
 

-1- 

ABSTRACT 
Butternut squash (Cucurbita moschata) is a Cucurbitaceae plant that has been 
widely cultivated in Indonesia. Butternut squash is known to have various cul-
tivars. A new cultivar introduced by the Faculty of Biology UGM is named 
‘Citra Laga’ which is expected to be able to compete with the imported culti-
vars. The number of cultivars within a species may indicate genetic variation. 
This research was conducted to observe genetic variation and the phenetic re-
lationship between ‘Citra Laga’ and the imported butternut squash cultivars 
based on the molecular marker ISSR. The ISSR analysis between ‘Citra Laga’ 
and the imported cultivars showed an average low polymorphism rate by 
18.61% with a high similarity percentage of 83.7%. Thus, it can be said that 
the genetic variation is low and ‘Citra Laga’ is not genetically much different 
from the imported cultivars. 
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Indonesia is high biodiversity country, especially in the horticulture field. 
Squash or waluh (genus Cucurbita) is one of the abundant horticultural 
crops in Indonesia and has the potential to be developed into a food 
source. Cucurbita moschata or butternut squash is one type of squash that 
has been widely cultivated.  Butternut squash has various fruit shapes, 
namely globular, flattened, cylindrical, turbinate, dumbbell, elongated, 
pyriform, and crooked neck (Purnomo et al. 2015). Butternut squash as a 
vegetable plant has a lot of nutrients that are good for the human body. 
The nutritional content includes fiber, protein, vitamins, fats, iron, phos-
phorus, potassium, beta carotene, amino acids, antioxidants, minerals, 
phenolics, and flavonoids (Marie-Magdeleine et al. 2011; Dari & Yaro 
2016; Nopianasanti & Daryono 2018).  

Butternut squash is known to have various cultivars. Nopianasanti 
& Daryono (2018) stated that various cultivars in Cucurbita species are 
based on their mitochondrial gene. One cultivar introduced by the Facul-
ty of Biology, Universitas Gadjah Mada recently is the 'Citra Laga' but-
ternut squash which was developed by Nopianasanti and Daryono (2018). 
This new cultivar is a result from a cross between ‘Labu Madu’ F3 and 
‘Hannah’ F2 (Figure 1). 'Citra Laga' is known to have a faster harvest pe-
riod, contains high beta carotene, and has a higher resistance to Be-
gomovirus. The fruit shape of this cultivar is diverse, namely pyriform, 
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dumbbell, and globular (Figure 2).  The diverse fruit shape happens be-
cause there is still segregation gene that produces genotypic variations so 
that the fruit shape is still not stable. Some of the imported cultivars that 
have been widely commercialized are 'Tiana', 'Waltham', and 'Jacqueline'. 
The imported cultivars are known to have a stable fruit shape. ‘Tiana’ 
and ‘Jacqueline’ have a blocky fruit shape meanwhile ‘Waltham’ has a 
pyriform fruit shape (Figure 2). However, the imported cultivars are 
known to have a relatively high price because the seeds are gained from 
limited cultivation in Australia, the Netherlands, and others. Therefore, 
the breeding research of 'Citra Laga' butternut squash is very important 
so that this cultivar can be recognized as a native cultivar of Indonesia. 
This cultivar is also expected to have superior traits and good competi-
tiveness with imported cultivars but at a relatively cheaper price.  
 

 
Figure 1. Parental history of ‘Citra Laga’ butternut squash. 

 
A large number of cultivars in one species may indicate the pres-

ence of genetic variation within the species. Therefore, genetic variation 
research between ‘Citra Laga’ and imported cultivars specifically ‘Tiana’, 
‘Waltham’, and ‘Jacqueline’ needs to be conducted. If the genetic varia-
tion level between 'Citra Laga' and imported cultivars is low, then it is 
likely that 'Citra Laga' is not genetically much different from imported 
cultivars. If the genetic variation level between ‘Citra Laga’ and imported 
cultivars is high, then it can be said that ‘Citra Laga’ has genetic differ-
ences as special characteristics for the ‘Citra Laga’ cultivar. 

