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Abstract: Passiflora ‘Lamepiana’ is the F1 hybrid from the cross between P. 
vitifolia and P. hatschbachii with ornamental characteristics. Based on cytoge-
netics techniques, this study aimed to confirm interspecific hybridization and 
characterize the karyotype of the hybrids and their parents using cytogenetic 
techniques. For all genotypes the predominance of metacentric chromosomes 
with two satellite pairs and a diploids karyotypes (2n = 18) were observed. It was 
possible to determine the occurrence of two satellite pairs in both the parents 
of the hybrids. The use of simultaneous probes of the F1 parents prepared ac-
cording to GISH technique allowed to identify two chromosome lots each one 
inherited from both parents, confirming the hybrid character of the plants. 
Besides confirming hybridization, GISH did not demonstrate the existence of 
visible chromosomal alterations but rather cytogenetic stability in the hybrids. 
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INTRODUCTION

Among the genera in the Passifloraceae family, Passiflora is the most significant 
because it encompasses a wide variety of species (Cervi and Imig 2013) and 
broad geographical distribution in neotropics (Ulmer and MacDougal 2004). 
Colorful flowers with different shapes can be found into the large number of 
species within this genus, which have aroused growing interest in the ornamental 
sector (Abreu et al. 2009), envisioning the use of passionflowers to decorate 
both indoor and outdoor environments. 

Passiflora vitifolia Kunt (2n = 18; Storey 1950) is among the most beautiful 
and widespread passionflowers; it is found from Nicaragua to Venezuela and 
Peru and grows at altitudes of 200-1100 m (Vanderplank 2000, Ulmer and 
MacDougal 2004). Its very beautiful flowers reach an extraordinary diameter 
of 12-17 cm; the outer rank of the upright, short corona is red, while the two 
inner series are usually white (Ulmer and MacDougal 2004). Passiflora vitifolia 
belongs to supersection Coccinea, which was assigned to subgenus Passiflora; 
this supersection contains almost exclusively red-flowering species (Vanderplank 
2000, Ulmer and MacDougal 2004). This species is very robust, can be cultivated 
in a protected, sunny location outdoors (Ulmer and MacDougal 2004), and 
has been used to produce interesting hybrids (Vanderplank 2000, Ulmer and 
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MacDougal 2004, Santos et al. 2023).

Passiflora hatschbachii Cervi (2n = 18; Melo et al. 2014) is endemic to Brazil, occurring in Minas Gerais and possibly 
in Bahia, restricted to the Atlantic Forest biome; it was evaluated by CNCFlora (2016) as EN (endangered), according to 
União Internacional para a Conservação da Natureza (IUCN) Red List of Threatened Species criteria (Imig et al. 2018). Its 
flowers are delicate, white, small, with a diameter of 4.8-8.5 cm; it has a corona of filaments with two series, an outer 
filiform series and the following filiform to capillary series (Imig et al. 2018). It is a heliophyte species with robust branches.

As a favorable characteristic for the ornamental market, Passiflora ‘Lamepiana’ (2n = 18; Santos et al. 2023) is a F1 
hybrid from P. vitifolia vs. P. hatschbachii which matches interesting floral characteristics such as intensity in flowering; 
petals and sepals red intense, and the potential for great acceptance in the ornamental plant market, being a promising 
genotype for the composition of gardens (Santos et al. 2023). P. ‘Lamepiana’ is a fertile plant, with regular meiosis (Souza 
et al. 2023), viable pollen and receptive stigma (Santos et al. 2023).

The use of Passiflora for ornamentation is still incipient; however, some crosses have yielded promising ornamental 
hybrids, such as the hybrid BRS Estrela-do-Cerrado (P. coccinea vs. P. setacea) (Faleiro et al. 2007a), in addition to 
hybrid cultivars such as P. ‘Aninha’, P. ‘Priscilla’, P. ‘Alva’ (Santos et al. 2012), P. ‘Bella’, P. ‘Gabriela’ (Belo et al. 2018), P. 
‘Lamepiana’ (Santos et al. 2023). 

