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Intraduction
DNA analysis has revolutionized the field of Forensic Science by allowing for unambiguous
identification of the person from whom a biological sample has been obtained. DNA provides 4
spatial link between 1 suspect and a crime scene or other location relative to & crime investigation,
In many instances, this information is sufticient for conviction of the perpettator of a erime. The
limitation of traditional DN A, however, 1s that it provides no information on when the biological
matcrial was deposited. It only indicates that, some time in the past, the person visiled (he scene, it
could have becn months or vears before the material was collected. Temporal linkage berween the
hiclowical material and the commission of a crime is especially important in situations involving
victims and suspects with close personal ties. [n these instances, (inding biclogical malerial from
the suspect in the home or other pertinent location associated with the victim is not unexpected.
The reverse can also be true, for instance finding the blood of the victim in the vehicle of the
suspect, In the absence of knowledge about time of deposition, it is impossible to link the evidence
to the crime. A temporal linkage counld also be valuable for determining the location of suspects
being tracked. For example, identification of a biolopical specimen could possibly link Osama Bin
Laden to a specific cave during a specilic time range. This could help to establish an approximate
distance in which the suspect could have traveled in the given time based on the deposition of the
biologtcal sample.

Previous Techoigues Developed o Determine the Apge of a Blood Sample

Several approaches have been used in an attempt to determine the age of a bloodstain or other
biological material. The majority of methods rely on the transformation of hemoglobin into its
derivatives, and the changes in color and solubility which accompany them. Fiori {1962}
summarized a melhod that correlated the age of the Bloodstain with the progressive diffusion of CI-
around the stain, which can be fixed as AgCl. Upon reduction, a black border will form around
stains which are more than two months old. The size of the border will increase in increments up to
nine months, indicating an approximate age of sample. Cnzyme assays have also been usad with
limited success. In general, they allow for a statement that the sample is either less than or more
than a cerlain age. Schwarz (1936) examined “peroxidase™ in bloadstains as a method of
determining age. The peroxidase was shown to be a direct indication of the amount of hemoglobin
remaining in the stain. Guaiacum was used as a substrate for peroxidase, which produced a blue
calor in the presence of hemoglobin, These studics suggested that the intensity of the blue color
varied with age. Another more recent approach (Rajamannarr, 1977) looked at the serum protein
profile by immunoelectrophoresis in stains as a function of their age from 15 days to one year, A
characteristic pattem of disappearance of various proteins at test points along the time line was
construgted. All of the proteins were undetectable at 365 days, In contradiction, S¢nsabaugh, 1971,
found albumin to be detectable by its immunological reaction in 2 dried blood sample eight years
old. This contradiclion has been explained by a change in clectrophoretic mobility of albumin in
aging bloodstains. The above approaches are incapable of discriminating blood samples from
ditferent species, provide too narmow or unreliable a window of time to be of much use, arc limited
to bloodstains and could have misleading results due to sample size.



Qur Approach to Estimating Time of Deposition

One approach to determining the age of a biological sample is that of Carbon-14 (C14) dating, €14
is the radicactive form of Carbon and decays into Nitrogen 14 (N14}) at a constant rate. C14 i3
constantly being regencrated in the upper lavers of the atmosphere by cosmic rays striking N 14,
Plants take up and incorporate both C14 and C12 into their cells. Animals that consume the planls
likewise incorporate both tyvpes of Carbon into their cells. Once death oceurs, bowever, no more
(14 gets taken into the body and the C14 clock begins to tick. The ratio of radicactive C 14 to non-
radicactive C12 will change in a predictable fashion over lime. Unforunately, the half-life of C14
{5,730 years) is such that it is of little use to the forensic scientists. The concept of monitoring the
changing ratio of two chemicals or compounds over time, however, has metit.

We have chosen 10 examine RNA stability as our tnethod to determine the age of a biological
sample. RNA has been proposed as a means to identify tissue type and one study looked at RNA
levels relative to time of death but in peneral, the focus in the forensic science community has been
on DNA. There are several reasons why we chose RNA over DNA. RNA is more abundant than
DNA, existing in several 100{s of copies per cell as opposed to lwo copies for most DNA
sequences. RNA is also relatively labile and is more susceptible than DNA w depradation due to
tactors such as high pH, RNases, cerain chemicals, and possibly UV light.  Most ENA species
have a characterized in wiva half-lile and a tightly regulated mechanism of decay. Tn contrast, as
long as a cell is alive, its DNA remains intact.  Many internial sequences and secondary structures
regulate ir vive RNA decay. For example, c-myc contains a CRD (coding region instability
determinant) that interacts with a 68-kDa CRD-BP {coding region instability determinant binding
protein} which contains tbwo RNA recognition motifs. When the CRD-BP is bound w c-mve
mRNA, the CRD of the mRNA is shielded from endonucleclytic attack and the mRNA can only be
depraded by standard degradation procedures. 117 the CRD-BP dissociates from the mRNA, the
CRD becomes exposed to the endonuclease. The mBNA is then rapidly degraded by
endonucleoiytic cleavage within the CRD. This is just one example of the highly regulated in vive
decay of RNA. The ex vive mechanism of RNA decay, however, has not been thoroughly
investigated but our results indicate it is also a predictable process.

Many studies have indicated that DNA associated with nucleosomes (assemblapes of histone
proteins on which DNA is wound) is less susceptible to degradation by either endogenous or
exopenous nucleases than is linker DNA located between the nucleosomes. This tight association
with histong proteins provides protection to the DNA. We speculated that ribosomal RNA (rRNA,
an integral component of ribosomes), due to tight association with ribosomal proteins, would also
be relatively sheliered from degradation. In contrast, messenger RNA {(mRBENA) is not as tightly
associated wilh proteins and may be more susceptible to degradation.

To estimale the relative amount of the two target RNAs recovered in a sample, we have utilized an
approach called Real-time Reverse Transcriptase Polymerase Chain Reaction {Real-time RT-PCR}.
This approach first converts total RNA into complementary or copy DNA (¢DNA) using the
enzyme reverse transcriptase. The double stranded cDMNA can then be amplified using appropriate
primers in a traditional PCR reaction. Unlike traditional PCR, however, inclusion of a labeled
probe complementary 1o the target RNA and internal to the primers allows the investigator to
monitor the rate of PCR amplification of the tarpeted cDNAs, The rate of amplification is directly
proportional to the amount of starting RNA. By labeling two different target RNA sequences with
probes that emit light in different portions of the light spectra, you can monitor the relative rate of



amplification of two different target RNAs. This approach is perfectly inlemally controlled for
experimental etror such as pippetiing errors or differences in the amount or elficiency of the
enzyme(s) uscd in the assay.

