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Ann Marie Gross, Forensic Scientist III, Biology Section, Minnesota Forensic Science Laboratory, St. Paul, Minnesota, hereby deposes and states: 

1.
I have been employed as a Forensic Scientist at the Minnesota Bureau of Criminal Apprehension Forensic Science Laboratory (hereinafter BCA) since 1989.

2.
From January of 1989 until December of 1990 I was assigned to the Blood Alcohol Section of the BCA Laboratory.  In January of 1991, I transferred to the Biology Section of the BCA Laboratory where I am currently working.

3.
The Biology Section analyzes biological evidence submitted in criminal cases from law enforcement agencies throughout the state of Minnesota.  The submitted evidence is subjected to procedures involving Serology and DNA testing.

4.
In the biology section, I hold the position of Forensic Scientist III with an expertise in forensic Serology and DNA analysis.  I receive biological evidence and analyze this evidence for the presence of body fluids such as blood and semen.  DNA profiling is performed using the polymerase chain reaction (PCR) technique on DNA extracted from the body fluid stains, as well as on known bloodstains from principals in the case.  The results obtained from the question and known samples are compared to determine the potential origin of the body fluid stains.  I also perform restriction fragment length polymorphism (RFLP) analysis on non‑suspect sexual assault cases in order to search the unidentified profile against the criminal sex offender (CSO) database.  Following my analysis in a particular case, I prepare a laboratory report containing my conclusions and may be called to testify in court with regard to my results and conclusions.  I am also in charge of coordinating and performing validation studies for the implementation of new techniques, as well as performing research on forensic applications of the PCR technique.  

5.
I have a Bachelor of Science degree with a major in chemistry and a minor in mathematics from Bemidji State University in Bemidji, Minnesota.  I have a Master of Science degree with a major in chemistry and a minor in physiology from the University of Minnesota in Duluth, Minnesota.  My thesis work was in the area of biochemistry.

6.
I am certified by the American Board of Criminalistics in Molecular Biology.

7.
In addition to my undergraduate and graduate classes, I have completed additional

coursework at the University of Minnesota and at Hamline University both in St. Paul, Minnesota.  The courses entitled “Genetics” and “Human Genetics” were both taken in 1990 at the University of Minnesota; the course entitled “Human Osteology” was taken at Hamline University in 1999.

8.
I have had additional training through outside workshops and visiting scientist positions.

The following is a synopsis of that training: 

DNA Extraction Workshop sponsored by Lifecodes,  MAFS 


Oct, 1990

Forensic Applications of DNA Typing Methods, FBI Academy, Quantico, VA
Feb, 1991

Visiting Scientist Program, PCR Techniques, FBI Academy
, Quantico, VA
Sept‑Dec, 1991

Visiting Scientist Program, D1S80 Techniques, RCMP Forensic Lab, Ontario
Jan, 1993

Advanced Aspects of Forensic DNA Analysis, FBI Academy, Quantico, VA
May, 1993

Practical Techniques in DNA Analysis of PCR Fragments, Promega Conference
Sept., 1993

DNA Typing with STR's Workshop, Promega Corporation, Madison, WI

May, 1995

Statistics Workshop, Scottsdale, Arizona





Sept, 1996

Visiting Scientist Program, STR Analysis, RCMP, Ottawa, Ontario


Oct, 1996

9.
In April of 1997 I attended two in‑house workshops at the BCA Laboratory.  The first

workshop was entitled “STR analysis using the ABI 377 Gene Sequencer” and was presented by Dr. Benoit LeClair of the RCMP Forensic Science Laboratory.  The second workshop was entitled “Forensic Applications of Statistics” and was presented by Dr. George Carmody of Carleton University, Ottawa, Ontario.  

10.
I have attended over fifteen scientific meeting that have dealt with various aspects of forensic DNA analysis, and have presented the results of my research at six of these meetings.

11.
I have completed the analysis and issued a laboratory report in approximately 54 cases utilizing the BCA Laboratory's RFLP methodology; 250 cases utilizing the BCA Laboratory’s PCR methodology for DQA1/PM and D1S80; and 38 cases utilizing the BCA Laboratory’s PCR STR methodology 

12.
I have been involved in collaborative projects with other organizations.  These include:  

a) Designing, completing and writing a report on the evaluation of the commercially available Quantiblot kit (from Roche Molecular Systems, Inc.) for the quantitation of DNA from telogen hairs.

b) The 2nd European DNA Program (EDNAP) Collaborative short tandem repeat (STR) study which was headed by Dr. Peter Gill, Forensic Science Service, Birmingham, U.K., results published in Forensic Science International, 1995.  

c) The National Institute of Standards and Technology (NIST) inter-laboratory tests to validate a prototype Standard Reference Material (SRM) for PCR‑based technologies, in particular for the genetic locus D1S80.  This standard reference material (SRM 2391) is now commercially available.

d) Conducted an inter-laboratory exchange of mock case samples for analyses using RFLP analysis, DQ‑alpha analysis, Polymarker analysis and D1S80 analysis, results published in The Journal of Forensic Sciences, 1996 and 1997.

e) Participated in an inter-laboratory study headed by Dr. Kevin McElfresh from the Bode Technology Group in Springfield, VA.  In addition to the BCA and Bode, Broward County Sheriff’s Office, Florida International University, RCMP and Promega Corporation participated.  The results of this study were presented at the 1997 Promega Conference.

f) Participated in an inter-laboratory exchange study with the Michigan State Police Laboratory, this study involved 16 different scientists extracting DNA from blood and semen stains and typing the DNA with STR’s.  The results of this study are currently being compiled by the Michigan State Police Laboratory.

g) Participated in the NIST Mixed Stain Study 2, Inter-laboratory Comparison Study.  Results were presented at the 1999 Promega Conference in Orlando, Florida.

h) Participated in the TWGDAM sponsored Capillary Electrophoresis Resolution Study.  Other laboratories participating in this study included:  Armed Forces DNA Identification Laboratory (AFDIL), Arizona Department of Public Safety, California Department of Justice, Miami‑Dade Police Department, Missouri State Highway Patrol, New Mexico Department of Public Safety, National Institute of Standards and Technology (NIST), New York State Police Forensic Investigation Center, Ohio Bureau of Criminal Investigation & Identification, Orange County Sheriff Department Crime Laboratory, Oregon State Police Crime Lab, and the RCMP.   Results are detailed in #30E.

