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Abstract: In order to investigate the relationship between hybridization compatibility and genetic distances
and to provide genetics evidence for obtaining bridge species for the introgression from S. Iycopersicoides to
L. esculentum, 48 materials including 5 genotypes from S. Iycopersicoides and 43 genotypes from
Lycopersicon (9 species) were used in the present study. Genetic distances among S. Iycopersicoides and
9 species from Lycopersicon were estimated by morphological markers and Random Amplified Polymorphic
DNA (RAPD) markers, respectively and the results showed that genetic distances ranged from 0.304 to 0.406,
with the Morder being L. chilense, L. peruvianum, L. glandulosum, L. pimpinellifolium, L. chmielewskii,
L. hirsutum, L. cheesmanii, L. esculentum, L. penrellii and L. parviflorum from near to distant. Furthermore,
hybridization compatibility of L. chilense, L. esculentum and L. pennellii with S. lycopersicoides (as male
parent) was also studied and the results showed that pollen germination and pollen tube elongation were

different among hybrid combinations.
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INTRODUCTION

Tomato (Lycopersicon esculentum WMill.) as a
worldwide economy crop is planted from 45°(8) to 65°(N)
(Shen and Xu, 1957). Because of ‘bottleneck’ effects of
modern breeding and long cultivation domestication,
genetic background of tomato is gradually becoming
narrow and genetic diversity is becoming more and more
deficient (Du et al., 1999). So long as breeders relied
entirely on genetic variation in the European sources and
their derivatives, just as Rick said, the progress in
improving yields, disease resistance and other desiderata
was slow upto 1940. Bohn and Tucker didn’t firstly use
wild species as genetic source of desired characters, until
they discovered strong resistance to Fusarium wilt in
L. pimpinellifolivm in 1940 (Rick, 1988). Thereafter,
exploitation of wild sources accelerated. According to the
statistics, so far genetic resources resistant to 42 main

diseases of tomato were discovered in related wild species
and more than half of them were transferred to tomato.
The tolerance to drought, salimty, low temperature and
high soluble solid contents in some wild species were also
found (Rick, 1988; Wolf et al., 1986; Kamps et al., 1987;
Chetelat et al., 1995a,b; Rick and Chetelat, 1995; Chetelat
et al., 1997). However, any material with high resistance to
CMYV was not discovered in genetic resources of tomato
yet, which made breeders of tomato puzzled.

S. lvcopersicoides, as related wild species, is close to
tomato in Solawnum genus and is a valuable breeding
material of tomato for high resistance to CMV and
excellent tolerance to cold stress. Tt is also a unique
species  that can cross with L. esculentum in
Solanum genus, which greatly attracted tomato
breeders half a century ago (Rick, 1951). Since Rick
firstly obtained F,L.S of intergeneric hybrid, which was
produced by L. esculentum (cv. Pearon) as female parent
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and 8. Iycopersicoides (N0.30382) as male parent
through embryo culture (Rick, 1951), breeders have
mainly focused on how to obtain fertile intergeneric
hybrid between S. Ilycopersicoides and L. esculentum
during the last half century (Rick, 1986; Chetelat ef al.,
1989; Chetelat et al., 1998; Guri et al., 1991; Hossain ef af.,
1994, Matsumoto et al., 1997). Due to its high sterility of
pollens (pollens vigor are 0.5%), the F,LS could not be
directly backcrossed to L. esculentun: (as female parent)
and 1t could not be acted as female parent because of its
urnilateral incompatibility (Rick, 1951). Through nearly half
a century’s endeavor, the fertile intergeneric hybrid
between S. Iycopersicoides and L. esculentum was
recently obtammed by both sexual and asexual methods
although no real application in tomato improvement
was yet reported so far (Chetelat ef al., 1998, Matsumoto
etal. 1997).

In this study, genetic distances among
S. lycopersicoides and 9 species of Lycopersicon were
respectively estimated by morphological markers and

Morphological markers: Twenty-two traits were
respectively investigated at some growth stages as
follows (The qualitative traits were transformed mto
different number, while the quantitative traits were

average value of ten measurement).

