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Y-STRs: Another Piece in the DNA Puzzle 
Cassie L. Johnson, M.S. – Forensics Supervisor and Technical Leader, Y-STR and Mitochondrial DNA Analysis 
Orchid Cellmark, 13988 Diplomat Drive, Suite 100, Dallas, TX 75234

Testing of the CODIS loci has become the gold standard in the forensic community, thus obtaining a 
probative STR profile is preferred in virtually any criminal investigation. However, let’s face it – in some 
instances, STR testing either doesn’t work, provides inconclusive results, or simply isn’t appropriate 
based on the evidence at hand. On these occasions, a specialized form of DNA testing may be 
required, whether it be Y-STR, mitochondrial, or mini-STR analysis. 

Y-chromosome analysis has progressed substantially since Orchid Cellmark began offering Y-STR  
testing in 2002. By far, the largest advancements relate to the ability to quantitate only male DNA  
(the Quantifiler® Y Human Male DNA Quantification Kit) and the release of commercially available 
Y-STR kits (Applied Biosystems AmpFlSTR® Yfiler® PCR Amplification Kit and Promega’s PowerPlex® 
Y kit). Before this time, Orchid Cellmark developed an in-house Y-STR assay, the Y-STR 10-Plex, which 
examined 10 loci in a single amplification. Although the 10-Plex served us well for multiple years 
and rivaled the commercially available kits on several levels, we too have converted our mainstream 
Y-STR testing to a single assay – Applied Biosystems Yfiler® kit . The decision to routinely utilize Yfiler® 
instead of the other kits was not a hasty one. Rather, we put Yfiler® and PowerPlex® Y in a head-to-head 
comparison and evaluated several criteria: 1) sensitivity, 2) reproducibility, 3) marker selection, 4) effect 
of female DNA, 5) ability to distinguish male:male mixtures, 6) statistics, and 7) overall quality of the 
electropherograms. The results of the study are described below, followed by a discussion of how the 
Quantifiler® Y kit can be used in conjunction with the Yfiler® kit. Lastly, I’ll describe an interesting Y-STR 
profile and provide two examples of how Y-STRs have been used in criminal investigations.

Yfiler® vs. PowerPlex® Y: A Head-to-Head Comparison

Orchid Cellmark performed internal validations of the Y-STR 10-Plex, PowerPlex® Y and Yfiler® in 2002, 
2004 and 2005, respectively. For purposes of the parallel comparison, we re-evaluated the multiplexes 
to eliminate as many variables as possible. Namely, each experiment used the same extracts, 
thermalcycler, and ABI 3100, and the experiments were all performed within a relatively short time 
frame. The focus of the current article is to provide an evaluation of PowerPlex® Y and Yfiler®.  
Therefore, the Y-STR 10-Plex data will only be intermittently included as a point of reference. 

Marker Selection 
Yfiler® and PowerPlex® Y both contain the U.S. Haplotype Y-STR markers: DYS391, DYS389 I/II, DYS385 
a/b, DYS438, DYS439, DYS19, DYS392, DYS393, and DYS390. Both kits also contain DYS437, a highly 
discriminating pentanucleotide STR found on the “q” arm of the Y-chromosome. However, Yfiler® clearly 
prevails on this criterion due to the addition of 5 more highly discriminating markers, resulting in a 
multiplex of 17 Y-STRs. The extra Yfiler® markers, H4, DYS456, DYS458, DYS448, and DYS635, provide 
increased discrimination power that may allow the analyst to differentiate between individuals with 
similar profiles or provide additional points of comparison between a suspect’s reference sample and 
an item of evidence. 
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Reproducibility 
A positive control was amplified 14 times with each multiplex in an effort to answer three questions 
about reproducibility. Of utmost importance, did each multiplex generate an accurate profile? As 
anticipated, amplifications from each multiplex generated the correct haplotype. Secondly, are the 
relative fluorescence units (RFUs) consistent between amplifications? We observed that while the 
RFUs of the Y-STR 10-Plex loci varied by only 25%, PowerPlex® Y and Yfiler® loci varied by 52% and 
41%, respectively. Furthermore, the average RFU decreased as the size of the multiplex increased. 
However, with all multiplexes, the average RFU (~2100-3200) was greatly higher than Orchid Cellmark’s  
interpretation threshold of 100 RFU. Lastly, is the balance of Y-STR markers consistent from amplification  
to amplification? As shown in Figure 1a, although the Y-STR 10-Plex loci exhibit some imbalance, the 
overall pattern is consistent from amplification to amplification. However, the pattern is considerably 
less defined with PowerPlex® Y (Figure 1b), but only somewhat less defined with Yfiler® (Figure 1c), 
giving Yfiler® a slight edge over PowerPlex® Y based on this criterion. 

