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ABSTRACT

Drug abuse is a prevalent problem in the Philippines. With the increased

drive to apprehend individuals who partake in the use of illegal drugs, there

is a need to re-examine the handling and storage procedures for urine

samples, which may be tested to prove or disprove allegations of drug use.

With the availability of forensic DNA technology as the most powerful tool

for human identification, the inclusion of DNA testing in decision trees used

by law enforcers and government laboratories during drug investigations

is expected to improve the process of determining actual drug users while

promptly addressing allegations of misconduct. Because DNA testing is a

relatively novel procedure previously not considered in drug investigations

in the Philippines, there is a need to test whether storage procedures for

urine that showed positive results allow for subsequent DNA testing. Samples

that test positive for drugs are routinely stored at -20oC for up to one year

prior to disposal. In this study, urine DNA samples were extracted from 20

male individuals. The samples were subsequently stored at room temperature,

4°C, and -20°C for 2 months and 9 months. This was followed by DNA

profiling using the PowerPlex® 21 System. Overall, DNA extracted from urine

samples stored at cool temperatures (4°C and -20°C) were found to provide

more consistent DNA prof ile results compared to samples that were stored

at room temperature. We propose here a decision tree for drug testing from

start to end that should serve as a decision support tool for Philippine

government agencies engaged in drug investigations.
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INTRODUCTION

Use of illegal drugs or substances, such as methamphetamine hydrochloride (known

locally as “shabu”,  “ice”,  or “meth”) and cannabis (or “marijuana”), is a prevalent

problem in the Philippines. In 2017, the Philippine Dangerous Drugs Board (DDB

2019) reported 4,045 individuals who were positive for illegal drugs, with the

majority of drug users being male (91%). To curb the use of illegal drugs, the

Philippine government passed Republic Act 9165 or the “Comprehensive Dangerous

Drugs Act of 2002” which prescribes the testing of samples from persons applying

for certain types of licenses and/or jobs, as well as suspected drug users. In addition,

RA 9165 allows the routine testing of samples from students of secondary and

tertiary schools, employees of private and public off ices, off icers and members of

law enforcement agencies, and candidates for public off ice to be done by

government forensic or accredited drug testing laboratories (Comprehensive

Dangerous Drugs Act of 2002). Because of the increased severity of punishment

meted out to suspected drug users, there is a need to formulate a decision tree to

cover all aspects of testing of human urine samples. The decision tree should start

from collection to drug testing until the conduct of additional conf irmatory drug

tests and DNA testing, when required.

Institutions mandated by national governments to stop the illegal use of drugs

follow different operating procedures. Hence, the compatibility of procedures for

handling and storing urine, including DNA prof iling methods, must be tested in

each jurisdiction. For example, in the US and Europe, storage temperatures of urine

in different laboratories vary from 4°C to -80°C (Brinkmann et al. 1992,  Yasuda et

al. 2003; Castella et al. 2006; Soltyszewski et al. 2006; Zhang et al. 2012, Devesse

et al. 2015). In the Philippines, urine samples that test positive for drugs are

stored up to one year at -20ºC. This temperature is known to preserve metabolites

that can be detected if urine samples undergo further testing in cases of contention

(DOH 2004). Notably, -20ºC is also used for prolonged storage of most biological

and DNA samples because DNA degradation and breakdown of biological material

are reduced at this temperature.

DNA testing of urine samples to evaluate allegation of sample switching has been

reported in other countries (Junge et al. 2002; Soltyszewski et al. 2006). While

not all urine samples are required to be authenticated, storage of urine at an ideal

condition is still being done should any contention arise (Srisiri et al. 2017). We

foresee the same happening in the Philippines, particularly if the proposed Death
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Penalty Bill for drug users is passed into law. Autosomal Short Tandem Repeat

(aSTR) DNA profiling is commonly used to identify human sources of urine samples

(Junge et al. 2002, Marques et al. 2005, Thevis et al. 2007), as well as other types

of samples that may be submitted as evidence (Butler 2010). This study reports

the testing of urine samples stored at different temperatures (room temperature,

4ºC, and -20ºC) after two months and nine months, in order to determine if the

present storage conditions will allow the future DNA testing of urine to resolve

allegations of sample switching and laboratory misconduct.

MATERIALS AND METHODS

Ethics Statement

This study was approved by the University of the Philippines Manila Research

Ethics Board (UPMREB-2012-0271).