Advantages
. Both RNA and DNA can be isolated trom the same sample allowing for both estitnates of time
of deposition and identification of the persen from whom the sample was obtained
2. Analysis of ratios is independent of sample size
3. All experimental manipulations are identical and conducted simultaneously on both targel RNAS
4. Probes can be made spocies-specific eliminating falsc dala rom other sources
5. Both 18s and bela-actin are expressed in all cells and thus can be used on dilferent tissue types
and nat just blood
6. Both 185 & beta-actin are abundantly expressed RNAs thus only small sample sizes are required
7. The abundance of the RNAS also allows for estimates over a relatively broad range of time
. Technically similar to current IDNA PCR techniques thus requiring little additional training of
personal

Results
Isolation of both RNA and DNA from the samc bleodstain
Since both RNA and DNA belong 1o a class of compounds known as nucleic acids, their chemical
properties are similar. This allows simultancous, bul separate, isolation of BNA and DNA from the
same bloodstain, We can thus perform both “lemporal PCR” to estitate the time of deposition
using the RNA component and STR identification on the DNA pomion of the sample. Utilization of
one set ol techniques does not destroy the evidence for the other one. Using Real-time primers and
probes that were either specific for RNA or DNA, we have examined the two isolates for
contamination by the other nucleic acid and found no detectable RNA present in the DNA fraction
and vice versa, The RNA specific primers and probes werc constructed so that they spanned an
exon-exon boundary so that only mature, processed RNA and not genomic DNA could be detected.
For the DNA primers and probe, we chose non-transcribed portions of the genomic DNA,

Species-specific probes

Commercially available TagMan probes from Applicd Dinsystemns have been used o gencrate our
preliminary data prescented in Figire 2 and Table 3. These probes detect RNA from a very booad
range of organisms. By utilizing polymorphisms between organisms, we were able to develop
primer and probe combinations that arc more species-specific (Figure 1). Yalucs on the Y-axis
represent a measure of the amount of (ucrescence emitted by the TagMan probes while the PCR
amplification cycle is on the X-axis. The moerc RNA that is present in the starting material, the
sooner exponential growth ol the curve is obtained. Each cycle represents a 2-fold dilTerence in
starting BNA levels, In the case of beta-actin, our probes only detect human beta-actin RNA rom
amotg the species we have tested. Qur best etforts on 185, however, have produced primers and
probes that are nearly human specific, only detecting pig 18s to any appreciabic extent. Whilc othor
species can be detected at high PCR cycle values, they would contribute a negligible amount to the
overall signal. Contamination of the crime scene with pig blood, however, could alter the 18s
values. We continue 1o try to improve our primers and probes (o make them unique to humans and
to optimize reaction conditions. IFwe are unable 1o develop one that docs not recognize pig RNA,
we can develop pig RNA specific primers and probes (to non-1 8s and thus less conserved RINA) o
detect the presence of pig blood and to estimate how much it would contribute to the overall signal.
The similarities of human and pig 18s could thus be overcome by the inclusion of an additional test



to identify the absence or presence of pig blood. In the case of a positive signal for pig blood,
cstimates of the amount of pig RNA present, using the pig specific primers and probes, can be
subtracted from the 18s signal.

Figure 1. Detection of ENA from the indicated species with our species-specilic prohes
Isolation of RNA from blood, hair follicles, ang saliva

Estimates of RNA quantity

Tahle | indicates our success in recovering sulficiant RNA to test for time of deposition from
bleodstains, hair follicles, and saliva. All tissue types yiclded sufficient RNA to conduct Real-time
RT-PCR tests. The techniques and reagents we develep using blood should, therciore, be
applicable to other tissue types as well. Confirmation of this with each tissue type will need to be
performed but our initial results indicate that should present no problems.

Table 1. Recovery of RNA from different hiologica] tissues based on Ribogreen.

1 pl fresh blood spotted onto cloth i 40ng ]
Saliva swab 300ng
| hair follicke 200ng _|

We estimated how much RNA is required for our tests based upon bath the amount of biclogical
tnaterial and the amount of RNA needed to obtain reliable Real-time RT-PCR data. Our Real-time
system is more sensitive than what can be measured using Ribogreen (we could not detect samples
smaller than 2 ng of KNA with Ribogreen). We have determined the amount of RNA present in our
non-dijuted samples using Ribogreen, performed a serics of dilutions on the RNA to determine our
ability to detect a signal with Real-time RT-PCR, and extrapolated the amount of RNA necded.
With our smallest amplicons for 18s and beta-actin (60 basc pairs), we can obtain uscful data for
RNA isolaled from | pl of fresh blood {fresh blood spotted onte cotlon cloth and RNA immediatety



isolated) and then diluted 10 (~0.4 ng of total RNA) to 100 (~0.04 ng of total RNA) [old. In theory,
wiz could obtain useful data trom a fresh bloodstain as small as 0.01 ul. It should be noted that only
1/10 of each reverse transgriplase reaction is used in each Real-time assay therefore a total of 9-10
assays could be performed with this small amount of RNA. Clearly, our system is sensitive enough
o detect RNA from any sample that might be identilied as biological material. We have not tested
our technigues with Luminal er other reagents used to identify bloodstains. These compatibility
studics need to be conducted.

Recovery of RNA from different surfaces

We have successtully recovered RNA from three-day old bloodstains on various surfaces. These
include the following cloths: cotton-polyester blends, wool, silk, (not shown), and cotton and
polyester (Table 23, We have also recoversd RNA from newspaper, bricks, and both varnished and
unvarnished wood surfaces (Table 2). Simply using distilled/deionized water or a 25% ethanol-
water solution, as is ofien used to recover DNA, did not provide satisfactory results. The ncwspaper
and cloth RNA samples were isolated by hydrating the samples with 111 Reagent BD from
Molecular Research Corp while for the hard surfaces, we were able to simply scrape up the sample
using a razor blade. We suspect that hydration with water and ethanol-water reactivated RNase
activily resulting in a low vield. We will, therefore, examine solutions conlaining various inhibitors
of RMase activity for the recovery of samples not amenable to scraping.

Table 2. Total RNA recovered from different surfaces using Ribogreen and known quantities
of RNA.