Continued next page

Figure 1a: Y-STR 10-plex reproducibility Figure 1b: PowerPlex® Y reproducibility

Figure 1c: Yfiler® reproducibility
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Sensitivity 
We evaluated sensitivity by amplifying varying amounts (15.6 pg – 4 ng) of positive control DNA  
five times per quantity tested. As illustrated in Figure 2, PowerPlex® Y performs slightly better at the 
lowest amount of input DNA tested (15.6 pg). However, at input DNA levels of 31.3 pg or greater, Yfiler® 
amplifies more loci than PowerPlex® Y. Even at 125 pg, when PowerPlex® Y produced a full profile  
(12 loci), Yfiler® yields more results from the partial profile (an average of 16 loci). A complete Yfiler® 
profile was obtained using 250 pg of input DNA. Although PowerPlex® Y has a slight edge over Yfiler®  
at the lowest levels of input DNA, Yfiler® quickly surpasses the performance of PowerPlex® Y due to  
the increased number of loci examined with the Yfiler® kit. 

Female:Male Mixtures 
Due to the male-specific nature of Y-chromosome testing, it is essential that female DNA have no or 
minimal effect on the ability to obtain a Y-STR profile. Female:male mixtures of 125:1 to 4000:1 were 
amplified in triplicate to assess the effect of female DNA on developing Y-STR profiles. Yfiler® and 
PowerPlex® Y performed equally well on this criterion, in that they both successfully amplified male 
DNA in a large excess of female DNA. At all ratios examined, the RFUs varied only slightly and ranged 
between ~2250 and 3000 (Figure 3), thereby demonstrating that female DNA has little effect on the 
ability to generate a Y-STR profile.

Continued next page

Figure 2: Sensitivity of Yfiler® and PowerPlex® Y

Figure 3: Female:male mixtures with Yfiler® and PowerPlex® Y
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Male:Male Mixtures 
Several scenarios encountered in forensic casework may account for the presence of DNA from 
more than one male, for example: 1) female victim assaulted by 2 male assailants, 2) female victim 
with a consensual male partner and a male assailant, and 3) male victim assaulted by another male. 
Assessment of the multiplexes included determining whether or not mixed male profiles could 
be correctly deduced based solely on peak heights. This evaluation involved amplifying male:male 
mixtures at ratios ranging from 1:1 to 1:10 in quadruplet. Results revealed that the contributing profiles 
were correctly deduced at 1:10 mixtures, but were increasingly mis-deduced at ratios of 1:5, 1:2, 
and 1:1 in both the Yfiler® and PowerPlex® Y kits. Figures 4 and 5 include PowerPlex® Y and Yfiler® 
electropherograms, respectively, illustrating some of the problems encountered when deducing 
mixed Y-STR profiles. For example, a 1:2 mixture amplified with PowerPlex® Y exhibited severe peak 
height imbalance at DYS385. As such, the contributing profiles were incorrectly deduced as 11,15 
and 14, when in fact the male donors have genotypes of 11,14 and 15. Mixed male samples amplified 
with Yfiler® also exhibit imbalance. For example, in a 1:1 mixture, the peaks from the two donors are 
expected to be of equivalent heights. Although some loci produce peaks of equivalent heights, other 
loci exhibit peak height ratios (PHRs) of ~50%. The results of this mixture study suggest that one 
should interpret Y-STR mixtures with caution due to the possibility of incorrectly deducing profiles.

Figure 4: PowerPlex® Y male:male mixture (1:2) Figure 5: Yfiler® male:male mixture (1:1)

Continued next page
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Statistics 
Given all Y-STR markers are located on the Y-chromosome and therefore not independent of one 
another, the product rule cannot be used to generate a random match probability. Rather, the counting 
method is employed, wherein the evidentiary profile is compared to a database of other Y-STR 
profiles and the number of resulting profiles is recorded. Thus, the power of Y-STR statistics is entirely 
dependent on the size of the database utilized. The Yfiler® database currently consists of 3,561 males 
from 8 different population groups, whereas the PowerPlex® Y database houses 4,004 males from 5 
different population groups. Both the Applied Biosystems and Promega databases are easily accessed 
and searchable online. Although the PowerPlex® Y database is slightly larger, the additional Yfiler® 
markers provide increased discriminating power, thereby increasing the likelihood of encountering a 
unique Y-STR profile (one not previously observed in the database).