Cytogenetic studies on Passiflora report the diploid characteristics of these species, with the occurrence of individuals 
2n = 12, 2n = 18, 2n = 22, and 2n = 24 (Melo et al. 2001). In Passiflora, heterochromatic regions rich in GC colocalize with 
secondary constrictions and can be differentiated with CMA3 (chromomycin A3) and DAPI (4’,6-diamidino-2-phenylindole) 
fluorochromes, demonstrating regions where constitutive heterochromatin occurs (Melo et al. 2014). GISH (Genomic 
In Situ Hybridization) enables chromosomal comparison among different species, different individuals, and both inter- 
and intraspecific hybrids. In addition, the application of GISH has allowed reliable confirmation of paternity in hybrids 
(Melo et al. 2017, Silva et al. 2018), whether they are natural or artificial (Silva and Souza 2013). The visualization of 
chromosomal recombination in backcrossed hybrids is also an important karyotypic analysis enabled by GISH (Melo et 
al. 2015). 

Thus, the aim of this study was to perform karyomorphological characterization and apply CMA3/DAPI banding to 
identify GC-rich regions associated with satellites, and to confirm the hybridization of Passiflora F1 hybrids using GISH. 

MATERIALS AND METHODS 

Vegetal material and interspecific hybridization
The parent species P. vitifolia Kunt. (accession 481) and P. hatschbachii Cervi (accession 446), along with four F1 hybrids 

whose progeny was named HD26 (HD26-102, 104, 143, and 146) were assessed. More the one hybrid was obtained from 
crossing, however, no great dissimilarity for floral and vegetative characteristics occurred, leading to consider all as a 
part of the same group, referred as P. ‘Lamepiana’ (Santos et al. 2023). The parent plants were maintained in protected 
cultivation in the Passiflora Work Collection at the State University of Santa Cruz, Ilhéus, Bahia (lat 14° 39″ S, long 39° 
10″ W, alt 78 m asl). From October 2015 to January 2016, artificial crosses were performed P. vitifolia x P. hatschbachii) 
during the early hours of the day, (between 7:00 and 8:00 a.m) in the anthesis flowers (Souza et al. 2023). Passiflora 
vitifolia was used as pollen recipient and P. hatschbachii was used as donor, respectively. Emasculation pre-anthesis 
and the protection with a paper bag in the previous day was conducted for the maternal parent (P. vitifolia). When 
conducting pollination besides collecting in bulk PG from the paternal parent (P. hatschbachii), curved stigmas were 
pollinated manually and protected again using paper bags. After artificial crossing, nylon nets were used to protect the 
fruits until maturation.

Preparing the slides 
Roots from cuttings were collected and pre-treated by applying antimitotic 8-hydroxyquinoline solution at 0.002 M 

for 1 hour at room temperature (RT) and then for another 21 hours at 8-10 ºC. They were washed with distilled water for 
5 minutes, fixed in Carnoy I solution (ethanol-glacial acetic acid [3:1, v/v]; Johansen 1940) for 3 hours at RT, and stored 
at -20 ºC. The roots were washed twice in distilled water for 5 minutes each and then incubated in 50 μL of an enzyme 
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solution containing 2% cellulase and 20% pectinase for 1 hour and 20 minutes at 37 ºC. Before macerating, distilled 
water was used to wash the collected roots, which then was macerated using needles in 15 μL of 45% glacial acetic 
acid on a slide covered with a coverslip (18 × 18 mm), and gently pressed with filter paper to spread the chromosomes. 
Arter freezing with liquid nitrogen, the coverslips were removed and the slides were air-dried. Until being used, the 
slides were remained stored at -20 °C.

