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Abstract:

Quantification of chimerism after bone marrow transplantation is essential for evaluation the successful of engraftment 
after allogenic stem cells transplantation. The aim of this work is to use STR typing test for identification and quan-

tification the chimerism in bone marrow transplant patients. Two patients subjected to bone marrow transplantation were 
analyzed. DNA extracted from patients (recipient) blood, cheek swabs and donor cheek swabs.  Quantifiler Real time PCR 
kit was used for DNA quantification. Powerplex21 kit was used for amplification STR loci. STR profiling was performed by 
Genetic analyzer. DNA extraction and quantification were successfully performed with suitable quantity and purity.  STR loci 
fully amplified and analyzed. In both cases recipient and Donor shared alleles with no DNA mixtures. Few loci showed Type 
3 chimerism. In conclusion the results showed that the test successfully identify used for identification and quantification of 
chimerism in recipient patients. 
List of abbreviation: DNA= Deoxyribonucleic acid, STR- short tandem repeat, SCT= stem cells transplantation.
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Allogeneic hematopoietic stem cells transplantation 
(SCT) is one of the curative methods established for 

malignant and non-malignant patients (1). Artificial chime-
rism results from transfused blood stem cells of intrauterine 
transfusion or allogenic bone marrow transplantation as well 
as other organ transplantations (2). 

The presence of donor cells in recipient blood is called 
complete chimerism while presence of donor and recipient 
cells in recipient blood called mixed chimerism (3). Identi-
fication and quantification of chimerism is important proce-
dure for evaluation the successful of transplantation (4,5). 
Many techniques were established for chimerism analysis 
such as cytogenetics (6), real time PCR (7), variable tandem 
repeats (8), single nucleotide polymorphism (9), but the short 
tandem repeats (STR) is mostly used due to its accuracy and 
reproducibility (10).

Short tandem repeat (STR) genetic loci are highly polymor-
phic repeat sequences(11), this feature gave its importance 
for human identification and it’s considered as the most in-

formative genetic markers for providing high degree of dis-
crimination in various forensic and court issues (12 ). Com-
mercial STR kits that usually used for forensic applications 
were evaluated for chimerism quantification (13).  STR locus 
must have different alleles in-patient and donor in order to 
be informative, for that the informativeness is differ among 
related and unrelated individuals (14). 

Technical recommendations and quantification for the anal-
ysis of informative and non-informative loci were described 
in many studies (13, 15). In Iraq it may be the first study were 
conducted to analyze chimerism using STR method. The aim 
of this work is identify and if available qualitative chimerism 
analysis of informative loci in two Iraqi bone marrow trans-
plant patients. 

patients:
Two cases were analyzed, the first, patient with leukemia 

had bone marrow transplantation two years ago. The second, 
patient with leukemia had bone marrow transplantation one 
year ago.
Samples and DNA extraction:

Phenol-chloroform protocol (organic solvent) (16,17) was 
used for DNA extraction from blood and cheek samples.
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DNA quantification:
Real time PCR Quantifiler Kit (Applied Biosystems) was 

used for DNA quantification in Fast 7500 real Time PCR 
machine (Applied Biosystems) according to manufacture in-
structions.
PCR amplification:

Powerplex21 kit (Promega) was used for amplification 21 
STR loci in Veriti thermal cycler (Applied Biosystems) ac-
cording to manufacture instructions.
STR profiling:

Genetic analyzer 3130XL cycler (Applied Biosystems) was 
used for profiling of STR fragments according to power-
plex21 kit analysis parameters.

Organic method was used for DNA extraction from blood 
and cheek samples. The results showed that the DNA 

was intact as seen by agarose gel electrophoresis and in good 
purity (1.6-1.8) as determined by Nanodrop.  The quantity of 
extracted DNA was suitable for analysis by genetic analyzer 
which require more than 1ng (18).