Electropherogram Quality 
The last criterion used in comparison of the multiplexes – electropherogram quality – was somewhat 
subjective, and was based primarily on the appearance of amplification and detection artifacts such 
as stutter and pull-up. In our experience, off-ladder stutter peaks and pull-up were more prevalent in 
PowerPlex® Y samples. In contrast, stutter peaks were less frequently observed with Yfiler® samples, 
and minimal pull-up was observed, even with peak heights of >4000 RFUs. Based on our experience, 
Yfiler® triumphed in this category hands down. 

Summary/Conclusions of Kit Comparison 
Although PowerPlex® Y rivaled Yfiler® in several categories, such as the effect of female DNA and male:
male mixtures, the additional loci in Yfiler® gave the Applied Biosystems multiplex an edge in categories 
such as sensitivity and statistical analysis. These attributes, coupled with the high quality of the Yfiler® 
electropherograms, gave us confidence that Yfiler® would most effectively amplify the challenged 
samples often encountered in forensic cases. As such, Orchid Cellmark decided to incorporate Yfiler® 
into our forensic casework unit.

Using Quantifiler® Y Alongside Yfiler®

The launch of the Quantifiler® Y kit marked the second big advancement in the world of Y-STR testing. 
Not only is Quantifiler® Y critical in accurately targeting the optimal input of male DNA into the 
Yfiler® reaction, but it also provides valuable information regarding the presence of PCR inhibitors. 
This knowledge impacts our downstream processing of evidentiary samples. If the internal PCR 
control (IPC) does not cross the threshold on the Quantifiler® Y amplification plot (a sign of inhibition), 
we routinely dilute the DNA extract (perhaps 1:5 or 1:10) and re-quantitate the sample. Once the 
IPC crosses the threshold and a true quantitation result is obtained, the sample is normalized and 
subsequently undergoes Yfiler® amplification.

Continued next page
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Implementation of the Quantifiler® Y kit in conjunction with the Quantifiler® Human DNA Quantification 
Kit has the added benefit of providing invaluable information to the analyst. It provides a rough estimate 
of the ratio of female to male DNA, thereby allowing the analyst to make an informed decision about 
whether STR or Y-STR testing is more appropriate. If a high Quantifiler® Human to Y ratio is obtained, it 
is unlikely that a male profile will be generated using traditional STR analysis. In these instances, Y-STR 
testing would be recommended. 

But what happens when Quantifiler® Y suggests that no male DNA is present?  Should you still attempt 
DNA testing? In our experience, the answer is yes – proceed with Y-STR testing. Evaluation of more 
than 450 samples quantitated with Quantifiler® Y revealed that male DNA was not detected in ~65% of 
the samples. Of these “0” ng/uL male DNA samples, none of which exhibited signs of inhibition, ~14% 
yielded Y-STR results, on average  >5 loci (Figure 6). These results clearly speak to the sensitivity of the 
Yfiler® kit, but the ability to obtain Yfiler® results from a “0” quantitation value may also be explained 
by stochastic effects, sampling errors, or the varying efficiencies between the Quantifiler® Y and 
Yfiler® master mixes. Furthermore, based on Orchid Cellmark’s Quantifiler® Y and Yfiler® amplification 
protocols, only 2 uL of DNA extract are added to the Quantifiler® Y reaction, whereas 5 uL may be 
added to the Yfiler® reaction. Any one of these explanations (or a combination of them) may account for 
the ability to occasionally obtain Yfiler® results from a “0” Quantifiler® Y sample. 

Continued next page

Figure 6: In samples with no male DNA detected using the Quantifiler® Y kit ,  ~14% yielded 
Y-STR results, on average >5 loci. Stochastic effects and other factors can explain these results, 
as described above.
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The Y-Chromosome Map: A Useful Tool When Examining Unusual Y-STR Profiles

Since each male has only one copy of the Y-chromosome, typically one peak per genetic locus is 
observed. The presence of more than one peak at multiple loci is typically indicative of a mixture of DNA 
from more than one male. However, as with any forensic case, it is important to evaluate the genetic 
results while being mindful of the sample type and case scenario. For example, without any information 
regarding sample type, the profile depicted in Figure 7a would likely be interpreted as a mixture. 