X1 : Growth type, O-mfinity, 1-definity

X2 : Leaf color, O-green, 1- pale-green

X3 : Leaf shape, 1-normal, 3-potato leaf-like, 5-bracken,
7- web like

X4 : Seedling stem color, O-purple, 1-green

X5 : Stigma, O-non-exserted, 1-exserted

X6 : Flower color, O-yellow, 1-bright yellow

X7 : Torus, O-no, 1-yes

X8 @ Tip fertility of anthers, O-sterile, 1-fertile

X9 : Inflorescence type, O- mono-raceme, 1-multi-raceme

X10: Growmg habit, O- trail, 1-erect

- ) X11 : Number of carpel, 0-2 carpels, 1- not 2 carpels

random amplified polymorphic DNAs (RAPD) markers and . AP AP AP
L o o X12: Foliole mumber
hybridization compatibility of S. hcopersicoides and
3 species of Lycopersicon that were different to <13 Stylelength (cm)
S. lycopersicoides in genetic distance were also studied. X14: Sepal length (cm)
We attempt to discover the relationship between — X15: Petal length (cm)
hybridization compatibility and genetic distances and X16: Anther length (cm)
try to proyid.e genetics evidence for int.rogressio.n from X17 : Leaflength (cm)
S. lycopersicoides to L. esculentum by bridge species. X18 : Teaf width (cm)
MATERIALS AND METHODS X19: Style shape, O-straight, 1-curly
X20: Anther shape, O-not equal length, 1-equal

Plant material: Forty-eight materials were used in this length
research, including 5 genotypes of 8. Iycopersicoides and ~ X21 : Anther crack type, O-side crack, 1-top crack
43 genotypes of Lycopersicon (9 species) (Table 1). X22: Anther color, O-yellow, 1-white
Table 1: Plant materials used in the research
Material No. Species Original name or code Origin® Material _ Species Original name or code Origin
1 L. hirsutum LA1266 T 25 L. esculentum LA1622 T
2 101042 A 26 Yellow Cherry C
3 L. peruvianum LA1292 T 27 Peipei C
4 LA2150 T 28 YO06A0750 C
5 Peru Tomato C 29 Little Yellow Pear C
6 L. pimpinellifolitm LAO397 T 30 SL9501C
7 Loo6139 A 31 519511 C
8 L. penneflii LAOT50 T 32 Dongnong 704 C
9 L05787-1 A 33 Aifen C
10 L. chilense LAOL30 T 34 Qiyan Aifen C
11 L0a032 A 35 L402 C
12 L che LAOLG6 T 36 Zhongshu 4 C
13 L06037 A 37 Zhongshu 5 C
14 L. glandulosum L0062 A 38 Luocheng 1 C
15 L0064 A 39 Whitefruit Qiangfeng C
1s L. chmielewskii LAL306 T 40 ucs2B C
17 Loa047 A 41 V06A0943 C
18 L. parviflorum LA1322 T 42 VO06A0122 C
19 Loslo4 A 43 VO6A0903 C
20 L. esculentum Chrrant c 44 S ycopersicoides T.A1990 T
21 Big Currant C 45 LA2386 T
22 911-89 C 46 LA2730 T
23 Antrun Fruit C 47 LA2776 T
24 1.A1338 T 48 1.A2951 T

A Abbreviations of origin: T - C. M. Rick Tomato Genetic Resources Center, Dept. Vegetable Crops, University of Calitornia, Davis; A - Asian Vegetable

