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Time Since Deposition (TSD)

• One of the primary questions around DNA evidence is when it 

was deposited

• Various methods for TSD have been proposed over the years…. 

none have focused on ‘touch’ biological evidence



Time Since Deposition

• Epidermal cell populations are … different !

Stratified epithelial cells (saliva) Shed epidermal cells, corneocytes

▪ Nucleus

▪ Organelles

▪ Vesicles

▪ Mitochondria

▪ Cytoskeleton

▪ Protein aggregations

▪ Lipoproteins

▪ Keratins

▪ Degraded proteins, DNA



Time Since Deposition

• Autofluorescence profiling: snapshot of cellular biochemistry, 

• Compounds fluoresce at different wavelengths, intensity varies with 

compound abundance within cell
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Time Since Deposition

• Measure wavelengths, intensity of autofluorescence of cells…

• Combine autofluorescence with morphological measurements

• Fast and nondestructive!
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Time Since Deposition

• Previous work used autofluorescence to differentiate tissue sources 

& identify contributor cell populations in touch DNA samples
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• Even though biochemistry of touch epidermal cells are unusual, 

there are dozens of compounds that can autofluoresce

• As they degrade, autofluorescence should change with time !

Time Since Deposition

415 Days1 Day
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• Created time series of ‘touch’ biological samples: 

• >80 different contributor cell populations from ~50 individuals

• Aged between 1 day and ~2 yrs, various substrates

• Swabs eluted directly in water, cells analyzed with flow cytometry, no other 

steps or reagents!

TSD Signature Development
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• Touch epidermal cell populations: what do we analyze?

Phase I: Results
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Phase I: Results

• Complex trends across entire time series….

Fluorescence 

Intensity
(560-595nm)
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Results

• Complete resolution of time points not likely, need a new strategy

• Is TSD to a specific day necessary for forensics?

???
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Phase I: Results

• Two changes: (1) modeled autofluorescence across discrete time 

intervals,  (2) narrowed the subpopulation of cells,
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Phase I: Results

1 week –

3 months 
< 1 week

> 3 months

• Multivariate modeling of time intervals (Linear Discriminant Analysis)

Wilks lambda =0.18, 

p<0.001
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Results

• Estimate TSD of individual cells within sample based on multivariate 

distances, also calculate posterior probability of tissue ID

1

2
3

1 week –

3 months 
< 1 week

> 3 months

Prob

0.98, < 1 week



Results

• Tabulate TSD and probability for every cell in a given sample:

Cell TSD Post Prob

1 <1 week 0.98

2 < 1 week 0.95

3 < 1 week 0.78

4 < 1 week 0.99

5 < 1 week 0.90

6 ~ 2 months 0.56

7 < 1 week 0.82

… … …

300 < 1 week 0.96



Results

Contributor 

ID

Total 

Cells

Time Since 

Deposition 

(Actual)

Time Since 

Deposition 

(Predicted)

Posterior 

Probability

(Average)

B32 93 22 days 1week-3months 0.93

J72 192 22 days 1week-3months 0.98

L12 312 22 days 1week-3months 0.99

K47 67 29 days 1week-3months 0.97

H21 271 31 days 1week-3months 0.95

I66 38 35 days 1week-3months 0.76

• For one cell population, metrics can be combined



Results

• ~80 samples classified into three time 

intervals: < 1 week, 1 week to 2 months, 

>3 months

• Correct TSD every time the sample had 

>75 cells & the average posterior 

probability >0.90 !

• TSD possible for ~50% of touch samples



Results

• What about samples with less than <75 cells? 

• Tested other frameworks: 

– Generalized Linear Mixed Model (GLM), 

– Gradient Boosting Machine (GBM), 

– Ridge Regression Model (RRM) 

• Binary TSD estimates (i.e., less than or more than a week old, …)



Results

TSD Estimate Generalized Linear 

Mixed Model

< 7 days 0.996

< 30 days 0.913

< 60 days 0.919

< 90 days 0.847

< 120 days 0.891

< 180 days 0.961

• GLM >99% accuracy with TSD without minimum number of cells



Results

• What about mixture samples with multiple TSDs ?

Cell TSD Post Prob

1 <1 week 0.98

2 < 1 week 0.95

3 > 6 months 0.78

4 < 1 week 0.99

5 > 6 months 0.90

6 > 6 months 0.56

7 < 1 week 0.82

… … …

300 < 1 week 0.96

Deposited  

2 days ago

Deposited   

> 1 year ago



Results

• Question for mixture samples: “Are there fresh cells present ?”

Substrate TSD < 1 week 1 week-2 mos > 3 months

Door Knob 2 ~ 1 year 8 69 247

Door Knob 3 ~ 1 year 1 16 5

Airhood 1 ~ 1 year 3 16 22

Cell Counts

Vacant Laboratory



Results

• Question for mixture samples: “Are there fresh cells present ?”

Substrate TSD combination < 1 week 1 week-2 mos > 3 months

Computer Mouse ~2 weeks / 1 day 162 47 0

Gas Cap 1 > 1 year/ 1 day 460 46 249

Gas Cap 2 > 1 year / 1 day 161 31 72

Gas Cap 3 >1 year / 1 day 95 13 17

Cell Counts
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Results

• Will this also work for other cell types, e.g. saliva ?
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Future Directions

• Research focus has been signatures themselves (not the instrument) 

& quantitative framework for interpretation 
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Future Directions

• TSD signatures can be obtained with any microscope

• Challenge is ‘segmenting’ cells out of the image for analysis 

Zeiss Axioscope A1

(~$10K)
Cell phone portable 

microscope ($17)

Handheld fluorescent 

microscope

($800)
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Future Directions

• Meta’s image segmentation tool ….
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• Figuring out which compounds are causing autofluorescence and 

driving TSD signatures an ongoing challenge !

Cellular Autofluorescence

Laser Confocal Scanning Microscopy
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