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AbstractAbstractAbstractAbstract    
    
Guava (Psidium guajava L.) is the most cherished cultivated fruit species in the Myrtaceae family, and it 

is a perennial tree native to tropical America. The objective of this study was to determine the genetic variability 
of Psidium guajava in Cereté (Colombia) using SSR markers. DNA extraction was performed using the Mini-
prep method with modifications. Nine microsatellites were amplified using the PCR Touchdown technique. 
Genetic-population parameters such as the number of alleles, effective number of alleles, observed 
heterozygosity, expected heterozygosity, fixation index, Hardy-Weinberg equilibrium, and polymorphic 
information content were calculated using PopGene 1.31 software. The number of alleles varied between 4 for 
markers mPgCIR13, mPgCIR20, mPgCIR23, and 8 for marker mPgCIR19, respectively. The average value of 
effective number of alleles was 3.722, observed heterozygosity was 0.217, and expected heterozygosity was 
0.254. The average fixation index was 0.101. Hardy-Weinberg equilibrium tests revealed significant differences 
in the markers. The FIS coefficient had an average value of 0.385, the FIT coefficient showed an average of 0.490, 
and the FST coefficient had a value of 0.178. Genetic distance analysis showed that Mateo Gómez was closely 
related to Retiro de los Indios, while Rabolargo appeared to be the most distant population. The study revealed 
low genetic variability within and between the populations studied, possibly, reflecting the type of asexual 
propagation applied in guava crops. 
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IntroductionIntroductionIntroductionIntroduction    
 
Guava (Psidium guajava L.; Myrtaceae family), known as the "apple of the poor," is cultivated in tropical 

and subtropical regions worldwide (Morton, 1987). Guava cultivation has a significant impact on the global 
economy, with Pakistan accounting for 22%, Brazil for 17%, India for 16%, Mexico for 15%, and Egypt for 
12% of the total guava production. In the year 2021, the global production of guava reached 2,075,000 tons 
per year (Ministry of Agriculture, 2021). 

In Colombia, guava cultivation has expanded to cover 19,277 hectares, resulting in a total production 
of 165,543 tons of fruits. This makes the guava sector one of the most significant contributors to the country's 
agricultural development. The productivity of guava cultivation has increased by 15% in the departments of 
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Santander, Boyacá, and Atlántico, which together account for 70% of the national production (Ministry of 
Agriculture, 2021). 

Guava is gaining increasing attention worldwide due to its extraordinary nutritional and health benefits, 
as well as its easy availability and relatively affordable prices compared to other fruits (Rajan and Hudedamani, 
2019). Therefore, the lack of information about the diversity of guava genetic resources poses a significant 
vulnerability to the agricultural system. Additionally, it reduces the genetic base of cultivars, leading to 
decreased productivity and survival of the crop. This could result in inbreeding processes, loss of genetic 
variation, and, in the long term, an increased rate of population extinction (Robitzch et al., 2023). 

Currently, the implementation of molecular techniques has been used to obtain specific genetic markers 
for each plant species, identify polymorphic differences, and provide essential information for species 
identification. In this context, molecular markers such as microsatellites have become a powerful tool for 
various applications (Vázquez et al., 2012). Microsatellites offer several advantages, including codominance, 
multiallelism, and high heterozygosity. They also require a minimal amount of DNA for analysis and can 
precisely discriminate between closely related individuals due to their high polymorphic nature (González, 
2003). These characteristics make microsatellites valuable for genetic studies, diversity assessments, and 
population genetics research in guava and other plant species. 

Microsatellite markers are increasingly being implemented to assess the molecular-level genetic 
variability of cultivars and lineages. They find applications in plant breeding, marker-assisted selection, genetic 
map validation, as well as studies of genetic diversity and structure (Bandera and Pérez, 2015). The 
polymorphism of microsatellites is based on the variation in the number of tandem repeats of alleles at a locus. 
These markers have proven to be highly valuable for conducting diversity studies and identifying accessions 
within the crop (Kumar et al., 2023; Ma et al., 2020). 

