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Abstract
Background: Forensic biology is a subject that lay stress on practical teaching and laboratory skill training in
the �eld of forensic science. Visualization of DNA pro�les is considered to be the major section of individual
identi�cation and easily handled by well trained examiner. So developing a novel training project about
obtaining individual DNA pro�les will improve the quality of teaching about medical students or trainees. It
also can explore the application value of DNA pro�les based on QR codes in practical teaching and operation
training of individual identi�cation.

Methods: The novel training project was developed on the basis of experimental course of Forensic Biology.
Blood samples and buccal swabs with oral epithelial cells used in the forensic DNA laboratory were obtained
from the participants of medical students in Fujian Medical University. DNA was isolated and several STR loci
were detected. Illustrative genetic reports were compiled and provided to the students. Both the
individual identity information and DNA pro�le of each individual were transformed to a particular QR code for
data storage. The electronic individual information generated by the QR code was scanned by a mobile phone
for consulting and retrieval.

Comparing to the traditional experimental course, the participation rate and passing rate of students
enrolled in the training project were calculated and Chi-square test was carried out by SPSS 23.0 software to
evaluate the teaching effectiveness. Differences were declared statistically signi�cant if p<0.05.

A survey was conducted to investigate the likelihood of utilization of Gene Identity Cards with QR codes after
the project was accomplished.

Results: There were 54 in 91 medical students took participate in training project and 31 in 78 students took
participate in the traditional experimental course previously. The participation rate of training project had 24
percent higher than the rate of traditional experimental course. The participants enrolled in training project had
shown better performance about handling forensic biological basic skills. The passing rate of Forensic
Biology course with training project had increased approximately 17 percent than the traditional one. The
participation rate and passing rate of two groups of students had signi�cant difference( χ=6.452 ,P=0.008 and
χ=11.043,P=0.001).

In the training project, all participants had made 54 pieces of Gene Identity Cards with QR codes by their own
hands. Furthermore, some students originated from Africa had found two particular alleles which were not
discovered in Asians previously. The survey showed that the mean of Gene Identity Cards with QR codes was
accepted by most participants, the expected likelihood of utilization was up to 78 percent.  

Conclusion: According to the results, we have established the novel training project which can promote the
learning activities of medical students, especially in experimental course of forensic biology. The enrolled
students showed a great interesting in using Gene Identity Cards with QR codes to storage individual
information, not only the general information but also DNA pro�les. They also had recognized the population
genetic differences between different races based on the training project. Hence, the training project can be
useful for training workshops and forensic science and medical genetics college courses. It also has great
value to establish and support the foundation of Medical Big Data Research.
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Background
Forensic biology is a subject in studying the biological materials related to human body in the medico-legal
cases for the purpose of providing scienti�c evidence. It involves many disciplines, such as medicine,
laboratory, genetics, chemistry and biochemistry,etc[1] .At present,individual identi�cation by using DNA
pro�les is the main task of forensic biology deal with human identity problem.

Among all medical universities in China,only a few can offer the courses of forensic biology to medical
students,furthermore,the fewer experimental courses about forensic biological technique can be carried out
because of the limitations of laboratory space and instruments.The traditional teaching mode of forensic
biology is mainly lectured by teachers,hence,the medical students are lack of learning interest and
motivation[2].Because the mastery of forensic biological technique must be based on a large number of
practical training,so it is essentially important to carry out experimental course about forensic biological
technique in medical universities.

According to the early interview survey on medical students of Fujian Medical University,they had a strong
willing to gain hands-on experience of forensic biological technique.For the purpose of cultivating more well-
trained students,we set up the training project of a visualization of DNA pro�les and used QR codes as the
information storage medium.The training project was designed to be the upgrade of traditional experimental
course of Forensic Biology.

The QR codes are information carriers and are currently widely used by scanning with a mobile phone. They
have the advantages of a high recognition rate, a large amount of stored information, low cost and simple
operation[3].Because of these advantages of QR codes,they also were considered as a treatment for COVID-19
information overload during the epidemic[4].

Our purpose is that the novel training project will present a visualization of DNA pro�les used in individual
identi�cation to medical students so that they can handle the operation skills of individual identi�cation based
on DNA pro�les very well.We also expect that medical students will promote their learning interest and take
full participant in hands-on experimental courses,eventually, improving the passing rates.

