
Sexual assaults and other violent assault
cases represent a significant percentage of
cases examined by crime laboratories (≥
50%).1 The examination of physical evi-
dence submitted in assault cases can be
especially tedious and time-consuming. The
subsequent DNA analysis and interpretation
can also be challenging, given the complex
nature of sexual assault evidence. Samples
often consist of mixtures of body fluids from
the victim and suspect, and sometimes con-
tain small quantities of DNA, highly degrad-
ed DNA, or inhibitors. A notable portion of
these types of samples produce ambiguous
or inconclusive results.2 Typical examples
of sexual assault evidence include vaginal
swabs from the victim containing semen from
the suspect, body swabs (e.g. breast, neck)
from the victim containing saliva from the
suspect, or fingernail scrapings/clippings
from the victim containing blood or tissue
from the suspect.

Today, most labs conduct DNA analysis
of sexual assault evidence according to a
similar laboratory workflow. Following the
identification of body fluids and subsequent
DNA extraction and purification, samples
are quantified to determine the amount of
total human DNA present in the extract(s).
This measurement is typically done using
a human-specific, real-time PCR assay. An
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optimal amount of human DNA is then PCR-amplified
using a standard autosomal STR system, and the ampli-
fied DNA is detected by capillary or slab gel electrophore-
sis.

Informative results can be routinely generated from
evidence processed according to this workflow. However,
the methods used with this approach lack certain analyt-
ical capabilities, which sometimes can result in critical
investigative and/or prosecutorial information going unde-
tected. Ultimately, some crimes simply cannot be resolved
using the methodologies included in the current forensic
sample workflow.

The need for improved analytical capabilities was
demonstrated in a recent high-profile sexual assault case
analyzed by the San Diego Police Department. The case
involved the sexual assault of two females by as many as
four possible suspects. Sexual assault kits and the bedding
from the scene were submitted for analysis. An examina-
tion of the evidence for the presence of biological fluids
revealed a very small number of sperm cells in several sam-
ples. These samples, along with several samples that were
thought to have possible saliva from the perpetrators, were
submitted for DNA analysis. The absence of a male-spe-
cific DNA assessment capability in the laboratory led to
many of the samples being amplified with autosomal STR
systems only. The DNA in the samples was found to be pre-
dominantly from the female victims, with only a very small
male component detected. Subsequent Y-STR testing pro-
vided probative, but low-level results implicating the sus-
pects. Had the samples not been partially consumed for
the autosomal STR testing, it is likely that the Y-STR test-
ing would have yielded much more valuable results. In
addition, if the laboratory tools would have included the
capability to assess the male component of the samples
prior to STR analysis, it is likely that the analyst would
have foregone any autosomal STR testing and proceeded
directly to Y-STR analysis. In this case, assessing the rel-
ative proportion of male DNA to female DNA prior to STR
analysis would have guided the analyst directly to a Y-STR
system, thereby providing more meaningful information to
the investigation, while also preserving valuable evidence,
saving analyst time, and minimizing associated processing
costs.

AN IMPROVED AND INTEGRATED SEXUAL
ASSAULT SOLUTION
Recently, new methods have been developed that can
improve the ability to analyze evidence from sexual assault
cases and other crimes. Laboratories are now able to eval-
uate their current workflows and determine the best avail-
able methods and technologies to optimize analysis
procedures. These new tools have been designed to eas-
ily integrate with one another, and can be readily incor-
porated into the existing laboratory workflow. Systems
such as quantification kits that simultaneously quanti-

fy male DNA and total DNA while also detecting the
presence of inhibitors, along with Y-STR and miniSTR
amplification kits, provide additional sample assessment
and analysis capabilities. These tools enable analysts to
make the most informed decisions on the best analytical
path forward in each case, leading to meaningful results
being generated from a wide range of routine and com-
plex evidence types.