Their ability to reveal unique genetic profiles and differences between individuals or populations has 
made them essential tools in the field of molecular genetics and breeding. By analysing the variation in 
microsatellites, researchers can gain insights into the genetic diversity within guava populations and better 
understand the relationships between different cultivars and varieties. This information is crucial for 
conservation efforts, germplasm management, and the development of improved guava varieties through 
selective breeding. 

In Córdoba, and in Colombia as a whole, there is limited knowledge regarding the genetic diversity and 
population structure of guava cultivars and populations. Therefore, this study aims to provide valuable insights 
into the genetic makeup and relationships among the guava accessions in the region. By analysing these 
microsatellite markers, researchers can assess the level of genetic variability and identify distinct genetic profiles 
within the guava population. Understanding the genetic diversity of guava in Cereté can help inform 
conservation strategies, enhance breeding programs, and contribute to the sustainable management of this 
important fruit crop in Colombia. 

 
 

Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Study area 
The plant material was collected in the municipality of Cereté, Córdoba (08°55´5.5¨ North Latitude, 

75°48´7.2¨ West Longitude) with an average temperature of 26 °C. Sampling was conducted in the following 
districts: Mateo Gómez, Rabolargo, Retiro de los Indios, Manguelito, and Severá (Table 1). 
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Table 1. Table 1. Table 1. Table 1. Coordinates of the study areas and number of individuals sampled in the municipality of Cereté, 
Córdoba 

Study zoneStudy zoneStudy zoneStudy zone    Sampled individualsSampled individualsSampled individualsSampled individuals    LatitudeLatitudeLatitudeLatitude    LongitudeLongitudeLongitudeLongitude    
Mateo Gómez 11 8° 50' 39.1" N    75° 49' 51.5" W    
Rabolargo 10 8° 57' 18.6" N    75° 44' 28.8" W    
Retiro de los Indios 12 8° 51' 45.8" N    75° 48' 35.6" W    
Manguelito 10 8° 55' 17.1" N    75° 47' 20.3" W    
Severá 12 8° 53' 32.5" N    75° 52' 53.1" W    

 
Sample collection  
Young leaves from 55 guava individuals (Psidium guajava L.) were collected. The collected material was 

placed in resealable bags containing silica gel, appropriately labeled, and stored at room temperature. The 
samples were transported to the Genetics Laboratory at the University of Córdoba, Colombia. 

 
DNA extraction  
For DNA extraction, the Mini-prep method with modifications was used following the protocol below: 

each sample was macerated with liquid nitrogen, and then 25 mg of the macerated material was transferred to 
a 2 ml reaction tube. To this tube, 450 μL of CTAB buffer and 450 μL of water were added, followed by 100 
μL of 10% PVP (polyvinylpyrrolidone) and 20 μL of β-mercaptoethanol. The mixture was then heated in a 
water bath at 65 °C for 1 hour with agitation every 15 minutes. After this time, 900 μL of chloroform-isoamyl 
alcohol (24:1) was added, and the mixture was inverted and agitated for 5 minutes. Subsequently, it was 
centrifuged for 5 minutes at 7500 g, and the supernatant was transferred to a 1.5 ml Eppendorf tube. Then, 90 
μL of 0.3M sodium acetate and 500 μL of absolute ethanol were added, and the solution was cooled at -20 °C 
for one hour. After this time, it was centrifuged at 13000 RPM for 10 minutes, the supernatant was discarded, 
and 600 μL of 70% ethanol was added. Another centrifugation step was performed for 3 minutes at 13000 
RPM, repeating the previous step. Afterwards, the eluted DNA samples underwent an RNase treatment. The 
DNA's purity and concentration were assessed using both 2.5% (w/v) agarose gels and the NanoDrop® ND-
1000 Spectrophotometer. Finally, 100 μL of rehydration solution was added, and the mixture was heated at 65 
°C for 30 minutes in a water bath and stored at -20 °C for later use. 

