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Row 1
Identifying victims of plane crashes like Sriwijaya Air [1] is certainly quite difficult because the condition of the bodies is often not intact. The method of identifying the bodies of accident victims can be assisted by using forensic DNA testing.
 
Row 2
How can DNA be used to identify victims?
DNA (Deoxyribonucleic Acid) is a long, thread-like molecule that is in cells and stores the biological information of the cell/living creature. It is like DNA which is like a manual for creating certain living creatures. Therefore, when they reproduce, the DNA of these living creatures will also be passed on to their children. In living cells, the entire genetic information (total DNA) is called the genome. In it, some regions code for proteins (the DNA sequence is called a gene) and some regions do not code for proteins (non-coding DNA, sometimes called junk DNA, although this is not quite correct).  In higher-living creatures, such as humans, this DNA is twisted and wrapped around histone proteins to form compact structures called chromosomes (Figure 1).
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Row 3
Chromosomes usually have sections containing short DNA sequences (around 2-5 pairs of nucleotide bases) which can be used as markers. Examples of short DNA sequences are GATA, GACA. Oftentimes, this DNA marker sequence repeats itself many times to form a distinctive pattern with a different number of repetitions for each person. These typical patterns are referred to as short-tandem repeats (STR). For example, the DNA sequence “GATAGATAGATAGATA” is a four-fold repetition of the DNA sequence “GATA”. 


Row 4
On chromosomes, each person can have two copies (alleles) of markers, one inherited from the mother and one from the father. For this reason, the genome of a living creature will have greater similarities with its own parents, relatives, and children than with other people. An example can be seen in Figure 2. In this example, Andi has STR markers with 5 repetitions from his mother and 10 repetitions from his father. Meanwhile, Anton has a certain STR marker with 15 repetitions from his mother and 7 repetitions from his father.

[image: ]
Row 5
Because each person has a unique pattern, STR can be used by forensic experts to carry out criminal investigations or look for kinship matches in victims. It's like this DNA profile is a fingerprint, but in the form of DNA and inside the cell. Therefore, apart from being different for each person, "fingerprints" cannot be changed or manipulated. Therefore, in the Sriwijaya Air plane crash yesterday, when the SAR team found the body of an unidentified victim, DNA testing could be used to match the victim's DNA sequence with that of the potential victim's family. 
 
Row 6
Why a DNA test?
The DNA testing method is the main choice commonly used because, apart from its accuracy, this method requires a very small number of samples and can be taken from any part of the body; even when the body part has been decomposed [2]. The working method is also easy and the analysis is standardized and optimized. In the case of airplane crashes, this method has also been used to identify victims of the Malaysia Airlines plane crash (MH17) in 2014 [2].

Row 7
How to?
Samples used to determine a DNA profile can be blood, semen, saliva, urine, feces, hair, teeth, bones, body organs, and also body cells [2]. The type usually depends on needs and availability. In order to obtain accurate results, there are two things about the sample that must be considered. First, samples from the body of a deceased victim must be completely uncontaminated by impurity DNA (DNA that does not belong to the victim). Second, a reference sample is needed as a comparison, which could be from the victim's body before he died (if any) or from his family. Both samples from the victim before he died and from his immediate family must also be free from impurity DNA contamination [2]. After the sample was obtained, the forensic team then isolated DNA from the sample cells and counted the amount (Want to know how to easily isolate DNA, check this link). Then, they multiplied the DNA content that had been isolated using PCR (Polymerase Chain Reaction), and separated the DNA resulting from the multiplication using capillary electrophoresis. By using this method, short DNA fragments will move faster than long DNA fragments [3]. After DNA separation, the next process is the analysis and interpretation of the results. The process can be carried out quantitatively and also qualitatively by comparing sample DNA with reference DNA whose profile is known.
 