Method
The total of 91 medical students in Fujian Medical University came from 2020 and 2021 grades chose to join
Forensic Biology course in 2021 and 54 of them were willing to take participant in the training project. 78
medical students came from 2018 and 2019 grades chose to join Forensic Biology course in 2020 and 31 of
them were willing to take participant in the traditional experimental course.

The project is composed of two parts of practical application,one is making individual DNA pro�les and the
other is the generating QR codes.As the storage medium, QR codes are used to store the common individual
information and DNA pro�les.

Making individual DNA pro�les includes �ve steps (biological material collection, DNA
extraction,ampli�cation,capillary electrophoresis and DNA pro�les analysis).The QR codes contain not only
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the common individual information,such as name,gender,ancestry,identity number,etc,but also DNA
pro�les.The whole procedure of practical operation will be conduct by medical students themselves and
instructed by monitors.Figure 1 illustrates the overall process used for the hands-on individual identi�cation
training using DNA pro�les and individual information.

Described below are details of how a practical introduction to individual identi�cation was integrated into the
forensic DNA laboratory along with details of the processes for generating QR codes that contain both
individual DNA pro�les and common individual information.

In addition to analyzing the relevance of genetic �ndings to population speci�city, four overseas students from
African who expressed an interest in participating in project,were also engaged to perform the whole biological
procedures by themselves and make a Gene Identity Card with QR codes under the guidance of
faculty,respectively. 

After the project was accomplished, the participation rate of medical students enrolled in the training project
was calculated compared to the traditional course.The scores and the passing rates of the �nal examination
about forensic biology were compared between the participants and the traditional course.

Sample collection 

In the project,we allowed the participants to collect two types of biological samples by their willingness.Before
collecting biological samples on-site, 75% alcohol was sprayed on-site for disinfection, and the specimens
were subjected to ultraviolet radiation for 30 minutes.

First of all,the participants completely �lled out the individual information registration forms including their
Name,Gender,Nationality and the Signatures.The left thumbprints and right thumbprints of participants were
also recorded as individual-speci�c markers.

Bodily �uids(blood) and buccal (cheek) samples were collected with sterile cotton swabs by participants from
themselves as experimental materials for the training experiment.

The procedures of sample collection were followed by the manufacturer instructions. The biological samples
were transported to FTA® Micro Card for storage purposes with the Subject’s name, initials of person
collecting sample, and date of collection labeled on the surface of FTA® Micro Card.Allow the FTA® Micro
Card to dry completely (30-60 minutes) at room temperature.

DNA extraction of samples

This process involved the isolation of the DNA from the cell nucleus operated by hand.In the process of DNA
extraction, no matter the blood or buccal sample, was transferred to an Eppendorf (EP) tube and sample pre-
processing was performed using the TE(Tris-EDTA)solution.Each sample was centrifuged at the maximum
speed for 2 minutes at room temperature. After that,the supernatant of lytic product was discarded and 300
microliters of 5% Chelex-100 solution was added to the sediment.The mixture was incubated at 56℃for 30
minutes and held at 100℃ for 8 minutes to release DNA double stranded.
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DNA ampli�cation and detection

In training project,we adopted a commercial STR kit to obtain individual DNA pro�les,which included 20 STR
loci and Amelogenin.DNA ampli�cation was carried out using a 25 ml reaction volume with an PowerPlex 21
kit (Promega, Madison, WI, USA). The ampli�cation reactions generally contained 0.5-1ng DNA in 25 ml and
used 28-30 cycles as described in the PowerPlex 21 System technical manual.

Individual DNA pro�les were generated using an PowerPlex 21 kit per manufacturer instructions
(www.thermo�sher.com).DNA fragments in the ampli�cation products were separated and detected on a 3130
Genetic Analyzer per manufacturer instructions and analyzed using GeneMapper ID v3.2 Software.

Generating QR codes and scanning

According to the design of hands-on experimental course, we allowed the participants to record the individual
information such as the Name,Gender and Nationality by themselves.Furthermore,we showed the whole
procedures of forensic DNA genotyping and led the participants to obtain the individual DNA pro�les by their
own hands.We also instructed them to convert individual information and DNA pro�les into a QR code by
using particular QR code registers,when the hands-on experimental course was accomplished. The QR codes
could be easily scanned by a smartphone and the hidden information could be directly obtained by this mean.

