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Abstract  

Sternum bone is one of the most common exhibits received in forensic laboratories from unidentified dead bodies. These 

bones are received for identification of dead bodies or establishment of maternity and paternity. Sternum bones are a good 

source for DNA profiling as they contain abundant cells. The costal cartilage tissue attached with sternum bone act as a 

source of clean DNA profile. In the present study, maternity was established from sternum bone of an unidentified dead body. 

DNA from sternum bone was isolated using magnetic bead based method with Qiagen EZ1 Advanced XL BioRobot, whereas 

DNA from FTA card of putative son was purified using FTA purification buffer reagent. The isolated and purified DNA was 

subjected to Multiplex PCR amplification using PowerPlex
®

21 System kit (Promega Corporation, Wisconsin, United States). 

Capillary electrophoresis of amplified products was done with 3130 Genetic Analyzer (Applied Biosystems, U.S.A.). The data 

were analyzed using GeneMapper
® 

ID Software Version 3.2. The autosomal short tandem repeats (STR) DNA analysis 

confirmed the maternity of unidentified dead bodies. Hence, human sternum bones are a good source of DNA for 

establishment of identity, maternity and paternity. 

 

Keywords: DNA, FTA, Maternity, Paternity, Sternum bones. 
 

Introduction 

One of the most challenging tasks in forensic science is the 

identification of unidentified dead bodies. There are numbers of 

cases such as homicides
1
, mass disasters

2,3
, traffic accidents

4
, 

wildfire
5
, plane accidents

6
, terrorist attacks

7
, wars

8 
in which 

parts of unidentified dead bodies are received in forensic 

laboratories for identification purposes. Sometimes, it becomes 

very difficult to identify the body by visual perspective
9
. 

However, identification of these dead bodies is important from 

legal perspective. DNA profiling can play a crucial role in this 

aspect and help poor family to get compensation from 

government authorities. There are several exhibits received in 

forensic laboratories from unidentified dead bodies such as 

teeth
10

, femur bone
11

, humerus bone
11

, sternum bone
12

, clavicle 

bone
13

, etc. However, sternum bone is one of the common 

exhibit. The sternum is a T-shaped bone present in the anterior 

thoracic part of the human body
14

. It mainly consists of 

manubrium, body and xiphoid process
15

. The sternum bone is a 

good source for DNA profiling as they contain a large number 

of cells. The costal cartilage part of sternum bone, where ribs 

attach to bone, yields a clean DNA profile. 

 

In the present study, maternity was established from sternum 

bone of an unidentified dead body. According to investigating 

officers, the unidentified dead body of a lady was found on the 

side of a channel in a decomposed condition. The body was also 

eaten by animals and it was difficult to identify the body. 

However, his husband claimed that she was his wife. Medical 

officers sent sternum bone of unidentified dead body and blood 

sample of the putative son on FTA card as routine laboratory 

work in the DNA Division, State Forensic Science Laboratory, 

Junga, Shimla, Himachal Pradesh, India. Maternity was 

established by comparing DNA profiles of sternum bone of the 

dead body and putative son. 

 

Materials and methods 

Materials: The sternum bone of unidentified dead body and 

blood sample of putative son was labelled as X, Y, respectively. 

EZ1 DNA Investigator Kit was purchased from QIAGEN 

Hilden, Germany. The PowerPlex® 21 System kit was procured 

from Promega Corporation, Wisconsin, United States. 

 

Methods: The DNA isolation from sternum bone was done by 

magnetic bead based method with slight modifications
16

. In 

brief, costal cartilage tissue attached with sternum bone was cut 

into pieces with sterilized blades. The pieces were added in a 

micro vial (1.5ml) and washed once with autoclaved distilled 

water by centrifuging in a 5430R refrigerated centrifuge 

(Eppendorf, Hamburg, Germany) at 10000 rpm for 5 minutes. 

The supernantant was discarded. In the pellet, buffer G2 (350µl) 

and proteinase (25µl) K was added. The bone pieces were lysed 

at 56°C in an NB 20 water bath (Nuve, Ankara, Turkey) for 48 
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hours. The lysate was poured into a sample tube (2ml). Elution 

tube, tip holder containing filter-tip and reagent cartridge were 

inserted in EZ1
®
 Advanced XL BioRobot (QIAGEN, Hilden, 

Germany) as per manual. The “Large-Volume Protocol” was 

used for DNA isolation without adding MTL buffer because of 

sufficient lysate. The isolated DNA was stored at -20°C in a 

refrigerator (Celfrost, India) for further use. 

 

The DNA from blood sample on FTA card of the putative son 

was purified as per method with slight modifications
17

. FTA 

card bearing blood sample was punched with the help of Harris 

1.2mm micro punch. The punches were added in a micro vial 

and novel FTA purification reagent (150µl) and proteinase K 

(15µl) was added. The punches were incubated at 56°C in an 

NB 20 water bath (Nuve, Ankara, Turkey) for two hours, then 

washed with autoclaved water and dried in a digital dry bath 

(Labnet International, U.S.A.). The punches were stored at -

20°C in a refrigerator (Celfrost, India) for further use. 