Giemsa staining and karyomorphological analysis
The slides were stained according to Guerra and Sousa (2002), with modifications. The material was stained with 4% 

Giemsa for 40 minutes, rinsed with distilled water, and air-dried. The slide was mounted using a 20 × 20 mm coverslip 
with Neomount medium. Karyomorphological data were obtained from five metaphases of each genotype. Absolute 
values were obtained for the lengths of the short arm (SA), long arm (LA), and satellites (SAT), with the satellite lengths 
added to their corresponding chromosomal arms. The arm ratio (r = LA/SA), the total chromosomal length for each 
chromosome (CLC = LA + SA + SAT), and the AAC (average of all chromosomes) were calculated. The statistical analysis 
was conducted using the average chromosome values from five metaphases per genotype. The data were analyzed 
using ANOVA, and the mean total chromosome lengths between genotypes were compared by Tukey test (p ≤ 0.05). 
The Sisvar software version 5.0 (Ferreira 2003) was used.

CMA3 and DAPI fluorochrome staining
Slides aged for a minimum of three days underwent CMA3/DAPI double staining according to Guerra and Souza 

(2002). 15 μL of CMA3 (0.25 mg-1) was applied to each slide and covered with glass coverslip. The slides were stored 
for 1 hour in a humid chamber at 37 °C. The coverslips were removed using a jet of distilled water and dried with an 
air pump. Then, 15 μL of DAPI (0.5 mg-1) was applied to each slide. The material was covered with a glass coverslip and 
stored in a dark box for 30 minutes. The slides were removed using a jet of distilled water and dried with an air pump. 
The slides were assembled by applying 15 μL of a 1:1 v/v glycerol/Macllvaine solution and covered with a 20 × 20 mm 
coverslip. The slides were aged in the dark for three days prior to microscopic analysis. 

DNA extraction and fragmentation for GISH
Genomic DNA extraction from P. vitifolia and P. hatschbachii was performed according to the protocol established 

by Doyle and Doyle (1990), with some modifications (Melo et al. 2015). Young leaves, collected in duplicate, were 
macerated in liquid nitrogen and placed in 2% CTAB extraction buffer [1.5 M NaCl; 20 mM EDTA; 100 mM Tris-HCl; 0.2% 
β-mercaptoethanol]. The nucleic acids were isolated using a chloroform:isoamyl alcohol solution (24:1), and the DNA 
was resuspended in TE buffer [10 mM Tris (Promega), 1 mM EDTA]. The genomic DNA concentration was estimated by 
comparing it to 100 ng of lambda DNA on a 1% agarose gel stained with SYBR Safe. Approximately 30 μg of parental 
genomic DNA in a final volume of 1000 μL was fragmented using a sonicator set to 40% amplitude, alternating 2 seconds 
on and 2 seconds off for 5 minutes (Jauhar and Peterson 2006). The size of the fragments was verified on a 2% agarose gel 
using a 100 bp ladder as a reference marker. Fragmented DNA was purified using 10% of the final volume of 3 M sodium 
acetate and two times the final volume of ethanol. The material was kept at -20 ºC overnight and then centrifuged for 
10 min at 14,000 rpm to remove the supernatant, followed by drying in TA for at least 1 hour. To resuspend the pellet, 
120 μL of ultra-pure water was added to the tube. Subsequently, the sample was stored at ± 8 ºC and the following day, 
it was stored at -20 ºC until probe preparation.

Preparation of probes for GISH
The genomic DNA of P. vitifolia was labeled with digoxigenin-11-dUTP, while that of P. hatschbachii was labeled with 

biotin-16-dUTP. The probes were labeled by Nick Translation in the final concentration of 1 μg of cleaved DNA as per 
the manufacturer’s protocol. The samples underwent 90 minutes of amplification in a programmed thermocycler. To 
purify the probes, 2 μL of sodium acetate (10% of the total reaction volume) and 40 μL of 100% ethanol (double the 
total reaction volume) were added to each sample. The material was stored overnight at -20 °C and then centrifuged the 
next day for 10 minutes at 13,000 rpm. The supernatant was discarded, and the pellet was dried at RT for at least 1 hour. 
The pellet was resuspended by adding 30 μL of ultra-pure water to the tube. The material was kept in the refrigerator 
at ±8 °C for 24 hours and subsequently stored at -20 °C until use.
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Application of GISH
The slides were treated according to Schwarzacher and Heslop-Harrison (2000), with modifications (Melo et al. 