Cotton (10 Wl of 3 day old blood) 100ng of total RNA |
Polyester (10 JU of 3 day old blood) 100ng of tatal RNA :
Brick {10 P of 3 day old blood) 90ng of total RNA
Plastic (10 pl of 3 day old blood) 70ng of total RNA

| Newspaper (10 pl of 3 day old blood) 60ng of total RNA

| Unfinished Wood (10 pl of 3 day old blood) 100ng of total RNA

| Finished Wood (10 pl of 3 day old blood) 70ng of total RNA

Age of Blood Trend

After preliminary results on bloodslains from a single person confimmed our eriginal hypothesis that
ax vive 185 and beta-actin RNAs decay at different rates, we examined samples from four females
and four males (variability between persons). Blood was drawn from each individual on three
separate occasions (within person variability). From each date of blood draw for each person, RNA
samples were isolaled [rom three separale bloodstains {variability due lo isolation}y. Each RNA
sample was then assayed twice (variability due to assay). The means of ratio analvsis of females
and males are presented in Figune 2, The ratio is the value of 18s over that for beta-acting Table 3
indicates the amount of variation we observed with these data. Both Standard Error and Standard
Deviation are presented. The four female donors ranged in age trom 22 to 36 years while the four
males ranged itom 21 to 55 years of age. The sample size within each age category was oo small
to make any meaningful comparisons.



Figure 1. Pooled population data {Bars indicate standard crror).
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Table 3. Variation within data
Sex Days n Mean of Ratio Std Emor Std Deviation
F 0 72 1.49836801 0.00615666 0.05224085
F 30 72 1.57645711 0008656594 0.07345555
F g0 72 1.62297068 0.00686272 0.05823207
F g0 72 1.6659327048 000722973 0.061348627
F 120 72 1.73478106 0.0058208 0.04938946
F 150 72 1.79648773 0.00582802 004545294
M 0 72 1.48338593 0.00866593 0.07353288
M 30 72 1.56058628 0.00602969 0.05116365
M 80 72 1.61002923 0.00771633 0.06547522
M a0 72 1.668429¢ 0.00450743 0.03824681
M 120 72 1.71256782 0.00473509 0.04021251
M 150 72 1.77163733 0.00684049 0.05804345

n = {3 dates ol blood draw) (3 bleadstains per date) (2 assavs per stainj (4 people) = 72




The plot in Figure 2 shows a strong linear relationship between the mean ratios and day {age of
blood) for both females and males. Although there is a suggestion of gender effect in Figure 2 and
perhaps a pender-by-day interaction, it is not significant using the preliminary sample sizes. A
model [tting the above sources of variabiiity has a highiy signilicant linear day effcct (P=0.0001)

and has an adjusted Rz of 78.2% (malc and female data were pooled topcther for these tests),

Estimates of Yariability

The statistical analysis supgests that bebween person vanability accounts for approximately 10.8%
of the variability for the random effects. The random terms are: between persons, within persons,
variability due to RNA izolation, and residual variation (which includes duplicate assays). Within
person variability accounts for another 3.8% of the total while variability due to experimental error
in the isolation of RNA accounts for an additional 3.4%. ‘T'he remainder of the variability may be
caused by factors, such as age and sex of donor, wechnical error in duplicate assays, and the
interactions of these factors. Preliminacy data suggest that there may be preater variability within a
porson (variability in blood draw dates) tor females than males. This could be due 1o hormonal
levels affecting the starting ratic of 185 to beta-actin RNAs. One way to eliminate this source of
variability is by looking at diffcrent amplicon sizes (see below) detecting the same RNA “species™.
By looking at different regions of the same RNA species or type (for example 185 versus 18s), the
amount of starling material at day zero would be identical for the two assays, i.e. present in
equimolar amounts. Experimental error could also potentially be reduced by improved protocols.
Betwesn persons variability, however, may not be reducibie unless age of donor, sex, or other
factors are contributing to the equation. Larger population studies may allow identification of other
spurces of variability and allow for its reduction, permitting a beter defined time line for when a
sample was deposited.

The above data were generated using commercially available 185 and beta-actin primers and probes
combinations. Neither, however, are human specific. Theses commercial primers and probes have
been fully optimized for multiplexing and hence reduced varlabillty. For our purposcs, human
specific primers and probes are required. The above graph provides a “proof of concept™ that our
original hypathesis is feasible, These resubts have been accepted for publication in the journal
Forensic Science International and, although not vet pubiished, the manuscript is available
electronically. The electronic journal NewScientist, produced in England, wrote a brief news
release of the results,

Having cstablished the viability of our approach, we began a study of the impact of envirenmental
factors on the relative rates of RNA decay with a series of dilferent human specilic primers and
probes.

Amplicon size

Our results clearly indicate that 13s (RNA decays more rapidly than does bota-actin mENA. The
primets and probes used, and the distance, in terms of base pairs, that they span can also affect the
ability and strength of the signal obtained. Amplicon size refers to the size of PCR fragment being
expanded {trom the forward primer to the reverse primer). The larger the amplicon, the more
rapidly we detect a decrease in the RNA signal. This is not surprising. 1f degradation is a stochastic
event. then the larger the fragment of RNA being examined, the greater the likelihood that some
degradation has occurred and hence loss of signal,



We have generated amplicons that range in size from 60 base pairs up to 500 base pairs for both 18s
and beta-actin. [.oss of signal can be detected fairly early in the 300 base pair amplicons while little
loss is seen in those for 60 base pairs even after 130 days. With our smallest amplicons, we can
oblain uselul data fhom bioodstains that are 15 months old, the oldest sample we have tested. This
obscrvation can be used to both eliminate issues related to the starting ratio of 185 to beta-actin and
also 1o extend the time line for estimating time of deposition by using a broad range of amplicon
sizes. By using different combinations of amplicons, we hope both extend the time over which
reliable data can be collected and, by integrating the results from different sets, obtain a more
accurate estimate of the age of a sample. We continue 1o develop new amplicon sets and seek ways
o optimize the reactions.

Ongoing Research
Environmental Variables
We have penerated preliminary resulis that indicate that both temperature and humidity have an
ellcet upon the rates of the decay. We have also shown that full intensity naturai light has no
discernable effect on the decay rates. We are in the process of extending these studies to take into
account these variables when estimating the age of a sample.

Population Variables

We have initiated a population study looking at variables such as ethnicity, ape, and sex. Blood
from African-Americans, Asian-Americans, and Curopean-Americans of both sexes and young (21-
25 years old} and older {40-50 years old} have been collected and are aging.

