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Abstract: In forensic genetics, when it is not possible to confirm an individual's identity through STR profile
analysis, additional information about the individual can be obtained using DNA-based phenotypic traits
estimation. Recently, various researches have been conducted on methods to determine externally visible
characteristics (EVC) such as eyes, hair, and skin color. However, relying solely on such phenotypic traits
information has limitations for application in East Asian regions, including Korea. In this study, in order to
utilize EVC related to an individual's appearance as investigative information, SNPs related to eye shape, hair
thickness, skin color, as well as baldness, body type, high myopia, facial shape, acne, and behavioral habits
were explored. A total of 50 SNPs were selected, and a targeted amplicon NGS panel capable of amplifying
them all at once was developed. Experimental results confirmed the allelic types and frequencies of the 50
SNPs in 14 samples. We plan to use this panel to investigate the correlation between genotype and phenotype
using various samples, and to develop methods for interpreting the results.
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Table 1. Selected 50 SNP markers associated with external visible characteristics(EVCs) and behavior

No. SNP Gene Chr. Position Phenotype (Allele) Phenotype
1 rs671 ALDH2 12 111803962  Alcohol metabolism (A) Alcohol sensitive(blush)
2 rs629725 FST 5 53335237  Acne (T) Acne skin
3 rs633715 SEC16B 1 177883445 Body shape (C) Obesity
4 rs788790 LGR6 1 202320478  Acne (A) Acne skin
5 1s922452 EDAR 2 108927427  Androgenetic alopecia ~ (A) Thicker hair
6 rs1126809  TYR 11 89284793  Skin Color (A) Lighter skin
7 rs1129038  HERC2 15 28111713  Skin Color (G) Darker skin
8 rs1160312  LINCO01432 20 22069865 Androgenetic alopecia  (A) Alopecia
9 rs1229984  ADHIB 4 99318162  Alcohol metabolism (A) Alcohol sensitive
10 rs1334576  RREBI 6 7211585 Body shape (G) Abdominal obesity
11 rs1451240  CHRNB3 42691568 Nicotine metabolism (C) Nicotine dependence
12 rs1470608  OCA2 15 28042975  Skin Color (A) Lighter skin
13 rs1545397  OCA2 15 27942626  Skin Color (T) Intermediate-darker skin
14 rs1667394  HERC2 15 28285036  Skin Color (G) Darker skin
15 rs1800414  OCA2 15 27951891  Skin Color (G) Lighter skin
16 152073963  HDAC9 7 18838251  Androgenetic alopecia ~ (G) Alopecia
17 rs2238289  HERC2 15 28208069  Skin Color (C) Lighter skin
18 rs2241423  MAP2K5 15 67794500 Body shape (G) Gain body weight
19 rs2273500 CHRNA4 20 63355597  Nicotine metabolism (C) Nicotine dependence
20 rs2294239  ZNRF3 22 29053489 Body shape (A) Abdominal obesity
21 rs2531995  ADCY9 16 3963466 Body shape (A) Obesity
22 1s2645294  WARS2 1 119031964 Body shape (A) Abdominal obesity
23 rs2733832  TYRPI 9 12704725  Skin Color (T) Lighter skin
24 rs3114908  ANKRDII 16 89317317  Skin Color (A) Intermediate skin
25 rs3212355  MCIR 16 89917970  Skin Color (T) Darker skin
26 rs3736712  WDR27 6 169557868 Eye shape (C) Longer eye tail
27 rs3827760  EDAR 2 108897145  Hair thickness (C) Thicker hair
28 rs4752566  FGFR2 10 121508117  Hair thickness (A) Thicker hair
29 rs4765219  CCDC92 12 123955563  Body shape (C) Abdominal obesity
30 rs6059655  RALY 20 34077942  Skin Color (A) Lighter skin
31 rs6119471  ASIP 20 34197406  Skin Color (C) Intermediate skin
32 rs6469937  SNTBI 8 120598198  Refractive error (T) Refractive error
33 rs6497292  HERC2 15 28251049  Skin Color (G) Darker skin
34 rs6548238  TMEMIS 2 634905 Body shape (C) Gain body weight
35 rs7498665  SH2BI 16 28871920 Body shape (G) Gain body weight
36 1s7567283  OSR1-WDR35 2 19532530  Face shape (G) Small face width
37 rs7988412  GTF3A 13 27426145 Body shape (T) Gain body weight
38 rs8051733  DEFF8 16 89957798  Skin Color (G) Lighter skin
39 rs9939609  FTO 16 53786615 Body shape (A) Gain body weight