2015). Slides were selected and dried in an oven at 37 °C for 1 hour. 50 µl of RNase solution was applied to each slide; 
the material was covered with a plastic coverslip and incubated for 1 hour at 37 °C in a pre-heated humid chamber. 
After two washes in 2×SSC (0.3 M sodium chloride; 0.03 M sodium citrate) at RT for 5 minutes each, with shaking (all 
washing steps mentioned below were performed on a shaker platform at 120 rpm (Biomixer, Mos-1)), 50 µl of 10 mM HCl 
(hydrochloric acid) was added to each slide, and the material was covered with a plastic coverslip and left to rest for 5 
minutes. After removing excess HCl, 50 µl of pepsin solution (10 mg-1 pepsin; 10 mM HCl [1:100 v/v]) was added to each 
slide and covered with a plastic coverslip. The slides were incubated in a humid chamber for 20 minutes at 37 °C and 
washed twice in 2×SSC at RT for 5 minutes each. Subsequently, the slides were immersed in 4% paraformaldehyde at RT 
for 10 minutes and washed twice in 2×SSC for 5 minutes each. The slides were sequentially dehydrated with 70% ethanol 
and 96% ethanol for 5 minutes each and dried at RT for at least 30 minutes. After drying, the hybridization mixture was 
applied to the slides. For each slide, the hybridization mix consisted of 7.5 µl of 100% formamide, 3.0 µl of 50% dextran, 
1.5 µl of 20×SSC, 0.2 µl of SDS (sodium dodecyl sulfate), and 1.4 µl of each probe. The hybridization mix was heated 
to 75 °C for 10 minutes in a thermocycler before being applied to the slides, and then immediately cooled on ice for 5 
minutes. The cytological material containing the hybridization mixture was denatured in a thermal cycler with a slide 
adapter at 75 °C for 10 min and incubated overnight at 37 °C in a humid chamber. After hybridization, the slides were 
immersed in 2×SSC at RT for 5 minutes to remove the coverslips. Post-hybridization washes were performed as follows: 
two washes in 2×SSC at 42 °C for 5 minutes each, two washes in 0.1×SSC at 42 °C for 5 minutes each, and two additional 
washes in 2×SSC at 42 °C for 5 minutes each. Subsequently, the slides were washed once in 4×SSC/0.2% Tween 20 at 
RT for 5 minutes and treated with 50 μl of 5% bovine serum albumin (BSA). For detection, 20 µl of solution containing 
0.7 μl of avidin-FITC, 0.7 μL of anti-digoxigenin-Rhodamine, and 18.6 μL of 5% BSA was applied to each slide. The slides 
containing the detection antibodies were incubated in a humid chamber for 1 hour at 37 °C. Three 5-minute washes 
were performed using 4×SSC/0.2% Tween 20 to remove excess antibodies. Finally, the slides were quickly immersed in 
2×SSC and counterstained with DAPI/Vectashield. The slides were covered with 20 × 20 mm glass coverslips and stored 
in the dark at ± 8-10 °C for later analysis.

Photo documentation
The metaphases were photographed using an epifluorescence microscope equipped with an Olympus DP25 5M 

digital camera and DP2-BSW software. The CMA3/DAPI-stained metaphases were photographed: for DAPI visualization, 
the U-MWU filter (330-385 nm excitation/400 nm dichroic cut-off emission/>420 nm) was used, and for CMA3 
visualization, the U-MWB filter (450-480 nm excitation/500 nm dichroic cut-off emission/>515 nm) was used. For GISH, 
the hybridizations detected with avidin-FITC were observed using the U-MWB filter (450-480 nm excitation/500 nm 
dichroic cut-off emission/>515 nm) and the hybridizations detected with anti-digoxigenin-rhodamine were visualized 
using the U-MWG filter (510-550 nm excitation/570 nm dichroic cut-off emission/>590 nm). The CMA3/DAPI and FITC/
rhodamine overlays and plates were prepared using Photoshop SC5 software.