Row 8
How is the data analyzed and interpreted?
As previously mentioned, chromosomes usually have sections that contain short DNA sequences (around 2-5 pairs of nucleotide bases) which can be used as markers that are different for each person. Each person has two copies (for each marker), one passed down from their mother and one from their father. In the United States, the FBI has a DNA profile database system consisting of STR groups for each allele in a certain locus (position) on the chromosome. This database is part of CODIS (Combined DNA Index System). Initially, the DNA profile entered only contained 13 STR loci. Then, in 2017, there were additional DNA profiles to 20 STR loci (Figure 3) [4].
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Row 9
To make it clearer, let’s take the example of one STR locus, namely the D7S280 locus which is on human chromosome 7 (Figure 3). This locus has a DNA sequence as in Figure 4 which has 15 repeats of the "gata" sequence. Typically, the number of repetitions at this locus is between 5 and 16 repetitions, depending on the person.
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Row 10
The DNA profile that we see based on the results of capillary electrophoresis can be seen in Figure 5. Figure 5 shows the DNA profile from electrophoresis which shows the separation of 5 STR markers [5]. The peak position in the chromatogram shows the number of repetitions of the maker in the two alleles on the chromosome. For example, for the STR locus D7S280, allele one has 11 repeats from one parent and the other allele has 13 repeats from the other parent.
 
Row 11
Sample case
There has been a murder somewhere. At the crime scene, police found bloodstains which were thought to be from the perpetrator. As a result of further analysis, the police found two potential suspects, namely Anton and Budi. Then the forensic team carried out DNA tests on the bloodstains at the crime scene and compared them with the DNA profiles of Anton and Budi. The results can be seen in Table 1. From the results of DNA analysis in Table 1, we can see that the blood sample found by the police at the crime scene has a similar STR profile to Budi's DNA profile. Meanwhile, with Anton, his DNA profile is very different. From these results, it can be concluded that Budi was the perpetrator of the murder.
Table 1. DNA profiles in examples of murder cases.
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Row 12
What about cases of accident victims?
The same thing can also be done in accident cases, such as the victims of the Sriwijaya Air plane crash yesterday [1]. To do this, a sample from the victim's body is analyzed for its DNA profile, then matched with the DNA profile of their parents or children and the similarity is seen.
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	No
	Test Items

	1
	The genome is all the DNA contained in the human body. DNA stored in chromosomes in the human body can be a source of identification for accident victims. Which of the following is the correct statement regarding DNA correlation as a source of identification of accident victims?
a. DNA is the key to inheriting human traits that are passed down from parents (father and mother) to their children, which cannot always be a source of identification of accident victims.
b. DNA has the property of being inherited through the human heredity system, so that each child from a parent (father and mother) has a unique STR pattern which is the key to matching the identification of accident victims with their close relatives.
c. Chromosomes with different alleles are the source of DNA tracing which is the key to identifying accident victims
d. The DNA in chromosomes does not code for proteins that correspond to genes so it can be the key to identifying accident victims
e. The DNA in chromosomes can code for the same proteins that replicate the parent genes used to identify accident victims


	2
	In Figure 2, the same STR chromosome from two different people is seen, Andi and Anton. Andi has STR markers with 5 repetitions from his mother and 10 repetitions from his father. Meanwhile, Anton has a certain STR marker with 15 repetitions from his mother and 7 repetitions from his father. STR is used by forensic experts to look for kinship matches in accident victims. STR is a typical pattern formed by DNA markers. If the mother's marker DNA is composed of GATA, and the father's marker DNA is composed of GACA. Anton was one of the victims of a plane crash, so Anton's STR identification was read through...
a. 15 repetitions of GACA and 7 repetitions of GATA
b. 15 repetitions of GATA and 7 repetitions of GATA
c. 15 repetitions of GATA and 7 repetitions of GACA
d. 15 repetitions of GACA and 7 repetitions of GACA
e. 15 repetitions of GACA and 7 repetitions of GAGA

	3
	The process of identifying the DNA of accident victims, which has entered the analysis and interpretation stage, can answer the "puzzle" of the DNA owner actually obtained through...
a. Electrophoresis of one locus that has a marker tendency that matches the reference sample
b. Electrophoresis of one STR locus with repeats of the same STR marker
c. STR marker electrophoresis at several loci that match the reference sample
d. STR marker electrophoresis on two chromosome alleles that have marker repeats that match the reference sample
e. STR marker electrophoresis at several loci that do not match the reference sample