Urine samples

Twenty males and f ive females between 18 and 40 years provided urine samples

for the study. Female urine samples were included as positive controls for DNA

extraction. Female urine is known to contain more cells than male urine (Prinz et

al. 1993) because of anatomical differences between their urogenital systems.

Hence, the inclusion of female samples which are expected to yield suff icient

DNA for DNA prof iling served as positive control in case the extraction and

genotyping of male urine samples provide negative results. Volunteers who were

not able to produce at least 160 mL of urine, those with kidney disease or urological

conditions, as well as females that were menstruating, were excluded. Blood from

menstruation contains DNA from white blood cells which may inflate DNA yield

readings. Each donor provided at least 160 mL of urine, which was thoroughly

mixed by inverting the tubes several times prior to aliquoting into 16 tubes with

10 mL of urine each. Four urine aliquots were stored in each of the following

conditions: room temperature (RT), refrigerated temperature (RefT; 4°C), and

freezing temperature (FT; -20°C). Storage temperatures are approximated. Samples

are stored in one compartment per storage temperature. DNA extractions were

performed on two aliquots of urine after two and nine months post-collection.
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Reference samples

To generate the reference DNA prof ile per individual, male and female volunteers

provided blood samples that were blotted on Whatman® FTA® cards (GE Life Sciences).

Blood on FTA® samples were extracted following manufacturer’s protocol. The

samples were amplif ied using PowerPlex® 21 (PP21) System (Promega) and

analyzed using Applied Biosystems® 3500 (AB3500) Genetic Analyzer (Thermo

Fisher Scientif ic) and GeneMapper® ID-X v.1.2 (Thermo Fisher Scientif ic) software.

The aSTR DNA prof iles from blood served as reference for comparison with urine

DNA prof iles in order to assess concordance and % allele recovery.

Processing of urine samples

For each storage condition, 10 mL of urine samples were aliquoted into smaller

tubes with approximately 2 mL of urine each then centrifuged at 8000 rpm for 10

minutes to collect the cells. The supernatant was discarded and the precipitate was

washed thrice with 200 μL Phosphate Buffered Saline (PBS). DNA per volunteer

was extracted in duplicate using QIAamp® DNA Micro Kit (Qiagen) following

manufacturer’s protocol and eluted using 20 μL of elution buffer. For all extraction

events, a negative control without urine sample that served as reagent blank was

included.

Measuring DNA quantity and evaluating DNA quality

DNA yield and presence of inhibitor were determined using Plexor® HY Quantitation

kit (Promega) and the Applied Biosystem® 7500 Real-Time PCR System (Thermo

Fisher Scientif ic) following manufacturer’s instructions. The PP21 aSTR kit, AB3500

Genetic Analyzer, and GeneMapper® ID-X v.1.2 software were used to generate the

aSTR DNA prof iles. Whenever possible, 0.5 ng of input DNA was amplif ied in a 10-

μL PCR reaction. The exact DNA input amounts are shown in Figures 1 and 2. To

generate the DNA profile per volunteer, one DNA extract that did not show inhibition

results from the real-time PCR assay was selected for amplif ication. A total of 120

amplif ications were performed using samples from 20 volunteers stored at three

temperatures and at two periods.
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Locus drop out Allele drop out No drop out

Figure 1. Heat map of the DNA amplif ication results using male urine samples
after 2 months of storage. Visual representation of the autosomal alleles generated
using PowerPlex® 21. PP21 markers are arranged based on the increasing molecular
weights (bp) of expected range of amplicon size for a given aSTR DNA marker on
the X-axis. Storage temperature, sample name, and amount of input DNA are shown
on the Y-axis. Samples within a storage temperature group are listed in decreasing
amount of DNA. UT05, UT06, and UT16 stored at RT, either have no DNA or have
DNA below the assay’s detection limit (approximately 0.001 ng). These samples
were amplif ied to test whether the multiplex PP21 reaction is robust enough to
amplify DNA below the Plexor® HY limit of detection.
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Locus drop out Allele drop out No drop out