Twenty one STR loci were PCR amplified successfully 
then analyzed by genetic analyzer. Table 1 and 2 shows the 
STR loci alleles with their relative fluorescence units (RFU) 
of the two patients respectively. Figure 1 showed the STR 
profile of the patient two bloods STR loci with RFUs. Quan-
titation of chimerism using STR requires consideration to 
several factors (13). STR profiles examined for the presence 

of mixtures (more than two peaks for heterozygous and two 
alleles for homozygous), the results showed no mixtures and 
as expected the shared equally between donor and recipients 
since they are brothers for both cases. Following that, infor-
mative loci that can be used for quantification the chimerism 
examined. There are three types of informative loci, type 1 
(fully informative), type 2 (informative), and type 3 (13). 
Our results showed that for patient 1 there was no informa-
tive loci, and for patient 2 There are three loci with type3 
(D3S1358, D6S1043, TPOX). By application the equation 
for type 3 {% Chimerism= (C/[(A-C/2)+C)* 100} for the 
three loci the results was not accurate since the % chime-
rism were (96%, 96.1%, and 88.4% for D3S1358, D6S1043, 
TPOX respectively with the mean 93.5%). Quantification 
chimerism among the TPOX and other two loci showed some 
variation. It was indicated previously that type 3 may prone 
to error due the co-migration of alleles at the same location. 
The low number of informative loci in this study (three loci 
is the minimum acceptable loci) is due to relatedness of re-
cipient and donor (13). Many factors affect the successful of 
the test, recipient and donor loci, quantity of DNA and DNA 
profile generated without stutters (15). Future studies are rec-
ommended for evaluation different STR kits in this approach 
with different loci in order to exclude the similarities in loci 
alleles which affect the informativeness of lici in Chimerism 
quantification. The results showed that the test successfully 
identify used for identification and quantification of chime-
rism in recipient patients. 

Results and discussion:

Locus
 Recipient 1 (Cheek

(swab
(Recipient 1 (Blood  (Donor1 (Cheek swab

D3S1358
Allele 17 18 17 18 17 18

RFU 4934 4232 4501 3718 8884 8773

D1S1656
Allele 15.3 16 15.3 16 15.3 16

RFU 2324 1580 1540 1861 3890 3592

D6S1043
Allele 12 20 12 12 12 12

RFU 8578 3178 13959 13959 23901 23901

D13S317
Allele 12 13 12 12 12 12

RFU 7339 3812 15619 15619 20281 20281

Penta E
Allele 8 12 12 13 12 13

RFU 8443 9022 12104 11341 16002 14893

D16S539
Allele 10 11 11 12 11 12

RFU 5157 6279 5844 6402 13111 13693

D18S51
Allele 16 19 12 13 12 13

RFU 3021 2621 3647 3495 7546 7458

D2S1338
Allele 19 23 23 24 23 24

RFU 5029 6787 6915 5678 10637 9800

Table (1): Alleles and relative fluorescence units (RFU) of recipients and donors STR analysis.
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CSF1PO
Allele 10 12 11 12 11 12
RFU 4717 5517 7923 7161 10476 10195

Penta D
Allele 14 14 14 14 14 14
RFU 13932 13932 14389 14389 22155 22155

TH01
Allele 6 9.3 6 9.3 6 9.3
RFU 2172 1852 1641 1115 3320 2922

vWA
Allele 16 17 16 17 16 17
RFU 5043 5112 5207 5225 9637 9673

D21S11
Allele 29 30 28 29 28 29
RFU 1226 1102 1071 1076 1635 1912

D7S820
Allele 10 12 8 10 8 10
RFU 2474 1347 2159 1435 3732 3511

D5S818
Allele 11 12 12 12 11 12
RFU 1202 793 720 720 1041 1172

TPOX
Allele 8 9 8 9 8 9
RFU 1431 1328 1275 1288 2348 2286

D8S1179
Allele 10 12 10 16 10 16
RFU 2012 1415 1379 1184 2549 2219

D12S391
Allele 23 24 15 21 23 24
RFU 268 266 290 241 469 456

D19S433
Allele 12 14 12 14 12 14
RFU 510 680 316 358 980 889

FGA
Allele 20 25 20 21 20 21
RFU 620 394 390 414 797 692

Xx
Allele x X x Y X Y
RFU 10270 10270 6943 6950 13510 11914

Table (2): Alleles and relative fluorescence units (RFU) of recipients and donors STR analysis.