 
Polymerase Chain Reaction 

The microsatellite markers (Table 2) were amplified using PCR end point. The reaction mixture had a 
final volume of 25 μl, which included 12.5 μl of Taq polymerase enzyme, 0.75 μl of each forward and reverse 
primer, 4 μl of genomic DNA, and 7 μl of sterile water to reach the total volume. The PCR reaction (Table 3) 
was performed in a Bio-Rad T100™ Thermal Cycler (BIO-RAD, Hercules, USA) using the Touchdown PCR 
technique, which consisted of an initial denaturation phase at 95 °C for 3 minutes, followed by 35 cycles 
distributed as follows: denaturation at 95 °C for 30 seconds, two annealing cycles for each temperature ranging 
from 60 °C to 56 °C for 30 seconds, and 23 additional annealing cycles at 56 °C for 30 seconds. Extension of 
the DNA strands was carried out for 1 minute in all cycles. Finally, there was a final extension step at 72 °C for 
5 minutes, followed by a hold time at 6 °C. The PCR products were analysed, and the polymorphisms were 
determined using the CEQ™ 8800 XL Capillary Genetic Analysis System from Beckman Coulter, Fullerton, 
CA. The analyses were repeated at least two times to ensure the reproducibility of the results. 
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Table 2.Table 2.Table 2.Table 2. Characteristics of the evaluated SSR markers (Risterucci et al., 2005) 

LocusLocusLocusLocus    SequenceSequenceSequenceSequence 
Annealing Annealing Annealing Annealing 

temperature (ºC)temperature (ºC)temperature (ºC)temperature (ºC) 
Range in bpRange in bpRange in bpRange in bp    

mPgCIR 7 
F: ATGGAGGTAGGTTGATG 

R: CGTAGTAATCGAAGAAATG 
55 148–160 

mPgCIR 9 
F: GCGTGTCGTATTGTTTC 

R: ATTTTCTTCTGCCTTGTC 
55 156–176 

mPgCIR 11 
F: TGAAAGACAACAAACGAG 

R: TTACACCCACCTAAATAAGA 
55 298–314 

mPgCIR 13 
F: CCTTTTTCCCGACCATTACA 
R: TCGCACTGAGATTTTGTGCT 

55 240–260 

mPgCIR 16 
F: AATACCAGCAACACCAA 

R: CATCCGTCTCTAAACCTC 
55 268–296 

mPgCIR 19 
F: AAAATCCTGAAGACGAAC 
R: TATCAGAGGCTTGCATTA 

55 258–280 

mPgCIR 20 
F: TATACCACACGCTGAAAC 
R: TTCCCCATAAACATCTCT 

55 270–298 

mPgCIR 22 
F: CATAAGGACATTTGAGGAA 
R: AATAAGAAAGCGAGCAGA 

55 236–252 

mPgCIR 23 
F: GTCTATACCTAATGCTCTGG 

R: CCCAGGAAAATCTATCAC 
55 184–198 

 
 
Table 3.Table 3.Table 3.Table 3. PCR cycles performed for the amplification of the 7 molecular markers used 

Temperature (°C)Temperature (°C)Temperature (°C)Temperature (°C) TimeTimeTimeTime Number of cyclesNumber of cyclesNumber of cyclesNumber of cycles 
95° 3 min 1  
60°-56° 30 seg 10 

 56° 30 seg 23 

72° 1 min  

72° 5 min 1 

 
Data analysis  
The estimation of allele frequencies, as well as measures of genetic diversity, including expected 

heterozygosity (He), observed heterozygosity (HO), fixation index (F), genetic differentiation coefficient (GST), 
gene flow (Nm), Hardy-Weinberg equilibrium, and genetic distance between populations were determined 
using the PopGene 1.31 software (Yeh et al., 1999). The genetic structure of the populations was calculated 
using the FSTAT v. 2.9.3.2 program (Goudet, 2002). The polymorphic information content (PIC) of each 
microsatellite was determined using the CERVUS v. 3.021 software (Kalinowski et al., 2021). The dendrogram 
representing the estimated genetic distance values was constructed using the Neighbor-Joining method with 
the MEGA 11.0.13 program (Tamura et al., 2021). Molecular analysis of variance (AMOVA) was determined 
using GenAIEx 6.503 software (Peakall and Smouse, 2012). The number of population groups and the delta K 
value were determined using the software STRUCTURE 2.3.4 (Pritchard et al., 2000).  