Shorter time-line

We have begun a study to look at chanpes in RNA levels that occur within the [irst few hours (zero
hour versus four hours old) of blood deposition using IINA chip technology, Our initial results
indicate that a large number of RMAs have significantly altered {evels, some higher, some lower, in
aquecus samples. We will extend these studies to dried samples and sgek to develop assays that
allow more precise estimates of younger samples. Examining larger amplicon sizes of 185 and
beta-actin will also be used to estimate the age of younger samples. Once established for blood, a
similar examination of semen will be conducted.

Summary

We have demonstrated the feasibility of using dilferences in decay rates of wo ditferent RNAs as a
means of estimating the age of a biclogical sample. One manuscript has been accepted for
publication in the Forensic Science International journal, This arlicle has received favorable
publicity. We anticipate additioral publications deriving from this work., The funds provided by
NIJ provided the necessary resources to enable a demonstration of the concept. Funding of this
research has iow been obtained from the Technical Support Working Group to enable the work 1o
continue. While much remains 1o be done before Lhis technique is ready for the erime laboratory
and court systeni, we arc well on our way 1o obtaining this goal thus providing a temporal linkage of
biological material to the commission of a crime.
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Almilract

DMA ullaws for the unambiguous identifcation of the person from whom o Brological sample was derivesd but provides iy
informution about when the sample: was deposited, This information only mdicated thad the bivlogical matenal was deposited a
the erime scenc prior W ihe collection ef evidenee. The ability to determine the age of 3 biclegics| sample would goealy bencit
the forcnsic science community, If there were independent cvidenee that the Biological sample was deposited at the time of the
crime, then its ape would reveal when the crime occurred. 11 the time of the erime were known throogh snother means, then the
age of the hiclogical sample could potentially eaclude the human source us o suspeet, We have used real-time Teverse
teanscriploze POR o show that the ratio hetween different types of RNA (mBNA versos tRNA)Y changes over time in a linear
Fashion when dried homap blood from eight individuals was examined over the course of 150 days. Although other spproaches
have Leen wsed in the past e estimate the age of a biglegical sample, our approach offers the following sdvantages: enbanced
etectalility of simall samples, simublaneous isolation of DA and RINA from the same sample, species-specific prolies, and an

increasel window of wiefulness,
T 2004 Elsevier Treland Lid, ATl rights roserved.
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1. Introduclion

DA analysis by polymerase chain reaction (PCR)Y bay
revalutiomized the Reld of forensic sciencye by allowing for
identincation of the person from whoon a biological sample
hias been obisined. DNA analvisis provides 8 spatial link
between o suspect wnd a enme svene of other [ocation
relevent Mo a crime investigation. Oz limitation of wadi-
rional DA analysis, howeyer, §s that it provides no infor-
miation ob when the biological material was deposited. Bt
vrly indicates (hat the biolegical mateqal was depositod at
the etime speps poar (o the collection of evidence [3,5].
Howwever, that wisit could have taken place ioaths or even
years before the ectual colfection of maienal. Tempocal
linkuge hetwien the Bivdogical misterial aned the comnission
of u crime 35 especiully Important o sitwalicns Invo]ving
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victums and suspects with close personal tes. In these
instanees, finding biological matenal from the sospect in
the hoone or other pertioent Jocation associated with the
victim is net oneapectod. The reverse cun alse be troe, for
instance, finding the bloed of the vicim i the velcle of the
suspect. Tnthe absenee of knowlslge about ime of deposi-
tion, it 15 often impossible fo link the bislopical samples to
the commission of the coime.

Several approaches have been tested noan effor to
deternine the ape of a bloodstain, The majorily of methods
rely on the tansformations of bemoglobin inte its detiva-
1ives, and the changes i coler and solubidivy that accontpany
thern. Faard [2] suomoarized o nethod that comelated the age
af the hloolstain with the progoessive diffusion of chioride
(C1 3 wcporud the stain, which can be Oxed as AgCl, Lipon
reeluctiomn, o bluck bonder will form aroond stains which ac:
more than two months old, The size of this border will
Imerease o increments op o nine months, indicaling an
approaimaie ape of the smnple, Enzyme assiys have also
been wsed with limited sweeess. In gencral, they allew for g

DA7-07380% — see Front mater & 2004 Elsevier Irelind Lid, All rghts ceserved.
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gtateniem that e sample 5 aither less than or more thao s
certain sy (4], Schwarz (1936) investigated perosidase in
hloodsiying as g method of delwermining gpe. Guaipcym is
used a3 a0 substrate For perosidase, which produces a blue
color in the presence of hemoglobin. The strength of the
signal is proportional to the amount of hemoglobin present
and based on the results, the intensity of the blue color was
sugpested o declipe with age [8]. Unfortanalely, there are
drawbacks to the aforementipoed techoiques. Both of the
appraaches mentioned above are incupable of disceiminaling
between sumples of different speeies, proside oo oamow o
windloon: of fime o be of much e, snd can prodoce nisleading
wr oonexistent results due 1o difforences im sample sizes.

In order o establish a more teliable mechanism o
tletermine the age of biological samples, RNA stabilily over
time has been examined. KMNA is 2 good candidale for such
studies for several reasons. Many KNA species are highly
abundant, RMNA is rclatively labile, and polymorphisms
betwien sproies can be exploited o provide specics- specific
tests. Using KT-PCR, previouws research has shown (hat
GAFDH mRNA can be detected from deied blood samples
thut have aged up to & months [1], These results indicated
thitt BMA in dried blood samples might be stable encuegh for
forcnsic science investigations. Kecent research has khown
different types of RNA decay at difterent rates. The jnda-
cible gene I1-3 RN A was Found to decay more rapidly than
iz mRNA of the GAPDH housckeeping pene in post-
mortem cuf Tung Gssues 5] RMA ewists in a varely of
different funns {mMRMNA, (RNA, rRMA), and it is byputhe-
sized that the different types of RNA may aba decay a
difTerent rates resulting 1 s change in raos of RNA speeies
s time progresses. This spproach to estimating the age of 4
sample is analagous to that used for Carbon- 14 dating, In the
case of Carben- 14 dating, the ratic of radicactive Carbon. 14
declines relalive to ron-radicactive Carbon-12 and it is 1his
rotio that s used to estimate the age of & sample. In order to
test the hypothesis that differsnt types of RINAs decay, ex
viver, ol different pmres, we hove compared the relative
stability of a rRMA 0 o mENA.