13.
I am currently a member of the American Academy of Forensic Sciences (AAFS) and

the Midwestern Association of Forensic Scientists (MAFS).  I have been involved in the MAFS organization as a member of the following committees:  Audit committee, Planning committee, Research committee  and Membership committee.  I am currently the Biology Section Coordinator for the MAFS 2000 meeting and am co‑chairman for the MAFS 2001 meeting. 

14.
I have been the first author of three scientific papers that deal with forensic DNA

analysis which are published in The Journal of Forensic Sciences.  This is a peer reviewed scientific journal.  The papers are listed below:

Gross AM,  Harris KA, Kaldun GL. “The effect of luminol on presumptive tests and DNA analysis using the polymerase chain reaction.” The Journal of Forensic Sciences  Vol. 44, No. 4, July, 1999.

Gross AM, Carmody G, Guerrieri RA. “Validation Studies for the Genetic Typing of the D1S80 Locus for Implementation into Forensic Casework.” The Journal of Forensic Sciences, Vol. 42, No. 6, Nov. 1997, pp. 1140‑6.

Gross AM,  Guerrieri RA. “HLA DQA1 and Polymarker Validations for Forensic Casework:  Standard Specimens, Reproducibility and Mixed Samples.” The Journal of Forensic Sciences, Vol. 41, No. 6, Nov. 1996, pp. 1022‑6.

15.
The BCA Laboratory is a part of an organization named SWGDAM which stands for the Scientific Working Group on DNA Analysis Methods (formerly called TWGDAM  - Technical Working Group on DNA Analysis Methods).  I am the State of Minnesota’s representative to this organization. SWGDAM consists of approximately 50 members representing approximately 50 laboratories in the United States and Canada.  The function of SWGDAM is to set standards, validate new methodology and make recommendations to the DNA Advisory Board (DAB).

16.
For the past 9 years my duties at the BCA Laboratory have continuously involved some aspect of forensic DNA analysis.

17.
DNA stands for a chemical substance named deoxyribonucleic acid.  DNA contains the genetic information necessary for the production of all organisms.  DNA is made up of two long and twisted strands called the "double helix".  Each strand contains a sequence of four smaller compounds called nucleotide, or bases, which are linked together.  These compounds are represented by the letters (A) adenine, (G) guanine, (C) cytosine and (T) thymine.  The unique order, or sequence of bases form genes and genes are grouped to form chromosomes, and thus completes the blueprint for an organism.  The bases normally pair, A with T, and G with C, to form the rungs of the double‑stranded DNA helix.  The order in which the bases occur along the strand varies, providing an almost infinite number of possible sequences.  There are about 3 billion basepairs in the entire human genetic code, however, only a fraction of the 3 billion genetic letters sequences differ between any two individuals (approximately 3 million of the 3 billion).  DNA tests for forensic applications are designed to detect some of these differences.

18.
To find differences from one individual to another, scientists rely on the fact that genes can be assigned to a specific location on a chromosome.  The physical location of a gene on a chromosome is called its locus.  Chromosomes contain many different genes.  Except for the sex chromosomes, normal individuals have two copies of any given gene at a particular locus because human chromosomes come in pairs with one copy inherited from the mother and one from the father.  Essentially all human beings have 23 pairs of chromosomes.  These 23 pairs of chromosomes are the same in every cell within an individual.

19.
Variations of the gene at a particular locus are called alleles.  At each locus of the pair of chromosomes, an individual can have either two identical or two different alleles.  If the alleles are identical, the person is said to be homozygous for that particular locus.  If the alleles are different, the person is said to be heterozygous.  When there are two or more possible alleles of a gene at a particular locus and the allele occurs in the population at a frequency of at least 1 percent, the gene locus is said to by polymorphic.  Some loci may have as many as 100 different forms of alleles and thus are said to be highly polymorphic.  Polymorphisms form the basis for the forensic applications of DNA typing.  

20.
Under certain conditions, a double stranded DNA molecule can be separated into two single strands.  These two strands (or other strands of the same sequence) will come back together in the same orientation under the appropriate conditions.  A single strand is able to "find" a second strand containing complementary bases in a particular sequence.  This attraction of complementary single strands to each other is an important aspect of the PCR technology used by the BCA Laboratory.  A single strand of DNA under certain conditions can also serve as a template for the generation of a complementary second strand, which together with the template strand form a new double stranded DNA molecule.  This is the mechanism for DNA duplication prior to cell division in the human body and is also the process for DNA amplification using the PCR.

21.
The PCR is a procedure developed by the Cetus Corporation, Emeryville, California.  It is a technique for generating millions of copies of a particular portion of DNA by repeated replication of small, defined portions of DNA.  This formation of many copies of a particular DNA sequence is called DNA amplification.  Specifically, a portion of a polymorphic gene is amplified and the resulting alleles which differ either because of DNA sequence variation or by length variation.  Length variations are called either amplified fragment length polymorphisms  (AMPFLP) or short tandem repeats (STR’s).  The differences the sequence variations can be identified by using DNA probes.  The differences for length variations can be detected by separating the fragments using electrophoresis and comparing the alleles to known size markers .   Extensive research and development by Cetus, then by Roche Molecular Systems, Inc., Alameda, California and by Perkin Elmer‑Applied Biosystems (PE-ABI) has produced extensive literature on the PCR technique.  A copy of the list of references from the AmpFlSTR(  Users manual is attached.