 
 
ResultsResultsResultsResults    
 
The allelic frequencies of the markers used to assess genetic variability in guava populations are displayed 

in Table 4. The highest number of alleles (Table 4 and Table 5) was found for marker mPgCIR20 with eight 
alleles, while markers mPgCIR 7, mPgCIR 16, and mPgCIR 20 and mPgCIR 23 exhibited six, five and four 
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alleles and the marker with the lowest number of alleles was mPgCIR11 with two and an average number of 4.3 
alleles. The highest frequency was allele 298 of marker mPgCIR11, with a frequency of 0.938 in the Mateo 
Gómez population. As for the lowest frequencies, they were observed for marker mPgCIR20 with values 
ranging between 0.056 and 0.063. Furthermore, marker mPgCIR11 exhibited fixation of allele 298 in four of 
the populations. 

The genetic parameters of the nine microsatellite markers used to assess genetic diversity in guava 
populations in Cereté are presented in Table 5. For observed heterozygosity (Ho), the results obtained ranged 
from 0.152 to 0.310, corresponding to markers mPgCIR 19 and mPgCIR 16, respectively, with an average of 
0.217. Expected heterozygosity (He) values fluctuated between 0.188 (mPgCIR 19) and 0.388 (mPgCIR 16), 
with an average of 0.254. The average number of effective alleles (Ne) was 3.722, with marker mPgCIR 19 
showing the highest effective number of alleles at 4.723. The fixation index (F) presented a variation from 0.363 
to -0.192 for markers mPgCIR 11 and mPgCIR 13, respectively (Table 5). The polymorphic information 
content (PIC) for the population ranged between 0.578 (mPgCIR 11) and 0.759 (mPgCIR 19), with these 
values corresponding to markers with the lowest and highest number of alleles. The average PIC was 0.678 
(Table 5), and in this study, all markers can be considered highly informative (PIC>0.05). The population 
showed a departure from Hardy-Weinberg equilibrium (p<0.05) in 7 markers, while the remaining 2 loci did 
not exhibit significant differences (mPgCIR 23, mPgCIR 16) (Table 5). 

 
Table 4.Table 4.Table 4.Table 4. Allelic frequencies of microsatellite markers assessed in P. guajava L. populations in Cereté. 
Córdoba 

LocusLocusLocusLocus    
No.  of No.  of No.  of No.  of 
allelesallelesallelesalleles    

AllelesAllelesAllelesAlleles    Mateo GómezMateo GómezMateo GómezMateo Gómez    RabolargoRabolargoRabolargoRabolargo    
Retiro de los Retiro de los Retiro de los Retiro de los 

Indios Indios Indios Indios     
ManguelitoManguelitoManguelitoManguelito    SeveráSeveráSeveráSeverá    

mPgCIR11 2 
298 0.938  1.000 1.000 1.000 1.000 
314 0.063  0.000  0.000   0.000  0.000 

mPgCIR07 6 

154 0.000  0.000  0.000  0.200  0.000  
157 0.000  0.000  0.000  0.200  0.167  
160 0.222  0.000  0.200 0.500 0.833  
164 0.278  0.000  0.000  0.000  0.000  
167 0.333  1.000  0.800 0.000  0.000  
176 0.167  0.000  0.000  0.100  0.000  

mPgCIR 9 4 

158 0.187  0.427  0.000  0.551  0.108  
162 0.000   0.202  1.000  0.111  0.090  
168 0.552  0.371  0.000   0.208  0.651  
172 0.261   0.000   0.000   0.130   0.151  

mPgCIR19 3 
260 0.778   0.714   0.900   1.000   1.000   
270 0.222  0.286   0.000   0.000   0.000   
278 0.000   0.000   0.100  0.000   0.000   

mPgCIR20 8 

270 0.000   0.786   1.000 0.125   0.000   
280 0.000   0.000   0.000   0.750   0.929  
284 0.889  0.143   0.000   0.000   0.000   
290 0.000   0.071   0.000   0.000   0.000    
297 0.000   0.000   0.000   0.063  0.000   
300 0.056  0.000   0.000   0.063  0.000   
302 0.056  0.000   0.000   0.000   0.000   
305 0.000   0.000   0.000   0.000   0.071  