Ity this puper, i s suggested that the ratio of two Wypes of
RMA molecoles (f-actin mENA and 13 5 rRINA) in expen-
mgntal Buman Boodstaing changed in a liocar lushion during
i P3-day stoely, This pheromenon is likely to fomo the basis
for o more precise and aceurate method than the previously
mentioncd technigues for determining the age of Bialogical
evidence.

2. Methods
2.4 Bloead collection wad santaling

Bleod was drawn from eight individuaals {four males and
four fermales) of Furopean angestey. Males ranged in age

from 21 i 55 and females ranged in age from 22 o 36, Ten
milliliters of blood woree collected @ non-ceated BL Yacu-

taipers (Fisher Scientific, Pittsborgh, PAY vn three separate
veeasions from cach donor. Ten microliters aliquots wer
immesdiately sported on the sume plece of 100% coton
fabne wnmd steced at 25°C and 508t homidity in oun
EC22560 Environmemial chamber {Lab-Linc, detrose Parl,
IL}. A separate picce of fabric was used for cach individual,
Elood was drawn three tmes a week for twao individoals
randomly selected. The Ilood colleclion progedure wias
prefonned over a 4-week poriod. Samples were emaoved
fromm the chawnber and provessed when they reached the
desired wpes of 30,60, 90, 120, and 150 days.

Our proetocal was approved by the West Wirgiooe Uni-
wersity Iostimvoel Beview Board for the Protection of
Human Rescarch Subjeots (TREB #153833).

22 RMA extraciion

TRI Keagent BD (bMolecular Research Ceater, Cincinnati,
O wars used to isolate RNA from the dricd bluad samples
al b varions ex ¥ivo dges. For @ach (ome point (ex vive aga)
and fur each blood draw, RNA from three sepecate [0 pl
blomdstains was isolaed for cach subject. For cich subject,
therefore, a total of nine ENA samples wene 1solated For cach
time point. Two bundecd microliters of water and 3wl of »
palyircyl cartier (Molecular Research Center, Cincinnali,
OH) werc added to 750 pl of TR] Resgent B, The dricd
hlnodstaine were cut from the fabric and sdded directly 1o
this golution, which was then voresed bricly and incubated
ul 301 °C for Lt minmtes (min). One hyndred micopliters of -
broma-3-chlompeapane (Molecular Research Cepter, Cin-
cinnati, OHY was wdiled w each sample. then vortesed for
15 sevonds followed by 8 roum empenuure  incubation
(23°C) fur 3min, Samples woere (hen comrifuged dor
15min at 47 C. All cemrfugations were preformed a
12000 % g at 4 °C, The vpper agueous layer (containing
the EMA) was transferred to a now be (~300 pl) wed
500 pl of cold isoproponal was added. The imlerphase con-
tained the high molecular weight ONA that was extracted for
uthear caperinents (see below). The smmplas wers mverted 2
tines and jocubated at roem temperature for T pan. The
samples were then ventnfuged for 8 min, The Hguid super-
natanl was disvacded and 1 mi of 75% ethanol (BtOH) way
wlded to wash the RNA pellet. The samples wers boefly
vortexed and centrifuged for 5 min. The Hoguid supematant
was remeved and the RNA pellvts were allowed o air-dry
for 5 min #t room wmperatore. To resuspend the RNA pellet,
40 pl of RMase free water (Fisher Scicntific, Piitshurgh, PA}
wirs added and incubated at 55 ¥C far 1 min. A sham RNA
iznlation of cotton containing no blaadstain was prefermed
wilh every assay 4% a negalive contral.

2.3 DMA exiraciion
DINA Wwas exieactedd from the inlemqphase and orglnic

{lower phase) laver after the phase separation dudng the
BNA isolution of the sume Bloodstain. The Dlogl-stained
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faliie was memoved trom the grpanic layer amd washed in
00 ] of DNAzol (Molecular Research Center, Clnsimoati,
OHY. The fabnu comaining the DUVA was then ploeed in | oral
of DNAzel, 10 pl of 10% sodium dodeey] sulfate (SIS} anel
20ul of 20me/m] of proticnase K. The samples were
incubited st room temperature for 2 days with oceasionsl
vortering. The samples wete centrifuped for M) min at
TR % g and the supematanl wis remaved. Three micr-
liters of polyarcyl camier and 300 pl of 95% ROQH were
idded o cach sample, tbes were inverted sevecal times, and
ineubaied 2 room temperabure for 3 min, The samples were
then cemteifuged a1 5300 « g for 5 min and washed with 1 ml
of 95% ErH, and centrifuged twice at 2000 x ¢ for 2 min
followed Iy washes. The supernataol was discarded snd the
DHA pellel was air dried for 5 min aod then resuspended in
20l of nuelesse Tree waler,

2.4, Reverse troyoripiion

Applicd Biosystem's Taghan Gold RT-PCR it was used
for the reverse wrenseriplion reaclian. A reverse transcriplion
master mix (fnal concentration: 1x Taghdan buffer A,
5.5 mM magnesinm chlotide, 500 uh cach dATE dCTE,
AT and dUTPR, 2.5 pM random hexamcors) was made,
aliguated into individual POR tubes and stored ot -20°C
until ting of wse. Fonly icrolitees of the RIMA suspension,
2.0 ] of RNase inhabiter (008 L) and 2.5 p of muoliscribe
reverse ranscrplase (325 D way added W each reaction.
Samples were pulie cennfuged and placed i g Techoe
Touchgene Gradient thenrocyceler (Buelington, NI} under
the following conditions (25 7C Toe 10 rmn, 48 20 for 34 imin
snd 95 °C for 3 min), A no-enryme contryl was o with
CTETY ASKTY,

2.5, Read-time PCR

A real-time PCR master mix composed of; Applied
Biosystem®s P-actin (301846 contral reagents, Applicd
Biosystem™s 18 5 rRMNA (43083297 control reagents, and
Applicd Biosystem's Taghlan Universal PCR bfaster Mia
wias penecated to be used For RINA detection. The following
list eeprosenty the Anal concentrations of each component of
the reaction: S0 nM LR 5 (BRMNA forwaed primer, roverse
peiner and 20600 oM probe (¥YT0 dye Tayver) 300 pM [-actin
forward potoee, reverse primer sod 2000 pbd probe (FAM dye
layer}, anid | = Taghfan Universal POR Blaster bix. 34.75 pl
af the real-tirne PCR master mix was ashded o real-time
aplical iubes A pplivd Biosysiems, Foster Ciry, A0 Fifteen
and g guarter macreliters of each cTIMA sumple was wlded o
the tubes for o otal volume of 30 pl. The samples were
bricly contrifuped before real-time analysis, Duplicate sam-
ples were run for eich RHNA sample. Samples were placed in
Applied Biogystem's 7700 Scquence Detection System and
on on defuult conditions. Positive (control cDNAY and
negative [water] contols for read-time analysis  wore
inchided. The sham RMA lsolwions {cotton cloth lacking

