
homeodomain gene (JF518780) has 41% amino acid
sequence identity to GL2, a trichome related gene regulated
by the WD-bHLH-MYB complex (Zhao et al. 2008), and
73% to PDF2, a shoot epidermal cell diVerentiation related
gene in Arabidopsis (Abe et al. 2003). Both of these genes
contain a homeobox and a bZIP motif. And the putative
homeodomain gene of these 19 ORFs may be a good candi-
date for Wo. We expect to Wnd the gene from the woolly
mutant that has two allelic sequences. Subsequent studies,
including sequence analysis and functional veriWcation, are
under way.

Discussion

Transcriptional regulatory network controlling the initia-
tion of unicellular trichome in Arabidopsis and unicellular
Wbre in cotton has been well characterized. However, the
mechanism of multicellular trichome formation in the Sola-
naceous family, which is diVerent from that in Arabidopsis
and cotton, remains to be elucidated (Serna and Martin

Fig. 2 Bin-mapping of molecular markers in the introgression frag-
ments of IL2-3 and IL2-5 (left); genetic linkage map spanning the Wo
locus derived from the cross IL2-5 £ LA3186 (mid); the tomato
EXPEN 2000 molecular linkage map of the long arm of chromosome
2 (right) published in the Solanaceae Genomics Network (http://
www.sgn.cornell.edu/). Dotted lines indicate the common markers
during these three maps. Genetic distances are shown in centimorgans
(cM)
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2006). Wo triggers multicellular trichome formation in
woolly mutant, which is an excellent basis for studying the
molecular events underlying multicellular trichome forma-
tion and further deWning the relationship between Wo and
homozygous embryo lethality. Wo was reportedly located
near the mid-region of chromosome 2 (Khush and Rick
1968). By comparing the classic map (Khush and Rick
1968) with the published Tomato/pannellii IL map, we
inferred that Wo is in the introgression fragments of IL2-3
and IL2-5. Thus, our mapping populations were con-
structed by crossing these two ILs with woolly mutant
LA3186. Abundant genome data can be downloaded from
the SGN FTP server (ftp://ftp.sgn.cornell.edu) as the Inter-
national Tomato Genome Sequencing Project is ongoing.
The data contain BAC end sequences and full BAC
sequences, which facilitate molecular marker development,
mapping, isolation, and characterization of new genes. Sev-
eral important genes in tomato had been isolated by map
based cloning (Chen et al. 2007; Cong et al. 2008; Xiao
et al. 2008). Using a normal mapping strategy, Wo was
Wnally delimited in the interval between STS64 and STS62,
and cosegregating with STS4. Sequence analysis showed
that this interval includes 19 putative ORFs. None of these

proteins belong to the well-known gene families related to
trichome formation, such as MYB, bHLH, and WD. One
putative homeodomain gene of these 19 ORFs showed
much higher sequence similarity to PDF2 than GL2, the
former of which participates in regulating epidermal cell
diVerentiation, but not in trichome formation (Abe et al.
2003). Therefore, we speculated that trichome formation in
tomato may be regulated by a novel pathway distinct from
that of Arabidopsis and cotton, even snapdragon and
tobacco. Future functional studies of the predicted genes
will provide us direct evidence on the role of Wo in tomato
trichome formation, and the relationship with the key genes
in Arabidopsis, cotton, snapdragon, and tobacco. In addi-
tion, regarding its lethal action on the WoWo embryos, pro-
spective studies will uncover many new genes participating
in embryonic development.

Plant trichomes play an important role in protecting
plants from damage caused by herbivores and pathogens
(Ashraf et al. 1999; Kang et al. 2010). Many researchers
have demonstrated a close relationship between trichome
and resistance against whiteXies, aphids, and viruses in
many species, such as potato (Gregory et al. 1986), poplar
(Philippe and Bohlmann 2007), and tomato (Dimock and

Table 2 Summary of gene prediction for the contig C02HBa0006L05 and C02HBa0204D01

ORF No. Accesion No. BAC gene ID Start End Best hits in GenBank (accession/species) E value

ORF1 JF518777 06L05.1 5990 11206 Copia LTR rider (ABO36622/Solanum lycopersicum) 0.00E+00

ORF2 JF518778 06L05.2 11648 12884 COBL10 (NP_188694 Arabidopsis thaliana) 3.00E¡113

ORF3 JF518779 06L05.3 13836 17332 Hypothetical protein 
(XP_002305604/Populus trichocarpa)

2E¡19

ORF4 JF518780 0204D01.4 4357 7758 PROTODERMAL FACTOR 2 
(NP_567274/Arabidopsis thaliana)

