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CHIMERA

Organism with cells of 2 (or more) zygotes

Glock 2001

SPONTANEOUS

Transient

• Transplacental passage
of blood cells

(mother        child)

Permanent

• Blood (twin) chimerism

• Whole body (tetragametic 
or
dispermic) chimerism

ARTIFICIAL

Transient

Permanent

• Blood transfusion

• Organ transplantation

• Bone marrow
transplantation

Glock 2001

CHIMERISM ≠
MOSAICISM

.....both have more than one genetically distinct     
population of cells

but

CHIMERAS originate from more than one  
zygote

whereas

MOSAICS are formed of genetically different 
cells arising from a single zygote



ANALYSIS

Detection of

• Blood groups
• HLA
• Platelet antigens
• DNA Polymorphisms 

VNTR via PCR

• Repetitive sequences with tandem-like organisation
• Microsatellites - STR: 2-7 bp repeats (e.g. AATG)
• Minisatellites: up to 100 repeats
• Length polymorphism: variable number of repeats
• Sequence polymorphismus may exist in addition
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Dizygotic twins

 
percentage of different blood cell 

populations 
 
 

 
proband 

 
genotype 

erythrocyte 
population 

lymphocyte 
population

  A1 0 I II 
      
      

Franz F. 00 19 % 81 %   1 % 99 %
      

Johann F. A10 91 %   9 % 42 % 58 % 
      
 
 
(according to Pausch et al. 1979) 

sample material 
 

sample origin DNA extraction  
 

blood Chelex, Qiamp DNA 
Blood Mini Kit buccal swab 

  
eyebrow Chelex 

  
 

nail  
Quiamp DNA Mini Kit 

Tissue Protocol 
 

 



 

 

SE33 results Franz F.

 

 

SE33 results Johann F.

summary 
 

• a mixture of the genetic patterns of both twins was found
in the blood samples 

 

• a mixture of the genetic pattern of both twins in buccal
swabs and nails is not to be expected for twin chimeras,
but could be due to leucocyte contamination 

 

• alleles of the true genetic line of each twin were identified
in hair samples of both twins and in nails and the buccal
swab of one of the twins. 

 

• all alleles found in the blood and buccal swabs of both
twins and in the nails of one of the twins derived from 
their own genetic line or from the other twin. 

general aspects 
 

! allelic patterns found in blood and buccal swabs can differ 
from the true genetic identity  

 

! major component does not necessarily represent the true 
genetic line 

 

! proportions of cell lines can change significantly during 
lifetime 

Chimera Kärnten

• Genetic mother/child incompatibility
• Mother carries XY
• Blood of the mother showed DNA profile (and all 

blood markers) of her twin brother
• Analysis of the hair roots of the mother showed true 

DNA profile of the mother and a genetic mother/child 
compatibility

BLOOD CHIMERISM 
 
 
 
 
System Mother (blood) Child (blood) Put. Father (blood) 
D8S1179 12,13 12,13 13,16 
D21S11 29,31.2 30,31 31,31 
D7S820 8,10 10,12 11,12 
CSF1PO 9,12 12,12 12,12 
D3S1358 17,17 15,16 15,16 
TC11 7,9 7,8 8,9 
D13S317 11,12 9,12 9,12 
VWA 14,17 17,19 14,19 
TPOX 8,11 8,8 8,8 
D18S51 14,16 16,18 14,18 
D5S818 12,12 12,13 11,13 
FGA 21,22 21,22 20,22 
SE33 26.2,26.2 14,19 19,19 
AMEL XY XY XY 
 



BLOOD CHIMERISM

 
 
 
 
 
System Twin 

Brother (of 
mother) 

Mother 
(blood) 

Mother 
(buccal 
swab) 

Mother 
(hair) 

Child 
(blood) 

Put. 
Father 
(blood) 

D8S1179 12,13 12,13 12,13 12,13 12,13 13,16 
D21S11 29,31.2 29,31.2 29,30,31.2 30,30 30,31 31,31 
D7S820 8,10 8,10 8,10,12 10,12 10,12 11,12 
CSF1PO 9,12 9,12 9,12 12,12 12,12 12,12 
D3S1358 17,17 17,17 16,17 16,17 15,16 15,16 
TC11 7,9 7,9 7,9 7,9 7,8 8,9 
D13S317 11,12 11,12 11,12 11,12 9,12 9,12 
VWA 14,17 14,17 14,17 17,17 17,19 14,19 
TPOX 8,11 8,11 8,11 8,8 8,8 8,8 
D18S51 14,16 14,16 14,16 14,16 16,18 14,18 
D5S818 12,12 12,12 12,13 12,13 12,13 11,13 
FGA 21,22 21,22 21,22 21,21 21,22 20,22 
SE33 26.2,26.2 26.2,26.2 14,26.2 14,26.2 14,19 19,19 
AMEL XY XY X(Y) XX XY XY 
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whole body chimerism: possible 
mechanisms

• Ovum nucleus and nucleus of first 
polar body

• Ovum nucleus and nucleus of second 
polar body

• Suppression of second meiotic division

• Two haploid daughters of the ovum 
nucleus

• Fusion of one daughter of zygote 
nucleus with nucleus of second 
polar body

• Early fusion of two embryos

3 (2n/3n)