a hloodstain) were analyzed at this point for detection of
false positives, Analysis of ders was preformed wsing
Applied Biosystem's Segquence Deteation Softwane: Yersion
L Inoreal-time PCR, the relative mBMA level 15 indicated
as the Ct value, which is the PCR cyele number first showing
scitlod fluorescence intensity of amplified RT-PCR products
of the target RNA (exponential amplification). The Ci value
is inversely proportional to the amount of aeget oA
saraple [9-117. Cwr Ot valoes for vach subject fur such time
point represent megns of eighiesn measorements, Thres
BINA samples were tselated from cach subject on ey
alifferenl oocasions and replicates of coch RHNA isolite were
snalyvreed for real-time analyss,

2.6 Relative RNA guantiffcaiion

Hezplts were dnalyzed and threshold valoes adjusted ag
desceilyd by (he manufagtorer. In brel, s was achivved by
ingreasing the thresholl bur 1o ensure © was gbove any
bavchground noise of the tead-ome PCR oon, A set thresbofd
wivs ifentifed fur both -aciin and 18 5 (EMNA and kept
canstant for all assiys, Control cDMNA was used 10 adjus for
cxpenmental vanalion causcd by the Y700 machine, All rons
were nomialized 1o the same control cDNA before statistical
anabysis. Hesults were exported nte Microsoft Excel to
generate the values needed for further analysis.

2.7 RiboGreen guantification of R&YA

RiboGreen (Molecular Probes, Eugene, OR) was nsed 1o
detenmine the concentration of the RNA saonples. Fifteen
micraliters of a HiboGres TE dilotion was adied (o 15 plof
iotal RMA isalated from variaus blood samples, The samples
wene  gnalyeed and the [oorcseence delermined osing
Applied Biosystern's J700 real-ime PCR machine, Con-
cenfrutions were delermined by companson 1o i seoes of
koown RNA dilutinns,

2.8 Speeies-specificity and prigee design

Primers and probes were desigiad [o be huran-specific
using the sequence comparisen peogram SEQUED [Applied
Biosystems, Foster City, CA) mRNA Genbank sequonces
from human aod other species wore alighed and the poly-
morptie regions  deolified. Pomers and  prches  were
desipteel osing Poimer Eaprass sofiwaee {Applicdl Biosys-
teims, Foster City, CA) Both primersfprobes were cvaloaled
using: RNA obiained from suverml non-humasn organisms;
cal, dog, ral, mouse, pig. and yeast, RWA was obtained from
cal angd dog blond donsted by a local vetennanan, B,
mense und pig RNA was purchazed from Phenninagen (Sen
Dicgo, CA) Yeast RNA was isolated using the standacd
protocel For the Roche High Fure ENA Isolation Eic (Indis-
napodis, 1M} Mo amplification ensured that the primers and
probe wore human-specific. A probe specific for DNA was
also designed o tost for DINA contamenation of the RNA
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sample and to determioe the elfcleney of DNA recovery
when isolsted from the sume blood sample, DMA-speciliv
priversfprobe wore desighned based on a non-transcribed
eeficn ¢f the human GAPD gene (CGAPNT). The DMA-
specific prolwe (GAPNT) was multiplexed with an RMA-
specific probe from Applied Biosystems (hsBA) to st for
both ENA and TINA jo the same sample. Optimal eanditions
are us follows, GAPNT—250 pbd probe, S0 forward
andl roverse primers, hsBA—S50 nM probe und forwaed and
[CVET3E primers.

2.9 Seavisticel analysis

Anulysis was porformed wsing a nested analysis of var-
fmnce pying e method of restricted mariom likelthood
[7]. Drae of deaw i3 nested within subject. Time (ape of
Blood) wis nested within date, Sampleg (RMA isolates) ware
ncsied within times ansd duplicate (real-time) dssays wore
nested within samples, All factors cxcept subject and taoes
were taken to be random. The response vanable (s 1he mtio
of Ct valoe for the |8 8 gene over that for the [-actin pene
(eelalive ratin).

3 Resul

Results frome the dried blocd of cight subjects processed
over 150 days are presented in Fig. | The rativ of the Ct
value of L& 5 wver that for [-actin ix o linear fonctivo of age
of blood for buth fernabes and mules, Althuugh thete is u
suggestion of gender effect in Fig, | and perhaps o gendet-
by -day interaction, it 1s net statistically significant wsing this
sampla size, A model Ating the above sources of vanability

has a bighly significant linear day effect (P < 0.0031 5 and has
an sedjusted B of 78,26 (mide and famale dota were poaled
Wwegether for these tests). The data [om Fig | iy alse
presentad in tabular form in Table 1. indicaning the amunt
of vanation observed,

3.4 Esiimates of variabiitg

The statistical analysis suggests that inter-person varis-
hility acconols For approximately 1008% of the varjability for
the mmdom effects. The randmmn terms are: Intm-Rerson,
iter-person. vanabilily due tn RNA solation, and residuai
variatien (which inclodes duplicate assaysh Intra-person
varabelity sceounts For another 3.8% of the tota] wath the
majenty being scen in fomales, Yarsbiliy sssocialed with
experitmental crrar in the isolation of RNA accounts for an
additions] 3.4%. The remainder of the variability may e
cauged by varjous factors, such as age and scx of donor,
teclinicul emmor i duplicate assays, aod the interactions of
these fuctors. Preliminary data suggest that there may be
greater vagalsliy within a person (variability in blood draw
dlatis] for females than roales. The greater voralilily seen in
females may be due to altered hormona] levels encownterad
during the monthly esines cycle affecling the stadling mtio of
12 5 to [-pctin KMNAS, This will need to be further pursncd
willt & larger population size,

