Evaluation of five common DNA extraction methdds
for analysis of human remain samples on masswely
parallel sequencing success

™ Kyleen Elwicki, Carrie Mayes?!, Xiangpei Zeng?, Jonathan King?, Bruce Budowle??3, Sheree Hughes-Stamm'

MEMBER THE TEXAS STATE UNIVERSITY SYSTEM

IDepartment of Forensic Science, Sam Houston State University, Huntsville, TX 77340
2Center for Human Identification, University of North Texas Health Science Center, For Worth, TX 76107
3Center of Excellence in Genomic Medicine Research (CEGMR), King Abdulaziz University, Jeddah, Saudi Arabia

P

'\0 )

INTRODUCTION RESULTS

Often In missing persons’ cases bone,
teeth, hair, and decomposed tissue are the

- - - e - 100 —_— — .
only samples remaining for identification. | HES T Has
. o 90
Exposure to harsh environmental conditions T
; 80 .
may also cause DNA degradation, damage, 30 = Melanin
- - -, 0= - | 1
and/or inhibition, making these samples g " 2 25 "oalum
challenging to process. Human remains may 5 2 20
s - SR - C "5'
also contain Inhibitory agents such as humic CE STRs S 8 15
acid, melanin, hematin, collagen, anc 2 ¥ 510
calcium. Inhibitors may be co-extractec % 25 vl |
with the DNA, can interfere with PCR, anc 20 : - - -
! " PP P FLO PR ETSDN DD FTL LTS
may reduce downstream DNA typing 0 4@%@“ ;‘i P FE T é‘v"‘;@“ & &%«»\Z&Q S & S ‘ié” S F
success. Current DNA identification O ma . e . ®
ematin Melanin Humic Acid Calcium GlobalFiler® STRs
methods Include capillary electrophoresis mORG ®1Q INV =PF mTDl mTD2
based Short tandem repeats (STRS), Wh|Ch Eir?ilégteorls. ar?c?rgi?rt:gteedozglr:zlGSO:ﬁfnoerrtsgIfc(;:(t?::czgasiﬁtses( Spl\:ieclin,Vit[?NtReil%&ii?i(;(;[ti(\)ls ::nigrlé;iir?é IIDeenrg;:\.tage of alleles that dropped out at each locus using the GlobalFiler® PCR Amplification kit for all bone samples (N = 40). Loci are in order of
are currently the gold standard. Single e s er, ST o e ol el
nucleotide polymorphisms (SNPs) are single
base changes in the genome that can also be
used for human identification, bio-ancestry, S'Il'gs Hematin | Melanin | Humic Acid | Calcium 2500 | 2500
and phenotypic information. INV 0 000
PF T -
Massively parallel sequencing (MPS) Is a CT’FS(E 8 1500 & 1500
newer technology used iIn the forensic — g & ks - l .
. . i = e
science field. MPS expands our current | | _ _ c 1000 S 1000 }
technologies as more genetic information S'I\'; S | Hematin | Melanin | Humic Acid | Calcium > >
can be retrieved from each sample and more INV a0 500 (1.
markers (e.g. ISNPs, STRs, aiISNPs) can be PF : . I i
analyzed Simultaneously. ?'5(13 -_ Hematin  Melanin  Hematin ~ Melanin Humic Acid Calcium Humic Acid  Calcium
D2 STRs SNPs STRs SNPs
/-A\-n EﬁeCtlve - DNA eXtraCtlon methOd |S Figure 3. Percentage of reportable alleles for each extraction - 100% _ 0 Y P_F ._ORC_; _ _ - 5 M IQd d“\;/ . bPF .-_I:()jl :h-:DZ_ A and calci
CrItICa| tO Obtaln Clean DNA frOm dlﬁlCUIt method and each substrate. ggggz;o Ir:‘;sgpléﬁijayl)wgi?r;;ﬁ c\i/sﬁ':\h tﬁie?%%?ni?sm?g;rk(iisll;ﬁg ?I;an;ig:agpg::ii r;reg?gégi relsgpljat:iivély)_ efﬁgctfg witﬁpthreoe co%nr(:\egzii)a:l T(itsV\gnd tvsg1 Itgtz;alchen?ir]nergﬁzcéz?r;
Samples However, Ilttle IS known regardlng MPS STRS/SNPS - ot Toctod using the lon S5™ System. Data presented as average = SD (N=3). protocols using the lon S5™ System. Data presented as average + SD (N=3).
the compatibility of common DNA
] - - - 25 .
extraction methods with MPS chemistries. * 0.005
- 0.004
The goal of this study was to evaluate the . . > » »
- . - - 0.004 *
efficiency of various DNA extraction 20 159341278

m 154847034 0.0035 .

methods to remove PCR inhibitors from
skeletal and decomposed remains prior to

m rs4288409
i ] m rs372157627 0.0025
MPS. Samples were extracted using various - rea69616150
. i 0.002
extraction methods commonly used In AR
] ] W rs737681 0.0015 * *
forensic laboratories. rs17842518 :
m rs2076848 0.001
5 rs17269816 . ] 0.0005
0
1Q INV PF ORG TD1