40 rs10502861 SETBPI 18 45220183  Androgenetic alopecia  (C) Alopecia

41 rs10756819 BNC2 9 16858086  Skin Color (C) Darker skin

42 rs10838738 MTCH2 11 47641497 Body shape (C) Gain body weight

43 rs10938397 GNPDA2 4 45180510 Body shape (G) Gain body weight

44 rs11030104 BDNF 11 27662970 Body shape (T) Gain body weight

45 rs11084753 KCTDIS5 19 33831232 Body shape (G) Gain body weight

46 rs12441727 OCA2 15 28026629  Skin Color (T) Intermediate skin

47 112565727 TARDBP 1 10973025 Androgenetic alopecia  (A) Alopecia

48 rs13382811 ZEB2 2 144466053  Refractive error (A) Refractive error

49 rs17128291 SLC24A4 14 92416482  Skin Color (G) Lighter skin
50 rs56113850 CYP24A6 19 40847202 Nicotine metabolism (C) Nicotine dependence
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Table 2. Primer sequences to amplify selected 50 SNP markers

Hee-Yeon Park, Yoonji Noh, Eung-Soo Kim, and Hyun-Chul Park

SNP Primer_Forward Primer_Reverse
15671 GGAGCCCAGTCACCCTTTG AGACCCTCAAGCCCCAACAG
1s629725 TCTTGTGGAGTCTGTTGATGCC GTTGGCAGCAGTGACAACTAAT
rs633715 TAGCATTGAAAAGCATACAGGCA TTCAAGGTCTGGTACCTGCTTA
rs788790 GATAGGCCGCTGACCCTTC CAGCTCTTACCGCCTCACTC
1922452 GCAGCCTGCCCACTAATTC GACCACGTGCTTGGTTCTGATA
rs1126809 GTCTGAATAACCTTTTCCTCTGC TGTACAGTGGTATAAAAGGAACCA
rs1129038 CGCTTCTCATCAGACACACCA ACTCCTTTGCTTCGGACTCTAC
rs1160312 ACATACCATCTCCCGGGGC TCAGGCCGGAGAATCACACTC
rs1229984  TCTCCAACACTCTCCACGATG TTCTGAATCTGAACAGCTTCTCTT
151334576 ~ ATGTGGGAGACCTTCATGACTT GTCTCCAGTCCATACTTGCAAAC
rs1451240  GACACTTCCTGGTCCTCCGAC TCGCCTCTCCTTTCATCCTTCA
rs1470608 GCCCCCTAATTGGAAAATATGTTAGG ACAAATTGTCTGGAAGCATTTTAAAAACAG
rs1545397  TCTGGAATTGGATACTGACAATGGTT AAATCATGGGGGAGAGAGAATGAC
151667394  ATCCACCATTAAGACGCAGCAATTC TATCAGCTGTAGAGAGAGACTTTGAGG
rs1800414  CTGTCAGGCATTTGGCGAG AAATCTGTCGTGATTCCAGTTGC
2073963 GCACTGTGGTAAGCACTTGG TCCTGAAACCATTGAGGACAAG
rs2238289  CGGCCCAAAGCACAGACTT GGGAACATGAAGATTTCCCAGTTG
rs2241423 AGGAGGGGTCTGTTTCAGATGG GGGGAAAATTTGGAAGAAGAGCG
152273500  ATGGGGTCTGATGGCGAAAA GGCTATGGCACCTGGACAC
rs2294239  TCTCAGCACAAATGGAGCCC CAATCATCAGGGGAGGGAGC
rs2531995 TCTGTGGTTCTGCACTGAGG GCAGACTCACCCAGAGCTTA
152645294  ATGGGGAAATGTGACCACGG TGCTGAAAGGCAGCGTTTTT
rs2733832  TTTGATGAATGGCTGAGGAGATACA TTTTGAAAGTGTTTTTATGCGCTGAG
rs3114908 GCCTCCCATAAAGGGGTCAC GATCCAGGTGCTGCTGACTG
rs3212355 AGTGAACCCAGGAAGATGCC ACAGCCACATCAAAGGCAGA
rs3736712  TTAAAAACTTGCATTCCCCTCCACTTAATA TCCCATTTTTATATTCAAGTCAATATGTTTTTTCA
13827760  TCAAAGAGTTGCATGCCGTC GCCTCGAGAAGACTAGCCG
154752566  AGGATGTACACAGTTCATATGCAAATAC CCTGGTTGCACACAGTTTGA
rs4765219  CTAGGCCAAGGAGATGTGTTC CTGTACTATAATTAGGCAGACCCA
rs6059655 CCCACATTTTACCCTGTGAGGA TGCTGAAAAGGAGAAAGCTGC
16119471 AGCAGAGATCGTGCCACTG GGAGGCTAACCCGAAGGAAG
rs6469937  AGTCCCACTTCTGGCTCTCA CCAGATAAGCCCTGAGTTCC
rs6497292  ACGTACATCCTTATTACAAATCTGC GGTGGCTCTGTGCTGTCC
rs6548238 TCTTGTTACAGGCGACAGACC GCCAGTTGTAGGGATGAACGA
rs7498665 GAACTGCTTCCCCCAGAGTTG GCACACTCACACCTCCGGTA
17567283 ACATCCCCATTTTACAGAATGAAC CATGAGCATAATAAAACAGTTGCTG
rs7988412  TTTATGCTTTGCCCCTCTGC TGGTAGCGCCAGTATCCAAA
rs8051733 CAGAACTGTGGAACTAGGAGGAC AATAGGGAAACCTCCCGCA
r$9939609  TTATTATTTAGGTTCCTTGCGACTGC AGCTATTTGCATTTCAGTTTGCTTTTATG
rs10502861 GCTCTCTATCAGCTGAAGTCATTCC GCTAAGACCAGGTGATTTGGTT
rs10756819 AACTGTAAAGCAAGCTCATGTTTC TGACTAGAAAAACACCAACAGAGA
rs10838738 AGAAAAGTAGACGGCGAGACA TCCAGTTCCTTTGCTATATCCCTG
rs10938397 TGTACACACACCAAAATGTTTTTACTTTAC AATTTGCCAAAGGACATAGCTGAATG
rs11030104 AGCCATGACCAACTTCTTGAG TCCCAAGTCTCTTATTGATCTGTTA
rs11084753 TCAGCTATGAAAAGAGATGAAGCG AACCTTAGGTGATCCACCCG
112441727 AGTGGGAAGAGACAGCTCCA AATCCTGGGAGGTACACGGA
112565727 TCTGTTTACCTGGGGCATTGG CACTGCACCTGGCCTGACTTTA
rs13382811 CTCCAGGGCAGAACTTTCCA CCTTGTGAAGATGACAAAAGGCA
rs17128291 AGGAAACTGAGGCCAGCAC TTGGACCCATCACCTCTCTTC
156113850 GCATCTGTCTCGTTGTTTAGG CTCGTTTAAATACCTGAAACCTGG
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Fig. 1. Visualization of read sequence of rs3114908 using IGV. Target SNP is located at 101 bp.