3.2 Levels of derectabilin

Using HiboGreen, the wotal amount of RNA prescol in
EE Wl Fresh blood samples was determined to be ahout 100
130 ng. A senes of dilutions were perfomacd on the RMNA
i determing the ability b detect o signal with read-time
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Fig. 1. One way analysiz of mean (ragad by age af ex vivo blood, [t shows the changs in RNA levels as 3 funetion of blogdsiain age, Dt
rapresent the racio of 18 5 rRNA 10 (f-mctin mRMA a5 doemined by real-time reverse transcriptase FOR, A model F|11jng Lhe above snurces of
vanahility hus a highly significant linear duy effec) (< Q000 ] and hag an adjwsied FR of T3.2%,
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The variakility assesiatend with ¢he results presented in Fip. ©
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Sex Dhivs ] Mean of rang Standard ermor Standard deviation
F | 72 1. 493346501 {006 1 it L O53240M05
3 gL} T2 15571 {LIKIRESE0 HLIF345655
3 ll T2 162267061 (L O0GR52T2 (.05323207
F ot T2 166532708 (0229738 (05139527
E 1 24% T2 1,737 LI TIN5 R {LIK3EDAG
b 130 1z 1. TR 000582809 0.0d49457y4
M Q 12 148339593 000856503 Q0353204
M ki) 12 1. 56068628 000602969 0.051 16365
] £ T 168102923 (AKITTIESD (547522
M a0 1z 1.50RY2LH ] (LHM50743 3E2E6R
M 120 7z 173479106 0. 0089005 00934555
M 150 T2 1.705497373 000253789 0025475499

M (3 dates of blood draws) (3 bBloodstaing per Juted (2 assovs per 1aind {4 pecple) — 72,

RT-PCE. We have successfully amplificd both F-actin and
L& 3 BMA from 1 pl of fresh blood (fresh blood spotied onto
cotlon clath snd RMNA immediately isolated) and then diluted
N.5-fold (~7 ng of total RNA) to 0.25-fold {~3 ng of totul
RNAY In theory, under e envieopmental conditions exam-
ined, wo cpuld aoplify both B-actin and 18 5 RNA wsing
real-time PCE. o levels sbove backenbund lrom o fresh
bloudstain 25 small as 0.25 Yl RiboGreen analysis of the
ENA isolated from 0- 1o 90-day-old 10 W) spots of blood
dried on cotton, estimsed 4 19% loss of totat XINA from O to
1 day, 28% [oss from 0 o 530 days and & 36% loss from 0w
90 dayy (data nol shown). The described real-time HT-PCR
wethod examines specific regions an specific genes dnd is
it Incendied tooanalyze total RNA loss, making this tech-
NIGUE eVen J0Te SEnyitive. Bociuse we ans CAuToining @ ratio
af two ENAS, different volumes of blood should give 1he
sume mtio oven if differencey am observed in the actua)
amuunt of stading matenal. Table 2 shows 1he reeovery of
RMA from 1, 5, and 10 pl doed blaodd stums, As the volume
of the hlood decresses, the €1 valnes for foactin and 18 8

Tuble 2
The Cn values associated with the indicaied volumes of Blood.

[i-Aglin 185 ALK Amaung of
brloced [ply

7 H7 P56 £.31 1

2167 1.1 837 -

2521 16,34 E.B2 -

25,39 16,57 B2 -

4 14,43 8,44 5

2183 14.2 163 -

3.1 424 485 -

3.0 ld.l 2.9] -

2148 13.27 320 g

1154 12.83 B3l -

21.58 13.05 553 -

2117 123 8.67 -

increase, as capected, but the differcnee between the 1wo
remain the same. We would expert this Leend to remain the
same over lime bul this concept sl needs o be further
investigated, 1t should be noted that only 146 of cach reverse
transcriptase reaction is used in each real-time assay, Where-
Fore, o total of Bve to six assays could Tse porformed with this
sl umoumt of RNA, Clearly, this system s sensitive
enough o deteot EMA from oearly any simmple that might
b icheennifiesd gy biological matedal.

23 ’AMA. and DNA-specificiry

Becouse the 18 5 and [-actin probes are not RMNA-
specific, The RMA sanples were fur DNA conlainination
by targeting teo diftecent nocleie acid cegions. We generated
a DNA-specific (GAPNT) probe that recognizes a 55 gon-
transeribed wegion of the human GAPDH gene and has been
vonfiomed o recopniee control genomic DINA (Fig. 285,
This was muliiplesed with 2 commercially available RMNA-
specific probe from Applied Biosystems ChsBA) which spans
an cxon—exon boundary in the P-actin gene. This probo was
also delermined to be RMA-specific (Fig, ZA). GAPFNT
yielded no signal for the RNA sample, the sample lacking
reverse transcriptaze (WT) and the negative (water) coirel
{Fig. ZA). The amplification of hsBA confinoed the presence
of RNA in pur samples, Figo 2A shows thal hsBA only
racognizes the BMA (cDNAS taolaced from the doed sampls.
There was no signal from either the minus BT contrel ur for
waler, INA was also isolated from the same dried blowd
sarmple and Fig, 2B shows that it is free of detectable ENA
contamination and is onfy recognized by GAPNT. The RNA
probe (hsBAY andl water did not give a signal,

J.4. Species-specificioy
Although not used fo penerate the data in Fig. |, we hive

demonstrated the feasibility of developing a species-specific
sel of primervprobes for 18 3 and [f-pctin. Pomers and
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Fig. 2. Sunultaness RNA and DNA izakation from the same bloo] sample. Resl-time amplificalion plos of BNA (ced), cIDMNA (green),
and [MA (blue) recovered from the same 0 pl blood sample. Ban (A shoves the RMA-gpecific {FAM layer) primerprobe only aroplifas
The cDNA Trom the blood swmple, Part (BY shows than the DMA-specilic {VIC layer) poimenfprobe only amplites the DNA from the hlowl
sumple.
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Fig. 3. Amplification of BENAS with human-specific primers and probes, Amplification of BNA from diffecem non-human sources uging
homan-specific primersiprobe Tor f-actin and 18 5. RNA was ainplified from human (dark hlue), pig {ligh bleed, mouse (yellow), rat (lght
preen}, dog (dirk green), cal {pink), und yeast {medium blue). Part (AY shows the amplification of these cOMNAS using 3 human-specific
primesfpeobe sel for B-ectin (BASO0 BAM dye layer], Water (ced) was used as o gegalive contoal Tor the Real-time reaction. Part (B shows
the amplitication of the syme ¢DMNAS from (A with a Universal L3 % primep'probe set (YT layerd. Far (3 shows the pmplification of the
above mentioned cDMNAs with primersfprobe for the human-specific detection of 18 5 (18 54 V1 layer).
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probes peneruted for 18 5 and P-actin were designed o e
specivs-specific bused on polymerphic regions of the codimp
region of the genes. They were tested on RNA {rom cat, dog,
maouse, ran, yedast, homan, and pig. Fig. 3A shows that the
prabe tor [actin (BASDOY only recognized ENA from
Fucnan. Eig. 3B shows a mgltiplex of BAS00 and Universal
L4 5 Begwese 1B 5 s osed for universal detection i
rocogniets COMA foomme all specivs and was waed as e positive
control o test the cDNAY used, AL thes point, thel3 5 probe
(18 54) gives o significant signal For both human and pig
(Fug. 30 1f this coannot be resalved, the RNA sample can be
examined with pig-specific probes to ensure that the hemsn
sarmple Ras nol beeh contmoinated with pig RMNA or the PCR
product gap be seguenced, Each O value reprascnls a two-
full diffcrence in staling materigl. Because 18 X 8 5o
prevadent, 10 reaches caponcntial amplificalion al eychs |4
when human BvA s amplified. A signal given st eycle 33
(mouse)  ropresents o 2" fold difference  cumnbuting
U00019%, which ts considered to ke at background levels
IF ouar hman samples were contaminated with mouse ENA,
the mouse RNA would not significantly alter the nesulbs
vhngined with the hwman BMNA due to the Tonitations of
detcgtabiliny uf rmouse RNA, Oure primers and probes were
alsi shown e vield po signal foom sham-ENA isolations of
various Eabrivs (data nol shownd,