mPgCIR 22 3 
240 0.000   0.108   0.395   0.000   0.688  
244 0.000   0.474   0.605  0.531   0.000   
248 1.000  0.418   0.000   0.469   0.312  

mPgCIR23 4 

185 0.000   0.000   0.800   0.200 1.000 
188 1.000  0.929   0.200   0.700   0.000   
199 0.000   0.071   0.000   0.000   0.000   
201 0.000   0.000   0.000   0.100   0.000   

mPgCIR13 4 

240 1.000  0.643   0.200   0.857   1.000 
242 0.000   0.286 0.000   0.000   0.000   
245 0.000   0.000   0.800 0.143 0.000   
255 0.000   0.071 0.000   0.000   0.000   
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Table 5.Table 5.Table 5.Table 5. Genetic parameters calculated in the population of Psidium guajava L. from Cereté 
LocusLocusLocusLocus    NaNaNaNa    NeNeNeNe    HoHoHoHo    HeHeHeHe    FFFF    PICPICPICPIC    HWHWHWHW    

mPgCIR 23 4 3.898 0.214 0.243 0.119 0.701 0.278 ns 
mPgCIR 19 3 2.723 0.152 0.188 0.191 0.615 0.000*** 
mPgCIR 16 5 3.717 0.310 0.388 0.201 0.757 0.213 ns 

mPgCIR 20 8 5.095 0.262 0.277 0.054 0.759 0.249 

mPgCIR 22 3 1.657 0.167 0.227 0.264 0.691 0.000*** 
mPgCIR 13 4 3.119 0.292 0.245 -0.192 0.701 0.000*** 
mPgCIR 11 2 1.420 0.156 0.245 0.363 0.578 0.004** 

mPgCIR 7 6 4.485 0.185 0.213 0.131 0.669 0.007** 
mPgCIR 9 4 3.181 0.240 0.286 0.161 0.629 0.000*** 
Average 4.3 3.252 0.217 0.254 0.129 0.678  

Na: Number of alleles; Ne: Effective alleles; Ho: Observed heterozygosity; He: Expected heterozygosity; F: Fixation 
index; PIC: Polymorphic Information Content; H-W: Hardy-Weinberg equilibrium ≪* P<0.05. Ns: not 
significant≫ 

 
The F statistics obtained are shown in Table 6, where the values of FIS range from -0.192 for marker 

mPgCIR 13 to 0.363 for marker mPgCIR 11, with an average value of 0.144. As for the FIT values, it obtained 
an average of 0.490, with values ranging from 0.321 for marker mPgCIR 9 to 0.613 for marker mPgCIR 16. 
Regarding the FST statistic, it had an average value of 0.404, with values ranging from 0.191 for marker mPgCIR 
9 to 0.603 for marker mPgCIR 13 (Table 6). The gene flow values ranged from 1.2 to 6.6 for markers mPgCIR 

11 and mPgCIR 20, respectively, with an average Nm value of 3.8. 
 
Table 6. Table 6. Table 6. Table 6. F statistics and GST for each locus in the population of Psidium guajava L. in Cereté. Córdoba 

LocusLocusLocusLocus    FFFFISISISIS    FFFFITITITIT    FFFFSTSTSTST    NmNmNmNm    

mPgCIR 23 0.119 0.572 0.514 3.8 

mPgCIR 19 0.191 0.454 0.325 5.6 

mPgCIR 16 0.201 0.613 0.516 4.5 

mPgCIR 20 0.054 0.328 0.290 6.6 

mPgCIR 22 0.264 0.606 0.464 5.3 

mPgCIR 13 -0.192 0.527 0.603 4.1 

mPgCIR 11 0.363 0.493 0.204 1.2 

mPgCIR 7 0.131 0.328 0.226 1.5 

mPgCIR 9 0.161 0.321 0.191 2.0 

Average 0.144 0.490 0.404 3.8 

FIS: Fixation index of an individual within a subpopulation. FIT: Fixation index of an individual within the total 
population. FST: Fixation index of a subpopulation within the total population. Nm: gene flow. 

