
Abstract Interspecific hybrids between Cucumis hystrix
Chakr. (2n = 2x = 24) and Cucumis sativus L. (2n = 2x =
14) were produced by means of F1 (2n = 19) embryo res-
cue and subsequent chromosome doubling. The hybridi-
ty was confirmed by genomic in situ hybridization
(GISH) and chromosome analysis. The amphidiploid 
(2n = 38) was self-pollinated and backcrossed to cucum-
ber resulting in lines with improved crossability to 
C. sativus. Examination of shape, stainability, and germi-
nation rate of pollen grains and yield as a function of
mature fruit set per ten pollinated flowers indicated a
tendency for increased fertility in BC1S1 progeny when
compared to F1 and amphidiploid offspring. Cytogenetic
characterization of F1 and amphidiploid progeny was
performed. Generally normal meioses produced viable
pollen grains, and fertilization resulted in partial fertility
restoration in amphidiploid progeny. Chromosome
anomalies such as “frying-pan trivalent”, chromosome
lagging and spindle mis-orientation were also observed.
In most of the PMCs of the F1 diploid hybrid progeny,
19 univalents were observed at diakinesis and MI. In the
amphidiploid, more than 90% of the configurations at
MI consisted of the predicted 19 bivalents and less than
5% contained multivalents [trivalents (2.3%) + quadriva-
lents (0.3%)], suggesting the presence of preferential
pairing, and a distinctive parental genome as well. The
chiasmata observed between homoeologous chromo-

somes further demonstrated the introgression of the 
C. hystrix genome into that of C. sativus.
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Introduction

Intraspecific hybridization has been widely employed in
crop species to produce improved germplasm for com-
mercialization. Recently, however, the genetic diversity
of horticulturally advanced germplasm has become in-
creasingly narrow following continued use of germplasm
with similar pedigrees in plant breeding programs. This
phenomenon is especially true in crops such as cucumber
(Cucumis sativus L., 2n = 2x = 14) where germplasm
banks are typically comprised of relatively few acces-
sions (e.g., only approximately 1,360 accessions in the
U.S. National Plant Germplasm System) (Staub et al.
1999). The incorporation of wild Cucumis species to
broaden the genetic base of cucumber has been a goal of
plant geneticists and breeders for over 100 years. The
identification and incorporation of resistance to econom-
ically important pests such as root knot nematode 
(Walters et al. 1993) and various foliar pathogens (Den
Nijs and Custers 1987) is important to cucumber produc-
tion. Genes for resistance to several crop-limiting pests
and pathogens are, however, not found in cucumber. At-
tempts at interspecific hybridization of wild Cucumis
species (e.g., Cucumis metuliferus E. Mey ex Schrad.,
Cucumis melo L.) with cucumber have been either un-
successful or not repeatable. Thus, it has been concluded
that mating of C. sativus with any other Cucumis species
possessing a chromosome number of 2n = 24 or 48
would not be successful (Kristkova and Lebeda 1995).

In 1995, interspecific hybridization was accomplished
between Cucumis hystrix Chakr. (2n = 2x = 24) and 
C. sativus (Chen et al. 1997a). The cross was attempted
based on their phylogenetic relationship as revealed by
isozyme analysis (Chen et al. 1995, 1997b). Since the

Communicated by H. Nybon

J. Chen (✉) · Ch. Qian · X. Luo · F. Zhuang
State Key Laboratory of Crop Genetics and
Germplasm Enhancement, College of Horticulture, 
Nanjing Agricultural University, Nanjing, 210095 China
e-mail: jfchen@njau.edu.cn
Tel.: 025-4396279, Fax: 025-4396279

J. Staub
U.S. Department of Agriculture, Agricultural Research Service

J. Staub · J. Jiang
Department of Horticulture, University of Wisconsin-Madison,
1575 Linden Drive, Madison WI 53706 USA

Theor Appl Genet (2003) 106:688–695
DOI 10.1007/s00122-002-1118-7

J. Chen · J. Staub · Ch. Qian · J. Jiang · X. Luo
F. Zhuang

Reproduction and cytogenetic characterization of interspecific 
hybrids derived from Cucumis hystrix Chakr. × Cucumis sativus L.