4, Discussion

The resulty presented in this paper demonstrale thal the
sbeterominetioo of U relative ratios of o dilTerent BiNAs, 18
5 gl [I-arting can be used 1o estimate the age of a bloodsliin.
Fig. | shows the rafe of decay of bag RMA species o dried
blood over o 1530-day period ender contrabled eondieons,
The Ct vaduc uf 18 3 did not spprecikly change over the
course of 150 days but the Ct values for fi-actin became
significantly reduced as 2 function of time thus the relstive
ritin of 18 5 tRNA to factin mRNA increased over time,

Hottr 1R 5 and P-actin are considered “housckeeping
Fenes” which are expressed inoall eell types at relatively
high levels iy their RNA prodocts are Likely to be recoy-
engd from ceime spens evideneds, The wnivarsal sxpression of
these penes means that vur analysis could potentivlly e
dpplicd fo tissue types other then blood. Comparsons of
different blood draws from the same individusl and between
dilferent individuals suggest relatively constant steudy -state
levels of the housckeoping penes we have chosco.

12 5 rRMA i a very abundant spectes with scveral
thausands of copies per cell and il exists almost cxclusively
in a complex of eibosomal profeins comprising the small
subuoat af the ribosome thar, we hypothesized, would peo-
vide a protective eoviromment for the rRN A This assocalion
sray help prevent auclesse dack by shiclding He rREA
from eneyroatic or chemmical agents which in tuen makes the
RMNA o stable, acting in o fashion similae to Bistone
protection of DMNA. In contrast, even when [oaded with

ol pribscinies, electron mircrogmpbs show significiot gaps
where the mEMA is nocessible between the nbosomes, Aler
examining several housckeeping mRNAs [data not shown),
[-acon was chosen, which, although less abundant than the
ribosmnal species, is still a fairly abundunt mREMNA. Like
most mEMNAS, iU is not permanently incorpotated Inlo
prolective protein complex and thes, our data indicale,
degrades ore tapidly then 18 5.

The ape estimate of a Boodstin may provide wanpord
linkage beiween the deposition of the blood and 1he G i
crime was commilted. Conversely, these resulls may be
helpful in excluding samples that do net comespond to the
titne when a crime was committed. For example, if 2 blocd-
stain i determined to be over Lwe inonths old and the crime
wis cominilied only we weeks apo, that paticular blood-
stain can be exciuded foom the orime scene evidence. R the
absence of wther knowledges, this techoigue may also be of
wie o wpproximale when the come was committed based on
the crilcnia meentioned above, IF o bloodstain i= known o
have bren deposited at the lime a cime was commitied, then
the ralio of 18 5 ¢RNA to B-actin mENA could poentially be
wsed to eslimate the time the crime oceared.

We are in the process of examining the cffects of envir
onmental faglees (DUceoorganisms, temopecature, homidity,
and Tull specinum light) wn RNA decay, We aire also expand-
ing the study popalation 1o ook st the speciliv effucts of sex,
ape, wnd ethniciy and o apply the wechmgque 1o oher
iclogical samples such as sabiva ol bain We bawe sucoess-
Tulty isolaed RNA frem an undetenmined amount of saliva
and u singhe hair follicle (data not stiown).

The cezulis that we have presented o this paper provide
support for the hypothesis that there are dilfersoces in ex
wiver RMA decay rales, 1t is suggested that f-actin mRMNA is
Tess stable and decays mone rapidly than 183 tRNA inex
wiro bloodsiains, Using renl-time reverse transeripease poly-
merase chain reaction with the simultancous detection of the
L% 8 rRiNA and [B-actin mENA we have shown (hat relative
EMA rotios can be wsod to estimste the bme of blood
depesiticn. Our prool of concept rosulls show that haoth
EMNaAs decay in a coosislent and predictable manmmer. This
has the polential tn beenome o moce precise and accure
means of dating hioolstains aml potentally other iclagical
samples s companson 1o the previowsly exasting techoigues.
The method proposcd 15 advantageous over the previous
techniques of dating drcd blopdstains for the following
reasons. By cxamining EMNA miic, the analysis is indepen-
dent of sample size. Only relatively small samples arc
required for the lest, with samples as small a5 1 pl of bleod
being successfuily prmcessed. There it alse porential for
application teo lissucs other than Blood wil tssee-specific
mEMA profiles 1o detenmae the tissoe fronn which the
sample s denved [R], Species-specilicily of the primers
and probes help o exclude false sipnals due o cantbnisa-
lion, With many methods, invesngators most decile which
tast 1o apply 40 a givan sanmple since many procedores
prechode other analysis oo e same sanple. This methoed
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allows DINA 10 Iy gn-isolated with RNA, providing simul-
Gineous analysis for the identification of the person from
whoe the bislogical swmple was derivedd aned estimating
when i was deposited. Additonally, all of the experimental
manipulations oocur simultancoosly 1o both anpeet RHAs
in the samc whe thus eliminating polential issues such as
pipeting creors or differences in enzyme etficlency. Finally,
inthe dried Bood samples, the time peciod over which useful
estimistes can be prade 3% at least on the order of 150 days.

The opindvns, Andipgs, 2nd conclusions or cecommenda-
tons expressed 1m0 ki publication vre those of the wuthoes
ando pot necessanily reflecuthe views ofthe Department of
Tastice,
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