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Abstract
This study optimized the ISSR-PCR reaction system and protocol for
Bougainvillea by examining DNA template concentration, primer concentra-
tion, annealing temperature, and number of cycles. PCR amplification was
performed on 131 Bougainvillea varieties using 11 ISSR primers, and the
amplification products were detected via agarose gel electrophoresis to analyze
genetic diversity and genetic distance among varieties, and to construct den-
drograms and fingerprinting profiles. The results showed that in the optimized
ISSR-PCR reaction system, the DNA template concentration was 0.5 ng・�L�¹,
the primer concentration was 0.5 �M・L�¹, the optimal annealing temperatures
for primers UBC813, UBC814, UBC815, UBC823, UBC824, UBC835, UBC840,
UBC841, UBC843, UBC844, and UBC876 were 52.3, 55.9, 54.3, 54.3, 53.6, 56.2,
56.2, 51.9, 54.4, 54, and 50 °C, respectively, and the number of cycles was 32.
The 11 ISSR primers amplified a total of 161 bands from the 131 Bougainvillea
varieties, of which 156 were polymorphic bands, with a polymorphism ratio
of 96.89%. For individual primers, the number of alleles, effective number
of alleles, Nei’s gene diversity index, and Shannon’s information index
ranged from 1.86–2.00, 1.33–1.68, 0.21–0.39, and 0.34–0.57, respectively, with
average values of 1.969, 1.478, 0.294, and 0.447. Primer UBC841 exhibited the
highest discrimination rate (80.92%), enabling effective identification of 106
varieties; combined with primer UBC876, all 131 Bougainvillea varieties could
be completely distinguished, establishing fingerprinting profiles for each variety.
The genetic distance among Bougainvillea varieties ranged from 0.00–0.60, with
an average of 0.365, indicating relatively low genetic diversity. At a genetic
distance of 0.58, the 131 varieties were divided into six major groups. Cluster
analysis revealed that most varieties of the same species clustered together;
however, some varieties within the same species did not cluster in the same
group or subgroup, while varieties from multiple species sometimes clustered
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within the same group. This study accurately revealed the genetic diversity
of Bougainvillea germplasm resources, and the established fingerprinting
profiles provide a reliable technique and effective tool for Bougainvillea variety
registration, intellectual property protection, and variety identification.

Full Text
Abstract
This study optimized the ISSR-PCR reaction system and protocol for
Bougainvillea by examining DNA template concentration, primer concentra-
tion, annealing temperature, and cycle number. Eleven ISSR primers were
used to amplify DNA from 131 Bougainvillea cultivars, and the amplification
products were detected via agarose gel electrophoresis to analyze genetic
diversity and genetic distance, construct a cultivar dendrogram, and establish
fingerprint profiles. The optimized ISSR-PCR system employed a DNA
template concentration of 0.5 ng・�L�¹ and primer concentration of 0.5 �M・
L�¹. The optimal annealing temperatures for primers UBC813, UBC814,
UBC815, UBC823, UBC824, UBC835, UBC840, UBC841, UBC843, UBC844,
and UBC876 were 52.3, 55.9, 54.3, 54.3, 53.6, 56.2, 56.2, 51.9, 54.4, 54, and 50
°C, respectively, with 32 amplification cycles. The 11 ISSR primers amplified
161 bands across the 131 cultivars, of which 156 were polymorphic, yielding
a polymorphism rate of 96.89%. Per primer, the number of alleles, effective
number of alleles, Nei’s gene diversity index, and Shannon’s information
index ranged from 1.86–2.00, 1.33–1.68, 0.21–0.39, and 0.34–0.57, respectively,
with averages of 1.969, 1.478, 0.294, and 0.447. Primer UBC841 exhibited the
highest discrimination rate (80.92%), enabling effective identification of 106
cultivars. Combined with primer UBC876, all 131 Bougainvillea cultivars could
be completely distinguished, establishing a unique fingerprint for each cultivar.
Genetic distances among cultivars ranged from 0.00 to 0.60, with a mean of
0.365, indicating relatively low genetic diversity. At a genetic distance of 0.58,
the 131 cultivars clustered into six major groups. The cluster analysis revealed
that most cultivars of the same species grouped together, though some cultivars
within a species were distributed across different clusters or subclusters, while
cultivars from multiple species occasionally clustered together. This study
accurately revealed the genetic diversity of Bougainvillea germplasm resources,
and the established fingerprints provide a reliable technique and effective
tool for cultivar registration, intellectual property protection, and cultivar
identification.

