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The Human DNA Genome  

Nuclear DNA 

~3.2 billion bp 

 

High Power of 

Discrimination 

 

Mitochondrial DNA 

16.5 Kbp 

 

High Copy # 

 



Autosomes – 22 pairs – 2 copies per cell 

Cell Nucleus – 3.2 billion bp 

Sex Chromosomes (XX or XY) 

mitochondria – in cell cytoplasm 

100s of mtDNA copies per cell  



Lineage Markers 

Autosomal DNA 

1/8 from Great-grandparents 



Lineage Markers 

Y chromosome 

passed along  

paternal lineage 

Autosomal DNA 

1/8 from Great-grandparents 



Lineage Markers 

Y chromosome 

passed along  

paternal lineage 

Autosomal DNA 

1/8 from Great-grandparents 

mtDNA genome 

passed along  

maternal lineage 



The Y-chromosome 

10,000X magnification  

of X and Y chromosomes 

(From Nature website) 



Value of Y-Chromosome Markers 

J.M. Butler (2005) Forensic DNA Typing, 2nd Edition; Table 9.1 

Application Advantage

Forensic casework on Male-specific amplification (can avoid 

sexual assault evidence differential extraction to separate sperm and epithelial cells) 

Paternity Testing Male children can be tied to fathers in motherless

paternity cases

Missing Persons Patrilineal male relatives may be used for reference samples 

Investigations

Human migration and Lack of recombination enables comparison of male 

evolutionary studies individuals separated by large periods of time 

Historical and Surnames are usually retained by males; can make links

Genealogical research where a paper trail is limited.



Disadvantages of the Y-

Chromosome 

• Loci are not independent of one another and 

therefore rare random match probabilities cannot be 

generated with the product rule; must use haplotypes 

(combination of alleles observed at all tested loci) 

 

• Paternal lineages possess the same Y-STR 

haplotype (barring mutation) and thus fathers, sons, 

brothers, uncles, and paternal cousins cannot be 

distinguished from one another 

 

• Not as informative as autosomal STR results 

– More like addition (10 + 10 + 10 = 30) than multiplication 

(10 x 10 x 10 = 1,000) 



Short Tandem Repeats 

#Copies 

12 

13 

14 

15 

16 

GATAGATAGATAGATA 

Multi-state characters 

Quickly evolving (2 x 10-3/gen) 

High resolution haplotypes 

Y-STRs                        Y-SNPs 
Single Nucleotide Polymorphisms 

 
CGATG 

CGGTG 

Binary characters 

Slowly evolving (~10-8/gen) 

   Low resolution haplogroups 

Insertion/deletions (indels) 

Slide from Alan Redd (University of Arizona) presentation at Promega Oct 2002 

Various Types of Genetic Markers on the Human Y-Chromosome 



52 Y STR Loci Mapped to 

Chromosomal Locations 

-Butler (2003) Recent Developments in Y STR and Y SNP Analysis, 

Forensic Sci. Rev. 15:91-111 

>700 Y STRs now known 

 

>300 Y SNPs characterized 



1992 - DYS19 (Roewer et al.) 

1994 - YCAI a/b, YCAII a/b, YCAIII a/b, DXYS156 (Mathias et al.) 

1996 - DYS389I/II, DYS390, DYS391, DYS392, DYS393 (Roewer et al.) 

1996 - DYF371, DYS425, DYS426 (Jobling et al.) 

1997 - DYS288, DYS388 (Kayser et al.) 

1998 - DYS385 a/b (Schneider et al.) 

1999 - A7.1 (DYS460), A7.2 (DYS461), A10, C4, H4 (White et al.) 

2000 - DYS434, DYS435, DYS436, DYS437, DYS438, DYS439 (Ayub et al.) 

2000 - G09411 (DYS462), G10123 (de Knijff unpublished) 

2001 - DYS441, DYS442 (Iida et al.) 

2002 - DYS443, DYS444, DYS445 (Iida et al.); DYS446, DYS447, DYS448, 
DYS449, DYS450, DYS452, DYS453, DYS454, DYS455, DYS456, 
DYS458, DYS459 a/b, DYS463, DYS464 a/b/c/d (Redd et al.) 