RESULTS AND DISCUSSION

The diploid chromosome number 2n = 18 was observed in both parent species, P. vitifolia and P. hatschbachii, as 
well as in the interspecific hybrids HD26-102, HD26-104, HD26-143, and HD26-146 (Figure 1), like other interspecific 
Passiflora (Santos et al. 2012, Souza et al. 2020). The chromosomal morphology of the parents and the four hybrids 
analyzed was predominantly metacentric, 2n = 18m (Table 1). The CLC of P. vitifolia ranged from 2.08 to 4.12 µm and 
that of P. hatschbachii from 1.78 to 3.46 µm. In hybrids, CLC from chromosomes 1 to 18 (homeologous) ranged from 
1.67 µm to 4.14 µm for HD26-102, 1.58 µm to 3.92 µm for HD26-104, 1.55 µm to 3.41 µm for HD26-143, and 1.55 µm 
to 3.55 µm for HD26-146. ANOVA showed a significant difference for CLC among genotypes by the F test (p ≤ 0.05), 
with a mean square of 0.32 and a coefficient of variation of 12.63%. The maternal parent (P. vitifolia) and the hybrid 
HD26-143 showed the most significant differences for CLC, with the other four individuals showing intermediate 
chromosomal averages between these two genotypes, which had the highest and lowest averages, respectively. 
Tukey’s test grouped the genotypes into three clusters based on AAC values: P. vitifolia, 3.02a; P. hatschbachii, 2.44ab; 
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HD26-146, 2.49ab; HD26-104, 2.51ab; HD26-102, 2.75ab, 
and HD26-143, 2.30b.

Satellites were identified in the genitors and hybrids 
(Figure 2). In P. vitifolia and P. hatschbachii, satellites were 
identified in chromosome pairs 4 and 6 in the former, and 
in pairs 3 and 6 in the latter (Figures 3A and 3B). In each 
hybrid, four chromosomes with CMA+ bands were observed 
in the chromosomes 5, 7, 11 and 12 (Figures 3C - 3F). The 
chromosomes 5 and 12 came from de male parent while 
chromosomes 7 and 11 came from the female parent. 
Chromosome pairing cannot occur in hybrids, as the 
chromosomes of the progeny are homeologous and the 
chromosomes of the parental species have very similar 
sizes, making it difficult to distinguish the chromosomes 
from each parent in the hybrid. 

Chromosomal alterations are not expected in F1 
hybrids because of hybridization per se. The F1 hybrid 
is generated from the male and female gametes of the 
parents, and the gametes show recombination due 
to the meiosis that occurred during their production, 
in the parents. Therefore, the F1 hybrid has different 
characteristics in relation to the parents due to these 
recombined gametes that generated it. The hybrid 
karyotype differs from the karyotypes of the parents 
considering that the F1 hybrid has one set of chromosomes 
from the maternal genitor and one from the paternal 
genitor, and not necessarily due to possible chromosomal 
alterations. This is expected for diploid species. However, 
the occurrence of polyploidization in the ancient 
parent and hybridization events are believed to be the 
major drivers of plant diversification and speciation 
(Berankova et al. 2024). These mechanisms culminate in the amplification of chromosomal sets within genomes 
- a phenomenon termed “genome upsizing” (Wendel 2000) - which is succeeded by post-polyploid diploidization 
processes. These processes are believed to be linked to substantial DNA loss, referred to as “genome downsizing,” 
as well as structural chromosomal alterations (Mandáková et al. 2017) Differences in CLC can be observed among 
various diploid Passiflora species (Souza et al. 2003). In hybrid chromosomes, CLC tends to vary too, showing 
intermediate values between the two species involved in the cross, as observed in hybrids from the P. edulis vs. 
P. setacea cross (Melo et al. 2016). 

