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PCR DNA Challenge

PCR = DNA amplification (copying) method

Exponential copying → sensitivity 

28 cycles

229 = 536 million copies 

DNA Locus



1982 Homicide, 1996 DNA Testing



DNA: Power of Exclusion



DNA Databases: Cold Hits



Familial Searching
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Low Template DNA Typing



• DNA Profile Interpretation
– Stutter

– Peak Height Ratio 

– Mixtures 

• Low Template DNA (LT-DNA) Analysis
• Mixture Samples 
• Case Examples
• ‘DNA Only’ Cases

DNA Typing Issues



DNA Profile
R

el
at

iv
e 

Fl
uo

re
sc

en
t U

ni
t 

(R
FU

)

Peak 

Time to Detection (Laser)

Small                                  Large



The DNA Markers (Loci) are Short Tandem Repeats (STRs)

DNA Testing – like a barcode

STR DNA Profile

Each person has two alleles (represented 

by the numbers) at each STR locus 

Heterozygote = two different alleles

Homozygote = two alleles same  

DNA Profile: X,Y 15,16 10,13 12,13 16,19 27,30  8 20 9,10 13,18
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DNA Profile Interpretation
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DNA Profile Interpretation

1. Stutter

2. Peak Height Ratio

3. Mixtures 



1. Stutter

Stutter region
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Stutter 
• PCR Reaction artefact
• Appearance of a peak in the n-1 allele position

Typing: 
• 8, 12
• Stutter at 7 and 11



2. Peak Height Ratio (PHR)

Typing: 
• 12 allele = 1000rfu
• 8 allele = 850rfu
• 1: 0.85
• Typing = 8, 12

100%

Heterozygous 
peak region85%

R
el

at
iv

e 
Fl

uo
re

sc
en

t U
ni

ts
 (R

FU
)

1000

500

850

150

Heterozygote Peak 
Threshold

<70% 
(1: 0:7)

Allele 7 8 11 12

Heterozygote PHR

• Level of balance between the two alleles from one person

• Theoretically 1:1 ratio



3. Mixtures
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Single source sample: DNA from one person

A peak in this region 
suggests a mixture of 
DNA from > 1 person

Mixture:  DNA from more than one person

Mixture 
Region



3. Mixture Example
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for heterozygote

Mixture:  DNA from more than one person



• DNA Profile Interpretation
– Stutter

– Peak Height Ratio 

– Mixtures 

• Low Template DNA (LT-DNA) Analysis
• Mixture Samples 
• Case Examples
• ‘DNA Only’ Cases

DNA Typing Issues



Low Template DNA (LT-DNA) Analysis

1. LT-DNA typing → increased sensitivity
– more PCR amplification cycles

2. LT-DNA Analysis → any DNA sample where 
the results are below the threshold for 
reliable interpretation
– ~ 100pg DNA (17 cells)



NATA Validation Requirement

• Developmental process used to acquire the necessary 
information to assess the ability of a procedure to obtain 
a result reliably

• Determine the conditions under which such results can 
be obtained and 

• Determine the limitations of the procedure. 
• Identifies critical aspects of a procedure which must be 

carefully controlled and monitored.

Definition from the NATA Forensic Science FAD document 
(http://www.nata.asn.au/publications/category/4-nata-accreditation-requirements). 

NATA Accreditation

http://www.nata.asn.au/publications/category/4-nata-accreditation-requirements�


Importance of DNA Quantitation 
DNA amount
(log scale)

0.2 ng

Too much DNA
 Artifacts

100 ng

10 ng

1 ng

0.1 ng

0.01 ng

2.0 ng

Too little DNA
 Peak imbalance
 Allele drop-out 

STR Kits Work Best in This Range

Well-balanced STR result



Relative Size Scale

STR Locus
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Weight Scale



Volume
Approximate DNA Available

Blood Semen 

10ul 250 - 500ng 1.2ug - 4.0ug

5ul 125 - 250ng 600ng - 2.0ug

1ul 25 - 50ng 120ng - 400ng

0.5ul 12.5ng - 25ng 60ng - 200ng

0.1ul 2.5ng - 5ng 12ng - 40ng

0.01ul 0.25ng - 0.5ng 1.2ng - 4.0ng

0.001ul 25pg - 50pg 0.12ng - 0.4ng

0.0001ul 2.5pg - 5pg 12pg - 40pg

= LT-DNA amounts

= DNA typing amounts

DNA Typing Amounts

~10,000 cells
~100ng



Amount DNA
(ng)

Amount DNA
(pg)

Number of 
Cells*

2ng 2000pg 333

0.5ng 500pg 83

0.1ng 100pg 17

0.05ng 50pg ~8

0.01ng 10pg ~2

Number of Cells in DNA Amounts

* 1 human diploid cell has 6pg (0.006ng) DNA

= LT-DNA amounts
= DNA typing amounts



Why is LT-DNA an Issue?

Sampling 

Low Copy Number (LCN)

or

Allele imbalance Allele dropout

Allele 1 Allele 2

Stochastic Effects or Random Sampling Effects
>20 cells

Balanced Peaks

Allele 1 Allele 2



LT-DNA*: Stochastic effects

• Trademarks of LT-DNA stochastic effects
– Exaggerated stutter (up to 50%)

– Exaggerated peak height imbalance (0 to 100%)

– Allelic drop-out (extreme peak height imbalance)

– Allelic drop-in (contamination)

* LT-DNA using non-standard reaction conditions 
(eg increased PCR cycles)



Comparison of STR Result with Different DNA 
Amounts

1ng Standard Result

Allele Drop In Allele Drop Out

Locus Drop Out

Increased Stutter (43%)

Allele Drop Out

33pg LT-DNA: 2 replicatesHeterozygote peak imbalance (57%)



LT-DNA “Solution”: Consensus DNA Profiles

• Split DNA sample into 2 or 3 and do 2 or 3 STR reactions

Amount DNA Number of Cells/Reaction

Single STR 
Reaction

Three STR 
Reactions

100pg 17 5

48pg 8 2-3

12pg 2 0.6