2002 – DYS468-DYS596 (129 new Y STRs; Manfred Kayser GDB entries) 

2003 – DYS597-DYS645 (50 new Y STRs; Manfred Kayser GDB entries) 

History of Y-STR Marker Discovery 

―Minimal Haplotype‖ 

―Extended Haplotype‖ 

U.S. Haplotype 

From J.M. Butler (2003) Recent developments in Y-STR and Y-SNP analysis. Forensic Sci. Rev. 15:91-111 



DYS448 (hexanucleotide repeat) 

Almost no stutter observed 

<2% stutter 

YCAII a/b (dinucleotide repeat) 

STR Markers with Low Stutter Products Benefit 

Forensic Analysis where Mixtures might be Present 

~50% stutter 

[CA] 

11-24 repeats 
YCC gene diversity 0.908 

(Redd et al. 2002) 

[AGAGAT] 

20-26 repeats 
YCC gene diversity 0.782 

(Redd et al. 2002) 



DYS385 a/b 

a = b a  b 

DYS389 I/II 

(A) 

(B) 
I 

II 

F primer F primer 

R primer 

a b 

Duplicated regions are 

40,775 bp apart and facing 

away from each other 

F primer 

R primer 

F primer 

R primer 

DYS389I DYS389II 

Butler, J.M. (2005) Forensic DNA Typing, 2nd Edition, Figure 9.5, ©Elsevier Science/Academic Press  

Multi-Copy (Duplicated) Marker 

Single Region but Two PCR Products 

(because forward primers bind twice) 



100 bp 400 bp 300 bp 200 bp 

DYS391 

PowerPlex® Y 

DYS389I DYS439 DYS389II 

DYS438 DYS437 DYS19 DYS392 

DYS393 DYS390 DYS385a/b 

Released by Promega Corporation in Sept 2003 

AmpFlSTR® Yfiler™ 

DYS437 DYS448 H4 

100 bp 400 bp 300 bp 200 bp 

DYS456 DYS389I DYS390 DYS389II 

DYS458 DYS19 DYS385a/b 

DYS393 DYS439 DYS392 

DYS438 

DYS391 DYS635 

Released by Applied Biosystems in Dec 2004 

3 dye colors 

12-plex PCR 

4 dye colors 

17-plex PCR 

FL 

JOE 

TMR 

6-FAM 

VIC 

NED 

PET 

Primary Commercial Y-STR Kits 
Allele size range and locus dye colors 



DYS391 DYS389I DYS439 DYS389II 

DYS438 DYS437 DYS19 DYS392 

DYS393 DYS390 DYS385 a/b 

Single amplification; ladders contain 103 alleles 

Promega PowerPlex® Y Allelic Ladders 

U.S. Core Loci + DYS437 



Yfiler Allelic Ladders 



Coming Soon: PPY-23  

from Promega 



DYS549 DYS533 DYS438 DYS437 

DYS392 DYS439 DYS390 DYS635 DYS570 

DYS481 DYS391 

DYS448 DYS389II DYS389I DYS576 DYS19 

DYS643 

DYS456 DYS385a_b DYS458 Y-GATA-H4 DYS393 

6 “New” Loci 



Mixture of 125pg Male + 400ng Female 



Mixture of 62.5pg Male + 400ng Female 



The value of Y-SNPs 



Chris Tyler-Smith 





“I haven’t done any conquering, per se.” 

Tom Robinson 



Oxford Ancestors, the world’s foremost and leading  

company in ancestral DNA analysis has uncovered the  

first American descendent of the great warlord  

Genghis Khan... Tom Robinson, Associate Professor  

of Accountancy and professional investment consultant,  

of Miami, Florida, USA. 



It turns out that Dr Robinson is a direct descendent of Genghis,  

and he is the first American to find this out through a genetic test.  

His Y-Chromosome bears an astonishing seven out of nine possible  

genetic markers identical to Genghis Khan’s (as DNA mutates over  

generations, two altering DNA markers is a remarkably low number  

for a period stretching over 700 years). 

Oxford

Ancestors Mongolian

Marker Robinson Benchmark

DYS19 16 16

DYS390 25 25

DYS391 10 10

DYS392 11 11

DYS393 13 13

DYS389I 13 13

DYS389II 31 29

DYS425 12 12

DYS426 12 11

―It is a very precise match,‖  

Professor Sykes said.  