22.
Since September, 1993, the BCA Laboratory has been using the PCR for analysis of the DQ‑alpha (DQA1) gene in casework specimens using a commercially available kit from PE-Applied Biosystems.  In December, 1994, the BCA Laboratory started using an additional six  loci for a total of seven loci.  Six of the loci were typed using the commercially available (PE-Applied Biosystems) DQA1/PM (DQA1 and Polymarker ) kit.  The other loci analyzed (D1S80) also uses a commercially available kit.   The BCA Laboratory discontinued performing the DQA1/PM tests in February, 1999 when we began using the PCR for analysis of short tandem repeats (STR’s) in casework.  The BCA also used commercially available kits for the analysis of STR’s.  The two kits used at the BCA are called Profiler Plus( and CoFiler( and are purchased from PE-ABI.

23.
The forensic typing of the short tandem repeat loci  (D3S1358, vWA, FGA, D8S1179, D21S11, D18S51, D5S818, D13S317, D7S820, D16S539, THO1, TPOX, CSF1P0) as well as the sex-typing marker (Amelogenin) involve the following steps:


(a)
EXTRACTION ‑ The process by which the DNA is isolated from blood, semen, and other body fluids.  This is accomplished by a series of chemical treatments of the specimens followed by purification of the DNA.  The extraction technique used in STR DNA typing is the same as that used in the RFLP methodology as well as the DQA1/PM & D1S80 methodologies.


(b)
QUANTITATION ‑ After isolation of the DNA, a technique called slot blotting is conducted to estimate the amount of human DNA isolated.  It is important to know how much DNA is obtained so that the correct amount is added to the amplification reaction.  Too much DNA can overload the system.  This technique was also used for DQA1/PM & D1S80 methodologies.


(c)
AMPLIFICATION ‑ The PCR used in the amplification of DNA is a cyclical

enzymatic reaction in which portions of DNA strands are copied, and products from previous cycles are used as templates for subsequent cycles.  Each time a strand is copied, a particular portion of DNA is doubled such that millions of copies of a particular sequence can be made.  This increase in the concentration of specific DNA fragments provides sufficient material for the detection of either DNA sequence variation or DNA fragment length variation.  An instrument called a thermal cycler is used to perform the amplification.  The PCR technique was also used for DQA1/PM & D1S80 methodologies.

(d)
ELECTROPHORESIS  - The amplified pieces of DNA that result following the

PCR are separated based on size using a polymer filled capillary on an instrument called an ABI 310 Genetic Analyzer.  An internal standard of known size fragments is run with every sample to size the fragments of the sample.  In addition to the samples that are run, allelic ladders which contain fragments of known size for each loci examined are run.  Using the electrophoresis technique to separate DNA molecules based on size is by no means a novel scientific technique.  It has been used in the field of molecular biology since 1971. 


(e)
STR DETERMINATION – The sizes of the fragments are determined for both the samples and the allelic ladders using the internal size standards.  The sizes of the samples are compared to the sizes of the allelic ladder and allele designations are assigned using software

(Genotyper) purchased from the company which manufacturers the amplification kits and the instruments that are used by the BCA Laboratory.

24.
By determining which alleles are present in the known and question samples, it is possible to determine whether the samples could or could not have originated from the same source.

25.
The BCA Laboratory PCR STR standard operating procedures (SOP's) are on file at the BCA Laboratory.  These SOP’s were written based on our experience from workshops, visiting scientist projects, SWGDAM, the STR project as well as extensive validation studies performed at the BCA .  The validation studies are detailed in #30 below.

26.
The BCA Laboratory has a quality control/quality assurance program that includes the following:


(a)
Standard operating procedures have been tested and validated.

(b) Controls built into the testing that allow the testing to be monitored throughout each of the PCR typing steps.  These include reagent blanks, blind controls, positive amplification and negative amplification controls.

(c) Open proficiency testing of all personnel involved in casework.


(d)
Verification of case results by a second trained DNA scientist.

(d) Review of case results by the QA/QC Supervisor of the Biology Section (Ms. Patricia C. Wojtowicz).

27.
The BCA has incorporated a number of controls into its PCR STR SOP's that allow the scientist to determine if the testing has worked properly and that the results are reliable.  These controls include:

(a) Slot blot hybridization with D17Z1 (a probe specific for human DNA) is used for human DNA quantitation.  This ensures that optimal amounts of DNA are added to the amplification reaction.  Too much DNA in the amplification reaction can prevent balanced amplification across all loci.

(b) A number of controls are employed for STR testing at the BCA.  They are as follows: 

1. Reagent Blank:  For each case extracted, a reagent blank must be used.  The reagent blank consists of all reagents used in the test process, minus any sample, and is processed through the entire extraction, amplification, and typing procedures alongside the evidence samples.  If more than one type of extraction procedure is used (with different extraction reagents), then a reagent blank should be set up for each type of extraction or group of extraction reagents used.  The volume of reagent blank amplified should be no less than the largest volume of sample amplified that was extracted with that particular method.

2. Amplification Blank:  An amplification blank must be used with each set of amplifications.  This sample contains all reagents used in setting up the reaction and the appropriate amount of sterile water.  No DNA sample is added to this control.  This control is processed through the typing procedure.
3. Positive Control:  With each set of amplifications a sample containing DNA of a known type must be amplified and carried through the remainder of the typing procedure.

4. Blind Control:  Each case must include a blind control sample.  This is a bloodstain that is carried through all procedures from DNA extraction through amplification and typing.  The blind control serves as a proficiency test and quality control check on the DNA process.   

(c) Use of Perkin‑Elmer Cetus Temperature Verification System to verify proper operation of thermal cyclers and determine consistency within each instrument.

28.
The quality control/quality assurance program for the Biology Section at the BCA Laboratory is administered by the QC Coordinator (Dan Bergman), who is independent of the Biology Section.

29.
I have completed 37 DNA proficiency tests and have not made an incorrect inclusion (a false positive) or an incorrect exclusion (a false negative). I have successfully completed 14 RFLP proficiency tests; 15 PCR proficiencies for DQA1/PM and D1S80; and 8 PCR STR proficiencies.

30.
The BCA Laboratory has conducted the following validation studies prior to using this technology for casework.  Complete results are on file at the BCA Laboratory.