Genetic variation can be analyzed using DNA molecular markers. 
One of the molecular markers that can be used is the Inter-Simple Se-
quence Repeat (ISSR) (Abdein 2018). ISSR is a Polymerase Chain Reaction 
(PCR) based technique that uses microsatellite sequences for DNA ampli-
fication (Andriyani & Jadid 2021). The regions between these microsatel-
lite sequences when amplified through PCR with a single primer will 
produce products that can be used as multilocal markers in the genetic 
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variation study (Ng & Tan 2015). The ISSR has the advantage of being 
simple and having a high degree of polymorphism. ISSR is also known to 
be reproducible for fingerprinting, genetic diversity studies, and kinship 
studies (Abdein 2018).   
 

 
Figure 2. Fruit shape of (a-d) ‘Citra Laga’, (e) ‘Tiana’, (f) ‘Waltham’, and (g) 
‘Jacqueline’. ((a) globular, (b, c, f) pyriform, (d) dumbbell, and (e, g) blocky). 

 
This study was done from April to July 2022 at the Laboratory of 

Genetics and Breeding, Faculty of Biology, Universitas Gadjah Mada. 
The sampling was carried out at Pusat Inovasi Agroteknologi of UGM 
Green House, Kalitirto, Berbah, Sleman, Yogyakarta. The samples were 
3-4 weeks old leaves of ‘Citra Laga’, ‘Tiana’, ‘Waltham’, and ‘Jacqueline’ 
that were healthy and not infected with viruses to minimize contami-
nants. The too-young leaves generally contain high RNA, while the too-
old leaves contain high secondary metabolites. DNA extraction as a first 
step in molecular analysis in plants was performed to separate DNA from 
various contaminants such as cell membranes, RNA protein, and other 
cell components so that pure DNA can be obtained (Gupta 2019). In gen-
eral, the DNA extraction steps are the cell walls and membranes lysis, 
nucleolar lysis, and DNA precipitation (Sari et al. 2014). In this study, 
the DNA extraction method was done using Geneaid Genomic DNA 
mini kit for the plant according to Melani et al. (2018) with some modifi-
cations. The materials used were 100 mg leaves, 800 µL GP1 buffer, 100 
µL GP2 buffer, 1,5X GP3 buffer, 400 µL W1 buffer, 600 µL wash buffer, 
and 50 µL elution buffer. The quality of the DNA extract obtained was 
then measured with Nanodrop UV-Vis Spectrophotometer.  

Electrophoresis visualization of PCR products using ISSR primers 
can show the polymorphic and monomorphic DNA bands. If the primer is 
capable to amplify varied genome regions, then the DNA bands produced 
will also be polymorphic whereas if the primer did not amplify varied ge-
nome regions, it will produce monomorphic DNA bands. Thus, it can be 
said that polymorphic bands are DNA bands that do not always appear in 
all observed individuals. In contrast, monomorphic DNA bands are al-
ways found in all observed individuals (Munif et al. 2004).  The ISSR pri-
mers used in this study were UBC 807, UBC 809, UBC 810, UBC 812, 
and UBC 841. The use of these 5 ISSR primers refers to the research of 
Inan et al.  (2012) which examined the efficacy of the ISSR technique for 
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molecular characterization in squashes (Cucurbita).  The UBC 807, UBC 
809, UBC 810, UBC 812, and UBC 841 primers on Inan et al. (2012) re-
search succeeded in producing 100% polymorphism level in Cucurbita pe-
po, Cucurbita moschata, and Cucurbita maxima.  Therefore, those 5 primers 
were used to see whether UBC 807, UBC 809, UBC 810, UBC 812, and 
UBC 841 could also produce high levels of polymorphism for the Cucur-
bita moschata variety level. 