Additional testing by Family Tree DNA 

found that Tom Robinson belonged to  

Y-haplogroup R1a (W. European) 

Ghengis Khan – is thought to have 

belonged to the Asian YHg - C3 

―A match at 10 fast-mutating sites is outvoted  

by a discrepancy at one slow-mutating site.‖ 

 

Dr. Chris Tyler-Smith 



Recent Discussions with Y-STRs 

STATS 



Buckleton et al. (2011) 

Described by  

Holland and Parsons 

(1999) 

Normal Approximation of the 95% CI  

for the Binomial Distribution 



Buckleton et al. 

• The problem – Y-STR haplotypes are not 
distributed as a normal approximation. 

 

• For rare or limited types, the actual CI 
predicted by the normal approximation is at 
around 80-85% and not 95%. 

 

• Clopper and Pearson determined the exact 
binomial distribution in the 1930s 





The Issue… 

• Using the 95% Normal approximation is easy 
to calculate by hand… 

 

• The Clopper Pearson – not so much. 



Steven Myers (Cal DOJ) Worksheet 



―Common Type‖ observed in the population – C&P ≈ 95% CI of H&P 



―Rare Type‖ observed once in the population –  

C&P is more conservative than H&P 



―New Type‖ never observed in the population –  

C&P is = Confidence Limit from Zero Proportion 



―The fundamental question to decide the evidentiary  

significance of a trait linking suspect to crime is not one  

of frequency but of probability: What is the probability for  

such a match to happen by coincidence 

when the suspect is innocent?‖  



mtDNA 



Summary – mtDNA Characteristics 

 

• High copy number of mtDNA. 

 

• Maternal inheritance of mtDNA. 

 

• Lack of recombination. 

 

• High mutation rate compared to single 

copy nucDNA. 

 

 



Control region (D-loop) 

1/16,569 

cyt b 

ND5 
ND6 

ND4 

ND4L 

ND3 

COIII 
ATP6 

ATP8 COII 

12S  

rRNA 

16S  

rRNA 

ND1 

ND2 

COI 

OH 

9-bp 

deletion 
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L1 
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D 
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R 

H 
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T 

HV1 HV2 

16024 16365 73 340 

16024 576 

―16,569‖ bp 

1 

22 tRNAs 

2 rRNAs 

13 genes 

Figure 10.1, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press 



Control Region (16024-576) 

Forensic Focus 

Typically only 610 bases examined  

– (HVI: 16024-16365; HVII: 73-340) 

Control region (D-loop) 

HV1 HV2 

16024 16365 73 340 

16024 576 

1 

(AC)3 

(AC)4 

(AC)5 

(AC)6 

(AC)7 

1,122 nucleotide positions 



Maternal Inheritance of mtDNA 

 

• Fertilizing sperm contributes only nuclear DNA 

 

• Cellular components including the mitochondria in the 

cytoplasm come from the mother’s ovum 

 

• Any sperm mitochondria that may enter a fertilized 

egg are selectively destroyed due to a ubiquitin tag 

added during spermatogenesis 

 

• Barring mutation, a mother passes her mtDNA type 

on to her children 

 



Candidates for mtDNA Testing 

 

• Shed hairs lacking root bulb or attached tissue 

 

• Fragments of hair shafts 

 

• Aged bones or teeth that have been subjected to long periods of 

exposure 

 

• Crime scene stains or swabs that were unsuccessful for nuclear 

DNA testing 

 

• Tissues (muscle, organ, skin) that were unsuccessful for nuclear 

DNA testing 

Terry Melton – International Symposium on the  

Application of DNA Technologies in Analytical Sciences 



Extract mtDNA 

from evidence 

(Q) sample 

PCR Amplify  

HV1 and HV2 Regions 

Sequence HV1 and 

HV2 Amplicons  
(both strands) 

Confirm sequence with 

forward and reverse strands 

Note differences from Anderson 

(reference) sequence 

Compare with database to 

determine haplotype frequency 

Compare Q and K 

sequences 

Question 

Sample 
Reference 

Sample 

Extract mtDNA 

from reference 

(K) sample 

PCR Amplify  

HV1 and HV2 Regions 

Sequence HV1 and 

HV2 Amplicons  
(both strands) 