Research and Development Center; C -China
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RAPD markers: For each of 48 genotypes, young leaves
from 10 plants were collected and total genomic DNA was
extracted by the protocol of Zhao et al. (2002). The
concentration and purity of exacted DNA were measured
by spectrophotometry and the DNA concentration was
adjusted to 20 ng pl.~". Using mixture of template DNA,
100 decamer oligonucleotide primers were screened, which
came from OPA, OPB, OPC, OPD and OPN kit (20 primers
in each Kit) purchased from Operon Technologies Tnc.
USA. According to stability and polymorphism of
RAPD bands, 26 primers (OPA-03, 09,11, 13,14, 17, 18,19,
OPB-06, 07, 08, OPC-02, 05, 07, 09, 14, 15, 19, OPD-03, 13,
15, 18, 20 and OPN-03, 04, 13) were selected to amplify
DNA in this research. The PCR volume was 25 ulL
containing 2 pL of adjusted genomic DNA, 2.5 uL 10 x
PCR buffer (100 mM Tris-Cl buffer, 500 mM KCl, Gelatin
0.01%), 1.5 pL 25 mM MgCl,, 2 pl. 2.5 mM dNTPs
(Takara, JTapan), 1 ul. 10 uM primer, 0.2 ul, (1 unit) Tag
DNA polymerase (Takara, Japan) and 1 5.3 L sterile water.
Sterile mineral o1l (20 pL) was added to each tube to seal
the reaction mixture to prevent evaporation. PCR was
carried out in a DNA Thermal Cycler (MT PTC-100),
with the following program: 94°C for 3 min followed by
35 cycles (94°C for 1 mun, 36°C for 1 min, 72°C for 2 min)
and finally at 72°C for 8 min. PCR products were
electrophoresed on 1.4% (w/v) agarose gels containing
ethidium bromide (EB) in 1 x TAE buffer. The gels were
mspected and recorded under the UVP system (USA).
Polymorphisms at all loci were confirmed by three
repeated tests and each polymorphic RAPD fragment was
scored 1 for presence and 0 for absence.

Data analysis

Morphological markers: Data of morphological markers

were standardized using the following formulae:
Xij=(Xij-Xj)/8j, i=1,23, ... , 11 (sample

nmumbers); j=1,2,3, ... , m (variable numbers);

n o n
Sj—JLZ(Xij—Xj) Xj= 13 xi

n-1 o1 A Ry

(Xy: the value of No, feature of 1 sample, xy: the value of
standardized Xi;.

Sj: standard deviation of variable j; Xj: sample mean of
variable j)

Maed software package was used to calculate genetic
similarity matrix (Gsl,) of 48 genotypes based on
morphological markers and then dendrogram of cluster
analysis was described according to the above genetic
simnilarity matrix.

RAPD markers: Genetic similarity (Gs2;) between every
pair of 48 genotypes were respectively estimated
according to Similarity for Qualitative Data (SIMQUAL) of
NTSYS-pc package (1.80 version), using function of
Sequential Agglomerative Hierarchical and Nested
Clustering (SAHN) and cluster analysis was performed
according to Unweighted Pair-group Method and
arithmetic Average (UPGMA) linkage algorithm and
dendrogram of cluster analysis was made by function of
Tree Display.

Nei and Li method: Genetic similarity (Gs3;) between each
pair of 48 genotypes were estimated by RAPD markers,
according to the formula proposed by Nei and L1
(1979): Gsy = 2Ny/(Ni+N}) (Nyj: the number of the same
amplified bands by sample 1 and j; Ni: the number of
amplified bands by sample 1; Nj: the number of amplified
bands by sample j).

Average genetic distance: Average value of genetic
similarity (Gsij) was calculated by the above three kinds of
statistic methods, namely Gsij=(Gs1ij+Gs2ij+Gs3i))/3 and
corresponding average value of genetic distances of each
pair were calculated as complements (1-Gsij) for Gsij.

Cross compatibility: L. esculenfum (cv. White Frunt
Quangfeng), L. penmellii (LAQ750) and L. chilense
(L0O6052) were pollnated with the pollen of
S. hcopersicoides (LA2386). Self-pollination of the above
4 parents was conducted in parallel as Control. After
being pollinated of 2, 4, 8,12, 16, 20, 24, 32, 40, 48, 60, 72
and 96 h, 5 flowers were respectively sampled from each
treatment (including self pollination). All sampled styles
with the ovary were dyed with aniline blue (Gao, 1981).
The dyed tissue was identified under the
fluorescence microscope (Germany) for pollen germination
and pollen tube elongation and photographed.