Locus (Recipient 2 (Cheek swab (Recipient 2 (Blood  (Donor2 (Cheek swab

D3S1358
Allele 15 15 15 18 15 18
RFU 10194 10194 7605 7502 11665 11120

D1S1656
Allele 15 16 15 16 15 16
RFU 2813 2751 3353 2750 4872 4376

D6S1043
Allele 20 20 12 20 12 20
RFU 15235 15235 8677 8763 15057 14324

D13S317
Allele 8 9 8 8 8 8
RFU 12081 6749 20313 20313 30827

Penta E
Allele 12 16 12 12 12 12
RFU 16791 10949 31651 31651 40272

D16S539
Allele 13 13 13 13 13 13
RFU 17323 17323 17813 17813 26018

D18S51
Allele 14 18 14 16 14 16
RFU 6202 4184 5540 5715 9662 9353
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D2S1338
Allele 17 18 17 21 17 21
RFU 9533 7145 10398 10008 14113 15172

CSF1PO
Allele 11 13 11 13 11 13
RFU 8884 9527 8637 9232 12965 12671

Penta D
Allele 8 13 8 13 8 13
RFU 11482 10522 11877 15962 19004 19774

TH01
Allele 9 9.3 7 9 7 9
RFU 2262 1674 2301 2913 4397 4244

vWA
Allele 18 19 18 19 18 19
RFU 10563 9985 8088 7579 10323 10216

D21S11
Allele 30 32 30 32 30 32
RFU 1324 1249 1675 1929 2335 2142

D7S820
Allele 10 11 10 11 10 11
RFU 3166 2959 3405 2890 4290 4340

D5S818
Allele 11 13 11 13 11 13
RFU 1093 1062 1397 1397 1909 1812

TPOX
Allele 8 8 8 9 8 9
RFU 4272 4272 2641 2615 3006 3386

D8S1179
Allele 13 14 11 14 11 14
RFU 1178 1377 2354 2050 2750 2548

D12S391
Allele 18 20 18 20 18 20
RFU 229 357 414 370 679 775

D19S433
Allele 13.2 14 13.2 14 31.2 14
RFU 484 488 512 501 1095 990

FGA
Allele 21 23 21 24 21 24
RFU 555 398 895 757 1014 983

Xx
Allele x Y X Y X Y
RFU 7892 8102 9672 10698 15621 14405
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Fig 1: Electropherogram STR profile of recipient 2 blood.



Iraqi Journal of Cancer and Medical Genetics (IJCMG) Volume 10 - Number 1 - 201746

Acknowledgments:
Many thanks to all the members of the Forensic DNA Center at Al-Nahrain University for their kind help and support. 

1. Armittage JO. (1994). Bone marrow transplantation. N. Engl. J. 
Med. 330: 827–838. 

2. Aruna N; Purushottam Rao M;  and Sayee Rajangam. (2006). 
46,XX/46, XY Chimerism – A Case Report. J.Anat.Soc. India 55(1) 
24-26 

3. Daud SS., Ibrahim K., Choong SS., Vengidasan L., Chong LA .and 
Ariffin H. (2010).Microfluidic chip-based assay for post-hemato-
poietic stem cell transplantation chimerism monitoring using poly-
morphic tandem repeat markers. Anal Biochem. 397:181-5.

4. Thiede C., Bornhauser M., Oelschlagel U., Brendel C., Leo R., 
Daxberger H., Mohr B., Florek M., Kroschinsky F. and Geissler G. 
(2001). Sequential monitoring of chimerism and detection of mini-
mal residual disease after allogeneic blood stem cell transplantation 
(BSCT) using multiplex PCR amplification of short tandem repeat 
markers. Leukemia. 15: 293–302. 

5. Bader P., Niethammer D., Willasch A., Kreyenberg H. and Klinge-
bie T. (2005). How and when should we monitor chimerism after 
allogeneic stem cell transplantation? Bone Marrow Transpl. 35: 
107–119.

6. Díez-Martín JL., Llamas P., Gosálvez J., López-Fernández C., Polo 
N., de la Fuente MS. and  Buño I. (1998). Conventional cytoge-
netics and FISH evaluation of chimerism after sex-mismatched 
bone marrow transplantation (BMT) and donor leukocyte infusion 
(DLI). Haematologica. 83:408-415.

7. Martínez-López J., Crooke A., Grande S., Ayala R., Jiménez-Velas-
co A., Gamarra S., Meneu JC. and Gilsanz F. (2010). Real-time 
PCR quantification of haematopoietic chimerism after transplanta-
tion: a comparison between TaqMan and hybridization probes tech-
nologies. Int J Lab Hematol. 32:e17-25.

8. Mossallam GI., Smith AG., McFar land C. (2005).Comparison of 
variable number tandem           repeat and short tandem repeat ge-
netic markers for qualitative and quantitative chimerism analysis 
post allogeneic stem cell transplantation. J Egypt Natl Canc Inst. 
17:103–13.