A sample assessment system that provides both quan-
titative and qualitative information at the beginning of
the DNA analysis workflow can improve the results
obtained from downstream STR analysis. A thorough sam-
ple assessment includes a measurement of the amount of
total human DNA and male-specific DNA present, along
with a determination of the relative proportion of male
DNA to female DNA, and the possible presence of
inhibitors. By characterizing the sample DNA extract
prior to any STR analysis, the analyst can make the most
informed decision on how to proceed, without unneces-
sarily consuming evidentiary sample. For example, an
early indication of the presence of inhibitors in the
extract can suggest that additional purification of the
extract may be necessary prior to STR analysis. Next,
determining both the quantity and relative proportion of
male DNA to female DNA in the extract can direct the
analyst to select the STR system that is best suited to
generate the most meaningful information for every case.

This integrated sexual assault analysis workflow uti-
lizes multiple STR systems, and selection of the appro-
priate system is made based on the results of the sample
assessment. A robust standard autosomal STR system is
an integral part of the sexual assault analysis workflow.
The high discriminatory power and compatibility with
criminal DNA databases makes a standard autosomal
STR system the optimal typing system for most sexual
assault evidence. However, certain complex mixtures
or other challenging samples may require an alternative
STR system to obtain informative results.

For evidence containing a trace amount of male DNA
present in a large background of female DNA, a Y-chro-
mosome specific STR system may be the best method for
obtaining conclusive or probative results. Because of the
inherent male specificity of Y-STRs, a minor male com-
ponent of a mixture, which can go undetected by stan-
dard autosomal STR analysis, can often be detected with
a Y-STR system without any interference from the larg-
er female contributor. The resulting Y-STR haplotype
can be easily used to include a suspect who has been
identified by law enforcement, or to exclude a suspect
from further investigation.

Integrating improved analytical capabilities into the
laboratory workflow does require resources and time.
However, the value these capabilities add to the process
can be significant.



CASE SCENARIOS
To illustrate the value of utilizing an improved integrat-
ed sample assessment system with a Y-STR system, the
following simulated case scenario is presented. Note that
the specific workflow utilized by laboratories can vary,
and the workflow that is shown in the following sce-
nario represents only one example.

Case Scenario 1
A young girl is sexually assaulted by her mother’s
boyfriend. Later that same evening, the victim tells her
mother about the incident, who then notifies the police.
The victim is examined at the hospital, and a standard
sexual assault kit is collected, including swabs from her
neck and breasts. The evidence is submitted to the local
crime laboratory for analysis. Analysis of the kit finds
no semen evidence, but based on the scenario, the exter-
nal genital, neck, and breast swabs are selected for
additional testing.

The evidence is examined at the crime laboratory
according to the following improved workflow shown in
Figure 1.

For evidence containing highly degraded DNA (e.g.
evidence from cold cases) or potent inhibitors, a min-
iSTR system may be required in order to obtain inform-
ative results. MiniSTR systems are characterized by the
use of shorter amplicon sizes and enhanced PCR buffer
systems that can dramatically improve the ability to
obtain typeable results from compromised samples. By
using a miniSTR system in conjunction with a standard
autosomal STR system, a complete STR profile can be
generated and searched against a criminal DNA data-
base for a possible match to an offender or another case
in the database. 3 In other words, the inclusion of a min-
iSTR system in the sexual assault analysis workflow can
provide the ability to identify a suspect in a case that
otherwise may have gone unsolved.

To illustrate the value of utilizing an improved inte-
grated sample assessment system with a miniSTR sys-
tem, the following simulated case scenario is presented.
Note that the specific workflow utilized by laboratories
can vary, and the workflow that is shown in the following
scenario represents only one example.

Case Scenario 2
A woman is abducted and sexually assaulted by an
unknown assailant. After being released by her attack-
er, the woman immediately reports the incident to the
police. The victim is examined at the hospital, and vagi-
nal swabs are collected and submitted to the local crime
laboratory, but no analysis is conducted because there
was no suspect identified at the time for comparison to
the evidence. Ten years later, in 2007, the case is re-
examined by the local crime laboratory in an effort to

use the criminal DNA database to identify the perpetra-
tor in this cold case.