Leica

RESULTS

Morphological diversity: The 22 traits of Lycopersicon
and S. lcopersicoides were investigated at certain
growth stages. Based on the data of these traits,
standardization was performed by Maed soft package
and then genetic similarity coefficient of each pair of
48 genotypes was produced. Furthermore, genetic
similarity matrix (Gsl;) was produced {data not shown).
The average genetic similarity of interspecies ranged from
0.9974 (8. Iycopersicoides - S. lycopersicoides) to 0.1925
(L. parviflorum - L. pennellii).
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The dendrogram of cluster analysis (data not shown)
was described according to genetic similarity matrix
and 48 genotypes were classified mto 3 groups: A
group contained all the species of Lycopersicon except
L. pemnellii, including 41 genotypes (i.e., 1-7 and 10-43,
the serial number of genotypes as Table 1, hereinafter
are same), B group contamed all 5 genotypes of
S. Iycopersicoides (l.e., 44-48);, C group 1s composed of
2 genotypes of L. pennellii (i.e., 8 and 9). Group A was
still divided into 2 subgroups: Al and A2 Al was
composed of 15 genotypes mcluding most of wild
species of Lycopersicon and a few semi-wild subspecies
of L. esculentum (ie., 1-7,10,11,14-17, 20and 24). A2 was
mainly composed of cultivar sub-species and semi-wild
sub-species of L. esculentum, including 21 genotypes
(1e.,19,21-23, 25, 28-43). The rest 5 genotypes (1.e., 12, 13,
18, 26, 27) were not classified into Al or A2.

RAPD diversity: Twenty-six decamer oligonucleotide
primers were used in RAPD analysis for genomic DNA of
total 48 genotypes. One hundred and forty-six of
201 detected loci were polymorphic, which occupied
72.64% of all the amplified loci. The results of RAPD were
analyzed by NTSYS-pc. Genetic similarity coefficient
among 48 genotypes tested ranged from 0.521 (1.A0750-
L.A2730) to 0.959 (VO6A0750-cv. Little Yellow Pear).
Genetic similarity coefficient of 5 S. lycopersicoides
genotypes and 43 Lycopersicon genotypes ranged from
0.521 (LAO750-LLA2730) to 0.699 (VO6A0122-1.A2730)
(Genetic Similarity matrix was not shown).

Clustering analysis was cammed out by SAHN
function and UPGMA method of NTSYS-pe software.
Forty-eight genotypes of S, Iycopersicoides and
Lycopersicon were classified into 3 groups. Group A is
composed of wild species of Lycopersicon including
15 genotypes (1.e., 1-15) and mterestingly, among which
genotypes 8 and 9 of L. pennellii were far away from the
other 13 genotypes. Group B is composed of some wild
species of Lycopersicon (1.e., 16,18 and 19), 12 genotypes
of semi-wild sub-species of L. esculentum (1.e., 20-31), the
whole 12 genotypes of cultivar’s sub-species of
L. esculentum (i.e., 32-43) and 106047 of L. chmielewskii
(e, 17). Group C 5 genotypes of
S. hcopersicoides (Fig. 1). Furthermore, group B could be
still divided into 2 subgroups: Bl and B2. Bl contains
15 genotypes of some wild species of Lycopersicon and
semi-wild subspecies of L. esculentum, while B2 contamns
the whole 12 genotypes of cultivar’s subspecies of
L. esculentum 1.06047 was not classified into Bl or B2.

contains

Genetic  similarity matrix:  Genetic  similanty
coefficients ranged from 0.736 (LAO750-LA2776) to 1 (all

0.6 0.7 0.8 09 1.0
| 1 1 1 ]

1
— z
3
4
11

Fig. 1. Dendrogram of RAPD cluster analysis using
48 genotypes of S. Ilycopersicoides and
Lycopersicon (UPGMA)

the genotypes to themselves) by Gsy=2Ny/Ni+Nj) of
Nei and Li (Data not shown). We also viewed genetic
similarity coefficients of 5 genotypes of &
Iycopersicoides and 43  genotypes of Lycopersicon
with the values from 0.736 (LAO750-LA2776) to 0.843
{cv. VO6A0122-LA2730). Moreover, interspecific average
genetic similarity coefficients could be gained with the
values from 0.755 (L. pennellii - S. lycopersicoides) to
0.969 (L. parviflorum -L. parviflorum).

