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Definition

e Mitochondrial heteroplasmy:

presence of a mixture of more than one type

of mMtDNA within an individual
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Differentiation of

length and sequence heteroplasmy

length heteroplasmy

sequence heteroplasmy
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Length heteroplasmy

e Variants differ in the number of bases

* Elevated sequence background

B LCLELLCEGLEBTG

Cl1/12
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Sequence heteroplasmy

« Variants differ in the type of bases

e Superimposition of usually two different
bases at one position
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Length heteroplasmy - Sites

ACCACCCAAG
TTACTGCCAG
CTGTAGTACA
CAAGCAAGTA
CAAAGCCACC
CAGTACATAG
ATCCCTTCTC
CACCATCCTC
CTCCGGGCCC
CTGGTTCCTA
TAAATAAGAC
GATCACAGGT
TTGGTATTTT
GAGCCGGAGC
CTATTATTTA
AAGTGTGTTA

TATTGACTCA
CCACCATGAA
TAAAAACCCA
CAGCAATCAA
CCTCACCCAC
TACATAAAGC
GTCCCCATGG
CGTGAAATCA
ATAACACTTG
CTTCAGGGTC
ATCACGATG

CTATCACCCT
CGTCTGGGGG
ACCCTATGTC
TCGCACCTAC
ATTAATTAAT

GT

C/TC5

TCCA
CTTC

AR
TATCTTTTGG
ATTTTCCCCT
CCATCCTACC
ACCAAACCCC

o I IITY

AACC

AL

ITTCTITITY

TTCTTTC
CCCATCAACA
TATTGTACGG
ATCCACATCA
CCCTCAACTA
TAGGATACCA
CATTTACCGT
ATGACCCCCC
ATATCCCGCA
GGGGTAGCTA
ATAAAGCCTA

ATTAACCACT
GTATGCACGC
GCAGTATCTG
GTTCAATATT
GCTTGTAGGA
CACAGACATC
TGGCCACAGC
CTAACACCAG

CGG
CCCA
CAGC

(AC)s

mEEAAACAGT
ACTAAT
CGCTGC

AAAGACA(C

C6

ACA

ATGGGGAAGC
ACCGCTATGT

&

Freteurc KLINIKUM

AGATTTGGGT
ATTTCGTACA

TA
AR
TC

C5TC4

GACCAC
TGCTTA
ro=<CAACTC

ACAAACCTAC
ACATAGCACA
TCAGATAGGG
CAAGAGTGCT
AAGTGAACTG
AATAGCCCAC

CACGGGAGCT
GATAGCATTG
TCTTTGATTC
ACAGGCGAAC
CATAATAATA
ATAACAAAAA
ACTTAAACAC
CCTAACCAGA
CACCCCCCAA
CTCATCAATA
TAACCCCATA

CCACCCTTAA
TTACAGTCAA
GTCCCTTGAC
ACTCTCCTCG
TATCCGACAT
ACGTTCCCCT

CTCCATGCAT
CGAGACGCTG
CTGCCTCATC
ATACTTACTA
ACAATTGAAT
ATTTCCACCA
ATCTCTGCCA
TTTCAAATTT
CTAACACATT
CAACCCCCGC
CCCCGAACCA
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Positions 16184-16193

C5TC4

LLCCCETEC L ERT GILT]

gl

according to rCRS

Bendall & Sykes 1995, Am J Hum Genet 57, 248ff
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according to
ICRS

T16189C

T16189Y

A16183C,;
1716189C

A16182C;
A16183C,;
T16189C

CALAAMMCCCCCTCCCCATGCTT

WW\/WWMVWV AAAACCCCCTCCCCA

AAAACCCCCCCCCCCN

T |
CAAALALCCCCCYCCCCatgceTT S

AAAACCCCCYCCCCA

ZﬂﬂﬂltcccclttttatgctTac

}. AAACCCCCCCCCCCN
illﬁn

Sl 3

ZﬂﬂllﬂﬂccﬂéfﬂcﬂatgctT

\NmmmmmmmﬁﬁﬂﬁiAACCCCCCCCCCCCN
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T16189C