2

2

2

3

4

Tetragametic chimerism 
 
 
 Mother Father Proposita 
 
RBC antigens 
AB0 A1 A1 0 / A1 
MNS MSs MNs Ms / MNSs 
 
HLA 
Class I and 
class II 

A32,B7,Cw7,DRB1*15/
A3,B15,Cw3,DRB1*13 

A3,B51,Cw*15,DRB1*03/ 
A3,B8,Cw7,DRB1*16 

A32,B7,Cw7,DRB1*15/ 
A3,B51,Cw*15,DRB1*03

 
A3,B15,Cw3,DRB1*13 
A3,B8,Cw7,DRB1*16 

 
DNA minisatellites 
YNZ22 3,10 2,11 2,3,10,11# 
APO-B 29,47 31f,39s 29,39s,47# 
D1S80 26M,39 18,31 18,26M,39# 
 
DNA STRs 
TC11 6,9.3 6,6 6,9.3# 
SE33 V20,V36 V15,V16 V15,V16,V20,V36# 
FGA 22,26 25,25 22,25,26# 
FES 10,12 10a,11 10,10a,11,12# 

# identical results in blood, buccal swab, nails and hair roots

Aim of the study

Can donor cells also be found in tissues 
other than blood in bone marrow 

transplanted patients? 

Bone marrow transplantation (BMT)
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Materials and methods I

• 5 patients > 5 years after engraftment
• blood (Chelex, Qiagen)
• buccal swab (Chelex, Qiagen)
• finger-nails  (Qiagen)
• eye brows (Chelex) 
• 2 out of 5 hair samples by alternative method

Hellmann et al. 2001 Int J Legal Med (114):269-273
• 5 patients and donors prior to BMT

• frozen lymphozytes (Chelex, Qiagen) or
• DNA („salting out“ method from blood)

Materials and methods II

• DNA extraction and amplification
– pre-BMT samples (donor + recipient) separately
– post-BMT samples (recipient)

• Singleplex PCR of highly polymorphic loci
– SE33 
– D12S391

• Instruments (Applied Biosystems)
– PCR Amplification System 9700
– ABI Prism 310 Genetic Analyser

SE33 results – unrelated donor

recipient: blood pre-BMT

donor

recipient: blood post-BMT

recipient: buccal post-BMT

recipient: nails post-BMT

recipient: hairs post-BMT

SE33 results-family donor (sibling)

recipient: blood pre-
BMT

donordonor

recipient: blood post-
BMT

recipient: buccal post-
BMT

recipient: nails post-
BMT

recipient: hairs post-
BMT

CHIMERISM AFTER BONE MARROW 
TRANSPLANTATION

5 patients at least 5 years after successful BMT

Sample material DNA

Blood Donor

Buccal cells Recipient + Donor

Finger nails Recipient + Donor

Hairs Recipient

Recipients >5 years after BMT (n=5)

Sample material Genetic origin

blood        donor
buccal swab 32.1 % donor (16.6 - 76.3 %) 
finger-nails 24.0 % donor (11.4 - 53.3 %)
hairs recipient

Quantification based on peak areas according to:
Thiede et al. 1999: Bone Marrow Transplant (23):1055-1060



Summary

• Results of this study confirm the findings in the pair of 
chimeric twins

• Donor cells originating from hematopoietic tissue can 
migrate into other tissues 

• Donor blood stem cells can transdifferentiate into cells 
other than blood in the recipient 

Forensic aspects

• Mixed DNA profiles can originate from a single 
individual 

• DNA profiles obtained from different tissues of the 
same individual can be discrepant

• DNA profiles obtained from samples taken at different 
times from the same individual can differ 

• DNA profile obtained from hair samples exhibited the 
true genotype

GvHD after LiverTX

• LiverTX early october 2004
• End november: deterioration of the clinical situation: 

diarrhoe, pancytopenia 
• December: bone-marrow biopsy: no sign for GvHD
• Mid january 2005: chimerism in the blood of the 

patient (80% leucocytes of the donor)
• 2 days before exitus: 100% donor leucocytes
• retrospektive analysis of the bone-marrow biopsy: 

chimerism (15% donor lymphocytes)

GvHD after LiverTX

 
Table 2 percentages of donor’s cells in different post-mortem biopsies 
 
sample origin donor sample origin donor sample origin donor 
prostata 3 % brain 62 % left lung 16 % 
trachea 17 % right kidney 7 % liver 100 % 
heart 3 % left kidney 4 % cardiac tissue 17 % 
pelvic bone marrow 37 % aorta 4 % oesophagus 18 % 
renal pelvis 13 % right suprarenal gland 4 % pancreas 24 % 
colon 6 % left suprarenal gland 7 % stomach 10 % 
vertebral bone marrow 29 % right lung 22 % thyroid gland 1 % 
 

Material of 21 organs (autopsy): 
1% - 62% (100%) leukocytes of the donor
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Mother–child exclusion due to paternal uniparental disomy 6

R. Wegener, V. Weirich, E. M. Dauber, W. R. Mayr
Int J Legal Med 2006; 120: 282-285

Mother–child exclusion due to paternal 
uniparental disomy 6

R. Wegener, V. Weirich, E. M. Dauber ,W. R. Mayr

Int J Legal Med 2006; 120: 282-285

26 out of 42 chromosome 6 loci: 
mother/child exclusion

Child: „homozygous“ for all 
chromosome 6 loci tested

Mother–child exclusion due to 
paternal uniparental disomy 6

R. Wegener, V. Weirich, E. M. Dauber, 
W. R. Mayr

Int J Legal Med 2006; 120: 282-285


