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SWGDAM Update

• NGS Committee revised Interpretation Guidelines for MtDNA 
Analysis by Forensic DNA Testing Laboratories
– Specific to NGS related items
– Separated NGS from SS

• LM Committee will revise guidelines again 
• LM Committee will finalize revisions for Y-STR guidelines in 

2019



Interp Guidelines for MtDNA Analysis
• Recommends use of EMPOP:

– For those rare sequences containing peculiar insertions and deletions, it is 
recommended that the forensic analyst use the EDNAP mtDNA Population 
Database (EMPOP) to help determine a consistent mtDNA haplotype for entry 
into forensic databases. 

• Same examples included
• EMPOP version updated
• Rule 3b - Homopolymeric C-Stretches in Hypervariable Region II (HVII): C-

stretches in HV2 should be interpreted with a 310C when the otherwise 
anchored T at position 310 is not present. C-stretches should be 
interpreted with a 311T when the anchored T at position 310 is followed 
by a second T. 

• Rule 9 added (outside control region)
• Nomenclature Examples Documented-not updated



Alignment can be ambiguous

WAC091

rCRS

16189

16188T 16189C
phylogenetic alignment (Bandelt & Parson 2008)

16188- 16193+C
Formal alignment rules (Wilson et al 2002)=
Apply Max Parsimony
Indels > Transversions > Transitions
3’ Alignment

Phylogenetic rule
Anchor 16189 and 310

3’ Alignment

1
2
3



Consequences of alignment ambiguity

1. Forensic interpretation
2. Database searches



Exclusion Inconclusive Inclusion
two or more differences one difference identical (+Het)

16188T 16189C
phylogenetic alignment (Bandelt & Parson 2008)

16188- 16193+C
Formal alignment rules (Wilson et al 2002)

3 differences
* Carracedo et al FSI 2000, SWGDAM 2013, Parson et al FSIG 2014

Effect of alignment on forensic interpretation*



Search method 16188T 16189C 16188- 16193+C
rCRS-coded 28 matches 0 matches

EMPOP, N = 34,617

Effect of alignment on database searches



Alignment-immune sequence queries guarantee that 
a haplotype is not missed in a database search. 

What about reported haplotypes?
SAM on EMPOP since v3 (12-27-2010)

Alignment-immune searches in EMPOP



2013 SWGDAM mtDNA IG Nomenclature Rules



Alignment relative to the closest evolutionary neighbor
Reporting relative to rCRS

What is the phylogenetic rule?
• Ewans and Grant (2001) Statistical methods in bioinformatics, 

Springer, pg. 184
– “Good alignments of related sequences are ones that better reflect 

the evolutionary relationship between them.”

• According to the phylogenetic rule the preferred alignment is 
based relative to the closest evolutionary neighbors and not 
relative to the rCRS



SAM2

• SAM lacked the features to harmonize alignment in reported 
haplotypes

• SAM2 provides users with unbiased database search results 
and harmonizes haplotype alignment



Alignment-immune searches in EMPOP

FSIG: 37 (2018) 204-234
SAM2 on EMPOP since v4/R11 (9-10-2018)



Hierarchy of EMPOP searches

1. Determines the subset of EMPOP database samples includes 
the range of the query haplotype
2. Converts difference-coded format to strings and compares
3. Computes the best transcript for all neighbors and determines 
the minimum cost

– Transcript shows the difference between query sample and the 
database sample(s) the query sample hit matched



Pattern vs. Literal

• Pattern mode matches to multiple options
– 152Y will match to database samples with 152C, 152T, and 152Y
– Standard choice

• Literal mode will match only to the designated difference
– 152Y will only match to database samples with 152Y
– Used for investigating occurrence of point heteroplasmy



Extended IUPAC rules





IUPAC code Extended IUPAC code

a … A/del
g ... G/del

y ... C/T/del

d … A/G/T/del

n ... A/G/C/T/del
Parson et al 2014 FSIG



Parson et al 2014 FSIG



Lower case letters are turned into upper case letters except when explicitly
disabled by ticking the “Use extended IUPAC code” option

EMPOP is case sensitive



Updated ISFG recommendations (Parson et al 2014 FSIG)

Acceptable Annotations



V4/R11

• https://empop.online/
• EMPOP Stats

– Total: 34,617
• Full genomes: 256
• 33,691: 16024-16365, 73-340
• 26,127: 16024-570

– US: 10,799
• Full genomes: 0

https://empop.online/


HV1 Examples



0 matches/28078
16024-16366 52-407



0 matches/28066
16024-16385 50-407 Original: 16194C, 16195A



HV2 examples (50-72)



0 matches/28068
16024-16386 51-407



4 matches/28058
48-407 Original: 56- 58A 71.1G



HV2 Examples



Entered as 247-

0 matches/28068
16024-16383 51-407



Entered as 310- 315-

1 matches/29036
16024-16379 51-340



0 matches/29040
51-399

73G
263G
310.1T
315.1C



Know your weird spots!

• HV1 C-stretch
• HV2 C-stretch
• HV2 anything before 73G (50-71)
• 247- (should be 247A, 249-)
• Any odd insertion/deletion combination



Going Forward

• Update interp guidelines to reflect the 2013/2019 SWGDAM IG 
nomenclature rules
– Include the use of EMPOP

• Train analysts to be aware of trouble spots
– Include training on use of EMPOP

• Decide when and how EMPOP will be used (all haplotypes?)
– May require new or less experienced analysts to run all haplotypes 

through EMPOP



Going Backward

• May receive QC list from NDIS
• Laboratory review QC list (TL, analysts)
• Laboratory will need to 

– Devise procedure for EMPOP alignment check
– Realign sequence data to ensure fit
– Tech review of EMPOP alignment check and realignment of data
– Update CODIS entry
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