E�cacy evaluation

In this study,we focused on whether the novel training project is better than traditional experimental course of
Forensic Biology.The participation rate and passing rate of medical students enrolled in training project were
calculated and Chi-square test was carried out by SPSS 23.0 software to evaluate the teaching
effectiveness.Enumeration data were analyzed with the Chi-square test. Differences were declared statistically
signi�cant if p<0.05.

DNA pro�les of the participants were analyzed to �nd some meaningful �ndings which were useful to reveal
population difference issue.A survey was conducted to investigate the likelihood of utilization of Gene Identity
Cards with QR codes after the project was accomplished.The survey was carried out in the participants of
training project.

Hazards and Safety Precautions 

Any hazards and safety precautions are typically handled by the safety regulations of Fujian Provincial
Hospital and Fujian Medical University. Material safety data sheets (MSDS) are available for chemical safety
and exposure information from chemical suppliers. Proper laboratory safety guidelines of Fujian Provincial
Hospital Forensic DNA laboratory should reduce or eliminate any safety issues for handling chemicals,
handling glass slides, operating laboratory equipment and for waste disposal. 

Results
As the supplementary of experimental course of Forensic Biology in Fujian Medical University,training project
was offered in 2021 and 54 medical students took participate in it. The 54 students belonged to 91 students
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of 2020−2021Grades who joined Forensic Biology course. As the control group, 78 medical students of 2018–
2019 Grades joined Forensic Biology course in 2020,and 31 of them took participate in traditional
experimental course.The numbers and participation rates of two groups of medical students are shown in
Table 1.There was signi�cant difference in the items of participant rates of two groups( χ= 6.452 and P = 
0.008).

Table 1  Differences in participation of two groups of medical students
  Number of students  

Traditional course   Novel training project
P value

Participate  31 54  c=6.452
P=0.008Not participate 47 37

 Participation Rate 35%(31/78) 59%(54/91)  

The participants had shown better performance on the experiment course about forensic biological basic
skills. The teaching effectiveness was evaluated by analyzing the passing rates of two groups.Based on the
scores of �nal examination of Forensic Biology,the students joined Forensic Biology course with a novel
training project had 94.5% of passing rate. On the contrary,the students of control group with traditional
experimental course had 76.9% of passing rate. There was signi�cant difference in the items of passing rates
of two groups( χ= 11.043 and P = 0.001).

Table 2  Differences in teaching effectiveness of two groups of medical students 
  Number of students  

Traditional course   Novel training project
P value

Failed 18 5 c=11.043
P=0.001Passed 60 86

 Passing Rate 76.9%(60/78) 94.5%(86/91)  

All the participants had made 54 pieces of Gene Identity Cards with QR codes by their own
hands.Furthermore,some students originated from Africa had found two particular alleles which were not
discovered in Asians previously. Figure 2 shows an unusual DNA pro�le including 20 STR loci belong to a
Nigerian student,two particular alleles such as allele 2.2 in Penta D and allele 45.2 in FGA were discovered in
the DNA pro�le.

After training project was accomplished,a survey was carried out to evaluate the likelihood of utilization of
Gene Identity Card with QR codes.The survey was distributed to 54 participants including men (n = 32) and
women (n = 22).The result showed that the mean of Gene Identity Cards with QR codes was accepted by most
participants, the expected likelihood of utilization was up to 78 percent.There were 42 participants showed
their willingness to use Gene Identity Cards with QR codes,but 7 participants thought that there was no change
in the experiment course no matter the information storage mode,the other 5 participants expressed their
concern about human rights and privacy policy.
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In training project,the participants made 54 pieces of Gene Identity Cards by themself. Gene Identity Cards are
produced by card printers.The common individual information including head portrait of participants, QR
codes,etc,are shown on the front side.The details of Forensic DNA laboratory are shown on the reverse side.
Figure 4 shows a sample picture of Gene Identity Cards.

Discussion
In current situation,few universities in China can offer a overall Forensic Medicine course,especially Forensic
Biology,an important branch of Forensic Medicine which depends on advanced instruments and the basis of
molecular genetics.

The Forensic Biology lesson set up in Fujian Medical University was composed of two parts such as
traditional theory course and hands-on experimental course.

The traditional theory course is so uninteresting that the students were di�cult to master the essence of the
course.The traditional experimental course can not provide a nice hands-on experience and the enthusiasm of
students will be exhausted because of lacking a lively way of product display. Hence,we put forward the idea
about the visualization of DNA pro�les and quick data-access.We also supply a data dump tool to transform
the common manifestation of individual information in order to enhance the students’ interest.