Keywords: Bougainvillea, ISSR marker, genetic diversity, genetic relationship,
fingerprint

Introduction
Bougainvillea (Bougainvillea spectabilis Willd.) belongs to the family Nyctagi-
naceae, order Thymelaeceae, and is widely used in landscaping throughout tropi-
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cal and subtropical regions. With over a century of cultivation history in China,
Bougainvillea encompasses numerous cultivars and abundant bud sport vari-
ants, with approximately 200 introduced and selected varieties. However, their
genetic relationships remain unclear, and issues of synonymy and homonymy
are common. Current research on Bougainvillea has primarily focused on prop-
agation and cultivation techniques (Zhou, 2008; Moneruzzaman et al., 2010;
Sun et al., 2017) and physicochemical studies (Zhao et al., 2014; Figueroa et
al., 2014; Marana et al., 2015; Chauhan et al., 2016), while genetic diversity
research remains limited. Notably, only one study has employed Inter-Simple
Sequence Repeats (ISSR) molecular markers to analyze genetic relationships
among Bougainvillea germplasm resources, and that analysis included only 68
cultivars (Li et al., 2011). No reports have documented the use of ISSR markers
for large-scale cultivar identification or fingerprint construction in Bougainvillea.

ISSR molecular marker technology, developed based on Simple Sequence Re-
peats (SSR), involves designing primers with 1–4 additional bases at one end
of an SSR to detect DNA sequence polymorphisms between two closely posi-
tioned, oppositely oriented SSRs. Its principle is similar to that of SSR mark-
ers (Shao, 2017; Zhou, 2014). ISSR markers offer several advantages: simple
primer design, higher polymorphism than Random Amplified Polymorphic DNA
(RAPD) and Restriction Fragment Length Polymorphism (RFLP) markers, ease
of operation, low DNA requirement, strong stability, good reproducibility, and
cost-effectiveness with high safety (Tan, 2014). ISSR markers have been widely
applied in genetic relationship analysis (Li, 2014), genetic diversity assessment
(Wang, 2015; Liang, 2018), fingerprint construction (Wang, 2016), cultivar iden-
tification (Ali, 2015; Jedrzejczyk et al., 2018; Sun et al., 2017), purity testing
(Guan et al., 2013), and genetic stability analysis (Reza et al., 2017). This study
investigated 131 Bougainvillea cultivars using ISSR markers to analyze their
genetic diversity, determine genetic relationships, and conduct cultivar identifi-
cation and fingerprint construction, thereby providing reliable techniques and
effective tools for germplasm conservation, intellectual property protection, and
cultivar clarification.

Materials and Methods
Plant Materials

The 131 Bougainvillea cultivars examined in this study are listed in Table 1 .
Eighteen cultivars (Nos. 1–18) were maintained at the Institute of Landscape
Horticulture, Guangxi Forestry Research Institute, while 113 cultivars (Nos. 19–
131) were collected from the Tropical Crops Germplasm Resources Institute, Chi-
nese Academy of Tropical Agricultural Sciences. Young leaves were harvested
from healthy, pest-free plants for immediate DNA extraction and stored at –80
°C until use.
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Primer Synthesis and Screening

Primer sequences were selected from 100 ISSR primers published by the Uni-
versity of British Columbia and synthesized by Suzhou Genewiz Biotechnology
Co., Ltd. Primers exhibiting high polymorphism, strong stability, and good
reproducibility were selected for genetic relationship analysis and fingerprint
construction.