Figure 2. Heat map of the DNA amplif ication results using male urine samples
after 9 months of storage. Visual representation of the autosomal alleles generated
using PowerPlex® 21. PP21 markers are arranged based on the increasing molecular
weights (bp) of the expected range of amplicon size for a given aSTR DNA marker
on the X-axis. Storage temperature, sample name, and amount of input DNA are
shown on the Y-axis. Samples within a storage temperature group are listed in
decreasing amount of DNA. UT20 stored at RT, either has no DNA or has DNA below
the Plexor® HY assay’s detection limit (approximately 0.001 ng). This sample was
amplif ied to test whether the PP21 multiplex reaction is robust enough to amplify
DNA below the Plexor® HY limit of detection.
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DNA quality was evaluated based on allele recovery (AR) expressed as percentage

of alleles generated over the total number of expected alleles, and peak height

ratio (PHR) when the DNA prof ile yields heterozygous alleles at that DNA marker.

PHR in percent (%) was calculated by dividing the peak height of the allele with a

smaller peak by the peak height of the allele with a larger peak, multiplied by 100.

Statistical data analysis

The statistical data analyses were performed using GraphPad Prism® version 6

(GraphPad Software, Inc).

RESULTS AND DISCUSSION

Yield of human DNA and presence of inhibitors

Female urine samples, known to have more epithelial cells per unit volume, which

served as controls for the DNA extraction procedure, produced sufficient amplif iable

DNA (data not shown). Most male urine samples (96%) did not exceed 1 ng/mL of

urine (Figure 3). Statistical analysis using a two-way ANOVA showed that storage

time (p = 0.1922) and storage temperature (p = 0.4338) did not independently and

interactively affect DNA yield.

Figure 3. Average yield (ng DNA/mL urine) of human DNA extracted in duplicate using the QIAamp® DNA
Micro Kit from 20 male urine samples stored at different conditions. Differences in DNA yield for samples
stored for 2 and 9 months (p = 0.1922) and at different temperature conditions (p = 0.4338) were not
signif icant. Horizontal lines indicate the median for each data set.
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In addition to estimating DNA concentration in real-time, the Plexor® HY

Quantitation Kit which contains an internal PCR control (IPC) was used to test for

the presence of PCR inhibitors. Inhibitors may result in failed amplif ication,

underestimation of DNA quantity in real-time PCR assays and/or reduced allele

recovery during DNA prof iling (Krenke et al. 2008, Alaeddini 2012). For example,

urea in urine is known to inhibit DNA amplif ication (Khan et al. 1991). In this study,

samples stored at RT and FT exhibit less inhibition after 9 months of storage,

whereas samples stored at RefT display less inhibition after 2 months (Table 1).

The decrease in the number of samples exhibiting inhibition at RT and FT after 9

months may be due to the breakdown of urea and urinary creatinine over time

(Spierto et al. 1997, Panyachariwat and Steckel 2014). However, it is unclear why

there appears to be less inhibition at RefT at 2 months but the reverse is true at 9

months. A closer study of the biochemical breakdown of inhibitors under different

conditions and their effect on downstream DNA testing is recommended.

DNA qual ity

Urine samples stored at RefT and FT were genotyped more successfully compared

to samples stored at RT (Figure 4). Based on a two-way ANOVA, storage temperature

was found to be a signif icant source of variation in allele recovery (p<0.0001). At

two months and nine months of storage, samples stored at RT have the highest

incidences of allele drop-outs.  At RT, samples with less than 0.1 ng of input DNA

in 10 μL volume reaction resulted in <50% allele recovery (Figure 4). At RefT and

FT, samples with 0.1-0.5 ng of input DNA have relatively higher rate of recovery at

> 80% after 2 months of storage. These results are consistent with the work of Ng

et al. (2018) that reported over 90% allele recovery from samples stored at 70

days (~2 months) for up to 100 days (~3 months) at 4ºC and -20ºC. After 9 months

of storage, samples stored at RefT have >70% allele recovery, with a lower allele

recovery (> 50%) observed for samples stored in FT.

Table 1.  Percentage of samples showing PCR inhibition
at 2-month and 9-month storage

RT 20   7.5

4°C (RefT) 12.5   15

-20°C (FT) 17.5   7.5
* total of 40 male urine extracts tested

Percentage (%) of samples
showing PCR inhibitionStorage

Temperature 2 months
storage*

9 months
storage*
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With the amplif ication of low-level target DNA (<0.1 ng), more stochastic effects

(i.e. , allelic and locus drop-out and gross peak imbalance (PHR ≤ 50%)) were

observed. Allele drop-ins are non-repeated spurious alleles that are detected due

to stochastic effects in amplif ication coupled with the sensitivity of the system

used to detect alleles. Allele drop-outs occur when there is preferential

amplif ication of shorter DNA regions, which are made more pronounced when the

DNA template has undergone degradation (Caragine et al. 2009; Cowen et al.