Received: 5 February 2002 / Accepted: 27 June 2002 / Published online: 28 January 2003
© Springer-Verlag 2003

Verwendete Distiller 5.0.x Joboptions
Dieser Report wurde automatisch mit Hilfe der Adobe Acrobat Distiller Erweiterung "Distiller Secrets v1.0.5" der IMPRESSED GmbH erstellt.Sie koennen diese Startup-Datei für die Distiller Versionen 4.0.5 und 5.0.x kostenlos unter http://www.impressed.de herunterladen.ALLGEMEIN ----------------------------------------Dateioptionen:     Kompatibilität: PDF 1.2     Für schnelle Web-Anzeige optimieren: Ja     Piktogramme einbetten: Ja     Seiten automatisch drehen: Nein     Seiten von: 1     Seiten bis: Alle Seiten     Bund: Links     Auflösung: [ 600 600 ] dpi     Papierformat: [ 595 785 ] PunktKOMPRIMIERUNG ----------------------------------------Farbbilder:     Downsampling: Ja     Berechnungsmethode: Bikubische Neuberechnung     Downsample-Auflösung: 150 dpi     Downsampling für Bilder über: 225 dpi     Komprimieren: Ja     Automatische Bestimmung der Komprimierungsart: Ja     JPEG-Qualität: Mittel     Bitanzahl pro Pixel: Wie Original BitGraustufenbilder:     Downsampling: Ja     Berechnungsmethode: Bikubische Neuberechnung     Downsample-Auflösung: 150 dpi     Downsampling für Bilder über: 225 dpi     Komprimieren: Ja     Automatische Bestimmung der Komprimierungsart: Ja     JPEG-Qualität: Mittel     Bitanzahl pro Pixel: Wie Original BitSchwarzweiß-Bilder:     Downsampling: Ja     Berechnungsmethode: Bikubische Neuberechnung     Downsample-Auflösung: 600 dpi     Downsampling für Bilder über: 900 dpi     Komprimieren: Ja     Komprimierungsart: CCITT     CCITT-Gruppe: 4     Graustufen glätten: Nein     Text und Vektorgrafiken komprimieren: JaSCHRIFTEN ----------------------------------------     Alle Schriften einbetten: Ja     Untergruppen aller eingebetteten Schriften: Nein     Wenn Einbetten fehlschlägt: Warnen und weiterEinbetten:     Immer einbetten: [ ]     Nie einbetten: [ ]FARBE(N) ----------------------------------------Farbmanagement:     Farbumrechnungsmethode: Alle Farben zu sRGB konvertieren     Methode: StandardArbeitsbereiche:     Graustufen ICC-Profil:      RGB ICC-Profil: sRGB IEC61966-2.1     CMYK ICC-Profil: U.S. Web Coated (SWOP) v2Geräteabhängige Daten:     Einstellungen für Überdrucken beibehalten: Ja     Unterfarbreduktion und Schwarzaufbau beibehalten: Ja     Transferfunktionen: Anwenden     Rastereinstellungen beibehalten: JaERWEITERT ----------------------------------------Optionen:     Prolog/Epilog verwenden: Nein     PostScript-Datei darf Einstellungen überschreiben: Ja     Level 2 copypage-Semantik beibehalten: Ja     Portable Job Ticket in PDF-Datei speichern: Nein     Illustrator-Überdruckmodus: Ja     Farbverläufe zu weichen Nuancen konvertieren: Nein     ASCII-Format: NeinDocument Structuring Conventions (DSC):     DSC-Kommentare verarbeiten: NeinANDERE ----------------------------------------     Distiller-Kern Version: 5000     ZIP-Komprimierung verwenden: Ja     Optimierungen deaktivieren: Nein     Bildspeicher: 524288 Byte     Farbbilder glätten: Nein     Graustufenbilder glätten: Nein     Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Ja     sRGB ICC-Profil: sRGB IEC61966-2.1ENDE DES REPORTS ----------------------------------------IMPRESSED GmbHBahrenfelder Chaussee 4922761 Hamburg, GermanyTel. +49 40 897189-0Fax +49 40 897189-71Email: info@impressed.deWeb: www.impressed.de