DNA Extraction and Quality Assessment

Genomic DNA was extracted from young leaves using a Rapid Plant Genomic
DNA Extraction Kit (Aidlab Biotechnologies Co., Ltd., Beijing). DNA concen-
tration was assessed using 1.2% agarose gel electrophoresis and UV spectropho-
tometry.

Optimization of ISSR-PCR Reaction System

Based on relevant literature (Li et al., 2010), the initial amplification reaction
system was set at 20 �L, containing 10 �L 2× DreamTaq mix, 1 �L ISSR primer
(10 �M), 8 �L RNase-free water, and 1 �L template gDNA (20–30 ng). Key
factors affecting DNA amplification were optimized, including template DNA
concentration (using the‘Auratus’cultivar, Bougainvillea spectabilis‘Auratus’
) and primer concentration. Template DNA concentrations of 400, 200, 50, 20,
10, 5, 0.2 ng・�L�¹ (seven levels) and primer concentrations of 40, 20, 15, 10, 4,
2 pmol・�L�¹ (six levels) were tested using primer UBC815 to identify optimal
conditions.

PCR amplification was performed on a HeMa9600 thermal cycler (Shenzhen
Zhuhai Hema Co., Ltd.) with the following initial program: 94 °C for 5 min;
38 cycles of 94 °C for 30 s, 52 °C for 30 s, and 72 °C for 2 min; final hold at 4
°C. Subsequently, annealing temperature trials were conducted for 11 selected
primers, and cycle numbers were tested at gradients of 20, 23, 26, 29, 32, 35, 38,
and 42 cycles.

PCR products were detected using 1.5% agarose gel electrophoresis with Gold-
View staining at a voltage not exceeding 5 V/cm in 1× TAE buffer for 90 min,
and imaged using a JS-1075 gel imaging system.

Validation of ISSR-PCR System

DNA from 18 randomly selected Bougainvillea cultivars was used as template to
validate the optimized ISSR-PCR system using polymorphic primers, assessing
system stability.

Data Processing and Analysis

Amplification products were manually scored. Using a 5,000 bp marker as stan-
dard, clear and reproducible bands were recorded: presence scored as “1”and
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absence or ambiguous bands as“0”. The band data were converted into a binary
matrix. PopGene32 software was used to analyze genetic parameters including
percentage of polymorphic loci (PPL), observed number of alleles (Na), effective
number of alleles (Ne), Nei’s gene diversity index (H), Shannon’s information
index (I), genetic distance (GD), and genetic similarity coefficient (GS). Based
on genetic distance and similarity coefficients, cluster analysis was performed
using the Unweighted Pair Group Method with Arithmetic Mean (UPGMA) in
NTSYSpc 2.1 (Rohlf et al., 2000) to construct a DNA digital fingerprint for
Bougainvillea cultivars.

Results
Genomic DNA Extraction and Quality Assessment

Genomic DNA extracted using the rapid extraction kit produced clear, bright
bands without smearing or impurities in agarose gel electrophoresis (Figure 1
[Figure 1: see original paper] shows results for 20 samples). UV spectrophotom-
etry revealed OD���/OD��� ratios of 1.8–2.0 and concentrations of 200–400 ng・
�L�¹, indicating high-quality DNA suitable for subsequent experiments.

Optimization of ISSR-PCR Conditions

Effects of DNA Template Concentration DNA template concentration
and quality are critical for ISSR-PCR amplification. Using primer UBC815,
amplification products (Figure 2 [Figure 2: see original paper]) showed that
bands could be obtained across 0.01–50 ng・�L�¹, but amplification was poor at
0.01, 0.05, 10, and 50 ng・�L�¹. No significant differences were observed between
0.1–2 ng・�L�¹. After repeated trials, 0.5 ng・�L�¹ yielded the clearest and most
stable bands.