Confirm sequence with 

forward and reverse strands 

Note differences from Anderson 

(reference) sequence 

Performed separately 

and preferably  

after evidence is 

completed 

 
Process for 

Evaluation  

of mtDNA  

Samples 

Figure 10.4, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press 



Interpretational Issues - Heteroplasmy 

 

• Heteroplasmy – the presence of more than 

one mtDNA type in an individual 

 

• Once thought to be rare, heteroplasmy exists 

(at some level) in all tissues 

 

• Especially important in forensic mtDNA 

analysis of hair 



HV2 Length Heteroplasmy 

AAACCCCCCCCTCCCCCCGCTTC Sequence 1 

Sequence 2 AAACCCCCCCCCTCCCCCCGCTTC 

―Out of phase!‖ 

Sequence 3 AAACCCCCCCCCCTCCCCCCGCTTC 



Point Heteroplasmy 

16093 

(C/T) 

16086 16101 

Figure 10.9, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press 

―Hotspot‖ for heteroplasmy ―Y‖ Pyrimidine 



Origination of Heteroplasmy 

Chinnery et al. (2000) Trends in Genetics 

Ovum – 100K 

mitochondria 

Very little mito 

growth until 

implantation 

Females – produce 

~7 million ova during 

fetal development 

only a few hundred  

become mature 

oocytes 



+ OR 
+ 



+ OR 
+ 



Improved extraction protocols 
for mtDNA testing 



Current Extraction Protocols – 

Forensic mtDNA Labs 

DNA Extraction 



Demineralization protocol 

• EDTA 0.5M, pH 8.5 

• Detergent 

• Proteinase K 

• 1g powder 

15ml extraction 

buffer 

•Organic extraction (phenol-chloroform) 

•Concentration and washes in filtration devices. 



10mM Tris, pH 8.0, 100mM 

NaCl, 50mM EDTA, pH 8.0, 

0.5% SDS; ProK 

Demineralization protocol Casework SOP 



LCN-STR data-PP16 



90-100% success 

80-89.9% success 

60-69.9% success 

70-79.9% success 

40-49.9% success 

50-59.9% success 

30-39.9% success 

0-20% success 

Non-demineralization success  

5886 samples processed 

Demineralization success 

736 samples processed 

Courtesy of Suzie Barritt-Ross 



Percent Success Rate by Fiscal Year

82
83
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90

93
94

50

60

70

80

90

100

FY2004 FY2005 FY2006 FY2007 FY2008 FY2009

%
 S

uc
ce

ss

Courtesy of Suzie Barritt-Ross 





Demin. Buffer Ultra 4 Qiagen 

Mini Elute 

Demineralization Protocol II 



No Phenol With Phenol 



No Phenol With Phenol 

Post Qiagen Cleanup 



CW-centricons 30 CW-ultra-4 RS + phenol RS no phenol

Sample 01 8.866 7.722 10.344 7.472

Sample 02 0.425 0.834 1.257 1.092

Sample 03 0.05 (inhibited) 0.83 1.737 2.347

Sample 04 47 2.53 59.11 50.76

Sample 05 1.959 1.785 3.464 3.394

Sample 06 9.189 7.83 12.494 10.632

Sample 07 5.692 12.599 11.128 8.373

Sample 08 2.127 0.935 3.418 2.964

Sample 09 10.93 2.27 10.7 8.96

Sample 10 8.439 7.029 6.324 10.072

* 

* 



Recent Developments with 
mtDNA 

Next Generation Sequencing 











N.D. by Sanger Sequencing 

N.D. by Sanger Sequencing 

N.D. by Sanger Sequencing 

N.D. by Sanger Sequencing 



60, 72, 94 

(Artifacts?) 