9. Gineikiene E., Stoskus M. and Griskevicius L. (2009). Single 
nucleotide polymorphism-based system improves the applicabil-
ity of quantitative PCR for chimerism monitoring. J Mol Diagn. 
11:66–74.

10. Lawler M., Humphries P., and McCann SR.(1991). Evaluation of 
mixed chimerism by in vitro amplification of dinucleotide repeat 
sequence using the polymerase chain reaction. Blood   77:2504–
2515. 

11. Aysim,T., Zerrin, E., Aysun, C. and Yesim, D .(2010). Allele distri-
bution data for 16 short tandem repeat loci in BoluTurk. J Med Sci, 
40 (4): 659-664.

12. Haider K. AL-Rubai*, Mohammed M. AL-Zubaidi, Hala K. Ibra-
hem, Ali  Mohammed, Sahar Rashed, Reem Hussam ,Sura Nabeel, 
Asia Abdullateef and Ali Abdulkaduhm. (2015). Revealed of A 
novel Allele in Wasit – Iraqi Population. Iraqi Journal of Science. 
Vol 56 , No A4, pp: 2798-280

13. Thiede C., Florek M., Bornhäuser M., Ritter M., Mohr B., Brendel 
C. (1999). Rapid quantification of mixed chimerism using multi-
plex amplification of short tandem repeat markers and fluorescence 
detection. Bone Marrow Transpl. 23:1055-60.

14. Bryant E, Martin PJ. Documentation of engraftment and charac-
terization of chimerism following hematopoietic cell transplanta-
tion. In: Thomas ED, Blume KG, Forman SJ (eds). Hematopoietic 
Cell Transplantation. Blackwell Science: Oxford, London, 1999, pp 
197–206.

15. Clark JR., Scott SD., Jack AL., Lee H., Mason J., Carter GI., Pearce 
L., Jackson T., Clouston H., Sproul A. (2015). Monitoring of chime-
rism following allogeneic haematopoietic stem cell transplantation 
(HSCT): Technical recommendations for the use of short tandem 
repeat (STR) based techniques, on behalf of the United Kingdom 
national external quality assessment service for leucocyte immuno-
phenotyping chimerism working group. Br J Haematol. 168:26-37.

16. Maniatis T., Fritsch E., Sambrook J., Molecular Cloning. (1982).A 
Laboratory Manual, Cold Spring Harbor Laboratory, New York, 
Pp.468.

17. Halah K. I. Al-Sammarraie. (2016).Comparison between Two Dif-
ferent DNA Extraction Techniques Taken from Buccal Swabs Suit-
able for Genetic Analyzer. Journal of Al-Nahrain University.19 (3) 
:108-113

18. Gill P. (2001).Application of low copy number DNA profiling. 
Croatian Med J. 42:229–32.

References:



47Volume 10 - Number 1 - 2017Iraqi Journal of Cancer and Medical Genetics (IJCMG)

تحديد وتقدير كمية الكايميرا لمرضى نقل نخاع العظم المصابين بابيضاض الدم 
الحاد 
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الخلاصه:

ان تقدير كمية الكايميرا  (Chimerism)  بعد عملية نقل النخاع العظمي مهمة لتقييم نجاح النقل بعد نقل الخلايا الجذعية . يهدف البحث الى استخدام فحص 
STR Typing لتحديد وحساب كمية الكايميرا لمريضين مصابين بمرض ابيضاض الدم الحاد المنقول لهم نخاع العظم . تم عزل وتنقية الحمض النووي من دم 
المريض (المستلم) ومن الخلايا الظهارية المبطنة للفم . وكذلك من الخلايا الظهارية المبطنة للفم  للشخص الواهب. تم قياس كمية الحمض النووي باستخدام تقنية 
تفاعل البلمرة اللحظي. وتم تضخيم  مواقع ال  (STR)باستخدام العدة Powerplex 21. تم عزل وتحديد كمية الحمض النووي بنجاح. كذلك تم تضخييم وتحليل 
المواقع الوراثية بشكل كامل . لوحظ وجود اليلات مشتركة مع عدم وجود اي خليط للواهب والمستلم . اظهرت بعض المواقع النوع الثالث للكايميرا . اظهرت 

الدراسة نجاح تحديد وتقدير كمية الكايميرا للمرضى .