To achieve this,we set up a novel training project based on the hands-on experimental course.The content of
training project included six steps (such as biological material collection,DNA extraction, ampli�cation,
capillary electrophoresis,DNA pro�les analysis and QR code generating) is taught by theoretical explanation
and practice content at the same time.

As the promotion of teaching models,applying several advanced techniques into teaching practice will
enhance the effective of teaching skills[5].

Theoretical teaching will be more easier to understand,and practical teaching will become more vivid.

Ramu [6] provided hands-on precision medicine introduction to medical students by combing the analysis of
whole exome sequencing data with the students’ anatomical �ndings.Haseena Rajeevan[7] present an open
access web application(FROG-kb) and proved that FROG-kb was a useful tool facilitating forensic practice in
teaching and research.Praveen Maurye[8]developed a compact and impeccable mobile electrophoresis kit
suitable for any vertically oriented PAGE technique and veri�ed through a practical exercises executed by high
school students.

In a rapidly evolving business and technological environment,students will face more workforce challenges
and integrating skills will be the essential ability.Integrating multiple disciplines were involved in more and
more experimental courses and practical training.

In this study,we present a novel training project combing molecular biological technique with data dump
technique for the improvement of teaching models.
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QR codes are information carriers and are currently widely used. They have the advantages of a high
recognition rate, a large amount of stored information, low cost and, simple operation. The information can be
obtained by directly scanning the code with a mobile phone.QR codes can be easily created that link to
websites, show a geographical location, access a document or speci�c application.

Recently,QR codes have generated interest for their use in education,presenting an opportunity to excite and
engage students[9].According to a study done by Bellot[10], 83% of participants agreed to the bene�ts of QR
code in healthcare education and were likely to use QR code technology in the future.Luhong Li[11]applied the
standardized clinical skills instruction video based on QR code management to arouse the interest of interns
in learning, as a novel clinical teaching model to improves clinical teaching effectiveness. Based on the same
skill,Elwin [12] assessed the feasibility of using QR code for registration and evaluated the training effect
about increasing the learners' perception. Lifang Ma[3]considered that QR code manuals were very effective in
operating theater equipment management and training.Brodie[13]integrated virtual delivery of courses and QR
codes in Healthcare education to access learning material, register attendance, and gather evaluations.

Ramalingam[14]had good good experience of using QR codes to improve the evaluation response rates,
documentation, and timeliness in resident rotation evaluations.

The participant rate was the important parameter indicated the intentions of students joined the novel training
project or the traditional experimental course.The participant rate of novel training project was 24 percent
higher than the traditional one.There were signi�cant differences in participant rates of two groups (P < 0.05).

The studying outcomes were evaluated by using a survey at the end-of-project and analyzing the passing rate
of �nal examination.There were signi�cant differences in passing rates of two groups (P < 0.05).

The survey indicated that the most students appreciated the form of identi�cation tool( Gene Identity Cards
with QR codes) and believed that it will bring great application value in the �eld of individual identi�cation.

On the purpose of learning the racial difference of human genetic resource data in-depth,we invited some
overseas students to join the training project.Two particular alleles such as allele 2.2 in Penta D and allele
45.2 in FGA were discovered in a DNA pro�le of a Nigerian student.These alleles were not revealed in Chinese
on the account of previous study.According DNA Data of NIST STRBase

(https://strbase.nist.gov/NISTpop.htm),the frequency of allele 2.2 in Penta D was 0.0430 in the total of 1036
Americans,including 0.1140 in 342 Afro-Americans,0.0042 in 361 Caucasians,0.0170 in 236 Hispanic or
Latino Americans and 0 in 97 Asian-Americans,respectively[15].The frequency of allele 45.2 in FGA was not
supplied in DNA Data of NIST STRBase because of the limitation of study objects.

As part of the training project, we emphasized the protection of personal information security.On the purpose
of changing expression mean of DNA pro�le,we chose the QR code to be a data storage device.The DNA
pro�le of one person was hidden in the corresponding QR code and should avoid to be snooped by others.With
regard to this privacy issue concerned by some students,we set up a upgrade approach that a database on a
server will be established to store the data of individual features.The students can register the user name and
set up a password on the database,so that they can scan QR codes to obtain a pathway to access the
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database, and they also can be authorized to browse their own individual information on the server.We had
applied for a patent based on the upgrade approach and the patent had been granted in 2021 (Grant Number
CN213910234U)by China National Intellectual Property Administration.