C16186T,
716189C

C16188T,
1716189C

T16189C,;
C16193T

CALAZACCCCCTCCCCATGCTT.

o

CﬂﬂﬂﬂﬂCiCCiECCCﬂTGCTT;

il

CALAACCCC 1ECCCATGETTﬂ

EAAAAEECElECEiCATGCTTJ

RRRRRRRR KLINIKUM

CCCCCCCCCCCN

CCTCCCCCCC

CCCCTCCCCCC

CCCCCCCCTC
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Length heteroplasmy - Sites

ACCACCCAAG
TTACTGCCAG
CTGTAGTACA
CAAGCAAGTA
CAAAGCCACC
CAGTACATAG
ATCCCTTCTC
CACCATCCTC
CTCCGGGCCC
CTGGTTCCTA
TAAATAAGAC
GATCACAGGT
TTGGTATTTT
GAGCCGGAGC
CTATTATTTA
AAGTGTGTTA

TATTGACTCA
CCACCATGAA
TAAAAACCCA
CAGCAATCAA
CCTCACCCAC
TACATAAAGC
GTCCCCATGG
CGTGAAATCA
ATAACACTTG
CTTCAGGGTC
ATCACGATG

CTATCACCCT
CGTCTGGGGG
ACCCTATGTC
TCGCACCTAC
ATTAATTAAT

Goe=as2=
AR

C/TCS

ceaa=aTCCA
CTTC
AACC

TATCTTTTGG
ATTTTCCCCT
CCATCCTACC
ACCAAACCCC

CGGTATLCOAC

TTCTTTC
CCCATCAACA
TATTGTACGG
ATCCACATCA
CCCTCAACTA
TAGGATACCA
CATTTACCGT
ATGACCCCCC
ATATCCCGCA
GGGGTAGCTA
ATAAAGCCTA

ATTAACCACT
GTATGCACGC
GCAGTATCTG
GTTCAATATT
GCTTGTAGGA
CACAGACATC
TGGCCACAGC
CTAACACCAG
TTTMPAACAGT

CCCA
CAGC

(AC)s

'ACTAAT
CGCTGC

AAAGACA(

C6

ACA

ATGGGGAAGC
ACCGCTATGT

&

Freteurc KLINIKUM

AGATTTGGGT
ATTTCGTACA

TA"!{'!'IPI’!'I AT
AA
TC

C5TCA4

A-AmRGACCAC
\TGCTTA
CAACTC

ACAAACCTAC
ACATAGCACA
TCAGATAGGG
CAAGAGTGCT
AAGTGAACTG
AATAGCCCAC

CACGGGAGCT
GATAGCATTG
TCTTTGATTC
ACAGGCGAAC
CATAATAATA
ATAACAAAAA
ACTTAAACAC
CCTAACCAGA
CACCCCCCAA
CTCATCAATA
TAACCCCATA

CCACCCTTAA
TTACAGTCAA
GTCCCTTGAC
ACTCTCCTCG
TATCCGACAT
ACGTTCCCCT

CTCCATGCAT
CGAGACGCTG
CTGCCTCATC
ATACTTACTA
ACAATTGAAT
ATTTCCACCA
ATCTCTGCCA
TTTCAAATTT
CTAACACATT
CAACCCCCGC
CCCCGAACCA
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Positions 303-315

C/TC6

FCARACCLCECETECCCLECGLT T

according to rCRS

Greenberg et al. 1983, Gene 21, 33ff
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Length heteroplasmy: 303-315

CARACCCCCCCTECCCCCGETTLCTGGE

gty

according to rCRS
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Length heteroplasmy: 303-315

AL CCCECETECCECEGETTET GG

g

according to rCRS

309.1C

— ||

CAARCLLCCCCLTCCCOLCCGETTET GG LG

CARACCCCCCCCTCCCCCCGeTTeTGGC O

/\: | ‘ AL




Length heteroplasmy: 303-315

CARACCCCCCCTECCCCCGETTLCTGGE

according to rCRS

309.1C

—

CAARCLLCCCCLTCCCOLCCGETTET GG LG

‘ 309.2C

CAAMABCCCCCCCCCTCCCOCCCCOGCTTCECTGLCO




Length heteroplasmy: 303-315

ChARAA

ECCLECETECECCLEGETTET.GGE

according to rCRS

1310C

B --:EEEEEEEEEEEEEQETTEEQQCC

ol
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Length heteroplasmy - Sites