The comparison of karyotype length between P. hatschbachii and P. vitifolia showed that the latter species has larger 
chromosomes, and hybrids resulting from this cross have chromosomes of intermediate length between the two species. 
In the analyzed hybrids, differences were observed not only in quantitative aspects identified by conventional staining 
but also in the satellite positions relative to the parents. Differences in satellite position between chromosomes may 
originate from translocation due to structural rearrangements in backcrossed hybrids (Melo et al. 2017); however, such 
chromosomal changes were not observed with GISH. 

Chromosomal morphology in Passiflora species is a conserved trait (Vieira et al. 2004), with most species showing a 
higher occurrence of metacentric chromosomes and few submetacentric chromosomes (Viana and Souza 2012, Amorim 
et al. 2014, Melo et al. 2014). In this study, the chromosomes of the hybrids were classified as metacentric, with a few 
classified as submetacentric, a trait inherited from the parents. 

Figure 1. Mitotic metaphases of parents and interspecific F1 
hybrids (HD26) of Passiflora (2n = 18). (A) P. vitifolia; (B) P. hatsch-
bachii; (C) HD26-102; (D) HD26-104; (E) HD26-143; (F) HD26-146. 
Scale Bar = 10 µm.
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Using CMA3/DAPI banding, we observed CMA3
+/DAPI- blocks confined to satellite regions/secondary constrictions 

(Figures 2 and 3), characteristics that were able to visualize with conventional staining. Four CMA3
+/DAPI- blocks were 

observed in P. vitifolia, four in P. hatschbachii, and four in each hybrid.

Table 1. Karyomorphological data on Passiflora vitifolia, P. hatschbachii, and HD26 Hybrids 

P. vitifolia Characteristic
Chromosome pair LA SA CLC r CT
1 2.40 1.73 4.12 1.39 M
2 2.13 1.53 3.65 1.39 M
3 1.93 1.35 3.28 1.42 M
4 1.78 1.27 3.05 1.40 M
5 1.67 1.19 2.86 1.40 M
6 1.56 1.14 2.69 1.37 M
7 1.50 1.07 2.57 1.40 M
8 1.35 1.00 2.35 1.35 M
9 1.19 0.90 2.08 1.33 M
Standard deviation 0.38 0.26 0.64
P. hatschbachii Characteristic
Chromosome pair LA SA CLC r CT
1 2.20 1.26 3.46 1.38 M
2 2.03 1.23 3.26 1.29 M
3 1.53 1.16 2.69 1.32 M
4 1.42 1.08 2.5 1.32 M
5 1.32 1.07 2.38 1.23 M
6 1.29 1.01 2.3 1.29 M
7 1.25 0.90 2.16 1.39 M
8 1.24 0.82 2.06 1.50 SM
9 1.02 0.76 1.78 1.33 M
Standard deviation 0.22 0.18 0.55
Means of hybrids HD 26  (102, 104, 143 and 146) Characteristic
Chromosome LA SA CLC r CT
1 2.16 1.61 3.76 1.34 M
2 1.89 1.41 3.47 1.38 M
3 1.83 1.27 3.11 1.43 M
4 1.69 1.24 2.93 1.37 M
5 1.60 1.19 2.79 1.33 M
6 1.53 1.16 2.71 1.32 M
7 1.52 1.14 2.66 1.33 M
8 1.44 1.09 2.54 1.31 M
9 1.37 1.07 2.45 1.29 M
10 1.33 1.04 2.37 1.29 M
11 1.30 1.02 2.31 1.28 M
12 1.28 0.98 2.25 1.30 M
13 1.21 0.95 2.17 1.29 M
14 1.19 0.93 2.11 1.28 M
15 1.12 0.86 1.98 1.29 M
16 1.08 0.82 1.89 1.30 M
17 1.02 0.76 1.78 1.33 M
18 0.89 0.68 1.58 1.32 M
Standard deviation 0.33 0.23 0.57