However, once armed with the information that this profile was obtained from a reference buccal swab, 
the interpretation changes dramatically. The buccal swab does, in fact, originate from a single source. 
Luckily, we can account for the unexpected results by looking at a map of the Y-chromosome (Figure 7b) 
and knowing about locus multiplication. There are several reports in the scientific literature of a section 
of the Y chromosome being duplicated, creating an identically sized section of DNA. Following the 
duplication, the DNA must undergo a mutational event at one of the sections so that the results reveal 
two alleles of different sizes. In the case of the buccal swab, the duplicated loci (DYS385 a/b, DYS392, 
and H4) are all located close to one another, so the duplicated section of DNA can readily be narrowed 
to this area of the Y chromosome. Knowledge of locus duplications, coupled with a copy of the  
Y-chromosome map, easily explains the results obtained from the buccal swab (and, yes, results such 
as these are always confirmed via re-isolation and/or re-amplification). 

Continued next page

Figure 7a: A Y-STR profile with locus duplication which could be misinterpreted as a mixture.

Figure 7b: Y-chromosome STR map
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Similarly interesting profiles, but ones in which a section of the Y-chromosome was deleted, have also 
been observed in our forensic casework. These, too, make sense after looking at the Y-STR locations  
on a map of the Y-chromosome!   

Incorporating Y-STR Testing into Forensic Casework

We primarily utilize Y-STR testing after STR testing has been attempted and either fails to generate 
a probative male profile or additional information from a minor male contributor is required. These 
samples often contain substantially more female DNA than male DNA and result in the female’s profile 
overwhelming the male’s profile, either completely obscuring it or making it difficult to interpret. Y-STR 
testing may then be recommended to “uncover” the male DNA. As an example, clothing from a  
post-conviction sexual assault case underwent STR testing, but only the female victim’s DNA – no male 
DNA – was obtained. The samples were subsequently subjected to Y-STR analysis, which yielded a full 
male profile (Figure 8). The results were compared to her consensual partner and the inmate originally 
convicted of the crime, both of whom were excluded as contributors. Based on the Y-STR results, the 
inmate was released after being imprisoned for a crime he did not commit. In this example, it wasn’t 
the overall amount of male DNA that was limited, but rather the high ratio of female to male DNA that 
prevented traditional STR analysis from yielding probative results.

Figure 8: Yfiler® profile from clothing. No male DNA data was obtained in previous autosomal 
STR testing.

Continued next page
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However, in other samples, the overall amount of male DNA is severely limited. Due to the increased 
sensitivity of the Yfiler® kit, Y-STR testing may be recommended. For example, a presumptively 
positive bloodstain on the sole of a shoe underwent STR testing using the AmpFlSTR® Profiler Plus® 
PCR Amplification Kit/AmpFlSTR® COfiler® PCR Amplification Kit. Due to the limited (and potentially 
compromised) DNA, only amelogenin results were obtained – an XY (Figure 9a). Since the amelogenin 
results revealed the presence of male DNA, Y-STR testing was recommended. As shown in Figure 
9b, 13 Yfiler® loci produced results, again illustrating the sensitivity of the Applied Biosystems Y-STR 
amplification kit. 

Looking Ahead

It’s important to note that changes impacting Y-STR testing are on the horizon. A United States Y-STR 
haplotype database including almost 14,000 profiles has recently been launched (usystrdatabase.org), a 
far cry from the 3,500-4000 profile databases previously available for forensic casework. The increased 
size of the U.S. Y-STR database will positively impact the statistical power of Y-STR profile comparisons. 
Secondly, the pending release of Applied Biosystems Quantifiler® Duo DNA Quantification Kit will 
wrap the functionality of the Quantifiler® Human and Quantifiler® Y kits into one package, allowing 
laboratories to easily determine the relative amounts of male and total DNA present in the sample 
within a single reaction. In turn, this information may be used to determine how to most effectively 
process the sample for DNA. The use of the Yfiler® kit in conjunction with Quantifiler® Y has served us 
well for several years now. In fact, a look back at our Yfiler® cases reveals that we successfully obtain 
male DNA profiles in ~75% of our Y-STR casework, most of which either failed or were inconclusive 
following STR testing. I anticipate that the release of the Quantifiler® Duo kit will reveal additional 
samples that could benefit from Y-STR technology.

For more information, contact: 
Cassie L. Johnson, M.S.  
Forensics Supervisor 
Technical Leader of Y-STR and mtDNA Analysis 
Orchid Cellmark 
13988 Diplomat Drive, Suite 100 
Farmers Branch, TX 75234 
cjohnson@orchid.com     

Figure 9a: Autosomal STR profile from shoe sole sample. Figure 9b: Yfiler® profile from shoe sole sample.

http://usystrdatabase.org
mailto:cjohnson@orchid.com