ACCACCCAAG
TTACTGCCAG
CTGTAGTACA
CAAGCAAGTA
CAAAGCCACC
CAGTACATAG
ATCCCTTCTC
CACCATCCTC
CTCCGGGCCC
CTGGTTCCTA
TAAATAAGAC
GATCACAGGT
TTGGTATTTT
GAGCCGGAGC
CTATTATTTA
AAGTGTGTTA

TATTGACTCA
CCACCATGAA
TAAAAACCCA
CAGCAATCAA
CCTCACCCAC
TACATAAAGC
GTCCCCATGG
CGTGAAATCA
ATAACACTTG
CTTCAGGGTC
ATCACGATG

CTATCACCCT
CGTCTGGGGG
ACCCTATGTC
TCGCACCTAC
ATTAATTAAT

Ge=aarans
AR

C/TC5

aea-am=maTCCA
CTTC
AACC

TATCTTTTGG
ATTTTCCCCT
CCATCCTACC
ACCAAACCCC

CGGTATLCOAC

TTCTTTC
CCCATCAACA
TATTGTACGG
ATCCACATCA
CCCTCAACTA
TAGGATACCA
CATTTACCGT
ATGACCCCCC
ATATCCCGCA
GGGGTAGCTA
ATAAAGCCTA

ATTAACCACT
GTATGCACGC
GCAGTATCTG
GTTCAATATT
GCTTGTAGGA
CACAGACATC
TGGCCACAGC
CTAACACCAG
TTTMPAACAGT

CCCA
CAGC

(AC)s

'ACTAAT
CGCTGC

AAAGACA(

C6

ACA

ATGGGGAAGC
ACCGCTATGT

&

Freteurc KLINIKUM

AGATTTGGGT
ATTTCGTACA

TA"!{'!'IPI’!'I AT
AA
TC

C5TCA4

A-AmRGACCAC
\TGCTTA
CAACTC

ACAAACCTAC
ACATAGCACA
TCAGATAGGG
CAAGAGTGCT
AAGTGAACTG
AATAGCCCAC

CACGGGAGCT
GATAGCATTG
TCTTTGATTC
ACAGGCGAAC
CATAATAATA
ATAACAAAAA
ACTTAAACAC
CCTAACCAGA
CACCCCCCAA
CTCATCAATA
TAACCCCATA

CCACCCTTAA
TTACAGTCAA
GTCCCTTGAC
ACTCTCCTCG
TATCCGACAT
ACGTTCCCCT

CTCCATGCAT
CGAGACGCTG
CTGCCTCATC
ATACTTACTA
ACAATTGAAT
ATTTCCACCA
ATCTCTGCCA
TTTCAAATTT
CTAACACATT
CAACCCCCGC
CCCCGAACCA



Positions 515-524

(AC)s

CCCAGCCACACACACACCCCYGC Y

A

according to rCRS
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Length heteroplasmy: AC-repeat

CCAGCACACACACCGCTGCT C

Db

CCCAGCACACACACACCGCTIGCTAACG

Al

CCAGCACACACACACACCGCTGCTAAC

mww\m

CCAGCACACACATCA E }\u CGeTGCTAAC

523 del: 524 del

according to
ICRS

524.1 A; 524.2 C

524.1 A; 524.2 C
524.3 A; 524.4 C
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Sequence heteroplasmy - Sites

ACCACCCAAG
TTACTGCCAG
CTGTAGTACA
CAAGCAAGTA
CAAAGCCACC
CAGTACATAG
ATCCCTTCTC
CACCATCCTC
CTCCGGGCCC
CTGGTTCCTA
TAAATAAGAC
GATCACAGGT
TTGGTATTTT
GAGCCGGAGC
CTATTATTTA
AAGTGTGTTA

