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The Problem 
Degraded samples pose the following challenges in a 

forensic DNA lab: 
 

ÅPoor quality with little information on sample quality prior 

to PCR amplification 

ÅLow quantity 

ÅLow ratio male/female mixture samples 

ÅInhibitors present 

ÅLonger time to results due to necessary re-processing steps 

ÅOften obtain unusable profiles (inconclusive or no result) 

How does a DNA analyst determine whether to continue with 

typing analysis, which typing test kit to use and how much 

DNA to add to the amplification reaction to obtain a useful 

profile in the first pass? 



Possible Solutions 

1. Tools to provide additional information on sample quality prior 

to PCR amplification.  These tools must provide: 
ÅAccurate quantitation values to reduce downstream re-processing 

ÅSensitive analysis  

ÅReproducible results 

ÅCompatibility of  platform 
(i.e. InnoQuantÊ) 

 

2. Tools to provide usable results from degraded samples where 

conventional STR analysis is unsuccessful.  These tools must 

provide: 
ÅSensitive analysis 

ÅHighly statistically discriminatory results 

ÅCompatibility of  platform 
(i.e. InnoTyperÊ) 



InnoQuantÊ  
Quality and Quantity assessment system 

·Three target qPCR assay:  

·Autosomal target of  80bp (>1000 copies/genome) 

·Autosomal target of  207bp (>1000 copies/genome) 

·Synthetic IPC for detection of  inhibition 

·Use of  this 3-target qPCR provides an additional tool to 

be used prior to typing: the òDegradation Indexó (DI) 

·DI 80/207 = [short] / [long] 

·DI 80/207  = 1 means no degradation 

·The higher the DI , the more degradation in sample 

 



InnoQuantÊ Primer Design 



Real time PCR amplification plots 

PCR efficiency: 96.689%      98.153% 

Slope:           -3.404       -3.367 

R2:            0.998       0.996 

 Short Target       Long Target 



Figure 10 from FSI:G paper: 

Degradation Study 



ID Plus Electropherogram: Green 

DI 80/207 = 1 

DI 80/207 = 23 

DI 80/207 = 23 

Using the [short] 

to target 1 ng 

Using the [long] to 

target 1 ng 



Using the [short] 

to target IDP amp: 

Å 3 out of 30 

alleles called in 

DI80/207 = 23 

sample 

Using the [long] to 

target IDP amp: 

Å 23 out of 30 

alleles called in 

DI80/207 = 23 

sample 



Degradation of  Developed Fingerprints 

Data from Reena Roy and Zachary Goecker at Penn State 

University Forensic Science Program (see Stephanie 

Plazibatõs talk #B110 on Thursday, February 19, 2015 at 2:00 

PM) 

 

ÅThree latent fingerprints were each collected on a glass slide. 

Slides were then aged 1 day before development. 

ÅDevelopment techniques include black powder dusting, 

cyanoacrylate fuming, and chalcogenide CTF 

ÅFingerprints were aged 1-6 weeks from the point of  

development to the point of  extraction. Aging was done 

at ambient conditions. 

ÅFingerprint extraction was done using an LCN protocol 

which involves pK digest and Amicon concentration. 



Donor 1 CTF Cyanoacrylate Powder Not enhanced 

1 Week 23.3 55.9 10.6 34.6 

2 Weeks 6.0 10.6 6.4 21.3 

3 Weeks 15.6 12.3 2.1 9.5 

4 Weeks 16.0 Undetermined 11.6 Undetermined 

5 Weeks 9.5 12.8 9.0 776.0 

6 Weeks 7.3 23.5 11.4 17.0 

Degradation of  Developed Fingerprints 
Quantitation values (pg/uL) from short amplicon using InnoQuantÊ  

Degradation Indices ([short]/[long]) using InnoQuantÊ  

Average quantity of  DNA across all developed prints: 

14 pg/Ǫl 

Fingerprints developed with 

Columnar-thin-film aged 6 

weeks at ambient conditions 

Donor 1 CTF Cyanoacrylate Powder Not enhanced 

1 Week 4.75 3.23 3.87 3.12 

2 Weeks 5.85 4.98 3.95 3.31 

3 Weeks 4.33 4.92 4.39 5.11 

4 Weeks 4.75 Undetermined 4.57 Undetermined 

5 Weeks 5.72 4.04 5.31 2.56 

6 Weeks 5.72 3.36 4.91 4.31 



InnoQuantÊ with Casework Samples 

·Data provided by Dr. Aaron LeFebvre at 

Cellmark 

·216 property crime samples tested with InnoQuantÊ  

·Previously tested with Quantifiler® Human and Identifiler 

Plus (half  reaction with a target input of  500 pg) 