The evidence is examined at the crime laboratory
according to a newly integrated workflow shown in
Figure 2.

IMPACT ON WORKFLOW
As the number of samples that laboratories process con-
tinues to increase and the availability of new tools grow,
forensic analysts look for more efficient ways to obtain
probative information from evidence while conserving
time and biological material. The case scenarios
described in this article reflect a new way of process-
ing biological samples and illustrate the importance of
enhancing the data assessment capabilities for sexual
assault evidence and other samples. With the advent of
new technologies, laboratories can evaluate their exist-
ing procedures and develop the most efficient system
that produces the most probative results and integrate
those into their existing workflows.

Using improved sample assessment techniques ear-
lier in the DNA testing process for all forensic evidence,
as well as multiple STR systems in the downstream sec-
tion of the workflow, enables analysts to make the most
informed decisions. Improved decision making capa-
bilities can result in recovering the most meaningful
results from a wide range of routine and complex evi-
dence types. In addition, these tools consume less sam-
ple material and reduce the sample processing time and
overall cost of DNA analysis. The ability to re-evaluate
the overall forensic workflow in combination with new
systems has prompted many laboratories to validate and
utilize new technologies. As more laboratories imple-
ment new systems, they experience the value of captur-
ing additional information earlier in the workflow. They
are able to provide additional information to law
enforcement and ultimately assist in solving a greater
number of crimes for the jurisdictions they serve.
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uploaded and searched against the National DNA Indexing
System (NDIS) in the U.S.  
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Figure 2: This diagram illustrates the new integrated workflow
used in Case Scenario 2. 

Figure 1: This diagram illustrates the new integrated workflow
used in Case Scenario 1. 

Quantifiler® Duo kit results
indicate a male to total
human DNA mixture ratio
of approximately 1:84.
Based on internal valida-
tion studies, the minor
male component of this
mixture would likely go
undetected by standard
autosomal STR analysis.
The decision is made by 
the analyst to go directly 
to Y-STR analysis.

Y-STR analysis gener-
ates a complete, single
source Y haplotype. 

The suspect can easily
be compared to the
evidence and included
or excluded as a 
contributor to the 
DNA recovered from
the breast swab.

The Quantifiler® Duo kit
provides an accurate
estimate of “amplifi-
able” DNA in old sam-
ples that may contain
degraded DNA. Results
indicate mostly male
DNA present in the
sample. The decision is
made by the analyst to
use a standard autoso-
mal STR system.

A partial STR profile is obtained,
but contains an insufficient num-
ber of loci to effectively search
against the criminal DNA data-
bases.

The decision is made by the ana-
lyst to continue with miniSTR
analysis in an effort to recover
additional STR results.

MiniSTR analysis generates
results from 8 STR loci. When
combined with results from the
standard autosomal analysis, a
13 STR composite profile is 
produced.

The profile can be searched
against the criminal DNA 
database for a possible hit to 
an offender or another case.

Swab collected from victim

Amylase detected & EC 
identified microscopically

DNA Extraction

Quantifiler® Duo Kit

Differential Extraction

Quantifiler® Duo Kit

Yfiler® Kit

MiniFiler™ Kit

Identifiler™ Kit

MALE DNA HUMAN DNA MALE/HUMAN
SAMPLE QUANTITY (NG/UL) QUANTITY (NG/UL) MEASURED RATIO

SWAB 0.029 2.460 1:84.25

MALE DNA HUMAN DNA MALE/HUMAN
SAMPLE QUANTITY (NG/UL) QUANTITY (NG/UL) MEASURED RATIO

VAGINAL SWAB
SPERM FRACTION 0.10 0.08 1:0.8

Sperm identified 
microscopically

Vaginal swab 
containing semen
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