[eUali/atal.Vak Vo

TATTGACTCA
CCACCATGAA
TAAAAACCCA
CAGCAATCAA
CCTCACCCAC
TACATAAAGC
GTCCCCATGG
CGTGAAATCA
ATAACACTTG
CTTCAGGGTC
ATCACGATG

CTATCACCCT
CGTCTGGGGG
ACCCTATGTC
TCGCACCTAC
ATTAATTAAT

A7
AR

C/TC5

CTTC
s AACC

TATCTTTTGG
ATTTTCCCCT
CCATCCTACC
ACCAAACCCC

CGGTATGCAC

TTCTTTC
CCCATCAACA
TATTGTACGG
ATCCACATCA
CCCTCAACTA
TAGGATACCA
CATTTACCGT
ATGACCCCCC
ATATCCCGCA
GGGGTAGCTA
ATAAAGCCTA

ATTAACCACT
GTATGCACGC
GCAGTATCTG
GTTCAATATT
GCTTGTAGGA
CACAGACATC
TGGCCACAGC
CTAACACCAG
TTTTAACAGT

CCCI
CAG(C

(AC)s

'ACTAAT
CCGCTGC

AAAGACA(

C6

ACA

ATGGGGAAGC
ACCGCTATGT

&

Freteurc KLINIKUM

AGATTTGGGT
ATTTCGTACA

TACCATAADNT

AA
TC

C5TCA4

ACTTGACCAC
\TGCTTA
sCAACTC

ACAAACCTAC
ACATAGCACA
TCAGATAGGG
CAAGAGTGCT
AAGTGAACTG
AATAGCCCAC

CACGGGAGCT
GATAGCATTG
TCTTTGATTC
ACAGGCGAAC
CATAATAATA
ATAACAAAAA
ACTTAAACAC
CCTAACCAGA
CACCCCCCAA
CTCATCAATA
TAACCCCATA

CCACCCTTAA
TTACAGTCAA
GTCCCTTGAC
ACTCTCCTCG
TATCCGACAT
ACGTTCCCCT

CTCCATGCAT
CGAGACGCTG
CTGCCTCATC
ATACTTACTA
ACAATTGAAT
ATTTCCACCA
ATCTCTGCCA
TTTCAAATTT
CTAACACATT
CAACCCCCGC
CCCCGAACCA



Positions 568-573

(C)s

i

]

according to rCRS
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Length heteroplasmy: 568-576