Adobe Acrobat Distiller 5.0.x Joboption Datei
<<     /ColorSettingsFile ()     /AntiAliasMonoImages false     /CannotEmbedFontPolicy /Warning     /ParseDSCComments false     /DoThumbnails true     /CompressPages true     /CalRGBProfile (sRGB IEC61966-2.1)     /MaxSubsetPct 100     /EncodeColorImages true     /GrayImageFilter /DCTEncode     /Optimize true     /ParseDSCCommentsForDocInfo false     /EmitDSCWarnings false     /CalGrayProfile ()     /NeverEmbed [ ]     /GrayImageDownsampleThreshold 1.5     /UsePrologue false     /GrayImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     /AutoFilterColorImages true     /sRGBProfile (sRGB IEC61966-2.1)     /ColorImageDepth -1     /PreserveOverprintSettings true     /AutoRotatePages /None     /UCRandBGInfo /Preserve     /EmbedAllFonts true     /CompatibilityLevel 1.2     /StartPage 1     /AntiAliasColorImages false     /CreateJobTicket false     /ConvertImagesToIndexed true     /ColorImageDownsampleType /Bicubic     /ColorImageDownsampleThreshold 1.5     /MonoImageDownsampleType /Bicubic     /DetectBlends false     /GrayImageDownsampleType /Bicubic     /PreserveEPSInfo false     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /QFactor 0.76 /Blend 1 /HSamples [ 2 1 1 2 ] /ColorTransform 1 >>     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /QFactor 0.76 /Blend 1 /HSamples [ 2 1 1 2 ] /ColorTransform 1 >>     /PreserveCopyPage true     /EncodeMonoImages true     /ColorConversionStrategy /sRGB     /PreserveOPIComments false     /AntiAliasGrayImages false     /GrayImageDepth -1     /ColorImageResolution 150     /EndPage -1     /AutoPositionEPSFiles false     /MonoImageDepth -1     /TransferFunctionInfo /Apply     /EncodeGrayImages true     /DownsampleGrayImages true     /DownsampleMonoImages true     /DownsampleColorImages true     /MonoImageDownsampleThreshold 1.5     /MonoImageDict << /K -1 >>     /Binding /Left     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)     /MonoImageResolution 600     /AutoFilterGrayImages true     /AlwaysEmbed [ ]     /ImageMemory 524288     /SubsetFonts false     /DefaultRenderingIntent /Default     /OPM 1     /MonoImageFilter /CCITTFaxEncode     /GrayImageResolution 150     /ColorImageFilter /DCTEncode     /PreserveHalftoneInfo true     /ColorImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     /ASCII85EncodePages false     /LockDistillerParams false>> setdistillerparams<<     /PageSize [ 595.276 841.890 ]     /HWResolution [ 600 600 ]>> setpagedevice



689

initial F1 hybrids (2n = 19) were both male and female
sterile [12 and 7 chromosomes contributed by C. hystrix
(H) and C. sativus (C), respectively], chromosome-dou-
bling experiments were initiated to restore fertility (Chen
and Staub 1997). In 1998, an amphidiploid (HHCC, 2n =
4x = 38) was obtained through somaclonal variation dur-
ing in vitro embryo culture resulting in the production of
the first fertile amphidiploid in Cucumis (Chen et al.
1998a). An array of amphidiploid plants were obtained
and subsequently self-pollinated to produce viable seeds
(Chen and Kirkbride 2000).

This amphidiploid has been designated a new synthet-
ic species, and can serve as genetic bridge in Cucumis,
and may become a source for broadening the genetic
base of C. sativus (Chen and Kirkbride 2000). As a
bridge species, the synthetic species may prove useful
for the transfer of economically important traits such as
root knot resistance from C. hystrix to C. sativus (Chen
et al. 2001), and tolerance to growth under low irradi-
ance and temperature (unpublished data). The exploita-
tion of this amphidiploid for cucumber germplasm im-
provement has, however, been hampered by a lack of un-
derstanding of meiotic and mitotic behavior. We report
herein the characterization of the cytogenetics, fertility
and reproduction of the F1 interspecific hybrid between
C. hystrix and C. sativus, and the synthetic amphidiploid
derived therefrom.

Materials and methods

Materials

The C. hystrix accessions employed were those recollected from the
original site in Xishuangbanna, Yunnan province, China (Chen et al.
1994). Cucumber seed of North (C. sativus cv Beijingjietou; desig-
nated North-China type) and South China (C. sativus cv 
Erzhaozi; designated South-China type) market classes were the
same as those used by Chen et al. (1997b). To synchronize flowering
time and avoid contamination by uncontrolled cross-pollination, ac-
cessions were planted in a greenhouse at Nanjing Agricultural Uni-
versity at different times. While the C. hystrix parent was planted on
May 2, 2000, C. sativus accessions were planted on July 25, 2000.