The PCR composition for DNA amplification was 12,5 µL MyTaq 
HS Red Mix 2X Bioline PCR kit, 2 µL DNA template, 1 µL ISSR primer, 
and 9,5 µL ddH2O. The protocols for DNA amplification were 3 minutes 
of pre-denaturation at 95°C, 1 minute of denaturation at 95°C, 1 minute 
and 30 seconds of annealing at 49,5-54,1°C (depend on primers in Table 
1), 1 minute of extension at 72°C, 5 minutes of post-extension at 72°C, 
and infinity hold at 12°C. The denaturation, annealing, and extension 
processes were performed in 35 cycles. The amplified PCR-ISSR prod-
ucts were then separated by electrophoresis on 2% agarose gel with 1X 
TBE buffer for 60 minutes at 50V. DNA band patterns were visualized 
with gel doc UV-Transilluminator. The DNA band patterns were con-
verted into binary data 0-1 based on the presence or the absence of the 
DNA band then they were analyzed using MVSP 3.1 program with the 
UPGMA method. The PCR visualization results are presented in Figure 
3. 

 
Table 1. ISSR primers. 

 
 

The visualization using UBC 807 presented in Figure 3a shows a 
total of 9 DNA bands at size ±151 - ±1253 bp. The DNA bands consist 
of 2 polymorphic and 7 monomorphic DNA bands. Polymorphic band 
sizes were ±845 bp found in T and W, also 391 bp found in T, W, and J. 
Figure 3b shows a visualization using UBC 809 primer. The total DNA 
bands obtained were 12 bands with sizes of ±195 - ±1720 bp. The total 
polymorphic DNA bands were 4 bands with sizes of ±1191 bp found in 
CL, T, and W, ±1175 bp found in CL, W, and J, ±231 bp found in J, and 
±195 bp found in CL. The visualization using UBC 810 primer in Figure 
3c shows the total of DNA bands obtained were 8 with all of them being 
monomorphic. The size of the DNA bands was ±245 - ±1330 bp. The 
visualization using UBC 812 primer in Figure 3d shows 5 monomorphic 
bands in the size of ±271 bp - ±1290 bp without polymorphic bands. The 
absence of polymorphic DNA bands in both results means that the UBC 
810 and UBC 812 primers produced low genetic variation. Figure 3e 
shows that the visualization using UBC 841 primer produced 8 DNA 
bands with sizes of ±357 bp - ±1861 bp that consist of 3 polymorphic 
bands and 5 monomorphic bands. The polymorphic bands sized ±1760 
bp, ±539 bp, and ±359 bp were found in T, W, and J.  

Table 2 shows that the total DNA bands amplified in this study 
were 42 bands with a total of 33 monomorphic bands and 9 polymorphic 
bands. The average number of polymorphic bands and the polymorphism 
percentage were 1.8 and 18.61%.  Based on all the results above, it can be 
seen that the UBC 841 primer produced the highest genetic variation 

Primer Sequences (5’→3’) 
Annealing Temperature 

(°C) 

UBC 807 AGAGAGAGAGAGAGAGT 52,3 

UBC 809 AGAGAGAGAGAGAGAGG 54,1 

UBC 810 GAGAGAGAGAGAGAGAT 45 

UBC 812 GAGAGAGAGAGAGAGAC 47,5 

UBC 841 GAGAGAGAGAGAGAGATC 49,5 
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with a polymorphism percentage of 37.5%, followed by the UBC 809 pri-
mer with a percentage of 33.33%, and UBC 807 with a percentage of 
22.22%. The UBC 810 and UBC 812 primers had the lowest genetic vari-
ation due to the absence of polymorphic DNA bands.  Samiyarsih et al.  
(2020) stated that primers with a high level of polymorphism are those 
with percentage of polymorphism ≥50%. Therefore, it can be said that all 
primers used in this study had a low level of polymorphism.  

The similarity index between the 4 cultivars of butternut squash 
may indicate their kinship. In phenetic analysis, the similarity of all exist-
ing characters will be compiled. If the similarity value is high, then the 
kinship relation will also be close (Rahayu & Jannah 2019). The results of 

 
                                          (a) 
 

 
                                            (b) 

 
                                          (c) 

 
                                            (d) 
 

 
(e) 

 
 

 

Figure 3. PCR products visualization of 4 butternut squash cultivars using (a) UBC 807 primer, (b) UBC 809 pri-

mer, (c) UBC 810 primer, (d) UBC 812 primer, and (e) UBC 841 primer. (M= Marker, CL= ‘Citra Laga’, T= Tiana, 

W= Waltham, and J= Jacqueline).  
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the phenetic relationship analysis of 'Citra Laga', 'Tiana', 'Waltham', and 
'Jacqueline' are presented in Figure 4. 