Effects of Primer Concentration Amplification occurred across 0.1–2.0
�M・L�¹ primer concentrations, but bands were fewer and fainter at 0.1, 0.2, and
2.0 �M・L�¹. Optimal amplification was achieved at 0.5–1.0 �M・L�¹. Based on
repeated experiments, 0.5 �M・L�¹ was selected for subsequent trials (Figure 3
[Figure 3: see original paper]).

Effects of Annealing Temperature Using the optimized reaction system,
annealing temperature trials for 11 primers identified optimal temperatures:
UBC813 (52.3 °C), UBC814 (55.9 °C), UBC815 (54.3 °C), UBC823 (54.3 °C),
UBC824 (53.6 °C), UBC835 (56.2 °C), UBC840 (56.2 °C), UBC841 (51.9 °C),
UBC843 (54.4 °C), UBC844 (54 °C), and UBC876 (50 °C). Representative an-
nealing temperature optimization gels are shown in Figures 4 [Figure 4: see
original paper], 5 [Figure 5: see original paper], and 6 [Figure 6: see original
paper].
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Effects of Cycle Number While increasing cycle number can enhance prod-
uct yield, excessive reaction time increases nonspecific amplification and is lim-
ited by component availability (e.g., declining polymerase activity). Appro-
priate cycle number is therefore crucial. ISSR-PCR results at different cycle
numbers (Figure 7 [Figure 7: see original paper]) showed no amplification at
20–26 cycles, but clear bands at 29–41 cycles. The brightest, clearest bands
were obtained at 32 cycles, with minimal improvement beyond this. For time
and cost efficiency, 32 cycles was selected.

Stability Validation of ISSR-PCR System

Eighteen samples representing B. spectabilis, B. glabra, B. × buttiana, B. pe-
ruviana, and Bougainvillea sp. were selected to validate the optimized system
using primer UBC824 (Figure 8 [Figure 8: see original paper]). Results demon-
strated excellent stability with clear, reproducible, highly polymorphic bands,
confirming suitability for subsequent analyses.

ISSR Primer Screening

From 100 ISSR primers, 11 were selected through primary and secondary screen-
ing based on abundant, clear, reproducible amplification. Representative screen-
ing results are shown in Figures 9 [Figure 9: see original paper] and 10 [Figure
10: see original paper].

Genetic Analysis

Polymorphism of ISSR Primers The 11 selected primers, chosen for abun-
dant, clear, polymorphic, and reproducible amplification, were used to analyze
131 Bougainvillea cultivars (Table 3 ). These primers amplified 161 total bands
(average 14.6 per primer), with 156 polymorphic bands (96.89% polymorphism).
Individual primer amplification ranged from 12–20 bands, with UBC841 pro-
ducing the most (20 bands) and UBC814, UBC815, and UBC843 the fewest
(12 bands each). All primers except UBC823, UBC835, and UBC840 achieved
100% polymorphism, indicating excellent polymorphic potential. Representa-
tive amplification with UBC815 is shown in Figure 11 [Figure 11: see original
paper].

Genetic Diversity of Bougainvillea Germplasm Binary data matrices
were analyzed using PopGene32 software (Table 4 ). Per primer, observed al-
lele number ranged 1.86–2.00 (mean 1.969); effective allele number ranged 1.33
(UBC840)–1.68 (UBC876) (mean 1.478); Nei’s gene diversity index ranged 0.21
(UBC840)–0.39 (UBC841) (mean 0.294); Shannon’s information index ranged
0.34 (UBC823, UBC840)–0.57 (UBC841) (mean 0.447). UBC841 and UBC876
showed the highest values across all parameters, while UBC840 showed the low-
est effective allele number, Nei’s index, and Shannon’s index. These results
indicate relatively limited genetic diversity in Bougainvillea.
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UPGMA Cluster Analysis Based on 11 ISSR primers, genetic distances
among 131 cultivars ranged 0.00–0.60 (mean 0.365). UPGMA cluster analysis
produced a dendrogram (Figure 12 [Figure 12: see original paper]) revealing six
major groups at a genetic distance of 0.58.