Hybridization, embryo rescue and chromosome doubling

Reciprocal matings were made among C. hystrix and C. sativus
accessions between October 5 and 20, 2000, according to Chen et
al. (1997a). Floral buds were wrapped in parafilm the afternoon
before anthesis to ensure controlled pollination.

Immature embryos varying from “early heart” to “rabbit-ear”
in morphology were recovered from 16 day old fruits and cultured
on a solid MS hormone-free medium, containing 30 g/l of sucrose,
and 8–12 g/l of agar maintained at pH 6.0 (Murashige and Skoog
1962). The embryos were incubated in sterile conditions at 25 °C
under fluorescent light (40 ± 1 µmol·m–2·s–1) with a photoperiod
of 16 h/8 h (day/night) for 50 days until plantlets developed.

A doubling of the chromosome number of the F1 interspecific
dipoid hybrid progeny was accomplished by monitoring cultures
for somaclonal variation according to Chen et al. (1998a). Putative
chromosome-doubled somaclonal variants were initially identified
by their unique morphological characters (e.g. curved leaf edge).
Expanding leaves excised from putative diploid hybrid plantlets
(2n = 19) were sliced into 0.5 cm and placed with abaxial side up,
on a MS medium containing 1.0, 0.5, 0.4 and 10 mg·l–1 of 2.4 D,

BA, ABA and AgNO3, respectively. After 4 weeks incubation un-
der fluorescent light [16 h/8 h (day/night), 40 ± 1 µmol·m–2·s–1],
plantlets were transferred to MS hormone-free medium. Three to
four weeks later, shoots were removed from the adherent callus,
and transferred to MS medium containing 1.0 mg·l–1 of IBA to 
induce root formation. When small roots (20 to 40 mm long) 
protruded from shoots, plantlets were transferred from artificial
media to moist soil media (vermiculite/sand = 1/1 vol.:vol.) 
and held under a plastic canopy for greenhouse acclimatization
under high relative humidity (>85% RH; 25 °C; natural irradiance)
for 1 week. The canopy was then removed, and plants were ma-
tured in a greenhouse at 25 °C under fluorescent light irradiance
(100 ± 10 µmol·m–2·s–1) and a photoperiod of 16 h/8 h (day/night).

Cytological analyses of the diploids and amphidiploids

Confirmation of hybridity

Tendrils were harvested from five amphidiploid plants, and 30
meristematic cells were observed in each sampled plant after fluo-
rescence labeling. The chromosome number of putative amphidip-
loid progeny was counted by observing the meristematic cells of
the tendrils. The genomic in situ hybridization (GISH) technique
was used to assess the amphidiploid derived from chromosome-
doubled F1 interspecific hybrids.

The C. hystrix genomic DNA was labeled with biotin-11-dUTP
by nick translation. Shared C. sativus DNA (0.5 µg/µl) was added
to the hybridization mixture. GISH experimentation proceeded ac-
cording to Dong et al. (1999) such that 40 µl of hybridization mix-
ture containing 100 ng of the C. hystrix probe (2 to 5 µl), and 4 µg
of blocking DNA (about 8 µl), were applied to chromosome prep-
arations. Post-hybridization washing and signal detection proce-
dures were according to those described by Jiang et al. (1995).

Chromosome number assessment of amphidiploids

Interspecific F1 plants produced few roots, and therefore young,
actively growing tendrils (1 to 3 cm long) were used to determine
the chromosome number of putatively doubled-hybrid plants. The
procedure for chromosome preparation was according to Chen 
et al. (1998b) with slight modifications; tendrils were pretreated in
8-hydroxyquinoline for 50 min at 18 °C, and then hydrated in 1N
HCl for 10 min at 60 ± 1 °C. Chromosomes of 30 cells from ten F1
(among 70) and five amphidiploid plants (among 75 morphologi-
cally uniform plants) were observed. These chromosomes and mi-
totic figures were recorded at metaphase (M) on Kodak film with
a single-lens reflex camera attached to an Olympus (BX-51) mi-
croscope system (Olympus, Japan) at 1,500 × magnification.