·Most samples that did not produce a result with 

Quantifiler® Human did produce a result with at least the 

InnoQuantÊ short target 



System Samples w/ 

no Quant 

Value 
Percentage 

InnoQuant (Short target) 5 2.3% 

InnoQuant (Long target) 45 20.8% 

Quantifiler Human  66 30.6% 

Property Crime Samples and InnoQuantÊ 

Most samples (75%) had a 

DI 80/207 between 3-10, which 

indicates that a large percentage 

of  forensic samples have some 

moderate degradation, which may 

cause issues with targeting and 

result in unnecessary rework 

DI  # Samples Percentage 

<3 28 16.4% 

3-5 68 39.8% 

5-10 61 35.7% 

10-15 7 4.1% 

15-20 3 1.8% 

>20 4 2.3% 

Indicates higher sensitivity 

of InnoQuantÊ  



Use of InnoQuantÊ to Predict 

STR Success 

Based on sample available and IQ long target, assessment can be made whether 

an IDP profile is likely and whether or not other options are more suitable for 

the sample (such as sample concentration, MiniFiler, mtDNA or InnoTyperÊ) 



Use of InnoQuantÊ to Improve 

1st Pass Success Rates  

DI  
Number 

of  

Samples 
Percentage 

# of  

Samples 

with QF > 

0.1 ng/uL  

# w/Full 

Profile on 

1st Pass 

% Full 

Profiles on 

1st Pass 

<3 28 16.4% 8 8 100% 

3-5 68 39.8% 9 3 33% 

5-10 61 35.7% 7 0 0% 

10-15 7 4.1% 0 0 0% 

15-20 3 1.8% 0 0 0% 

>20 4 2.3% 0 0 0% 

If  samples were properly targeted with IQ, the first pass success would improve.   



Summary of InnoQuantÊ  
·Provides an additional tool, the òDegradation Indexó (DI), which 

can be used to more informatively select the typing system and the 
amount of  target DNA to use 

·Compatible with current platforms (i.e. 7500 with either SDS or 
HID)  

·Highly sensitive: <1 picogram 

·Large copy number of  selected targets minimizes the effect of  
variation between individuals, resulting in highly reproducible 
quantitation values 

·Leads to higher efficiency and higher profile success rates 

·Development and Validation studies published FSIG November 
2014  issue 



Now what...? 
ÅYou have an indication of  the quantity and quality of  

your sample (the DI) 

ÅBased on the labõs internal validation studies, a DI 

range can be determined to proceed with conventional 

STR analysis. But if samples fall outside this rangeé 

ÅSample with a DI > 100 (for example) indicating high 

degradation can proceed with one of  the following: 
1. Stop processing & report as òinsufficient qualityó 

2. Proceed with MiniFiler (or other miniSTR kits) and get 

results at a few loci 

3. Proceed with mitochondrial DNA (mtDNA) sequencing 

analysis 

4. Proceed with next generation systems with small 

amplicon sizes  



InnoTyperÊ  
A mobile element based Small Amplicon DNA Typing System  

Structure of  Alu Element 

Å300 bp long 

Å RNA polymerase III transcribed 

Å  3õ oligo dA-rich tail 

Å 500,000 copies in human genome 

Å most amplification 40 mya 

Å similar copy # in human &  higher primates 

Å dimer-like structure 

Å poorly transcribed 

AA AAAA A B 



Transposon vs. Master Gene Models
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5Mya 

 

15Mya 

 

25Mya 

 

35Mya 

 

~55Mya 

Monomeric phase 

>850,000 copies   Sx & J  

40,000 copies         Sg1 

>200,000 copies          Y 

2,482 copies           Ya5 

1,851 copies           Yb8 

Dimeric phase 

381 copies           YC1 

35 copies         Ya5a2 

63 copies             Yb9 

Batzer and Deininger (2002) Nature Genetics 

Mobile Elements 



Properties of  Mobile Element Insertions 

1. Stable polymorphisms that are not deleted  
 

2. Known ancestral state 
 

3. Identical by descent  
 

4. Population specific alleles 
 

5. Neutral genetic loci 
 

6. Parallel independent insertion is essentially zero 

(unlike STRs or SNPs) 



ALU 

 ~100bp  (N) 
Amplification  product 

~400bp (I) 

Amplification product 

Caused preferential amplification 

of  empty sites due to 300 bp allele 

size difference between I and N 

(allelic drop-out) 

Old Alu Multiplex Design 

1. Homozygous Insertion = I, I  

2.   Heterozygous = I, N  or N, I  

3.   Homozygous No Insertion =  N, N  



Empty and filled allele size variation causing preferential amp. 

Alu multiplex with original 

primer design 

Insertion (I) Alleles 

No-Insertion (N) Alleles 



New Multiplex Design 

Carter and Sinha, US Patent Application #60/902,850  

Method for Genetic Detection using Interspersed Genetic Elements 



Novel mini-primer Design 
Labeled (common) forward primer and unlabeled reverse 



InnoTyper-21  

·20 markers  + Amelogenin multiplex 

·System amplifies Alu sequences less than 

125 bp  

·This system provides: 

·High sensitivity  

·High tolerance for degraded samples 

·High discrimination power (~1 in 100 million) 



BP Size Comparison of  mini-STR kits  

with InnoGenomics markers 