Group 1 comprised 25 cultivars across four species: 13 B. glabra, 4 B.
spectabilis, 1 B. × buttiana, 1 B. peruviana, and 6 Bougainvillea sp. At a
genetic distance of 0.54, Group 1 subdivided into three subgroups (1-I, 1-II,
1-III). Subgroup 1-I included eight B. glabra cultivars (Nos. 1, 3, 7, 19, 101,
127). Subgroup 1-II included three B. glabra (37, 40, 41), two B. spectabilis (40,
84), one B. × buttiana (51), one B. peruviana (76), and three Bougainvillea sp.
(92, 130, 131). Subgroup 1-III contained only two B. glabra cultivars (2, 4).

Group 2 included nine cultivars: five B. glabra (25, 26, 27, 29, 28), one B. ×
buttiana (45), and three Bougainvillea sp. (110, 112, 111).

Group 3 contained 86 cultivars: six B. glabra, 29 B. × buttiana, six B.
spectabilis, nine B. peruviana, two B. × spectoglabra hybrids, and 33 Bougainvil-
lea sp. At a genetic distance of 0.56, Group 3 subdivided into four subgroups
(3-I, 3-II, 3-III, 3-IV). Subgroup 3-I included two B. glabra (5, 6), five B. ×
buttiana (18, 17, 14, 15, 16), two B. spectabilis (8, 10), and two B. × spectoglabra
hybrids (13, 12). Subgroup 3-II contained only one Bougainvillea sp. (86).
Subgroup 3-III further divided into seven mini-clusters (3-IIIA through 3-IIIG)
at a genetic distance of 0.53. Subgroup 3-IV included one B. glabra (24), one
B. × buttiana (52), one B. peruviana (68), and two Bougainvillea sp. (87, 105).

Group 4 comprised one B. glabra (30) and one B. spectabilis (79). Group 5
included one B. glabra (35) and three Bougainvillea sp. (124, 100, 123). Group
6 contained four B. glabra (22, 32, 33, 34) and one Bougainvillea sp. (103).

All 131 cultivars were successfully distinguished, demonstrating ISSR markers’
effectiveness for Bougainvillea germplasm analysis and cultivar identification.

Fingerprint Construction The 11 ISSR primers completely distinguished
all 131 cultivars. Electrophoretic bands were scored as“1”(present) or“0”(absent)
to construct a binary fingerprint matrix (Table 5 ). Primer UBC841 showed the
highest discrimination rate (80.92%), identifying 106 cultivars alone. Combined
with UBC876, all 131 cultivars were uniquely identified. UBC841 amplified 20
polymorphic loci (2500, 2200, 2000, 1600, 1500, 1450, 1100, 1000, 950, 850,
750, 700, 650, 550, 450, 400, 350, 150, 250, and 2900 bp). UBC876 amplified
15 polymorphic loci (2800, 2500, 2000, 1800, 1500, 1350, 1150, 1050, 900, 850,
750, 650, 550, 3100, and 500 bp). UBC876 generated 15-digit fingerprints for
cultivars 12, 14, 31, 39, 42, 43, 44, 48, 58, 64, 65, 66, 67, 70, 82, 85, 86, 88, 90,
97, 98, 99, 101, 107, and 126, while UBC841 generated 20-digit fingerprints for
the remaining cultivars.
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Discussion
ISSR System Optimization