30A)  PROJECT TITLE:
RE‑ANALYSIS OF SAMPLES PREVIOIUSLY RUN ON 377 

BACKGROUND:  STR’s are analyzed at the BCA using two different platforms.  The ABI Prism 377 DNA Sequencer and the ABI Prism 310 Genetic Analyzer.  The 377 employs a slab gel for separating the fragments and the 310 employs a capillary for separating the fragments.

PURPOSE:
To determine whether or not the final results obtained using Genotyper analysis is the same for samples run on the 377 DNA Sequencer and the 310 Genetic Analyzer. 

PROCEDURE: Approximately 80 population samples previously run using the 377 format were re‑run using the 310.  Genotyper results obtained on samples run on the 377 were compared to the Genotyper results on the same samples run on the 310.

RESULTS SUMMARY:   No discrepancies were noted.  This verifies that either the 377 or the 310 can be used to analyze samples and that results obtained from either format are comparable.

30B)
PROJECT TITLE:

310 VALIDATION - INJECTION TIME
BACKGROUND:  Sample tubes are set up in a tray for autosampling by the instrument.  The autosampler successively brings each sample into contact with the cathode electrode and one end of a glass capillary filled with polymer.  An anode electrode at the other end of the capillary is immersed in buffer.  A portion of the sample enters the capillary as current flows from the cathode to the anode.  This is called electrokinetic injection.  This application of the sample into the capillary is referred to as an “injection.”  The standard injection time for STR fragment analysis is five seconds.  The end of the capillary near the cathode is then placed in buffer.  Current is applied and the fragments within the sample are separated based on size.  

PURPOSE:
To determine if samples can be injected using a lower injection time to achieve loading less sample on the capillary. 

PROCEDURE:  Two samples previously amplified using Profiler Plus( were used for this study.  A master mix containing 120(L de-ionized formamide, 5(L ROX and 7.5 (L sample was set up for each sample.  25(L of this master mix was aliquoted into five tubes. Samples were denatured at 95(C for three minutes and snap cooled in an ice water bath for 3 minutes.  The injection sheet was set up so that the first tube had a 5 second injection, the second had a 4 second injection etc. 

RESULTS SUMMARY:  Peak heights for the lower injection times were proportionately smaller when compared to the 5 second injection time.  


INJECTION TIME

APPROXIMATE % OF PEAK HEIGHT OF 5 SEC INJ



4 sec




80%



3 sec 




60%



2 sec




40%



1 sec




25%

COMMENTS:
  This study in conjunction with the re‑injection study show that it is an appropriate protocol to re‑inject a sample with a lower injection time in order to load less sample on the capillary.

30C) 
PROJECT TITLE:

310 VALIDATION - REINJECTION OF SAMPLES
PURPOSE:
To determine if samples can be re-injected, and how many times a sample can be re-injected. 

PROCEDURE:  Two samples previously amplified using the Profiler Plus( amplification kit were set up for standard analysis on the 310 Genetic Analyzer.  (24(L de-ionized formamide, 1(L ROX and 1.5(L sample, denatured at 95(C for three minutes and snap cooled in an ice water bath for 3 minutes.)  The injection sheet was set up so that there would be ten consecutive injections from each tube. 

RESULTS SUMMARY:  Peak heights from the tenth injection were within 90% of the first injection indicating that a sample can be re-injected up to ten times without getting depleted.

COMMENTS:  This study shows that it not necessary to re-aliquot a sample if it needs to be re-injected since it is scientifically valid to re-inject the sample.

30D) 
PROJECT TITLE:

310 CAPILLARY LONGEVITY
PURPOSE:
To develop a valid method for checking the length of time a capillary can be used and still achieve quality resolution of the DNA fragments.

PROCEDURE:  The total number of injections on a newly installed capillary was recorded throughout its usage.  Base pair sizes of the Green I ladder alleles were compared for fourteen injections ranging from injection 11 to injection 512.  The allele sizes were determined using Genescan analysis.  The following peak sizes of the ROX 500 internal standard were used for the Genescan analysis:  75, 100, 139, 150, 160 200, 300, 340, 350 and 400.  The median value for the allele sizes for the 27 alleles in the Green I ladder were determined and each injection was then plotted against this median.   

Using “Injection 11” as the “expected value” for the base pair size of each allele, precision and accuracy calculations were performed.  Precision = ((1‑SD)/EXP)*100; where SD equals the standard deviation and EXP equals the expected value for the allele.  Accuracy = (1‑((AVG‑EXP)/EXP)*100; where AVG equals the average value of the alleles and EXP equals the expected value.

The valley value for the 9.3/10 allele split in the THO1 ladder was determined for these fourteen injections.  The valley value is determined by measuring the height of the valley between the 9.3 and 10 alleles and dividing it by the peak height of the 10 allele and multiplying that number by 100.  [valley value = (ht valley/pk ht 10 allele) *100].  The measurements were done using the Genescan elelctropherograms plots.

RESULTS SUMMARY:   

a) Sizes determined from all injections were within 0.5 bp of the median value.

b) The average % precision was determined to be 99.96.

c) The average % accuracy was determined to be 99.61

d) The valley value was always less than 60%.

ADDITIONAL COMMENTS:  The data show that using the valley value is a valid method for a quick determination of whether or not the capillary is still functioning properly.

30E)
PROJECT TITLE:

TWGDAM CE RESOLUTION STUDY
PURPOSE:
To determine baseline data for the resolution of short tandem repeat fragments using capillary electrophoresis (ABI 310), and to determine whether or not a mixture of DNA containing alleles with a 1 base pair difference (eg THO1 9.3 and 10 alleles) can be resolved using the 310.

PROCEDURE:   

PART I:   Overall Resolution - Calculation of resolution from Green 1 ladder runs.  The runs were examined in Genescan and the size of the electropherogram was increased so that it occupied most of the screen to make data collection easier.  Scan numbers were used to obtain the “times” for the half width values.  Resolution of two alleles was calculated using the following formula:  R = 1.18(T2‑T1)/(HW2 + HW1).  Resolution was calculated for the following pairs of alleles:  Amelogenin (X and Y); THO1 (7 & 8); TPOX (9 & 10) and CSF1PO (10 & 11).  After calculating the resolution for an allele pair, the base pair difference for that allele pair was divided by this number.  (The observed base pair number and not the theoretical value was used.)