Genetic distance between interspecies: The average
genetic similarity matrix (Gs;) was produced by average
value of corresponding genetic similarity coefficients of
morphological markers (Gsl,), RAPD markers (Gs2;) and
the third method of Nei and Li {(Gs3;), namely,
Gs;=(Gs11j+Gs21j+Gs31j)/3. The matrix of average genetic
distances D, could be also calculated as its complements
(1-Gsy) (Net and L1, 1979). The matrix of mterspecific
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Table 2: Interspecific average genetic distance of 5. fycopersicoides and Tycopersicon

L L peruv I pimping L L L L glandy I chmie L. L S
Species hirsutum _ -iagnum_ -lifolium  penpellii  chilense  cheesmanii -losum -lewskii  parviflorum  esculentum  hopersicoides
L. hirsutum 0.032
L. peruvianum 0.213 0.151
L pimpinellifolium 0261 0224 0.099
L. penneliii 0.324 0.317 0.337 0.061
L. chilense 0.220 0.188 0.219 0.335 0.088
L. cheesmanii 0.273 0.252 0.191 0.308 0.222 0.050
L. glandulosum 0.208 0.199 0.226 0.305 0.191 0.254 0.040
L. chmielewskii 0.252 0.255 0.256 0.388 0.225 0.274 0.278 0.086
L. parviflorum 0.373 0.368 0.341 0.498 0.375 0.303 0.392 0.283 0.060
L. esculentum 0.306 0.325 0.308 0.448 0.321 0314 0.308 0.271 0.300 0.181
S lvcopersicoides  0.361 0.333 0.341 0.374 0.304 0.364 0.339 0.343 0.406 0.365 0.043

genetic distance could be calculated according to Dy by
average value of each species (Table 2). The maximum
value is 0.498 (L. parviflorum - L. pernellii) and the
minimum value is 0.032 (I.. hirsutum - L. hirsutum).
Genetic distances among S. lyveopersicoides and each
species of Lycopersicon ranged from 0.304 (L. chilense-
8. lycopersicoides) to 0406 (L. parviflorwm - S.
lycopersicoides), which ranked in the order of L. chilense,
L. peruvianum, L. glandulosum, L. pimpinellifolium,
L. chmielewskii, L.  |hirsutum, L. cheesmanii,
L. esculentum, L. pennellii and L. parviflorum from near
to far. This result was consistent with that of McClean
and Hanson who adopted mtDNA m their research in 1986
(McClean and Hansor, 1986).

Cross compatibility: 1.06052 (L. chilense), White Fruit
Qiangfeng (L. esculentunt) and LAO750 (L. pennellii) as
female parents, were respectively pollinated with the
pollen of LA 2386 (S. Ivcopersicoides). Pollen germination
and pollen tube elongation were observed under
fluorescence microscope (using self-pollination as
control).

Pollen germination: By self-pollination and interspecific
hybridization, the pollen can germmate on the stigma
normally, but the pollen germination of self-pollination
after 2-5 h of pollination is obviously quicker than
that of hybridization after 4-8 h. The germination of
S. lycopersicoides’s pollen was so quick among the series
of self-pollination that a lot of pollen of 8. lycopersicoides
germinated after 2 h of pollination. Among hybridization
combinations, the pollen of 5. Ivcopersicoides germinated
most quickly on the stigma of L. chifense (1 - 7 n Fig. 2).

Elongation of pollen tube: Pollen tube of self-pollination
elongated much more quickly than that of hybridization
combinations. After 24 to 40 h of self-pollination, pollen
tubes reached the bottom of the style or even entered the
ovary (8-11 in Fig. 2). But quite a few of pollen tubes only
reached the middle of the style after 4 days of pollination
i hybridization combinations, among which pollen tube

growth rates also had significant differences in different
cross combinations. For example, some of pollen tubes
had already extended to the bottom of the style or even
entered the ovary after 48 to 72 h of pollmation n the
combinations L. chilense x S. Iycopersicoides and
L. esculentum x S. lycopersicoides, which pollen tube
elongation of the former was a little faster than the latter
(12, 13 , 15 and 16 inFig. 2). While in the combination
L. pennellii x 8. lycopersicoides, pollen tubes still stayed
1n the middle of the style after 96 h of pollination, as well
as after 30 h of pollination. In this case, pollen tube could
hardly enter the ovary (14 in Fig. 2). To ensure the
reliability of the results, sampling at some special time was
repeated and the same results were obtained.