FSI-Genetics, 6(1): 143-145 



Patient 4  





FSI-Genetics, 6(1): 143-145 

―Before one can really set out to access to entire  

mtDNA genome data with relative ease for  

forensic purposes, one needs careful calibration  

studies under strict forensic conditions—or 

might have to wait for another generation.‖ 



The Identification of the two missing 

Romanov Children by DNA Testing 

Michael D. Coble1, Odile M. Loreille1, Mark J. Wadhams1, Suni M. Edson1, 

Kerry Maynard1, Carna E. Meyer1, Harald Niederstätter2, Cordula Berger2, 

Burkhard Berger2, Anthony B. Falsetti3, Peter Gill4,5, Walther Parson2, 

Louis N. Finelli1 

  
1Armed Forces DNA Identification Laboratory, Armed Forces Institute of Pathology, Rockville, Maryland, 
2Institute of Legal Medicine, Innsbruck Medical University, Innsbruck, Austria, 3University of Florida, 

Gainesville, FL, 4University of Strathclyde, Department of Pure and Applied Chemistry, Glasgow, United 

Kingdom,  5Institute of Forensic Medicine, University of Oslo, Oslo, Norway. 

  



- Isolation of work areas: to separate samples and extracted DNA from PCR 

amplified products. 

- Negative control extractions and amplifications: to screen for contaminants 

entering the process at any stage. 

- Appropriate molecular behaviour: owing to DNA degradation, the successful 

amplification of large DNA fragments in ancient DNA studies should be treated with 

caution. 

- Reproducibility: multiple PCR and extractions should yield consistent results. 

- Independent replication: the generation of consistent results by independent 

research groups. 

- Associated remains: are associated remains equally well preserved, and do they 

show evidence of contamination? 

 





The Romanovs – Russia’s Royal 

Family (1913) 
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Tsar 

Nicolas II 

Anastasia 

Alexei 

Maria 

Olga Tatiana 

Tsarina 

Alexandra 

Photo taken commemorating the 300th Anniversary of the Romanov Dynasty 



Historical Background 

• After spending several months in Tobolsk, the 

family is finally exiled to Siberia (Ekaterinburg). 



The Romanovs in Tobolsk, Russia 
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The Romanov Family in captivity (left to right Tatiana, Tsarvitch Alexei, 

Maria (standing) Tsar Nickolas II, Anastasia, Olga) 



Historical Background 

• After spending several months in Tobolsk, the 

family is finally exiled to Siberia (Ekaterinburg). 

• ―I would go anywhere at all, only not to the 

Urals.‖   - Tsar Nicholas II 

   

 



   Alexei Trupp    

Dr. Eugene Botkin 

Ivan Kharitinov 
Anna Demidova 



Ipatiev House in Ekaterinburg 

From the Sokolov collection at Harvard 



The Romanov family was kept in Ekaterinburg under house arrest by the 

Bolsheviks from the end of April 1918 until their murder on July 17, 1918. 

From the Sokolov collection at Harvard Courtesy of Peter Sarandinaki 



Yakov Yurovsky  

Chief Executioner  

'Exécution du Tsar à Ekatérinenbourg le 17 juillet 1918'  

by the french painter Sarmat 



x 

Four Brother’s Mine 



1976 photo by Dr. Alexander Avdonin 

Koptiaki Road in July 

Truck used to transport the remains 



x 

Four Brother’s Mine 

x 

Pig’s Meadow 



Excerpt from the Yurovsky Report 

 ―Here (we) ignited a fire, and while the grave 

was being prepared, we cremated two corpses: 

Alexei and by mistake, instead of Alexandra 

Fedorovna, (we) cremated, apparently, 

Demidova. At the cremation site (we) dug a pit, 

laid down the bones, leveled it, again lit a large 

fire and with the ashes concealed any traces.‖  



Excerpt from the Yurovsky Report 

 ―Before laying down the other corpses, we 

doused sulfuric acid over them, filled the pit, 

sealed it with sleepers, the empty lorry drove 

over, (and) somewhat packed down the sleepers 

and (then we) finished. At 5-6 o'clock in the 

morning, (I) gathered every one and having 

declared to them the importance of the 

completed matter, having warned (them), that 

everyone must forget about what they saw and 

never talk about it with anybody.‖  



Investigator Nikolay Sokolov 1919 

Photo from Dr. Alexander Avdonin  
Courtesy of Peter Sarandinaki 



Basement Room of the Ipatiev House where the Russian Imperial family 

was murdered on July 17, 1918 by members of the Ural Soviet 

 