Example:  For amelogenin the scan time for the two peaks are 3513 and 3564, the widths at half band height are 5 and 5. The difference in observed base pairs between the X and Y is 5.79. Therefore:


R = 1.18(T2‑T1)/(HW2 + HW1) = 1.17(3564‑3513)/(5+5) = 6.01.


Base pairs/R = base pair resolution


So the base pair resolution for amelogenin =  5.79/6 = 0.962

PART II:  9.3/10 Resolution:  Procedure was prepared by  the Armed Forces Institute of Pathology DNA Identification Laboratory and is on file at the BCA Laboratory.

RESULTS SUMMARY:   

Part I:  The overall resolution on the 310 at the BCA Laboratory was comparable to the other twelve laboratories participating in this study. 

Part II:  The following mixtures of 9.3/10 alleles were resolved on the 310 at the BCA Laboratory:  1:1, 1:3 and 3:1 (ratio of 9.3 to 10 in the mixture).  These results were comparable to the other twelve laboratories participating in this study.
30F) 
PROJECT TITLE:

HETEROZYGOUS PEAK HEIGHT RATIOS
PURPOSE:
To determine, for single source DNA samples, what the range of peak height ratios is for sister alleles at a heterozygous locus.  “Sister alleles” are defined as the two peaks at a heterozygous locus.  Results from this study will help in the interpretation of mixtures.

PROCEDURE:  Data was obtained from the Minnesota Population Database (Caucasians, Hispanics, African Americans and Native Americans).  These samples were amplified using the Profiler( and Profiler Plus( amplification kits, and analyzed on the 377 DNA Sequencer.   Amplification parameters were followed as outlined in the AmpFlSTR(  Users Manual.  Peak height ratio calculations were performed for each of the following loci:



LOCUS
# OF DATA PTS




Amelogenin 

(203)



D18S51

(331)



D21S11

(327)



D8S1179

(289)



D13S317

(215)



D7S820

(233)



D5S818

(224)



TPOX


(224)



THO1


(218)



CSF1PO

(235)



FGA


(253)



VWA


(226)



D3S1358

(215)

RESULTS SUMMARY:   For all loci tested, over 99% of the heterozygous sample sister allele peak height ratios were between 70 and 100%.  This indicates that ratios less than 70% are rare in normal unmixed samples, and that it is scientifically valid to use peak height ratios as an indication of a mixed sample. 

ADDITIONAL COMMENTS:  Before combining all the data, peak height ratios were calculated for the four racial groups separately for the blue loci (D3S1358, vWA and FGA).  No differences were observed between the racial groups indicating that it was valid to combine data for all racial groups.  Data was not used if it was below the minimum relative fluorescent units (RFUs) for typeable results on the 377 (RFU = 100) or if the RFU value was over 3000.

30G) 
 PROJECT TITLE:

DILUTION STUDY
PURPOSE:
1)  To determine the lower limit of input DNA required to obtain a complete STR profile, 2) to determine the effect of going below this lower limit of input DNA, 3) to determine if a 25(L reaction volume yields the same results as a 50(L reaction volume.

PROCEDURE:  Serial dilutions were performed on several extracted blood samples as well as on the control DNA 9947A cell line from the AmpFlSTR(  amplification kits.  Different quantities of DNA were amplified to include a lower limit of between 30  and 60 picograms of input DNA.   Samples were analyzed on both the 377 and the 310.  Results are reported here for the 310 analysis only.  Amplifications were performed using the following parameters:  

50 (L reaction volume:  (From the AmpFlSTR(  Manual)



Soak at 95(C for 11 minutes



Followed by 28 cycles of the following 3‑step program:



94(C for 1 minute



59(C for 1 minute



72(C for 1 minute

 

Then, 60(C for 45 minutes



Soak at 25(C until removed from thermal cycler

25 (L reaction volume:  (From the RCMP)



95(C for 11 minutes



Followed by 28 cycles of the following 3‑step program:



94(C for 1 minute



59(C for 1.5 minutes



72(C  for 1.5 minutes 



Then, 60(C for 45 minutes



Soak at 22(C until removed from the thermal cycler.

RESULTS SUMMARY:  Complete profiles were obtained for all samples with both the 25(L and 50(L reaction volumes down to 250pg of input DNA with one exception.  The exception was for the locus D7S829 with one genomic DNA sample.  For this sample typeable results were obtained at 500pg DNA, but not at the 250pg level.  Both alleles were present, but one of them was below the minimum RFU (150 RFU) for typing.  The cell line DNA gave typeable results at the 250pg level, which indicates that the difference may be in the quantitation of the DNA samples.  (The cell line DNA which comes in the kit is quantitated by the manufacturer of the company, and the genomic DNA samples were quantitated at the BCA.).

ADDITIONAL COMMENTS:  Some loci still gave typeable results below 250pg of input DNA.  However, sometimes one allele would be above the minimum RFU for typing while the other would be below the minimum RFU for typing.  This indicates that lower amounts of DNA can be attempted, but will need to be interpreted with caution.  

Based on this study, the target amount of DNA to be added to the PCR reaction was determined to be 0.5 to 1ng.  

ADDITIONAL NOTE:  250 picograms (pg) is equivalent to 0.25 nanograms (ng).

0.25 ng is equivalent to 0.00025 micrograms ((g) .

30H)  
PROJECT TITLE:

MIXTURE THRESHOLD STUDY
PURPOSE:
To determine the lowest limit of input DNA interpretable in a mixture.