(SA) Short Arm; (LA) Long Arm; (SAT) Satellite; (CLC) Total Chromosome Length; r (LA/SA) Long Arm to Short Arm Ratio; (CT) Chromosome Type; (M) Metacentric; (SM) 
Submetacentric.
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Double staining with CMA3 and DAPI fluorochromes is crucial for identifying the number of satellites associated 
with GC-rich heterochromatin regions in Passiflora. In interspecific hybrids, the use of these fluorochromes to identify 
satellites enables reliable confirmation of hybridization, as these regions serve as important cytological markers (Melo 
et al. 2017). In the hybrids examined in this study, the CMA3/DAPI banding consistently enabled the observation of 
two pairs of satellites in both parents and hybrids. The occurrence of hybrids with different numbers of satellites may 
lead to chromosomal rearrangements if these individuals cross (Silva et al. 2018). The analysis of satellite numbers and 
their chromosomal positions in hybrids and their parental species is a crucial aspect of cytogenetic studies. In Passiflora 
species, these characteristics provide valuable chromosomal markers that facilitate comparisons among individuals 

Figure 2. CMA3/DAPI banding and Genomic In Situ Hybridization 
(GISH) in mitotic metaphases of parents and interspecific F1 hy-
brids (HD26) of Passiflora (2n = 18). (A-F) CMA+/DAPI- Banding. 
(A) P. vitifolia (B) P. hatschbachii, (C) HD26-102, (D) HD26-104, (E) 
HD26-143, (F) HD26-146. The arrows point to CMA3

+ blocks. (G-J) 
GISH. (G) HD26-102, (H) HD26-104, (I) HD26-143, (J) HD26-146. 
Scale bar = 10 μm.

Figure 3. Karyograms of parents and interspecific F1 hybrids 
(HD26) of Passiflora (2n = 18). (A) P. vitifolia with chromosomes 
pairs numbered 1 to 9 and A to I; (B) P. hatschbachii with chro-
mosomes pairs numbered 1 to 9 and a to i; (C-F) hybrids with 
parental CMA+/DAPI- chromosomes; (C) HD26-102; (D) HD26-104; 
(E) HD26-143, and (F) HD26-146. Scale bar = 10 μm.



8 Crop Breeding and Applied Biotechnology - 25(2): e50412529, 2025

AP Santos et al.

(Silva eta al. 2018). This approach underscores the significance of satellite number and position as informative traits in 
distinguishing and comparing Passiflora genotypes.

The simultaneous use of maternal and paternal probes allowed for the distinct visualization of P. vitifolia and P. 
hatschbachii genomes in each of the four analyzed F1 hybrids. In each hybrid, nine chromosomes of maternal origin 
P. vitifolia (red) and nine chromosomes of paternal origin P. hatschbachii (green) were observed (Figure 3). Molecular 
cytogenetics has enabled rapid and accurate confirmation of hybrids. In Passiflora, the application of GISH has aided in 
the identification of interspecific hybrids and backcrosses (Melo et al. 2017). 

In this investigation, the application of probe-probe hybridization facilitated the identification of two distinct 
chromosomal sets within the hybrid plants’ genomes - one originating from P. vitifolia and the other from P. hatschbachii. 
In addition to being efficient and accurate in confirming hybridization, GISH also allows visualization of recombinations 
in backcrossed hybrids, thus aiding in chromosomal understanding during pairing (Melo et al. 2016). Although no 
translocations or inversions were observed in the HD26 hybrids, the possibility of chromosomal changes cannot be 
dismissed, as some chromosomes in the hybrids were smaller than those in the parents. Some meiotic irregularities 
observed in interspecific Passiflora hybrids (Santos et al. 2012, Souza et al. 2020) may justify the existence of deletions.

CONCLUSION

The studies confirmed the interspecific hybridization of P. ‘Lamepiana’, a new ornamental hybrid. Karyotypic analysis 
revealed that the hybrids maintain the diploid chromosome number (2n = 18) and exhibit predominantly metacentric 
chromosomes, with intermediate chromosome length compared to the parental species. CMA³⁺/DAPI⁻ banding 
demonstrated that the hybrids have the same number of CMA³⁺ bands as the parents, enabling the identification of 
these marker chromosomes in the hybrids. Additionally, GISH technique allowed the distinction of chromosomal sets 
inherited from each parental species, confirming the hybrid origin of the plants.
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