Meiotic observation of diploids and amphidiploids

Young floral buds from diploid C. sativus parents (1.0–2.5 mm
long) and synthetic amphidiploid (2.0–3.0 mm long) progeny were
selected for fixation in Carnoy's fluids (1 glacial acetic acid:3
chloroform:6 ethanol) for 24 h, and then transferred into 70% 
ethanol solution and stored at 4 °C for examination.

Chromosome preparation was that according to van Raamsdonk
(1989). The anthers were tangentially cut into two parts with a ra-
zor blade, stained with acetocarmine, macerated and then gently
squashed, and warmed under a cover slip for cytogenetic analyses.
At least 100 pollen mother cells (PMCs) from each ploidy level
were examined at different meiotic stages, and figures were re-
corded using the Olympus (BX-51) microscope system as de-
scribed above.

Assessment of fertility

Fertility was assessed by observing shape, stainability and germi-
nation in pollen from 20 plants, and by recording the number of
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mature fruits and seeds per fruit obtained from ten hand-pollinated
flowers drawn from 20 randomly pollinated plants of each diploid,
and amphidiploid and backcross (from amphidiploids × C. sativus
inbred lines) progeny identified. Pollen grains were stained with
acetocarmine, and germinated in a medium containing 0.8% agar,
10% sucrose and 0.05% boric acid.

Results

Reproduction

Hybridization, embryo rescue, and chromosome doubling

Over 90% of the crosses between C. hystrix and cucum-
bers resulted in mature fruits with putative hybrid em-
bryos. A total of 185 embryos from interspecific hybrid-
ization (C. hystrix × C. sativus) were removed from
fruits produced by mating to both C. sativus genotypes
(North- and South-China). Seventy (37.8%) of the em-
bryos that were subsequently cultured in vitro matured
into flowering plants.

Organogenesis of embryos and the subsequent cultur-
ing of the leaf tissue from hybrid plantlets resulted in 993
plantlets. Among those regenerants, there was a group of
75 (7.6%) uniform plants with a unique leaf morphology.
Leaf margins of these chromosome-doubled plants (2n =
38) were curved, and regenerants possessed relatively
short internodes (4.8 ± 1.2 cm) (Fig. 1A). 

The induction rate leading to the production of chro-
mosome-doubled plants was genotype-dependent. Of the
840 regenerants derived from the C. hystrix × ‘Beijing
Jietou’ mating, 47 (5.6%) were chromosome-doubled
plants (data not presented). In contrast, the culture of hy-
brid embryos derived from crosses with ‘Er Zhaozi’ re-

sulted in 36 (23.5%) chromosome-doubled plants from
153 initial regenerants. The frequency and genotype-
dependent recovery of chromosome-doubled plants in
our experiments agrees closely with the frequency ob-
tained by Adelberg and Chen (1998) during regeneration
of tetraploid melon (C. melo) plants.

Assessment of hybridity

The general leaf and fruit morphology of the putative in-
terspecific F1 hybrid differed from both parents (Fig. 1C
and D). In general, however, these hybrids were more
characteristic of the C. sativus parents than of the C. hys-
trix parent. Nevertheless, hybrid plants were intermedi-
ate in internode length (5.7 ± 1.4 cm) when compared to
the C. sativus (10.6 ± 2.4 cm) and C. hystrix (4.8 ± 2.7 cm)
parents (data not presented). Likewise, the leaf size
(191.2 ± 27.8 cm2) and fruit length (9.2 ± 1.8 cm) of 
hybrid plants were intermediate to the C. sativus (leaf
size = 321.5 ± 34.5 cm2; fruit length = 25 ± 2.5 cm) and
C. hystrix (leaf size = 102 ± 13.9 cm2; fruit length = 5.5
± 1.0 cm) parents.