	
	The DNA identification process is carried out on a laboratory scale. There are several identification steps. One of the steps taken in the identification process is the capillary electrophoresis process of DNA isolated and multiplied via PCR. From the results of the electrophoresis process, what steps should be taken next?
a. Analysis and interpretation of DNA from sample separation without DNA contamination by impurities
b. Analysis and interpretation of DNA from isolation from a certain number of cells
c. Analysis and interpretation of reference DNA using Polymerase Chain Reaction
d. Analysis and interpretation of DNA separation results through comparison of sample DNA and reference DNA whose profile is known
e. Analysis and interpretation of reference DNA using protein matches in the sample

	5





























6. 
	There has been a tourist bus accident which killed 4 victims who have not been identified. One of the victims is suspected to be Pak Frans' daughter, Celine. The police then carried out a crime scene investigation and the forensic team took samples from the victim and the victim's family. Then the forensic team carried out a DNA test from the victim's sample which was compared with Mr. Frans' DNA sample. The results are as shown in the following table:
	STR Location
	DNA Profile of PP Victims
	DNA Profile of QQ Victims
	DNA Profile of RR Victims
	DNA Profile of SS Victims
	Mr. Frans' DNA profile

	D3S1358
	14, 17
	17, 17
	17, 17
	23, 27
	17, 17

	vWA
	15, 16
	18, 19
	18, 17
	12, 13
	18, 19

	FGA
	23, 27
	21, 23
	14,52
	28, 30
	21, 23

	D8S1179
	12, 13
	14, 15
	8,07
	12, 18
	14, 15

	D21S11
	28, 30
	27, 30.2
	7,56
	13, 13
	27, 30.2

	D18S51
	12, 18
	14, 18
	9,02
	14,52
	14, 18

	D5S818
	13, 13
	9, 12
	14, 15
	8,07
	9, 12

	D13S317
	12, 12
	12, 12
	27, 30.2
	7,56
	12, 12

	D7S820
	10, 11
	9, 10
	14, 18
	9,02
	9, 10

	CSF1PO
	8, 11
	11, 12
	9, 12
	14, 15
	11, 12

	TPOX
	7, 8
	8, 8
	12, 12
	27, 30.2
	8, 8

	THO1
	9.3, 9.3
	6, 9.3
	9, 10
	14, 18
	6, 9.3

	D16S539
	9, 13
	11, 12
	11, 12
	9, 12
	11, 12



Based on the table data above, Celine, Pak Frans' daughter, was one of the victims who died in the tourist bus accident...
a. Victim with PP sample DNA profile
b. Victim with QQ sample DNA profile
c. Victim with RR sample DNA profile
d. Victim with SS sample DNA profile
e. The victim does not have a DNA profile code

	
	Based on the reading above, the following is the correct conclusion regarding DNA testing...
a. DNA testing is an accurate, easy method with standardized and optimized analysis to identify DNA samples compared to reference DNA with known related elements.
b. DNA testing is a method of checking the DNA of accident victims with a complicated process and requires certain samples
c. DNA testing is a method of testing DNA samples to look for differences between the victim's DNA and the family's DNA
d. DNA testing is a method of identifying the DNA of accident victims which is compared with the DNA of relatives to obtain DNA that varies from electrophoresis results
e. DNA testing is a method of checking DNA to look for the genetic composition of proteins in accident victims. 
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Figure 1. (A) Organization of DNA on chromosomes. (B) A pair of homologous chromosomes (same but not identical).
In this pair of chromosomes, there are two alleles of the x gene and their locations (locus) on the chromosome.
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Figure 2. STR on the same chromosome from two different people
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Figure 3. STR loci on each human chromosome (22 autosomal chromosomes and 2 chronosomal chromosomes; X
chromosome in women and Y chromosome in men) used in the CODIS database in the USA. The yellow loci are the
first loci used, while the green loci are additional loci since 2017. Image source: Ensembl (map)/NIST (loci locations).
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Figure 4. DNA sequence at the D75280 locus. The DNA sequence in red is STR with the DNA
sequence “gata”.
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