2011,;Alaeddini 2012, Gill et al. 2015). Overall, allele drop-ins and allele drop-

outs result in erroneous DNA prof iles; hence, the need to evaluate results more

carefully. A locus drop-out, which is a no result for the particular DNA marker,

decreases the informativeness of a urine DNA prof ile that will be compared with a

reference DNA prof ile (e.g. , blood or saliva from the person of interest). In this

study, urine samples left at room temperature for 2 months (Figure 1) and 9 months

(Figure 2) exhibited considerable degradation compared to urine samples stored at

RefT and FT.

Meanwhile, gross peak imbalance at heterozygous DNA markers still provides correct

genotype data but is already indicative of the low DNA quality of the sample. A

PHR threshold of 60% is typically used to associate and pair alleles into

heterozygote genotypes (Butler 2014). We observed that DNA from urine stored at

RefT for 2 months have better PHR compared to other storage conditions (Figure

5), whereas urine stored at RT exhibited extreme peak height imbalance. A summary

of allele drop-outs and peak height ratios are presented in Table 2.

Figure 4. Allele recovery of DNA from urine at different storage conditions. The colors represent the range
of the amount of DNA template used in PCR amplif ication (green: 0.5 ng, blue: 0.1-0.49 ng, red: <0.1 ng).
DNA input of less than 0.1 ng generally results in poor allele recovery regardless of storage condition.
Allele recovery greater than 50% is observed for RefT particularly at 2 months of storage even at < 0.1 ng
DNA input. Storage at FT also resulted in good allele recovery at DNA input of 0.1 ng or higher. Mean allele
recovery for 2 months of storage is at 33.7%, 90.75%, and 60.3% for RT, RefT, and FT, respectively. The mean
allele recovery for 9 months of storage is 34%, 74%, and 59.3% for RT, RefT, and FT, respectively.
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Figure 5. Average peak height ratio per locus (arranged by increasing molecular weight) for samples stored
at different storage conditions. A discontinuous line marks the 60% peak height balance threshold.

Hence, we support the continued storage of urine samples at FT, as prescribed by

the Philippine DOH (DOH 2004), not only to preserve metabolites that serve as

targets for drug testing, but also in the preservation of DNA for subsequent

genotyping, if the need arises. Drug testing centers may also opt to store urine

samples at refrigerator temperatures, if freezers are unavailable or when funding

is limited, provided that drug metabolites are also preserved at this temperature.

DNA from urine samples stored at 9 months, regardless of temperature, exhibited

highly imbalanced PHR (< 40%). In forensic investigations, DNA prof iles showing

variable PHR are more diff icult to interpret. Our data shows that the storage of

urine samples at RefT for 2 months is the best condition for preserving the amount

and quality of DNA for genotyping. Hence, there is need for law enforcement and

Table 2.  Average allele drop-outs and peak height ratio
at each storage temperature and storage period.

2 months RT 66.3 12.0

RefT 9.25 62.6

FT 39.7 32.1

9 months RT 66.0 17.6

RefT 26.0 36.3

FT 40.7 29.7

Storage
Period

Storage
Temperature

Average allele
drop-out (%)

Average peak
height ratio (%)
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forensic drug testing laboratories to evaluate if a shortened storage period for

urine samples is warranted. Overall, the conduct of all drug tests and DNA testing,

when needed to evaluate allegations of sample switching or laboratory misconduct,

should be performed as soon as possible. This study demonstrates the applicability

of DNA testing for the identif ication of the source of urine samples in drug use

cases when necessary. The result of this evaluation was included in the proposed

decision tree for the testing of urine in drug investigations (Figure 6).