ﬂ_ /\ M [\ /W\ ,_ Amm acc?écg;gg to

" 576.1 C; 576.2 C
S
" j\/\ 576.1 C; 576.2 C

576.3 C; ?
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Sequence heteroplasmy - Sites

ACCACCCAAG TATTGACTCA
TTACTGCCAG CCACCATGAA
CTGTAGTACA TAAAAACCCA

CAAC TA
CAAR C(
CAGI 'AC
ATCCCTTCTC
CACC‘ i falalal

CAGCAATCAA
CACCCAC
ATAAAGC
CCCATGG

fal ol 1fal.W.W. N1 lak.y

TTCTTTC
CCCATC2
TATTGT2 /\
ATCCACA_ ___
CCCTCAACTA
TAGGATACCA
CATTTACCGT
ATGACCCCCC

. afalalalalal.y

ATGGGGAAGC Al 'GGGT
"TACA

ACCGCTATGT A"
CCAC

C C C T TGCTTA

A L AN L AN LA ek A

ACAAACCTAC
ACATAGCACA
TCAGATAGGG

fal.W.Valk.Valifalall

22w = wCAACTC
CCACCCTTAA
TTACAGTCAA
GTCCCTTGAC

T\."‘lTl."‘lTlﬂﬂTCG

CTCC
CTGC
TAAZ
GAT(
TTGC
(_ SAGC
mmR

L, CA>
G
AACCCCCCCT
AACCCCAAAA
TATCTTTTGG
ATTTTCCCCT
CCATCCTACC
ACCAAACCCC

G 207 A

ACCCTATGTC
TCGCACCTAC
ATTAATTAAT
CCACTTTCCA
CCCCCGCTTC
ACAAAGAACC
CGGTATGCAC
CCCACTCCCA
CAGCACACAC
AAAGACACCC

GCAGTATCTG
GTTCAATATT
GCTTGTAGGA
CACAGACATC
TGGCCACAGC
CTAACACCAG
TTTTAACAGT
TACTACTAAT
ACACCGCTGC
CCCACA

CAT
CCT

CAT
I

TCTTTGA
ACAGGCG
CATAATA
ATAACAAAAA
ACTTAAACAC
CCTAACCAGA
CACCCCCCAA
CTCATCAATA
TAACCCCATA

GmCTC

ATTTCCACCA
ATCTCTGCCA
TTTCAAATTT
CTAACACATT
CAACCCCCGC
CCCCGAACCA



Sequence heteroplasmy - Sites

CALACATACCTACTAALGT

JVWWI@MW

AABACCTACYCACCCTTA/

195Y

ﬂﬂuw\%w [WW"

GTAGGACATgATAATAAC

Labeul

234R

16291Y

(GCCICATCCYATITATITA

gl

152Y
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Problems
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Detection of length heteroplasmy

 Blurred sequence” following length heteroplasmy

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

I
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Detection of length heteroplasmy

 ,Blurred sequence” preceding length heteroplasmy

ccccccccccccccccccccccccccccccccccccccccc

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

i m ll ““““l“hllhhn‘
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Detection of length heteroplasmy

 When do we have to report heteroplasmy?

homoplasmic sample

AAACECCCCETELCCEEOCOC T TCE TG

C7TC6

weak heteroplasmic sample

‘ AAMAMCCCCCCCCTECCCLCCGOETTCETG

C8TC6

strong heteroplasmic sample

L] aisres

C-insertion at pos. 309.1 l I W M ur : ﬂﬂ -.

| )
Il
C-insertion(s) at pos. 309.1/.2
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Detection of length heteroplasmy

e Phantom mutations due to software

CAC C.i‘-..i..i‘-.CCCCCCCCCTCCCCCCGC@]C CACAGCACTT

| VR AM“AL
t

Brandstéatter et al. 2005, Electrophoresis 26, 3414ff



o oo
aaaaaaaa KLINIKUM

Sequencing downstream length
heteroplasmy

« Use of internal /’junction” primers

e A A

NAA A s s WA A AR AR AA A

Szibor & Michael 1999, Int J Legal Med 112, 348ff / Rasmussen et al. 2002, For Sci Int 129, 209ff
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Sequencing downstream length
heteroplasmy

e double reactions from the same strand but from
two PCR products

F15 F29
—e = o = - - — et - - -
PCR 1 I I PCR 2 I I
4_ ......... _<_ 4_ ......... <_
R484 R639

MWNMA/\ M N\A/\/\A MN\W\J\/  SHHRRENNRRHWWTHNHCCTYYTHAWYWWWHNAN
I\I\/\/\MM\A/\/\ III\/\IIIIM/I/L IIIII/IIIII

IIIIIIIIIIIIIIIII II /IIIIIIIIMIM

Parson & Bandelt 2007, For Sci Int Gen 1,13ff



L
—— =

aaaaaaaa KLINIKUM

Detection of
sequence heteroplasmy

 with high sequence background

il

high sequence background

Brandstatter & Parson 2003, Int J Legal Med 117, 180ff
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Detection of

sequence heteroplasmy

e using different primers

primer L29
proportion ~ 21

L16450

s

~6:1

position 234R

Brandstatter & Parson 2003, Int J Legal Med 117, 180ff



Differentiation of heteroplasmy from

Y

!

mixed stains or contaminations

Y Y Y
1 1 l Confirmation

mm) Dy STR-

, [ analysis

1)

2)