PROCEDURE:  Samples were prepared using pre‑mixed blood (component A and component B in ratios of 1:1, 1:2, 1:3, 1:4, 1:5, 1:10, 1:20, 1:50 and 1:100 respectively).  Stains were extracted, quantitated and diluted to 500pg/10ul (first set) and 100pg/10ul (second set).  The reaction volume for this study was 25(L.  The theoretical amounts of DNA amplified per sample are as follows:



First set




Second set


1:1
250pg A: 250pg B


50pg A: 50pg B



1:2
333pg A: 167pg B


67pg A: 33pg B



1:3
375pg A: 125pg B


75pg A: 25pg B



1:4
400pg A: 100pg B


80pg A: 20pg B



1:5
417pg A: 83pg B


83pg A: 17pg B



1:10
455pg A: 45pg B


91pg A: 9pg B



1:20
476pg A: 24pg B


95pg A: 5pg B



1:50
490pg A: 10pg B


98pg A: 2pg B



1:100
495pg A: 5pg B


99pg A: 1pg B

The GeneScan analysis was performed for each set using 150 RFUs and 50 RFUs.

Additional Taq was used (0.5ul/sample) for a second amplification of the second set in the attempt to achieve better amplification.

RESULTS SUMMARY: 
First set:    Across all loci, the threshold level for detection of a mixture was  1:3 (125 pg of minor component).  Examination of the shared loci for Profiler Plus( and CoFiler( (D3S1358 and D7S820) showed the Profiler Plus( kit had better amplification.  When the analysis was changed to 50 RFUs, mixtures were detected  to 1:100, with the average increase in detection going from 1:3 to 1:20 (24pg of minor component).  This time Profiler Plus( and CoFiler( were equally as sensitive.

Second set:  no complete profiles were detected using 150 RFUs, however, results were seen down to 1:3 (25pg minor component) when analyzed at 50 RFUs.  Additional results were obtained when 2x the Taq was added (at 2 green and all 3 yellow loci for Profiler Plus( lowest limit 1:5).

ADDITIONAL COMMENTS: 
 It should be noted that each locus has different sensitivity levels.  In the case of this study, (at 150 RFUs – which according to BCA SOP, is the minimum RFU value to be considered interpretable) mixtures were detectable at all loci down to a 1:3 mixture. 

30I)
PROJECT TITLE:  

CASE STUDIES
PURPOSE:
To perform STR analysis on adjudicated cases which were previously analyzed by DQA1/PM and D1S80.

PROCEDURE:  DNA obtained from adjudicated cases was typed following BCA Standard Operating Procedures.  SOP BI-703 for amplification and SOP BI-705 for 310 analysis.  Results were then interpreted using the interpretation guidelines (SOP BI-708). STR results were compared to those previously obtained using DQA1/PM and D1S80.

RESULTS:
STR results were comparable to those previously obtained using DQA1/PM and D1S80.

30J)
PROJECT TITLE:

ENVIRONMENTAL SAMPLES
PURPOSE:
To perform STR analysis on DNA samples which have been subjected to environmental insults as well as various contaminants routinely seen in forensic casework.  

PROCEDURE:  DNA was extracted from blood and semen stains which had been subjected to various contaminants (soil, soap, gas, bleach) and to environmental insults (sunlight and darkness).  The DNA was quantitated, amplified using the AmpFlSTR( Blue kit (which co-amplifies D3S1358, vWA and FGA), and typed using the ABI 377 DNA Sequencer.

RESULTS:  All samples which amplified gave the correct genotypes when compared to the known sample (known blood not subjected to any insults).  The blood and semen samples which had been subjected to soil contamination did not initially yield results (no amplification of the sample).  Since sufficient DNA was obtained from these samples, it was suspected that there was an inhibitor present which was inhibiting the enzyme in the PCR from functioning.  These DNA samples were then cleaned using Chelex resin followed by Centricon filtration.  After the DNA was cleaned, the following three strategies were attempted to achieve amplification:  1)  less DNA was added to the amplification reaction (thus diluting the amount of inhibitor);  2)  additional bovine serum albumin (BSA) was added to the reaction (BSA has been shown to help overcome PCR inhibition); and 3)  the amount of the enzyme in the amplification reaction was doubled.

The DNA extracted from the bloodstain contaminated with soil amplified using all three strategies.  The DNA extracted from the semen stain contaminated with soil did not amplify following the dilution, but did amplify with the other two strategies.

COMMENTS:  This study shows that accurate and reliable results can be obtained from samples which have been subjected to contamination and environmental insults and that the three strategies used for overcoming any enzyme inhibition can be useful in obtaining result.

30K)
PROJECT:

NON-HUMAN STUDIES

PURPOSE:
To determine if  non-human DNA would amplify using the AmpFlSTR( Blue kit (co-amplifies D3S1358, vWA and FGA).

PROCEDURE:
DNA was extracted from various animals (rabbit, dog, horse, pig, cow, mallard, deer, monkey, xavier monkey and sheep) as well as E.Coli.  The DNA was quantitated and either 40-100ng or 2ng of DNA was amplified.  Amplified product was analyzed on the 377 DNA Sequencer.

RESULTS:  No amplification was seen for any of the non-human DNA at either level of input DNA.

31)
Quality Assurance Standards for Forensic DNA Testing Laboratories

were published by the DNA Advisory Board, October, 1998.  These DAB Standards supercede TWGDAM guidelines and were adopted by the BCA Laboratory in October, 1998.  The following is a synopsis of how the BCA complies with those standards set forth regarding validation of new methodology.  A complete copy of the DAB Standards are attached.


STANDARD 3.1  The laboratory shall establish and maintain a documented quality system that is appropriate to the testing activities.  All 14 points addressed in this standard are addressed in the BCA Quality Assurance Program.  Audits of the biology section which address these points are available for inspection if desired.  An audit is an inspection used to evaluate, confirm, or verify activity related to quality.


STANDARD 4.1
The laboratory shall:

a) have a managerial staff with the authority and resources needed to discharge their duties and meet the requirements for the standards in this document.

b)  have a technical manager or leader who is accountable for the technical operations.

c) specify and document the responsibility, authority, and interrelation of all personnel who manage, perform or verify work affecting the validity of the DNA analysis.

The BCA meets all of the above requirements.