GISH was used to assess the hybridity of interspecific
F1 progeny by examination of the 19 chromosomes pres-
ent (Fig. 1B). Fluorescence labeling revealed that 12
chromosomes were associated with a green signal corre-
sponding to that demonstrated by the hybridization of
probes to the C. hystrix parent. The remaining seven
chromosomes demonstrated the red color-labeling char-
acteristic of the C. sativus parents, thus confirming prog-
eny hybridity. The 12 chromosomes associated with the
green labeling could be divided into two types based on
the position of the labels: ten chromosomes had a label

Fig. 1A–D Production and ver-
ification of an interspecific hy-
brid and amphidiploid from a
mating between C. sativus
(2n = 14) and C. hystrix
(2n = 24). A Amphidiploid
chromosomes at metaphase
in a somatic cell. B GISH veri-
fication of parentage of chro-
mosomes in amphidiploid
with 12 chromosomes from
C. hystrix having a fluores-
cence signal and seven from
C. sativus without a signal. 
C Plants at different ploidy 
levels: diploids (left) with flat
leaf edges (C. sativus parental
line) and amphidiploids (2n = 
4x = 38; right) with curved leaf
edges. D Fruits of diploids
(left) with a short pole shape
and amphidiploids (right)
with an ellipsoid shape
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at one terminal region and two chromosomes had a label
at both terminal regions.

Of the 30 meristematic cells observed in each of the
five amphidiploid progenies examined, 28–30 (93.3–
100%) of the cells possessed a chromosome number of 38
(Fig. 1A). These data recapitulated those recorded in a pre-
vious flow cytometry study where chromosome number
was established to be 2n = 38 (Chen et al. 1998a). The ap-
pearance of aneuploid cells was rare (0 to 6.7%), but in
such cases chromosome number varied between 30 and 37.

Fertility investigation

The interspecific F1 hybrids recovered were vigorous and
morphologically uniform. Nevertheless, when these hy-
brids were reciprocally backcrossed to either parent (as
maternal or paternal donors) or self-pollinated, flowers
aborted prior to anthesis and thus hybrids were designat-
ed as male and female sterile. As revealed by pollen
stainability, shape, germination percentage and fruit num-

ber data, an increased fertility from the F1 hybrid to
amphidiploids during polyploidization was recorded 
(Table 1). Viable pollen grains of amphidiploids absorbed
stain, were full and plump, and germinated well on artifi-
cial media. In contrast to the F1 hybrid, seeds (0–20 per
fruit) were recovered from self-pollinated amphidiploid
plants, indicating fertility restoration after chromosome
doubling. Fertility restoration was further confirmed by
the production of vigorous, fertile BC1 progeny when
amphidiploid plants (C. hystrix × C. sati-vus) were used
as the maternal parent in backcrossing to C. sativus (Ta-
ble 1). Amphidiploid progeny derived from the reciprocal
crossing (C. sativus × C. hystrix) failed to set fruit with
seeds after selfing or backcrossing (data not presented). 

Meiotic analysis

Normal meiotic process

In F1 hybrid progeny, 19 univalents were observed at MI
in most (>95%) PMCs, indicating a low level affinity 

Fig. 2A–D Normal meiotic
stages in PMCs of amphidip-
loid plants derived from C. hys-
trix × C. sativus. A Metaphase-
I showing 19 bivalents. B Telo-
phase-I showing 19 dyads
at each pole. C Telophase-II
showing 19 chromosomes
at each pole. D Tetrads

Table 1 Fertility of F1 hybrids (2n = 19), amphidiploids (2n = 38) and progenies (BC1, 2n = 26) from backcrossing

Genotype Pollen grain Pollen Pollen grain Number of fruits Number Number
stainability grain shape germination with seeds per ten of seeds of plants 