Separation l by cloning

Ni\ i MM'/\ i W/\AW f\' M/\é | —
o

samples




Differentiation of heteroplasmy from
polymerase errors

TERCTCTCCTCGGCTHCGGCGCCCATANC

Analysis of twolPCR products

TACTCTCCTCGETCCGGOGLECERT AN

gl

Parcon & Randelt 2007 For Sci Int Gen 1 123ff
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Heteroplasmy in different tissues
of an individual

tissue buccal cells blood
FACATREATAATI FACATAATAATA
. AIG Alg
proportion 1:1 4:1

position 234R
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Heteroplasmy in different hairs
of an individual

tissue hair 1 hair 2 hair 3
ACATGATAAL LCATOATA] CATQAT
G Gl/a . Alg
L /\ m ' ﬂ M Iy
proportion 15:1 3:1 ~1:2

position 234R
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Heteroplasmy in the course of life

100

% variant nucleotide

‘_._-—-""——-——-.-——*-__..-——'""

1970

= 16189

1975 1980 1985 1990 1995
years

e 4 »309.1

Lagerstrom-Fermér et al. 2001, Am J Hum

Genet 68, 1299ff

15 - - [Ohealthy control
4 single mutation
53 yrs A multiple deletions
 12- I O macro deletion
S |
£ O
7 [
8 L A
z A A
3 -
g | a0 O
g | O
3 N P R S
[
0 (] -0l RS TR O RS AT | AA | S
0 5 10 15 20 25 30 35 40 45 50 |55 60 65 70 75 80 85 90
age (years)

Del Bo et al. 2002, J Neurol Sci 202, 85ff
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Sequence heteroplasmy in the
maternal pedigree

ACTAAAGTGTATTAA ACTAAAGCGTAT TAA
00 T 1

~ Grandmother Mother position
204Y

AOERNSADANAEF BN & ACTAAAGTGTATTAA (CTAAAGTGTAT TAA
& 7 0 &

C/t

Daugther 2 B

Lo et al. 2005, Ann NY Acad Sci 1042, 130ff



Length heteroplasmy in the
maternal pediqgree

2

—

s T =

number of C-residues between positions 303-309:
O O O O O O

Lutz et al. (2000) Int J Legal Med 113, 155ff
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Length heteroplasmy in the
maternal pediqgree

number of C-residues between positions 303-309:

O O O O O O
Lutz et al. (2000) Int J Legal Med 113, 155ff
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Length heteroplasmy in triplets

2a00 f zam
2000 Monozygous

1600+

1200+
200+

400+

— S T us
Sibling 1 Oé’ Sibling 2
&

B e RFLP-Analysis
I Lutz-Bonengel et al. (2004) Int J Legal
Slblmg 3 Med 118, 274ff
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Length heteroplasmy in triplets

"Distance"

16

14

12 A

10

Triplets

]
[
| W
[ ]
]
" n
[
Ll | = |
|| — -
0’ V'S = =
*®

‘ Monozygous siblings B Non-monozygous siblings



Level of heteroplasmy?

e Tissue

e Cell

* Mitochondria &
X _;;}-
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Sequence heteroplasmy within single cells

Results of single cells

e
il

sequencing

c::,c::: PCR o T e i

minisequencing

~~

Single cells

Lutz-Bonengel et al. Int. J. Legal Med. (in press)
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Level of sequence heteroplasmy

96%
e Tissue

e Cell

T

 Mitochondria

Lutz-Bonengel et al. Int. J. Legal Med. (submitted)



Length heteroplasmy within single cells

Results of single cells

' T 16 YA P o Pl i AR B P B P B Dl el g Bl

/ AR AR At
sequencing

//;5;‘;’7 R = WAL AR

RFLP 2z 2 244 245 sz 243 244 s

~~

Single cells

C7C8 C8C9
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Level of length heteroplasmy

e Tissue

e Cell

 Mitochondria
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Conclusions

 Agreement: when and how do we have to
report heteroplasmy?

« Pitfalls: be aware of possible errors of
Interpretation

e Detection depends on quality and
sensitivity of the used method

e NoO exclusions In casework because of
heteroplasmic sites

* |ncreased discrimination power by
corresponding results
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% Thank you for your
attention ! .
Questions?

Comments?
Volunteers?
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