 

PCR amplification: The amplification of DNA was done using 

25µl reaction volume as per protocol given in PowerPlex
®
 21 

System (Promega Corporation, U.S.A.)
18

. In brief, master mix 

(5µl) and primer mix (5µl) was added in two PCR tubes 

followed by the addition of isolated DNA (15µl) from sternum 

bone (X) and one punch of the FTA card from putative son (Y). 

To complete the reaction volume with FTA card, 15 µl of 

nuclease free water was also added. The contents were mixed 

thoroughly and spun in SPINWIN microcentrifuge (Tarsons, 

India). The PCR tubes were put into GeneAmp
®
PCR System 

9700 thermocycler (Applied Biosystems, U.S.A.). The 

following protocol was set for PCR amplification: 96°C for 1 

minute, 94°C for 10 seconds, 59°C for 1 minute, 72°C for 30 

seconds for 30 cycles, then 60°C for 10 minutes and 4°C soak. 

The amplified products were quantified using agarose gel 

electrophoresis (2%). The appropriate dilutions were made for 

further capillary electrophoresis. 2800 M DNA in the kit was 

used as positive control, whereas nuclease free water was used 

as negative control to check the quality management. 

 

Capillary electrophoresis: Capillary electrophoresis of 

amplified products were done with ABI 3130 Genetic Analyzer 

(Applied Biosystems, U.S.A.) and genotyping was carried out 

using GeneMapper
® 

ID Software Version 3.2.   

 

Results and discussion 

The Punnett square table of analyzed samples using 

PowerPlex®21 kit is given in Table-1. As shown in the table, 

Amelogenin marker of X (unidentified dead body) depicted 

“XX” allele, which confirmed that the person was female. A 

clean DNA profile showing amplification at all the 21 loci was 

obtained from this exhibit. Amelogenin marker of Y sample 

showed “XY” allele, which confirmed male individual. From 

this exhibit, also a clean DNA profile was obtained with 

amplification at all the 21 loci. One of the two maternal alleles 

obtained from the genotype of sample X (unidentified dead 

body) showed match with one of the two alleles obtained from 

the genotype of Y (blood on FTA card of putative son). The 

result followed the law of Mendelian Inheritance. It suggested 

that X (unidentified dead body) was the biological mother of Y 

(blood on FTA card, putative son). Hence, maternity was 

established. Positive control (2800M) showed alleles as per the 

kit manual, whereas no amplification was observed in negative 

control. There is very less literature available for the 

identification of dead bodies from sternum bones by DNA 

profiling. Recently, De Donno et al.
19

 identified a saponified 

dead body, which was recovered from the sea, without arms and 

legs.  They isolated DNA from sternum bone by NucleoSpin
®
 

DNA Trace Kit (Macherey Nagel™) protocol and developed 

DNA profile of an individual. They compared the DNA profile 

obtained from the sternum bone of unidentified dead body with 

the DNA profile of the putative son. The DNA profiles did not 

match; hence the possibility of kinship was excluded. Hence, it 

can be concluded that sternum bones are also effective in the 

generation of DNA profiles from decomposed dead bodies. 

 

Table-1: Punnett square table of the analyzed samples. 

Genetic 

markers 

Positive control 

(2800 M) 

Negative 

control 

X  

(Unidentified dead body) 

Y  

(blood on FTA card, putative son) 

Allele 1 Allele 2 Alleles Allele 1 Allele 2 Allele 1 Allele 2 

Amelogenin X Y - X X X Y 

D3S1358 17 18 - 16 18 16 18 

D1S1656 12 13 - 15 16 15 15 

D6S1043 12 20 - 12 18 13 18 

D13S317 9 11 - 9 10 8 9 

Penta E 7 14 - 15 15 15 17 

D16S539 9 13 - 9 10 9 11 
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D18S51 16 18 - 13 17 13 13 

D2S1338 22 25 - 18 21 21 24 

CSF1PO 12 12 - 10 11 10 11 

Penta D 12 13 - 10 11 11 11 

TH01 6 9.3 - 6 7 6 9.3 

vWA 16 19 - 15 17 15 17 

D21S11 29 31.2 - 30 32.2 32.2 32.2 

D7S820 8 11 - 10 11 8 10 

D5S818 12 12 - 10 11 10 12 

TPOX 11 11 - 8 8 8 12 

D8S1179 14 15 - 13 14 14 15 

D12S391 18 23 - 19 19 19 21 

D19S433 13 14 - 13 15 13 14 

FGA 20 23 - 20 22 22 22 

 

Conclusion 

Sternum bones are an excellent source of DNA profiling due to 

their direct access and ease of doing post-mortem activity on 

cadavers. These bones are common exhibits received in forensic 

laboratories for identification of unidentified dead bodies or 

establishment of maternity and paternity. However, care should 

be taken by the medical staff for the packing of such these bones 

while sending them to forensic laboratories. They should prefer 

sternum bones in the plastic jar without preservative or normal 

saline. The bones can be wrapped with pieces of papers in cloth 

pieces. They should never use formaldehyde preservative as it 

causes damage to DNA. DNA profiles generated from sternum 

bones can be helpful to generate a DNA database at the state 

and national level. 
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