Conclusion
After the accomplishment of the novel training project, the teaching model of integrating multiple disciplines
made the medical students(1)show their interesting to take participant in novel training project of Forensic
Biology(2)have a deep understanding of the differences in human DNA phenotype by the visualization of DNA
pro�les(3)acquire pro�ciency in making DNA pro�les and generating QR codes.So the novel training project
had greatly improved the teaching effective of hands-on experimental course and was more suitable for the
lesson teaching.

Abbreviations
STR
Short tandem repeat
QR
Quick response
TE
Tris-EDTA
MSDS
Material safety data sheets
NIST
National Institute of Standards and Technology

Declarations
Acknowledgements 

We would like to thank the medical students from Fujian Medical University who participated in the training
project.

Ethics approval and consent to participate

This training project was approved by the medical ethical committee of Fujian Provincial Hospital (K2020-09-
026 ). All participants gave informed consent. All methods were carried out in accordance with the relevant
guidelines and regulations.

Consent for publication

Not applicable.

Availability of data and materials



Page 10/13

The datasets used in the training project are not publicly available due to the   limitations of ethical approval
and the con�dentiality of participants’ information,    but are available on reasonable request from
corresponding author amoeba2000@126.com

Competing interests

The authors declare that they have no competing interests.

Funding

This training project was funded by the Research project on education and Teaching Reform in Education
Department of Fujian Province(FBJG20190034) and the Project of Cultivating Young Talent in Fujian
Provincial Health Commission (2020GGA004).

The funding body was not involved in the design of the project and the collection, analysis, and interpretation
of data and in writing the manuscript.

Authors' contributions

L LIU and L LAI conceived the training project. L LIU and YC W performed experimental course in Forensic DNA
Laboratory. L LAI, YC W and SL L instructed the participants to extract DNA,conduct PCR ampli�cation and
DNA pro�les analysis.L LIU performed e�cacy evaluation and survey.JC Z and XC Z provided study materials
for supporting this project.L LIU and L LAI wrote the manuscript.All authors have read and approved the �nal
manuscript.

Authors' details

1Provincial Clinical Collage of Fujian Medical University,No.134 East Road,Fujian,Fuzhou 350001, China.

2Central laboratory of Fujian Provincial Hospital,No.134 East Road,Fujian,Fuzhou 350001, China.

References
1. Piotr A. Girdwoyn,Tadeusz J. Tomaszewski.New Method Underlying Forensic Education,Forensic Science

Policy & Management: An International Journal,(2009)1:1, 62-
64,https://doi.org/10.1080/19409040802632326.

2. Kanokwongnuwut P, Kirkbride KP, Kobus H, Linacre A. Enhancement of �ngermarks and visualizing DNA.
Forensic Sci Int. 2019 Jul;300:99-105.https://doi: 10.1016/j.forsciint.2019.04.035. Epub 2019 May 4.
PubMed PMID: 31085432.

3. Ma L, Mu Y, Wei L, Wang X. Practical Application of QR Code Electronic Manuals in Equipment
Management and Training. Front Public Health. 2021 Nov
22;9:726063.https://doi:10.3389/fpubh.2021.726063. PubMed PMID: 34881216; PubMed Central PMCID:
PMC8645646.

4. Baugh JJ, Oran R, Roberts T, Hankin M, Moore K, White BA. The QR code: A treatment for COVID-19
information overload. Am J Emerg Med. 2021 Jul;45:613-614. https://doi: 10.1016/j.ajem.2020.11.065.

mailto:amoeba2000@126.com
https://doi.org/10.1080/19409040802632326


Page 11/13

Epub 2020 Dec 2.PubMed PMID: 33339642;PubMed Central PMCID: PMC7709716.

5. Giancaspro J, Scollan P, Rosario J, Miller E, Braziel S, Lee S. Structural determination of model
phospholipid membranes by Raman spectroscopy: Laboratory experiment. Biochem Mol Biol Educ. 2022
Mar;50(2):181-192. https://doi: 10.1002/bmb.21603. Epub 2022 Jan 20. PubMed PMID: 35050536.

�. Ramu A,Tiffany L C,Peter S,Breezy W,Craig J,Christy S, et al.DNA sequencing of     anatomy lab cadavers
to provide hands-on precision medicine introduction to medical students.BMC Med Educ.2020 Nov
16;20(1):437. https://doi.org/10.1186/s12909-020-02366-0 PubMed PMID: 33198737;PubMed Central
PMCID:PubMed Central PMC7670733.