0.00E+00

ORF5 JF518781 0204D01.5 15839 18406 VPS28-2; transporter (NP_567281/Arabidopsis thaliana) 9E¡106

ORF6 JF518782 0204D01.6 25721 39520 Beta-glucosidase (NP_001053302/Oryza sativa) 4.00E¡160

ORF7 JF518783 0204D01.7 40410 43654 Hypothetical protein (NP_001060531/Oryza sativa) 0.00E+00

ORF8 JF518784 0204D01.8 49605 53967 Cytochrome P450 (XP_002305592/Populus trichocarpa) 0.00E+00

ORF9 JF518785 0204D01.9 63089 74650 Hypothetical protein (CAN68639/Vitis vinifera) 0.00E+00

ORF10 JF518786 0204D01.10 79122 85647 Tobamovirus multiplication 1 homolog 3 
(BAE43840/Solanum lycopersicum)

6.00E¡144

ORF11 JF518787 0204D01.11 99544 110543 Abnormal spindle-like protein (BAC56022/Oryza sativa) 3.00E¡133

ORF12 JF518788 0204D01.12 111506 112033 Hypothetical protein (XP_002271195/Vitis vinifera) 1.00E¡50

ORF13 JF518789 0204D01.13 115806 121310 RNA Binding protein 45 
(CAC01237/Nicotiana plumbaginifolia)

3.00E¡126

ORF14 JF518790 0204D01.14 122072 125002 MED21 (NP_192387/Arabidopsis thaliana) 3.00E¡38

ORF15 JF518791 0204D01.15 125548 129990 ATABC1 (NP_192386/Arabidopsis thaliana) 0.00E+00

ORF16 JF518792 0204D01.16 145409 152364 Putative heat shock protein 
(NP_172631/Arabidopsis thaliana)

0.00E+00

ORF17 JF518793 0204D01.17 154058 156512 Hypothetical protein
(XP_002317001/Populus trichocarpa)

4.00E¡76

ORF18 JF518794 0204D01.18 157542 160222 Multi antimicrobial extrusion family protein 
(BAF47752/Nicotiana tabacum)

0.00E+00

ORF19 JF518795 0204D01.19 165679 169171 MATE eZux family protein (ABF97209/Oryza sativa) 0.00E+00
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Kennedy 1983; Channarayappa et al. 1992). Several genes
controlling trichome initiation in some of these plants have
been mapped and cloned, such as PtaMYB186 in poplar
(Plett et al. 2010) and trichome locus 1 (Ptl1) (Kim et al.
2010) in pepper. Trichome functions as the Wrst line of
defence by two mechanisms, through spatial hindrance and
secreting toxins (DuVey 1986; Wagner 1991). The mecha-
nism of non-glandular trichome defence against insect
attack belongs to the former and glandular to the latter. Pre-
vious studies showed that these two trichome types are dis-
tributed on the epidermis of tomato plants (Luckwill 1943).
This character proves that tomato can protect itself by both
spatial hindrance and secreting toxins. Moreover, the abil-
ity of woolly resistance also remains unexplained. Our
study will provide an eYcient approach for resistance
breeding using the woolly phenotype conferred by Wo.

A comparison between the rough map of Wo with the cor-
responding region of the tomato EXPEN 2000 molecular
linkage map reveals considerable disparity. The tomato
EXPEN 2000 molecular linkage map places U237440 and
HBa44O16SP6 up from C2_At5g64670. However, the rela-
tive position in the rough map of Wo had been inverted.
Paracentric inversion between tomato and potato has been
reported by Tanksley et al. (1992). Giovannoni also
observed this phenomenon in the same introgression frag-
ment (private communication). We inferred that this position
inversion may occur during the process of introgression.
Comparing with the published EXPEN 2000 map, we
observed that the recombination frequency between SSR287
and C2_At5g64670 is much lower in the local map. Canady
et al. (2006) found that recombination rate positively corre-
lates with the length of S. lycopersicoides introgression frag-
ment in Solanum. esculentum. Suppression of recombination
is also observed in the Solanum. pannellii introgression seg-
ment of chromosome 7 in Solanum. lycopersicum with
respect to the whole chromosome (Lim et al. 2008). There-
fore, the lower recombination frequency in the local map of
Wo was obtained using the F2 population from the cross of
IL2-5 £ LA3186 than the published EXPEN 2000 map
based on the F2 individuals from the cross S. lycopersicum £
S. pennellii. It suggests that construction of mapping popula-
tion for map-based cloning using the ILs containing large
introgression segments is more eYcient than those contain-
ing short introgression segments.
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