 
Table 7 displays the values of genetic distance (Nei, 1972) between pairs of populations, and the 

Neighbor-Joining tree obtained from Nei's genetic distance (1972) for the different populations. The results 
revealed that Mateo Gómez is more closely related to Retiro de los Indios, while Rabolargo appeared as the 
most distant population (Figure 1). 

 
 
 
 

mPgCIR16 5 

270 0.214  0.000   0.584 0.301 0.263 
272 0.000   0.000   0.201 0.124 0.301 
276 0.325  1.000 0.000   0.403 0.278 
282 0.114  0.000   0.111 0.172 0.000   
286 0.347  0.000   0.104  0.000   0.158 
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Table 7. Table 7. Table 7. Table 7. Genetic Distance Matrix Nei's (1972) for pairwise populations 
  Severá Manguelito Rabolargo Mateo Gómez Retiro de los Indios 

Severá ---     
Manguelito 0,174 ---    
Rabolargo 0,512 0,207 ---   

Mateo Gómez 0,180 0,273 0,374 ---  
Retiro de los Indios 0,418 0,568 0,399 0,095 --- 

 

 
Figure 1. Figure 1. Figure 1. Figure 1. UPGMA Dendrogram constructed from the genetic distances (Nei, 1972) of guava (Psidium 

guajava L.) populations from Cereté, Córdoba    

 
Regarding population structure, Delta K values are shown in Figure 2. Indicating the likelihood of 

different K (genetics groups), being K=2 the value with higher likelihood. 
 

 
Figure 2.Figure 2.Figure 2.Figure 2. Estimating population structure in the population Cereté using the modal value Δk 
 
Regarding genetic similarity two groups were evidently generated: Severá, Manguelito and Rabolargo 

populations correspond to the first group as shown in Figure 3, whereas Mateo Gómez and Retiro de los Indios 
populations correspond to the second genetic group. K, the number of genetic groups represented on each 
column by colors red and green (Figure 3). 

 

 Severa

 Manguelito

 Rabolargo

 Mateo Gomez

 Retiro de los Indios

0.000.050.100.15
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Figure 3.Figure 3.Figure 3.Figure 3. Genetic structure from 5 population de guava from Cereté: (1: Severá, 2: Manguelito, 3: 
Rabolargo, 4: Mateo Gómez, 5: Retiro de los Indios), based on a Bayesian analysis, considering K = 2, 
obtained by the ΔK method, from 20 independent simulations for each number of possible clusters (k).  
 
 
DiscussionDiscussionDiscussionDiscussion    
 
In the studied populations, the utilized markers showed an average of 4 alleles per locus, which were 

lower than those reported by De Oliveira et al. (2022), Chiveu (2018), Mehmood et al. (2016) and higher than 
those reported by Kumar et al. (2023), Oliveira et al. (2022), Kumar et al. (2020), Kherwar et al. (2018), and 
similar to that reported by Chaithanya et al., 2014. The total number of guava alleles found was 39, a result 
similar to that obtained by Kumar et al. (2023), which could be attributed to Wahlund effect (Martín, 2017), 
the self-pollinating behavior of the species due to possessing perfect flowers, which aids in self-fertilization 
(Kumari et al., 2018), and to the extent of the populations used in each of the studies (Díaz et al., 2022). Primers 
mPgCIR11, mPgCIR19, and mPgCIR22 exhibited low diversity indices and, at the same time, had a lower 
number of alleles per locus. Furthermore, it is important to note that marker mPgCIR11 was fixed in four out 
of the five populations, suggesting that these loci may be closely linked to a favourable trait. The average value 
of the Effective Number of Alleles was 3.2, lower than the reported by Sitther et al. (2014) and higher than the 
obtained by Tapia and Legaria, 2007. 