Figure 6. Proposed decision tree for urine testing in drug investigations.
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CONCLUSION

Low amounts of DNA exhibiting characteristics of inhibition and degradation were

extracted from urine samples stored at varying conditions. Useful DNA prof iles

were generated for most of the samples, regardless of storage condition. However,

limited DNA input (<0.1 ng) was observed to affect allele recovery. Male urine

contains a small amount of DNA; thus, the quality of generated DNA prof ile is

affected by stochastic effects, inhibition, and degradation brought about by prolonged

storage. While storage duration and temperature were not found to be signif icant

sources of variation in DNA yield, storage temperature evaluated using % allele

recovery and peak height balance, was a signif icant source of variation in DNA

quality. DNA extracted from male urine samples stored at cooler temperatures

amplif ied better especially at two months of storage. Thus, we recommend the

storage of at least 10-mL aliquots of urine samples submitted for local drug testing

at 4°C or lower and the generation of DNA prof iles within this prescribed 2-month

period, in order to generate good quality DNA prof iles.

ACKNOWLEDGEMENTS

This research was supported by the Outright Research Grant of the Off ice of the

Vice Chancellor for Research and Development of the University of the Philippines

Diliman (121211 PNSE) and the Natural Science Research Institute (NSRI). The

authors thank the staff, particularly Ms. Miriam Ruth Dalet, Ms. Jazelyn Salvador, and

Mr. Paul Ryan Sales, of the NSRI DNA Analysis Laboratory for providing technical

support. The authors also recognize Ms. Angelica Rose Sagum, RN for her assistance

in the collection of reference blood samples. Lastly, the authors acknowledge the

volunteers who provided their samples for this study.

REFERENCES

Alaeddini R. 2012. Forensic implications of PCR inhibition—A review. Forensic Science
International: Genetics. 6(3):297-305.

Brinkmann B, Rand S, Bajanowski J. 1992. Forensic identif ication of urine samples.
International Journal of Legal Medicine. 105:59-61.

Butler J. 2010. Fundamentals of forensic DNA typing. San Diego: Academic Press.

Butler  J .  2014.  Advanced topics  in forensic  DNA typing:  Interpretat ion.  1 st ed .
Gaithersburg: Academic Press. p. 38.



“Pee Value”: Storing Urine for Subsequent DNA Analysis

66

Caragine T, Mikulasovich R, Tamariz J, Bajda E, Sebestyen J, Baum H, Prinz M. 2009.
Validation of testing and interpretation protocols for low template DNA samples using
AmpFLSTR® Identif iler®. Croatian Medical Journal. 50:250-267.

Castella V, Dimo-Simonin N, Brandt-Casadevall C, Robinson N, Saugy M, Taroni F, Mangin
P. 2006. Forensic identif ication of urine samples: a comparison between nuclear and
mitochondrial DNA markers. International Journal of Legal Medicine. 120:67-72.

Cowen S, Debenham P, Dixon A, Kutranov S, Thomson J, Way K. 2011. An investigation of
the robustness of the consensus method of interpreting low-template DNA prof iles.
Forensic Science International: Genetics. 5:400-406.

[DDB] Dangerous Drugs Board [Internet]. 2019. Manila: Dangerous Drugs Board; [cited
2019 Mar 01]. Available from https://www.ddb.gov.ph/research-statistics/statistics/
45-research-and-statistics/396-2017-statistics.

[DOH] Department of Health. 2004. Manual of Operations for Drug Testing Laboratories.
Quezon City: Department of Health National Reference Laboratory. p. 26-39.

Devesse L, Court DS, Cowan D. 2015. Determining the authenticity of athlete urine in
doping control by DNA analysis. Drug Test Analysis. 7:912-918.

Gill  P, Haned H, Bleka O, Hansson O, Dørum G, Egeland T. 2015. Genotyping and
interpretation of STR-DNA: Low-template, mixtures and database matches – Twenty
years of research and development. Forensic Science International: Genetics. 18:100-
117.

Junge A, Steevens M, Madea B. 2002. Successful DNA typing of a urine sample in a
doping control case using human mitochondrial DNA analysis. Journal of Forensic
Sciences. 47(5):1-3.

Khan G, Kangro HO, Coates PJ, Heath RB. 1991. Inhibitory effects of urine on the
polymerase chain reaction for cytomegalovirus DNA. Journal of Clinical Pathology.
44:360-365.

Krenke B, Nassif N, Sprecher C, Knox C, Schwandt M, Storts D. 2008. Developmental
validation of real-time PCR assay for the simultaneous quantif ication of total human
and male DNA. Forensic Science International: Genetics. 3:14-21.