 

 
Figure 4.  Dendrogram showing the clustering of 4 butternut squash cultivars 
based on the molecular character using the UPGMA methods with Jaccard’s 
Coefficient (CL= ‘Citra Laga’, T= ‘Tiana’, W= ‘Waltham’, dan J= ‘Jacqueline’). 

 
Figure 4 shows that the analysis of the phenetic relationship be-

tween 4 butternut squash cultivars resulted in a total of 3 clusters, namely 
I, II, and III. Cluster I consist of 'Waltham' and 'Tiana' with a similarity 
percentage of 97.5%. Furthermore ' Waltham' and 'Tiana' fused into one 
cluster with 'Jacqueline' forming cluster II with a similarity percentage of 
91.5%. Next, 'Citra Laga' fused with 'Waltham', 'Tiana', and 'Jacqueline' 
forming cluster III with a similarity percentage of 83.7%. 

Based on the clusters obtained, it can be seen that 'Tiana' had the 
closest phenetic kinship to 'Waltham', while 'Citra Laga' had the most dis-
tant phenetic kinship relationship compared to all the cultivars tested. 
Nonetheless, all cultivars have a high level of similarity because they are 
valued at ≥70% so it can be said that the phenetic kinship relationship be-
tween the 4 butternut squash cultivars tested is very close. The high simi-
larity level is in line with the low polymorphism level and that means the 
genetic variation of 4 butternut squash cultivars in this study is molecu-
larly low. The low polymorphism level and the high similarity level are 
due to the samples tested in this study and are still being included in one 
species, namely Cucurbita moschata. According to Hidzroh & Daryono 
(2021), the genetic components in the same species tend to be the same, so 
genetic variation may be low. The accuracy of the primers selection can 
also be the reason for the results obtained in this study because the num-
ber of polymorphic DNA bands depends on the ISSR primer and the sam-
ple used. Inan et al. (2012) in their study using the UBC 807, UBC 809, 
UBC 810, UBC 812, and UBC 841 primers resulted in high rate of poly-

 

Table 2. Polymorphism percentage of 4 butternut squash cultivars based on 5 ISSR primers. 

ISSR 
Primer 

Total DNA 
Bands 

Total Monomorphic 
Bands 

Total Polymorphic 
Bands 

Percentage of 
Polymorphism 

(%) 

Size of DNA 
Bands (bp) 

UBC 807 9 7 2 22.22 151-1253 
UBC 809 12 8 4 33.33 195-1720 
UBC 810 8 8 0 0 24-1330 
UBC 812 5 5 0 0 271-1290 
UBC 841 8 5 3 37.5 357-1861 

Total 42 33 9 - - 

Average 8.4 6.6 1.8 18.61 - 
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morphism at the genus level of Cucurbita. Therefore, it can be said that 
the 5 primers used in this study are more precise to analyze polymor-
phism at the Cucurbita genus level, not for the Cucurbita moschata variety 
level.  Despite this, some primers can still detect the presence of genetic 
variation between the 4 butternut squash cultivars. Genetic variations 
that appear in the same species can be caused due to mutations and re-
combination as a result of a long selection process (Daryono & Maryanto 
2017).  

This study concluded that ‘Citra Laga’ cultivar and 3 imported cul-
tivars, specifically ‘Tiana’, ‘Waltham’, and ‘Jacqueline’, had a low poly-
morphism level and their phenetic kinship relationship was close. Thus, it 
can be said that their genetic variation is low. The results of this study 
are expected to be supporting data for the process of proposing ‘Citra 
Laga’ as an Indonesian local cultivar. The closeness genetic between 
‘Citra Laga’ and the imported cultivars means that genetically ‘Citra 
Laga’ is not much different from the imported one, so the ‘Citra Laga’ 
will be able to compete as a local cultivar native to Indonesia.  
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