(%) self-pollinated per fruit examined
flowers

F1 hybrid Colorless or Deformed 0–2 0 0 20
light color and Irregular

Amphidiploid ~25% dark ~25% full 10–40 2–4 0–20 20
color and plump

BC1 ~13% dark ~13% full 5–20 1–2 0–10 20
color and plump
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Fig. 3A–H Abnormal meiotic
figures in pollen mother cells
(PMC) of interspecific hybrids
between C. hystrix and C. sati-
vus. A A frying-pan trivalent
at metaphase-I in PMC of the
diploid (2n = 19). B Disorder
disjunction of chromosomes
at anaphase-I in the PMC of the
diploid. C Spindle misorienta-
tion in the PMC of the diploid.
D Laggards at metaphase-I
in the PMC of the amphidiploid
(2n = 2x = 38). E Multivalent
formation at metaphase-I
in the PMC of the amphidip-
loid. F Unequal number of
chromosomes at four poles at
telophase-II in the PMC of the
amphidiploid. G Redundant
micronucleus at the tetrad stage
in the PMC of the amphidip-
loid. H Malformed pollen grains
(most inviable) of the amphi-
diploid
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between the H (C. hystrix) and C (C. sativus) genomes
(data not presented). In amphidiploids, leptotene was
characterized by chromatin threads contracted in a bun-
dle such that one end of the bundle was connected to the
nucleolus. Chromosomes observed at late diplotene were
well-spread and the decrescent nucleolus was present. At
MI, more than 90% of the configurations were bivalents
(Table 2), most of which formed symmetric rings
(Fig. 2A). Heteromorphic bivalents were observed in
amphidiploids but not in the normal meiotic process, in-
dicating a high degree of preferential genome pairing in
the amphidiploids examined. At anaphase-I and -II,
chromosomes were symmetrically separated, resulting in
19 chromosomes at each pole of the PMCs (Fig. 2B, C).
Simultaneous cytokinesis was detected in the amphidi-
ploids. Given these observations, viable pollen was most
likely a result of normal tetrad development which con-
sequently led to fertility restoration in amphidiploid
progeny (Fig. 2D). 

Special meiotic behavior

F1 hybrid (diploid). About 5% of the meiotic configura-
tions observed at MI were trivalents having a “frying-
pan” (a ring bivalent connected to a rod univalent) ap-
pearance (Fig. 3A). Chromosome lagging (25%), asym-
metric division (20%) (Fig. 3B) and spindle disorienta-
tion (30%) were also observed in MI and telophase-I
(TI) (Fig. 3C). Although cytokinesis was generally syn-
chronous, cells containing simultaneous and successive
cytokinesis stages were detected in the same plant. For
example, MI and TI as well as microspores were ob-
served in maturing PMCs. 

Amphidiploid. Abnormal meiotic behavior was observed
in amphidiploid progeny. At prophase-I, leptotene and
zygotene figures were observed simultaneously in the
same pollen mother cell (about 5%), and micronuclei
(about 25%) were recorded in PMCs (data not present-
ed). Likewise, laggards (Fig. 3D; 20%) at MI, asymmet-
ric separation of chromosomes (15%) at TII, and redun-
dant micronuclei (Fig. 3G) were observed. These anoma-
lies may be responsible for the resultant inviable pollen
grains observed (Fig. 3H).

The frequency of chiasmata during homoeologous
chromosome pairing (as indicated by the presence of
multivalents) was 0.7 (70 per 100 cells) as observed at
diakinesis and 0.5 (50 per 100 cells) as observed at MI

(Table 2). But the number of chiasmata actually formed
per PMC was comparatively small, only varying from
one to three per cell. Bivalent figures in chromosome-
doubled F1 hybrid progeny (>90% configurations)
ranged from 15 to 19 in PMCs, with a mean of 17.5 and
17.6 at diakinesis and MI, respectively (Table 2). While
the percentage of bivalent and univalent figures in diaki-
nesis was 92.1 and 5.8% respectively, the percentages of
bivalent and univalent figures in MI were 92.6% and
6.6%, respectively. In contrast, the percentage of triva-
lents (2.6%) and tetravalents (0.5%) in diakinesis de-
creased to 2.3% and 0.3% in MI, respectively.

Discussion

Wild Cucumis species are cross-incompatible with 
C. sativus and C. melo (Staub et al. 1992). However,
these species are potentially important for plant improve-
ment since they house genes for resistance to economi-
cally important pathogens that incite diseases such as
powdery mildew, downy mildew, anthracnose and 
fusarium wilt (Leppick 1966; Lower and Edwards 1986;
Kirkbride 1993). The first repeatable interspecific hy-
bridization with C. sativus was accomplished by Chen et
al. (1997a). Recently, amphidiploid progeny resulting
from this C. sativus × C. hystrix mating have been shown
to possess genes for root knot nematode resistance (Chen
and Lewis 2000), high nutritional qualities, and tolerance
to growth under low irradiance (unpublished data). The
fact that these progeny are cross-compatible with C. sati-
vus (Table 1) suggests their potential utility for cultivar
improvement.

Chromosomes of C. sativus are relatively small, vary-
ing in length from 1.2 µm to 2.5 µm at mitotic meta-
phase (Chen et al. 1998b), and stain poorly with aceto-
carmine (Dane 1991). Our observations indicate that the
majority of C. hystrix chromosomes are about one-half
the length of those of C. sativus, and also stain poorly.
GISH has proven useful for determining the parentage of
chromosomes in somatic hybrids (Dong et al. 1999), and
was effective in our studies for the assessment of chro-
mosome constitution after interspecific hybridization.