7. Rajeevan H, Soundararajan U, Pakstis AJ, Kidd KK. Introducing the Forensic Research/Reference on
Genetics knowledge base, FROG-kb. Investig Genet. 2012 Sep 1;3(1):18. https://doi:10.1186/2041-2223-3-
18.PubMed PMID: 22938150;PubMed Central PMCID: PMC3488007.

�. Maurye P, Basu A, Jana C, Devi MS, Kumari K, Naskar M. Mobile electrophoresis kit for high school
students: Scienti�c practices with innovation. Biochem Mol Biol Educ. 2022 Jan;50(1):75-90.
https://doi:10.1002/bmb.21588. Epub 2021 Nov 6.PubMed  PMID: 34741584.

9. Karia CT, Hughes A, Carr S. Uses of quick response codes in healthcare education: a scoping review. BMC
Med Educ. 2019 Dec 6;19(1):456. https://doi:10.1186/s12909-019-1876-4. PubMed PMID:
31810464;PubMed Central PMCID: PMC6896690.

10. Bellot J, Shaffer K, Wang M. Use of quick response coding to create interactive patient and provider
resources. J Nurs Educ. 2015 Apr;54(4):224-7. https://doi: 10.3928/01484834-20150318-07.PubMed
PMID: 25826764.

11. Li L, Hu Z, Yi Z, Ma G, Xiao C, Wan L. Exploration of standardized clinical skills instruction video based on
QR code management in clinical hospital teaching. Am J Transl Res. 2021 Dec 15;13(12):14067-
14073.PubMed PMID: 35035749;PubMed Central PMCID: PMC8748109.

12. Masih EA. Feasibility of using QR code for registration & evaluation of training and its ability to increase
response rate - The learners' perception. Nurse Educ Today. 2022 Apr;111:105305.
https://doi:10.1016/j.nedt.2022.105305. Epub 2022 Feb 18.PubMed PMID: 35220149.

13. Brodie K, Madden LL, Rosen CA. Applications of Quick Response (QR) Codes in Medical Education. J Grad
Med Educ. 2020 Apr;12(2):138-140.https://doi: 10.4300/JGME-D-19-00516.1. PubMed PMID: 32322342;
PubMed Central PMCID: PMC7161320.

14. Ramalingam ND, Tran HN, Gangopadhyay A. As Simple as Taking a Picture-How Use of QR Codes
Improved Evaluation Response Rates, Documentation, and Timeliness. J Gen Intern Med. 2020
May;35(5):1615-1616.https://doi:10.1007/s11606-020-05674-9. Epub 2020 Feb 4.PubMed PMID:
32020493;PubMed Central PMCID: PMC7210352.

15. Steffen CR, Coble MD, Gettings KB, Vallone PM. Corrigendum to 'U.S. Population Data for 29 Autosomal
STR Loci' [Forensic Sci.Int.Genet.7 (2013) e82-e83]. Forensic Sci Int Genet. 2017 Nov;31:e36-e40.
https://doi: 10.1016/j.fsigen.2017.08.011. Epub 2017 Aug 12. Erratum for: Forensic Sci Int Genet. 2013
May;7(3):e82-3.PubMed PMID: 28867528.

Figures

https://pubmed.ncbi.nlm.nih.gov/?term=Anandakrishnan+R&cauthor_id=33198737
https://pubmed.ncbi.nlm.nih.gov/?term=Carpenetti+TL&cauthor_id=33198737
https://pubmed.ncbi.nlm.nih.gov/?term=Samuel+P&cauthor_id=33198737
https://pubmed.ncbi.nlm.nih.gov/?term=Wasko+B&cauthor_id=33198737
https://pubmed.ncbi.nlm.nih.gov/?term=Johnson+C&cauthor_id=33198737
https://pubmed.ncbi.nlm.nih.gov/?term=Smith+C&cauthor_id=33198737
https://doi.org/10.1186/s12909-020-02366-0
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7670733/


Page 12/13

Figure 1

Hands-on individual identi�cation training process.

Figure 2

DNA pro�le belonged to a Nigerian student(Blue circles indicated special alleles)
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Figure 3

Results for the likelihood of utilization as percentages

(1.More likely to use,2.No change,3.Less likely to use)

Figure 4

A illustration of Gene Identity Cards with QR codes