Marques M, Damasceno L, Pereira H, Caldeira C, Dias B, Vargens D, Amoedo N, Volkweis
R, Viana R, Rumjanek F, Neto F. 2005. DNA typing: An accessory evidence in doping
control. Journal of Forensic Sciences. 50(3):1-6.

Ng H, Ang H, Hoe S, Lim M, Tai H, Soh R, Syn C. 2018. Simple DNA extraction of urine
samples :  E f fec ts  o f  s to rage  temperature  and  s to rage  t ime .  Forens ic  Sc ience
International. 287:36-39.

Panyachariwat N, Steckel H. 2014. Stability of urea in solution and pharmaceutical
preparations. Journal of Cosmetic Science. 65(3):187-195.



N.F.J.A. Soliven et al.

67

Prinz M, Grellner W, Schmitt C. 1993. DNA typing of urine samples following several
years of storage. International Journal of Legal Medicine. 106:75-79.

Republic of the Philippines. 2002. Republic Act No. 9165: Comprehensive Dangerous
Drugs Act of 2002. Republic of the Philippines.

Soltyszewski I, Pepinski W, Dobrzynska-Tarasiuk A, Janica J. 2006. DNA typeability in
liquid urine and urine stains using AmpFlSTR SGM Plus. Advance Medical Sciences.
51:36-38.

Spier to F, Hannon W, Gunter E, Smith S. 1997. Stability of urine creatinine. Clinica
Chemica Acta. 264(2):227-232.

Srisiri K, Jaroenwattana R, Panvisavas N, Bandhaya A. 2017. Optimisation of DNA recovery
and analysis of urine samples stored on FTA card. Forensic Science International:
Genetic Supplemental Series. 6:e520–e522.

Thevis M, Geyer H, Mareck U, Sigmund G, Henke J, Henke L, Schanzer W. 2007. Detection
of manipulation in doping control urine sample collection: A multidisciplinary approach
to determine identical urine samples. Analytical Bioanalytical Chemistry. 388(7):1539-
1543.

Yasuda T, Iida R, Takeshita H, Ueki M, Nakajima T, Kaneko Y, Mogi K, Tsukahara T, Kishi
K. 2003. A Simple Method of DNA Extraction and STR Typing from Urine Samples
Using a Commercially Available DNA/RNA Extraction Kit. Journal of Forensic Sciences.
48(1):1-3.

Zhang SH, Zhao S, Zhao ZM, Li C. 2012. Genotyping of urinary samples stored with
EDTA for forensic applications. Genetics and Molecular Research. 11(3):3007-3012.

_____________

Nelvie Fatima Jane A. Soliven is a University Research Associate at the DNA Analysis

Laboratory, Natural Sciences Research Institute, University of the Philippines

Diliman. She is a graduate student of the Institute of Biology, UP Diliman and

obtained her Bachelor of Science degree from the same institute. Her research is

focused on forensic DNA analysis and applications including ancestry informative

markers.

Maria Lourdes D. Honrado is a graduate of Bachelor of Science in Biology Major in

Biotechnology from Rizal Technological University in Mandaluyong City.  She worked

as a University Research Associate in the DNA Analysis Laboratory, Natural Sciences

Research Institute, UP Diliman in 2011.



“Pee Value”: Storing Urine for Subsequent DNA Analysis

68

Gayvell ine C. Calacal is a senior scientist working in the f ield of forensic DNA

typing/forensic genetics at the DNA Analysis Laboratory, Natural Sciences Research

Institute, UP Diliman. She obtained her Master of Science degree in Microbiology

from the Institute of Biology, UP Diliman and completed a Forensic Genetics and

DNA Database Technology course from the Graduate School of Biomedical Sciences,

University of North Texas Health Science Center at Fort Worth Texas. USA. She is

credited as one of the pioneers in the development of forensic DNA typing research

in the country,  in the validation of analytical procedures for handling different

types of biological samples for forensic applications, developing a system for the

collection, handling and analysis of DNA evidence, human remains identif ication

and generation of the Philippine reference population genetic databases.

Dr. Maria Corazon A. De Ungria <madeungria@up.edu.ph> heads the DNA Analysis

Laboratory of the Natural Sciences Research Institute, UP Diliman. Her research

thrusts include the development of molecular procedures and studying human

genetic variations for forensic applications. She currently holds a University

Researcher V position and is a Scientist 2 of the DOST- CSC Scientif ic Career

system.