From the Sokolov  collection at Harvard 
Courtesy of Peter Sarandinaki 



From the Sokolov  collection at Harvard 
Courtesy of Peter Sarandinaki 



1919 Site Excavation at Four Brother’s Mine Shaft 

From the Sokolov  collection at Harvard Courtesy of Peter Sarandinaki 



1919 photo taken by Sokolov of the small bridge at Pig’s Meadow 

From the Sokolov collection at Harvard 
Courtesy of Peter Sarandinaki 



Sokolov’s photo of the Koptiaki Road standing on the wooden bridge 

From the Sokolov collection at Harvard 

2007 dig 

site 

Courtesy of Peter Sarandinaki 



1920 photo of Peter Ermakov standing on the bridge 



1978- Dr. Avdonin and his group discover the mass grave in Pig’s Meadow 



1979- Dr. Avdonin and his group planted bushes to hide their find 

Courtesy of Peter Sarandinaki 





1991 – Official discovery of the mass  

grave and excavation of the remains. 



Identifications results comparison 
of Russian (Abramov) and U.S. (Maples) teams 

Skeleton # Sex Age Size Abramov 

conclusion 

Maples 

conclusion 

1 F 40-50 161-168 Demidova 

2 M 50-60 171-177 Botkin 

3 F 20-24 158-165 Olga 

4 M 45-55 165-170 Nikolai 

5 F ~20 166-171 Tatiana Maria 

6 F ~20 162-171 Anastasia Tatiana 

7 F 45-50 163-168 Aleksandra 

8 M? 40-50 ? Kharitonov 

9 M +60 172-181 Trupp 

Missing bodies -> Alexei and 

Maria 

Alexei and 

Anastasia 

http://www.romanov-memorial.com/Final_Chapter.htm 



Previous DNA Testing of the 1991 

Remains 



Nature Genetics – Feb. 1994 



9 unique DNA profiles – Skeletons 4 (Tsar) and 7 (Tsarina)  

are consistent with being parents of skeletons 3, 5, and 6. 

NOTE: STRs were used as a sorting tool here 



Tsarina 

Alexandra 

Tsar  

Nicholas II 

Xenia Cheremeteff-

Sfiri 

Prince Philip 

Duke of Edinburgh 
Mitotype 

16111T 

16357C 

263G 

315.1C 

Mitotype 

16126C 

16169T 

16294T 

16296T 

73G 

263G 

315.1C 

Louise of 

Hesse-Cassel 

SOURCES: Gill et al. (1994) Nature Genetics, 6, 130-135.; 

Ivanov et al.  (1996) Nature Genetics, 12, 417-420; Stone, 

R. (2004) Science, 303, 753. 

D.N.A. Box 10.2, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press 

Mitotype 

16126C 

16169T/C 

16294T 

16296T 

73G 

263G 

315.1C 



16169 T 16169 C 

Heteroplasmy 



AFDIL – Confirmation of FSS 

TSAR 

GEORGIJ 

Dr. Tom Parsons 



Concerns About the 1st DNA Testing 

• Heteroplasmy – not well understood at the time.  

We now know that it is quite common. 

• Relatively low statistical power – mtDNA 

database size of 200-300 individuals (LR = 70). 

• STRs – in their infancy – only 5 markers were 

examined. 

Despite the concerns – the evidence was overwhelming 



Remains of Czar Nicholas II's Son  

May Have Been Found 

• FRIDAY, AUGUST 24, 2007 

 

• MOSCOW  —  The remains of the 

last czar's hemophiliac son and 

heir to the Russian throne, 

missing since the royal family 

was gunned down nine decades 

ago by Bolsheviks in a basement 

room, may have been found, an 

archaeologist said Thursday.  

http://www.foxnews.com/story/0,2933,294360,00.html 

Prince Alexei, aged 8 or 9, in a detail from 

an official Russian royal-family photograph 

taken in 1913. His sister Grand Duchess 

Anastasia's hand drapes over his shoulder.  
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2007 

2 sets of remains 

Alexei and  

Maria 

??? 