STANDARD 5.1
Laboratory personnel shall have the education, training and experience commensurate with the examination and testimony provided.  Personnel working within the biology section meet the education, training and experience requirements.  All documentation for each scientist is kept on file at the BCA Laboratory.


STANDARDS 5.2‑5.5
Personnel working within the biology section meet the education, training and experience requirements.  All documentation for each scientist is kept on file at the BCA Laboratory.


STANDARD 6.1
The laboratory shall have a facility that is designed to provide adequate security and minimize contamination.  The laboratory shall ensure that:

6.1.1
Access to the laboratory is controlled and limited.  The biology section laboratories are keyed so that only biology personnel, QA/QC Laboratory Coordinator and Crime Scene Team Coordinator and Laboratory Directors have access to the biology section

6.1.2
Prior to PCR amplification, evidence examination, DNA extractions, and PCR setup are conducted at separate time or in separate spaces.  All PCR amplification setups are conducted in a UV chamber which is separated by time and space from the evidence examination and DNA extraction.  DNA extractions are separated by time and can also be separated by space if the scientist chooses.

6.1.3
Amplified DNA product is generated, processed and maintained in a room(s) separate from evidence examination, DNA extractions and PCR setup areas.  The PCR amplification room is physically separated from the main laboratory.  All amplification and typing are done in the PCR amplification room.

6.1.4 
The laboratory follows written procedures for monitoring, cleaning and decontaminating facilities and equipment.  These procedures are outlined in SOP BI‑305 entitled “Quality Control Measures for PCR”.

STANDARD 7.1
The laboratory shall have and follow a documented evidence control system to ensure the integrity of physical evidence.  This system shall ensure that:

7.1.1
Evidence is marked for identification.  Each piece of evidence is marked with a unique case number and item number.

7.1.2
Chain of custody for all evidence is maintained.  A chain of custody for all items in a case is kept with each case file.

7.1.3 
The laboratory follows documented procedures that minimize loss, contamination, and/or deleterious change of evidence.  Standard operating procedures are followed in all cases, these SOPs minimize loss, contamination and/or deleterious change of evidence.

7.1.4
The laboratory has secure areas for evidence storage.  The biology section has secured refrigerators, freezers and a vault area that are accessed only by biology personnel, coordinators and Laboratory Directors.

STANDARD 7.2
Where possible, the laboratory shall retain or return a portion of the evidence sample or extract. A portion of the evidence sample is retained at the BCA Laboratory.  If the entire sample must be used, the scientist must notify the prosecuting attorney that the sample is to be consumed.  This in accordance with Minnesota Rules of Criminal Procedure 9.01, Subdivision 1(4), so that the defense has the opportunity to have their own expert observe the testing.

STANDARD 8.1  The laboratory shall use validated methods and procedures for forensic casework analyses.

8.1.1
Developmental validation that is conducted shall be appropriately documented. Developmental validation studies conducted by the BCA are outlined in the affidavit of Patricia C. Wojtowicz (PCW) under the STR Project.  All validation studies (developmental and internal) performed by the BCA Laboratory are kept on file at the BCA Laboratory and are available for inspection.

8.1.2 
Novel forensic DNA Methodologies shall undergo developmental validation to ensure the accuracy, precision and reproducibility of the procedure.  The developmental validation shall include the following:

8.1.2.1 
Documentation exists and is available which defines and characterizes the locus.  The chromosomal location of all loci used for STR analysis at the BCA are listed in the AmpFlSTR(  User’s Manual.  A copy of the pertinent pages of the User’s Manual is attached.  In addition this manual lists published references for these loci.  A copy of this list of references is attached.

8.1.2.2

Species specificity, sensitivity, stability and mixture studies are conducted. BCA validations as described in 30G, 30H, 30J and 30K above address these studies.  Population distribution data are documented and available.  BCA population studies are described in the affidavit of PCW.

8.1.3  
Internal validations shall be performed and documented by the laboratory.  

8.1.3.1 The procedure shall be tested using known and non‑probative evidence samples.  The laboratory shall monitor and document the reproducibility and precision of the procedure using human DNA control(s).  BCA Validations as described in 30I (Non‑probative Casework), as well as the studies listed in 12 e, f and g (Bode exchange study, Michigan exchange study and NIST mixture study).  In addition, a positive control and a blind control are run with each case.

8.1.3.2

The laboratory shall establish and document match criteria based on emperical data.   This is addressed in the interpretation standard operating procedure (BI‑708).

8.1.3.3

Before introduction of a procedure into forensic casework, the analyst or examination team shall successfully complete a qualifying test.   All scientists performing PCR STR completed at least one proficiency test prior to performing casework.

8.1.3.4

Material modifications made to analytical procedures shall be documented and subject to validation testing.  Changes made to the manufacture’s protocol underwent validation prior to being used for casework.  See 30‑G (Dilution Study) and reduced volume study in the affidavit of PCW.

8.1.4
Where methods are not specified, the laboratory shall, wherever possible, select methods that have been published by reputable technical organizations or in relevant scientific texts or journals, or have been appropriately evaluated for a specific or unique application.  All standard operating procedures include references and have been validated at the BCA Laboratory.

STANDARD 9.1  
The laboratory shall have and follow written analytical procedures approved by the laboratory management/technical manager.  The BCA has written standard operating procedures for all techniques used which are approved by the Supervisor and by the Laboratory Director.  The standard operating procedures include reagent preparation, sample handling, DNA extraction from various biological samples including a differential technique for samples containing semen, all controls employed in the testing as well as all equipment used in the testing.

STANDARD 9.2
The laboratory shall use reagents that are suitable for the methods employed.  The laboratory has a standard operating procedure for the formulation of all reagents (SOP BI‑300).  All chemicals and kits that come into the biology section are logged into the Chemical inventory.  All reagents are labeled with the identity of the reagents, the preparation date and the scientist that prepared the reagent.  This information, as well as the lot numbers of the various chemicals used to prepare the reagent, is recorded in a reagent preparation log.  The biology section has identified the critical reagents for PCR STR testing and conducts quality control checks on these reagents.  Certificates of Analysis for STR amplification kits are on file at the BCA Laboratory.