Furthermore, callose sediment was observed n the
front of pollen tubes in the combinations L. pennellii x
S.  lycopersicoides and L.  esculentum x S.
Iycopersicoides (14 and 15 in Fig. 2).

DISCUSSION

Genetic distance of S, lycopersicoides and Lycopersicon:
Compared with other molecular markers, RAPD markers
and associated technique (Welsh and McClelland, 1990,
Williams et al, 1990) developed much more quickly,
which have been widely used in many plant species
for various research purposes (Hu and Quiros, 1991;
Quuros et al., 1991; Demeke et al., 1992; Waugh et al.,
1992: Foolad et al, 1993; Wilkie and Isaac, 1993;
Tain et ai., 1994; Mohan et af., 1994, Williamson et af.,
1994; Paran et al., 1995).

Using RAPD markers, 48 genotypes in present study
were classified into 3 groups, namely A (wild tomato
species), B and C (5 genotypes of S. Iycopersicoides), in
which B could be divided further into 2 subgroups of
Bl (a part of wild species and semi-wild subspecies
of L. esculentum) and B2 (cultivated subspecies of
L. esculentum). This result 13 basically consistent with the
classification results using morphological makers in
present research and with previous results (McClean and
Hanson, 1986, Warnock, 1988; Lerfrancois et al., 1993).
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Fig. 2. Pollen development (object lens x 5, ocular x 15). Nos. 1-7: Pollen burgeon at 4 h from LA2386 (No. 1),
L. esculentum (No. 2), L. chilense (No. 3), L. penndlii (No. 4), L. esculentum x LA2386 (No. 5), L. chilensex
LA2386 (No.6) and L. pennellii x LA2386 (No. 7). Nos. 8-9: Pollen tube elongation of LA2386 (No.8, 24 h) and
L. chilense (No. 9, 12 h). Nos. 10-12: Elongation of pollen tube to ovary of L. esculentum (No. 10, 24-32 h),
L. chilense (No. 11, 24-32 h) and L. esculentum x LA2386 (No. 12, 60-72 h). Nos. 13-15: Pollen tube elongation of
L. chilensex LA2386 (No. 13, 48h), L. pennelii x LA2386 (No. 14, 96 h) and L. esculentum x LA2386
(No. 15, 48 h). No. 16: Elongation of pollen tube to ovary of L. chilensex LA2386 (60-72 h)
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Based on two kinds of makers (morphological and
RAPD markers) in the present research, three kinds of
statistical methods were used to calculate genetic
similarity coefficients of each pair of 10 species including
8. Ilycopersicoides and 9 species of Lycopersicon, by
which genetic similarity would be much more reasonable
and reliable. The results could provide some new
mformation for studying the
mterspecies genetic distance and cross compatibility to
find ‘bridge species’.

correlation  between

The significance of studying pre-fecundation’s
compatibility between S Iycopersicoides and
Lycopersicon and some approaches proposed to overcome
the obstacles in distant hybridization: Tn the last half
century, distant hybridization had become the main
method to broaden genetic background of germplasm and
to create new breeding materials (Chetelat et al., 1997,
Rick, 1951; 1986, Chetelat et al., 1989, Chetelat et al., 1998,
Menzel, 1962, Wamn and Johnson, 1963; Xue, 1988,
Xuetal, 1991; Liang and Mu, 1995; Li et al., 1998). For
example, the resistances to Fusarium wilt and to Tobacco
Mosaic Virus (TMV) m L.
L. pimpinellifolium and L. peruvianum, respectively.