The value of Ho ranged from 0.152 to 0.292, with an average value of 0.217, which was higher than that 
reported by Espín (2018), Kumari et al. (2018), Sitther et al. (2014), and Viji et al. (2010), and lower than that 
reported by De Oliveira et al., 2022. The results revealed higher values of expected heterozygosity (He) 
compared to observed heterozygosity (Ho), indicating a high number of homozygous individuals, which could 
be attributed to the species' reproductive behavior, suggesting the presence of autogamy processes limiting the 
dispersion of genetic variability through pollen (Diaz-Cruz, 2016). The average expected heterozygosity (He) 
value was 0.254, indicating low genetic variability in the population (Nei, 1978). This value was higher than 
that reported by Viji et al. (2010), lower than that recorded by Kanupriya et al., 2011, and similar to the values 
obtained by Naga et al. (2015).  

The average number of effective alleles (Ne) was 3.2, which was lower than that obtained by Mehmood 
et al. (2016), higher than that reported by Kumar et al. (2023), Oliveira et al. (2022) and similar to that 
obtained by Sitther et al. (2014). 

According to Botstein et al. (1980), all nine markers used can be considered highly informative and 
suitable (PIC>0.5) for determining the genetic variability of the guava population in Cereté. The polymorphic 
information content (PIC) ranged from 0.759 for the locus mPgCIR19 to 0.578 for marker mPgCIR11, with 
an average PIC value of 0.608, which was higher than that reported by Kumar et al. (2020), and Kherwar et al. 
(2018), and lower than that recorded by Kanupriya et al., 2011, and similar to that reported by Mehmood et 

al. (2016). 
Regarding the fixation index of 0.129, the positive values found indicate a high number of homozygous 

individuals, which could be attributed to the species' high rate of self-pollination, reaching up to 75% (Díaz-
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Cruz, 2016). This limits the dispersion of genetic variability through pollen among plant populations in 
Psidium guajava L., increasing the likelihood of allele loss for future generations (Ellegren and Galtier, 2016). 

Two of the markers did not show significant differences (NS) with respect to Hardy-Weinberg 
equilibrium, while the remaining seven showed deviations (p<0.05), which could be attributed to an excess of 
homozygous individuals (Allendorf and Luikart, 2007) and may be related to processes of inbreeding and 
conventional techniques of asexual propagation applied in guava, which significantly reduce the heterozygous 
nature of the species (Rai et al., 2010), Additionally, a continuous process in nature, where certain 
environmental factors determine which traits or variations within a population are more successful, can also 
lead to a deviation from the Hardy-Weinberg equilibrium (Postma and Van Noordwijk, 2005). Furthermore, 
this lack of Hardy-Weinberg equilibrium may be due to the action of genetic drift, which operates more 
strongly in small populations, such as those of guava in Cereté (Martin et al., 2023). 

Regarding the Wright's F statistics, the FIS coefficient showed an average value of 0.144, indicating a 
moderate level of homozygosity in the analysed populations, which could be associated with a high degree of 
inbreeding, suggesting a limited genetic variation within the population. As for the FIT statistic, with an average 
value of 0.490, it also reveals a high percentage of homozygosity with respect to the total population. On the 
other hand, the FST value for the subpopulations exhibited an average of 0.304, expressing a moderate level of 
genetic differentiation among the examined populations. Furthermore, these values are similar to those 
reported by De Oliveira et al. (2022). The value obtained for the genetic flow (Nm) indicates the existence of 
a movement of more than three migrant individuals per generation between populations, which could explain 
the limited differentiation between them. 

The close relationship between the studied populations, as revealed by the dendrogram obtained, is likely 
attributed to their geographical proximity, continuous migratory flows, or agricultural exchange in the area. 

The Bayesian clustering analysis based on genetic similarity reveals that it is highly probable that all 
individuals from the five populations share two genetic clusters, indicating extensive genetic ex-change among 
these population samples. 

 
    
ConclusionsConclusionsConclusionsConclusions    
 
The results of the study on the guava (Psidium guajava L.) population in the municipality of Cereté, 

using microsatellite markers, revealed low genetic variability, which may be associated with processes of 
inbreeding and conventional techniques of asexual propagation applied in guava crops. The microsatellites used 
were highly informative, making them suitable for determining the genetic diversity among guava accessions. 
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