STANDARD 9.3
The laboratory shall have and follow a procedure for the evaluating the quantity of the human DNA in the sample where possible.  The BCA employs the slot blot technique (SOP BI-304 and BI-316) to determine the amount of human DNA present in a sample.

STANDARD 9.4  
The laboratory shall monitor the analytical procedures using appropriate  controls and standards.

9.4.2 The following controls shall be used for PCR casework analysis:

9.4.2.1

Quantitation standards which estimate the amount of  human nuclear DNA recovered by extraction.  The slot blot technique employs quantitation standards.

9.4.2.2

Positive and negative amplification controls.  As outlined in SOP BI‑703, positive and negative amplification controls are used for every amplification set‑up.  Blind controls are not required but are run as an addition control in every case.

9.4.2.3

Reagent blanks.  As outlined in SOP‑305, a reagent blank is used for each case extracted.

9.4.2.4 Allelic ladders and/or internal size markers for variable
number tandem repeat sequence PCR based systems.  As outlined in SOP BI‑705, an allelic ladder is run approximately after every 10 samples.  All samples, ladders and controls are run with an internal size marker.

NOTE:  A definition of all controls used at the BCA Laboratory for PCR STR testing has previously been given in 27b above.

STANDARD 9.5   
The laboratory shall check its DNA procedures annually or whenever substantial changes are made to the protocol(s) against an appropriate and available NIST standard reference material or standard traceable to a NIST standard.    Prior to starting casework using the PCR STR technology, the BCA completed the NIST SRM 2391.  The NIST STM 2391 is the commercially available PCR-based DNA Profiling Standard.  It is intended for use in the standardization of forensic and paternity quality assurance procedures for PCR based genetic testing.

STANDARD 9.6
The laboratory shall have and follow written general guidelines for the interpretation of data.   Interpretation guidelines are outlined in SOP BI‑708 (Interpretation guidelines for STR analysis using the 310).  Guidelines for the calculation of STR profile frequencies are outlined in SOP BI‑710 (Statistical calculations for STR profiles).

STANDARD 10.1
The laboratory shall use equipment suitable for the methods employed.  The equipment used by the biology section is suitable for PCR methodology.  This equipment is used in other forensic laboratories as well as in medical diagnostic and research laboratories.  Some of the equipment used that is specific to PCR technology is the thermal cyclers and the ABI 310 Genetic Analyzer.

STANDARD 10.2
The laboratory shall have a documented program for calibration of instruments and equipment.  Calibration of instruments and equipment is performed in accordance with SOP BI‑305.

STANDARD 10.3
The laboratory shall have and follow a documented program to ensure that instruments and equipment are properly maintained.  Maintenance of various instruments and equipment is conducted according to the manufacturer’s specifications.  Log books are maintained which documents this.

STANDARD 11.1  
The laboratory shall have and follow written procedures for taking and maintaining case notes to support conclusions drawn in laboratory reports.  The laboratory has a standard operating procedure for writing reports (SOP BI‑115).

STANDARD 12.1
The laboratory shall conduct administrative and technical reviews of all case files and reports to ensure conclusions and supporting data are reasonable and within the constraints of scientific knowledge.  PCR STR results generated in a particular case are 2nd read by another trained scientist.  The case file is technically reviewed by a trained STR scientist.  The QA/QC Section Supervisor then performs an administrative as well as a second technical review of the case file.

STANDARD 12.2 
The laboratory shall have and follow a program that documents the annual monitoring of the testimony of each examiner.   As part of the BCA Laboratories QA/QC Program, all scientists are monitored yearly, documentation of this is kept on file at the BCA Laboratory.

STANDARD 13.1
Examiners and other personnel designated by the technical manager or leader who are actively engaged in DNA analysis shall undergo, at regular intervals of not to exceed 180 days, external proficiency testing in accordance with these standards.  Such external proficiency testing shall be an open proficiency testing program.  The BCA Laboratory participates in external proficiency testing programs.  These proficiency tests are purchased from Cellmark, College of American Pathologists (CAP) and Collaborative Testing Services (CTS).  The BCA’s proficiency testing program follows all the criteria listed under 13.1.1 and 13.1.2.

STANDARD 14.1
The laboratory shall establish and follow procedures for corrective action whenever proficiency testing discrepancies and/or casework errors are detected.  The BCA has procedures for corrective action which are outlined in BCA SOP QA‑005.

STANDARD 15.1  
The laboratory shall conduct audits annually in accordance with the standards outlined herein.  The QA/QC Coordinator of the laboratory conducts annual audits of the entire laboratory.  In addition, the biology section is audited on a quarterly basis by either the section supervisor, the QA/QC supervisor or the section QA/QC coordinator.

STANDARD 15.2
Once every two years, a second agency shall participate in the annual audit.  The Biology section has been audited by an outside agency at least once every two years.  Documentation from these outside audits are kept on file at the BCA Laboratory.

STANDARD 16.1
The laboratory shall have and follow a documented environmental health and safety program.    The BCA has a safety program which is overseen by the Safety/Training Coordinator of the BCA (Laura A. Nelson).

STANDARD 17.1
Not applicable.

30. The BCA Laboratory was accredited by ASCLD-LAB (American Society of Crime

Laboratory Directors – Laboratory Accreditation Board) in 1994.  The accreditation is a process in which management, operation, personnel, procedures, equipment, physical plant, security, health and safety are inspected and must meet the established standard of ASCLD-LAB.  In October of 1999 the BCA Laboratory was re-accredited by ASCLD-LAB.  

31.
Based upon my education, research, work experience, review of the scientific literature, and contact with other scientists, it is my opinion that the PCR STR typing procedure as conducted by the BCA Laboratory is valid, reliable, and is generally accepted in the relevant scientific community.

I swear that all of the above statements are true and correct.

Dated:




                          







Ann Marie Gross

Subscribed and sworn to before

me the     day of January, 2000.

Notary Public
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