MATERIALS AND 0

rs35284970

=
o1

0.003

=
o1

=
o

Dropout Events
Dropout Events

=
o

TD2 Hematin Melanin Humic Acid Calcium

Hematin  Melanin  Calcium Humic Acid = Hematin ®Melanin = Humic Acid = Calcium IQ "INV =“PF BORG ETD1 BTD2

METHODS

Figure 8. SNP noise within each of the four inhibitors using the lon S5™ System.
S5™ System Noise was defined as PCR/sequence error and calculated by dividing the number
' miscalls by the number of total calls.

Figure 6. SNP dropout events in samples with each of the four inhibitors using the lon Figure 7. SNP dropout events for each of the six extraction methods using the lon
S5™ System.

Sample Preparation Blood, hair, and bone

were spiked with high amounts of inhibitor
(Table 1). CONCLUSIONS

Table 1. The final inhibitor concentration spiked on each substrate. _
* CE-based STR Analysis

Sample SN Inhibitor Inhibitor Amount?!

— A{;O“L”t _— ——  All extraction kits/protocols performed well with the sample types used.
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Hair ~ 1hair (withroot)  Melanin 750 ng  Blood and hair samples spiked with hematin and melanin resulted in complete profiles for the four extraction methods used (Fig. 1).

— — o e 2272012" » Bone samples spiked with humic acid and calcium resulted in 90-99% of alleles called for the five extraction methods used (Fig. 1). There was no statistical

difference between the extraction methods for the number of reportable alleles.

« Average peak height ratios ranged from 62-91% for all sample types and methods (data not shown).

* Average peak heights (RFUs) ranged from ~1270-2330 RFUs for bone samples. However, samples extracted with the DNA 1Q kit displayed significantly
lower APHSs than the DNA Investigator and PrepFiler Kits (p < 0.05) (data not shown).

« TPOX was the locus most prone to dropout regardless of the extraction method used. TPOX failed to amplify in 55% of the bone samples; additional loci
affected by dropout included other longer amplicons such as D21S1338, SE33, and DYS391 (Fig. 2).

LAmount of inhibitor in the sample prior to DNA extraction.

DNA Extraction All samples (N=72) were
extracted using a previously reported organic
protocol [1], PrepFiler™ BTA (Applied
Biosystems™) [2], DNA IQ™ (Promega)
[3], and DNA Investigator (QIAGEN) [4].

Bone samples were also extracted using two _
different total demineralization protocols * MPS-based STR/SNP Analysis

[5&6] .  No statistical significance was observed between extraction methods for mean read depth, heterozygote balance, or the number of reportable alleles.
 All sequence-based STRs and SNPs resulted in near complete profiles (Fig. 3).

STR Genotyping Samples were genotyped  Heterozygote allele balance averaged above 67% for all samples (data not shown).

using the GlobalFiler® PCR Amplification * Allele balance increased by ~10% for blood (hematin) and hair (melanin) compared to bone (data not shown).

Kit (Applied Biosystems™) on the 3500 « For all samples, SNPs averaged higher mean read depth than STRs (Figs. 4&5).
Genetic Analyzer. Blood (hematin) and hair (melanin) samples produced higher mean read depth for STRs and SNPs than bone samples (Figs. 4&5).
 Calcium (bone) demonstrated the highest occurrence of SNP dropout events of all inhibitors, both in the total number of events and the number of SNPs

lon S5™ Sequencing All  sequencing affected (Fig. 6). The majority of SNP dropout occurred with the PrepFiler extraction method, but dropout was observed across all commercial extraction
reactions were performed with 1 ng DNA kits (Fig. 7).
Input using the Precision 1D DL8 Kit and an » SNP noise was slightly higher in bone samples than blood and hair samples. In general, all noise was extremely low (Fig. 8).

early access degradation panel consisting of
35 STRs, 41 1ISNPs, and 34 Y-SNPs. . General Conclusions
Templating and chip loading were conducted
using the lon Chef™ System with lon 530™
semiconductor chips. Sequencing was
performed using the lon S5™ System. Data
analysis was conducted using Converge™
Software v2.0 and an in-house workbook.

« Samples extracted with the DNA Investigator and PrepFiler kits demonstrated significantly higher peak heights than DNA 1Q (p < 0.05) for CE-based STRs.
 Blood and hair samples produced full CE-based STR profiles with higher APHs and APHRs than bone samples.
 All samples generated more complete STR profiles with MPS than CE-based STR analysis.

* No significant difference was found between any of the extraction methods used for sequence-based STRs and SNPs. All extraction methods produced clean
DNA extracts that were fully amenable with the Precision ID chemistry and lon S5™ System.

« SNP dropout occurred within each inhibitor, but calcium (in bone) produced the majority of SNP dropout events.
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