The high frequency of bivalents and the low frequen-
cy of multivalents in amphidiploid hybrids, as revealed
in the present study, indicates a considerable divergence
between the genome C. hystrix (H) and the genome 
C. sativus (C). This hypothesis is supported by results of
an isozyme analysis of C. hystrix, C. sativus and their in-

Table 2 Meiotic configurations
at diakinesis and metaphase-I
in amphidiploids (2n = 4x = 38)
derived from crossing C. hys-
trix (2n = 24) with C. sativus
(2n = 14)

Stage PMCs PMCs with Mean no. of chromosome configurations**
observed chiasma*

Bivalents Univalents Trivalents Tetravalents

Diakinesis 100 70 (0–3) 17.5 (91.1%) 1.1 (5.7%) 0.5 (2.6%) 0.1 (0.5%)
Metaphase-I 100 50 (0–3) 17.6 (90.9%) 1.25 (6.5%) 0.45 (2.3%) 0.05 (0.3%)

* and **, for values in parenthesis, indicate the range of chiasma and configuration percentage in one
PMC, respectively



terspecific hybrid (Chen et al. 1997b). Since the geno-
mes H and C are distinct, and each genome is represent-
ed twice in amphidiploids, the preferential pairing of
species chromosomes in the interspecific hybrid might
have been predicted. Usually high fertility will result
from preferential pairing in amphidiploids (Jackson
1982). However, the fertility of the amphidiploid species
examined in our study was relatively low (Table 1). This
may be partially explained by the presence of multiva-
lents and their activity during chromosome separation
(Table 2), and by the yet unexplained maternal effects
observed in the hybridization experiments described
herein.

Pairing of chromosomes as multivalents provides a
mechanism for chiasma formation between chromo-
somes of distinct genomes (Doroszewska and Berbec
2000). Multivalent formation in our interspecific hybrid
progeny (possessing complements of the H and C geno-
mes) described herein may provide a mechanism for ge-
nomic crossing-over. Chiasmata observed between ho-
moeologous chromosomes in the Cucumis amphidiploids
examined were abundant (70%) at diakineses, but fre-
quency within any one PMC was relatively low (1 to 3
per PMC observed) (Table 2). The low frequency of chi-
asmata, however, does not necessarily negate the possi-
bility of gene exchange between different genomes in
fertile amphidiploids.

The chromosome-doubled F1 hybrids derived from 
C. sativus × C. hystrix matings were sterile, while the
chromosome-doubled F1 hybrids derived from C. hystrix ×
C. sativus matings produced fruits containing only a few
viable seeds. These observations indicated that a sub-
stantial crossing barrier exists when C. sativus, the par-
ent with fewer chromosomes, is used as the maternal
parent. The observation that fertility restoration can oc-
cur after exotic crossing when accessions with the higher
chromosome number are used as the maternal parent has
been made in the Triticum araraticum JaRubz and Triti-
cum aestivum L. complex (Qi et al. 1998), and in cross-
ing experiments between Brassica campestris L. and
Raphanus sativus L. (Huang et al. 2001).

Variation in leaf and fruit shape and size, lateral
branching, and resistance to several diseases (e.g. pow-
dery mildew) within and between BC1 and BC1S1 proge-
ny derived from interspecific amphidiploids was ob-
served (data not presented). The observed phenotypic
variation in these BC populations mirrors variation de-
tected at the protein (i.e. isozyme) and DNA (random
amplified polymorphic DNA) level (unpublished data).
These data suggest that amphidiploid derivatives exam-
ined herein may provide the breeder with a broad source
of variation that is of potential value for germplasm en-
hancement in Cucumis.

Even though the initial introgression of C. hystrix
genes into C. sativus has been accomplished, a highly ef-
fective gene-transfer protocol (bridge) for the enhance-
ment of cucumber has not been established. Cytogenetic
assessment using C-banding (chromosome structure),
GISH (pairing analysis) and DNA analyses (i.e. synteny

comparison) is critical for further description of the pa-
rental genome structure variation, and for tracing alien
chromosome segments in backcross progeny. Such as-
sessments will allow for the mapping and cloning of eco-
nomically important genes.
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