Owning to many barriers in distant hybridization, it
was very difficult to transfer genetic traits from wild
species to cultivars. By studying distant hybridization
of Rhododendron genus, Williams and Knox (1982)
proposed ten kinds of abnormalities such as twist, helix,
swelling and callose plug of pollen tube on heterogenous
stigma 1n 1982. In tlus research on the behaviors of
pollen’s germination and pollen tube’s elongation of
S. lycopersicoides on the stigma or in the style of
Lycopersicon genus, we found that the percentage of
pollen germmation was low, elongation of pollen tube was
slow and callose plug was in the front of pollen tube.

In the present research, LOGOSZ (1. chilense), White
Fruit Qiangfeng (L. esculentun:) and TLAO750 (L. pennellii)
were pollinated with the pollen of S. lycopersicoides
(LA 2386) and self pollination of 4 parents was conducted
in parallel as control. The pollen could all be normally
germinated (after 2-5 h of pollination) and pollen tubes
reached the bottom of the style or even entered the ovary
(after 24-40 h of pollination) in self-pollination. The results
showed that pollen vigor of LA2386 and stigmas, styles
and ovaries of other’s three female parents were normal.

The potentials of pollen germination and elongation
of LA2386 on the stigmas and styles of others 3 female
parents were distinctly deficient in comparison with
self-pollination. The
among 3 hybrid combinations, which may be caused by
difference of genotype. The pollen germination and

escrlentum were from

difference was also discovered

pollen tubes elongation of LA2386 on the stigmas
and styles of L. chilense were faster than those of
L. esculentum and L. pennellii Those pollen tubes
entered the ovaries in the L. chilense and .. esculentum,
respectively for 60 and 72 h after pollination. While
inL. permellii pollen tubes only reached the middle of the
style at 96 h after pollination. We have also measured that
genetic distances of L. chilense, L. esculentum and
L. pennellii are, respectively 0.304, 0.365 and 0.374 to
S. lycopersicoides. It indicated that cross compatibility
and genetic distances was relative. Therefore, it 1s
possible to find ‘bridge species’ according to relationship
between S. [ycopersicoides and each species of
Lycopersicon for introgression from S. Iycopersicoides to
L. esculentum:.

During the process
hybridization Iycopersicoides  and
Lycopersicon, we thought that pollen vigor of
S.  lycopersicoides was also an 1important factor
(8. lycopersicoides pollen storage and flowering stage
adjustment of Lycopersicon and S. Iycopersicoides
will be discussed in other report). Pollen vigor of
S. Iycopersicoides could maintain about 94.5% on the
flowering day. From then on, it declined dramatically. On
the 4th day after flowering, only 1.44% kept vigor.
Sometime, distant hybridization could cause delayed
pollen germination and slow elongation of pollen tube,
resulting in the loss of sperm’s vigor, especially after more
than 4 days of flowering.

Hybrid embryo rescue(Rick, 1951; Wu and Liang,
1992), in vitro fecundation and zygote culture are widely
used to overcome barmriers of distant hybridization
(Smith, 1944; Thomas and Pratt, 1981). Pre-fecundation
incompatibility can be decreased by chemical treatment
and style shortemng. However these methods are not
stable and the ratio of success 1s too low. Although being
a robust tool to overcome negative effects of maternal
tissues and metabolites on pollen germination and
pollen tube elongation,
exquisite manipulation and necessary facilities (Yang
and Zhou, 1998). Therefore, obtaining “bridge species’
of S. lycopersicoides and L. esculentum may be an
effective approach for overcoming obstacle of distant
hybridization.

Besides the above methods, genetic engineering 1s
also a very efficient way for overcoming obstacle of
distant hybridization. In our laboratory, some genes of
interest (such as ¢f and Ve) from S. fycopersicoides have
been cloned recently by cDNA library screening and rapid
amplification of ¢cDNA ends (RACE), which would be
beneficial to improve genetic resource of tomato. Genetic
engineering 1is possibly one of the effective approaches

of the
between  S.

study on distant

in vitro fecundation needs
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to achieve introgression from S. Iycopersicoides to
L. esculentum.
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