DNA template quantity critically affects PCR amplification. In this study, am-
plification occurred across 0.01–50 ng・�L�¹, but bands were unclear and diffuse at
excessively high or low concentrations (Wang et al., 2010). Repeated trials iden-
tified 0.5 ng・�L�¹ as optimal, producing the clearest, most stable bands. Primer
concentration directly influences PCR results: excessive concentrations increase
mismatching and nonspecific amplification while promoting primer-dimer forma-
tion, whereas insufficient concentrations reduce product yield (Liu, 2014). PCR
specificity is also affected by annealing temperature, which depends on base
composition, concentration, primer length, and target sequence length (Zhang,
2014); thus, optimal temperatures vary by primer. This study determined op-
timal annealing temperatures through gradient trials. Cycle number is decisive
for amplification: more cycles increase nonspecific products, and amplification
capacity declines with polymerase activity. Typically, 30–40 cycles are recom-
mended (Feng et al., 2004); this study found 32 cycles optimal.

Genetic Diversity and Relationship Analysis in Bougainvillea

Using the optimized ISSR-PCR system, 11 highly polymorphic, reproducible,
and stable primers amplified 161 bands across 131 cultivars, with 156 poly-
morphic bands (96.7% polymorphism)—substantially higher than RAPD (67.4%
polymorphism) (Richa et al., 2009) and isozyme (75.5% polymorphism) (Yin et
al., 2001) markers. However, Nei’s gene diversity index (mean 0.29) and Shan-
non’s information index (mean 0.45) were low, with high genetic similarity
coefficients (0.64–0.95), indicating limited genetic diversity among tested cul-
tivars. This aligns with Huang (2010) (genetic similarity 0.50–0.97 among 68
Bougainvillea accessions) and Richa et al. (2009) (similarity 0.51–0.94 among 30
accessions). Limited genetic diversity may stem from Bougainvillea’s special-
ized floral structure and low pollen viability, which restrict hybrid breeding and
favor vegetative propagation, narrowing the gene pool and increasing genetic
similarity (Huang, 2010).

Genetic distances of 0.00–0.60 (mean 0.365) enabled effective identification of all
131 cultivars, demonstrating ISSR reliability for Bougainvillea cultivar discrim-
ination. Clustering at a genetic distance of 0.58 revealed six groups, showing
differentiation among cultivars with discernible patterns: most cultivars within
a species clustered together (e.g., 60.0% of 30 B. glabra cultivars in Groups 1–
2; 93.5% of 31 B. × buttiana in Group 3; 81.8% of 11 B. peruviana in Group
3). The two hybrids (Nos. 12, 13) clustered in Subgroup 3-I. However, some
intraspecific cultivars were distributed across different clusters (e.g., B. glabra
cultivars‘Mrs. Eva’and‘Snow Purple’in Groups 4 and 5, respectively;‘Alba’
, ‘Royal Purple’, ‘Singapore White’, and ‘Singapore Beauty’in Group 6).
One B. × buttiana cultivar (‘Los Banos Variegata’) clustered in Group 1,
likely reflecting its B. glabra parentage. Additionally, multiple species clustered
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together in Group 3, possibly due to long-term adaptation to similar environ-
ments converging traits and underlying genes.

Compared with Li et al. (2011) ISSR analysis of 68 cultivars, 16 shared cultivars
showed similar clustering relationships (e.g.,‘Variegata’,‘Senjakala’,‘Golden
Lady’, and ‘China Beauty’in Subgroup 1-I; ‘Barbara Karst’, ‘Imperial
Delight’,‘Rosa’,‘Pink Pixie’,‘Thimma’, and‘Temple Fire’in Subgroup
3-I). However, ISSR-based clustering did not strictly correspond to traditional
morphological classification. For example, B. glabra ‘Mrs. Eva’(No. 30) and
B. spectabilis ‘Splendens’(No. 79), morphologically distinct and belonging to
different species, clustered together, indicating discrepancies between molecular
and phenotypic classifications.

This study elucidated genetic relationships among Bougainvillea cultivars and
successfully established molecular fingerprints, providing valuable information
for future germplasm conservation and cultivar identification.
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Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.
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