9 bodies 

Tsar Nicolas II 

Tsarina Alexandra 

Olga 

Tatiana 

Anastasia 

Anna Demidova 

Alexei Trupp 

Dr. Botkin 

Ivan Kharitinov 

~ 70 meters away 



Gill et al. (1994) 

16111 C-T 

16357 T-C 

263 A-G 

315.1 C 

mtDNA Analysis 







16111 C-T 

16357 T-C 

Sample 147 



Coble et al. (2009) 



The ―Tsarina‖ mtDNA Sequence 

• Has not been observed in a database of 21,546 

individuals (4,839 individuals in the US FBI 

mtDNA database and 16,707 individuals from an 

internal AFDIL Research Section database).  

 

• mtDNA results agree with previous sequence 

data from Gill et al. 1994 



nuclear DNA (STR) 

Testing 



Sample 146.1 

Sample 147 



146.1 147 

Scenario: Samples 146.1 and 147 as Sibs 

 

 

 

 

 

 

Cumulative LR = 5.63 Million  

Pr (E | H1) 
 

Pr (E | H2) 
LR =  

(The samples are siblings) 

(The samples are NOT siblings) 



Can These Remains be Children of Tsar 

Nicholas II and Tsarina Alexandra? 

Coble et al. (2009) 



Tsar 

Tsarina 

146.1 



Tsar 

Tsarina 

147 



Sample 4.3 Sample 7.4 Sample 3.46 Sample 5.21 Sample 6.14 Sample 147 Sample 146.1

Tsar Tsarina

Marker Nicolas II Alexandra Olga Tatiana Anastasia Maria Alexei

Amelog X, Y X, X X, X X, X X, X X, X X, Y

D3S1358 14, 17 16, 18 17, 18 17, 18 16, 17 17, 18 14, 18

TH01 7, 9.3 8, 8 8, 9.3 7, 8 8, 9.3 7, 8 8, 9.3

D21S11 32.2, 33.2 30, 32.2 30, 33.2 32.2, 33.2 30, 33.2 30, 33.2 32.2, 33.2

D18S51 12, 17 12, 13 12, 12 12, 12 13, 17 12, 17 12, 17

D5S818 12, 12 12, 12 12, 12 12, 12 12, 12 12, 12 12, 12

D13S317 11, 12 11, 11 11, 11 11, 11 11, 11 11, 11 11, 12

D7S820 12, 12 10, 12 12, 12 10, 12 12, 12 10, 12 12, 12

D16S539 11, 14 9, 11 11, 11 11, 11 11, 14 9, 11 11, 14

CSF1PO 10, 12 11, 12 11, 12 11, 12 10, 11 10, 12 10, 12

D2S1338 17, 25 19, 23 17, 19 23, 25 17, 19 17, 23 23, 25

vWA 15, 16 15, 16 15, 16 15, 16 15, 16 15, 16 15, 16

D8S1179 13, 15 16, 16 13, 16 15, 16 13, 16 15, 16 15, 16

TPOX 8, 8 8, 8 8, 8 8, 8 8, 8 8, 8 8, 8

FGA 20, 22 20, 20 20, 22 20, 20 20, 22 20, 22 20, 22

D19S433 13, 13.2 13, 16.2 13.2, 16.2 13.2, 16.2 13, 16.2 13, 13 13, 13.2

Coble et al. (2009) 
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Scenario: Samples 146 and 147 are members of the Romanov Family 

 

 

Cumulative LR = 4.36 Trillion to 80 Trillion  



Y-chromosome DNA (Y-STR) 

Testing 
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Tsar Nicholas I 

Tsar Alexander II Mikhail Nikolaevich  
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(Sandro) 
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Andrew Andreevich 
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Andrew 

Romanov 



The ―Romanov‖ Y-STR Type 

• Has not been observed in a database of 

20,000+ individuals. 

• (http://www.yhrd.org )  

 

Coble et al. (2009) 
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Anna Anderson Manahan 

http://upload.wikimedia.org/wikipedia/en/7/78/Annaan.JPG


FSS 

Penn State University 

AFDIL 



http://www.romanov-memorial.com/pretenders.htm 
All of the Romanovs were executed 

in the early morning of July 17, 1918  

Total number of "Russian imperial children" claimants since 1918: 

Olga:           28 claimants 

 

Tatiana:       33 claimants 

 

Maria:          53 claimants 

 

Anastasia:   33 claimants 

 

Alexei:         81 claimants 

 



For more information… 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0004838 