Table 3. Targeted NGS results for 50 SNP markers

Phenotype rs# Genotype 1  Frequency 1  Genotype 2 Frequency 2 Total Count
Abdominal obesity 152294239 A 0.50 G 0.50 745184
Abdominal obesity 154765219 C 0.55 A 0.45 151437
Abdominal obesity 152645294 A 0.83 G 0.17 4166
Abdominal obesity rs1334576 A 1.00 - 106710
Alcohol Use Disorder 1s1229984 A 0.79 G 0.21 88296
Alcohol Use Disorder 15671 A 0.62 G 0.38 543160
Body Mass Index 1s7988412 C 1.00 - 26348
Body Mass Index rs11030104 T 0.60 C 0.40 39743
Body Mass Index 152241423 A 1.00 - 24895
Body Mass Index 1s9939609 T 0.89 A 0.11 642040
Body Mass Index 156548238 C 1.00 - 388307
Body Mass Index rs10938397 A 1.00 - 418
Body Mass Index 157498665 A 1.00 - 93905
Body Mass Index rs10838738 T 0.60 C 0.39 5225
Body Mass Index rs11084753 G 0.60 A 0.40 9926
Eye shape 1s3736712 T 1.00 - 12511
Face shape rs7567283 A 0.99 G 0.01 2211
Hair thickness 1s3827760 C 1.00 - 31998
Hair thickness 922452 A 1.00 - 251147
Hair thickness 154752566 A 0.90 C 0.09 47538
Male Pattern Alopecia rs1160312 G 1.00 - 219251
Male Pattern Alopecia 152073963 T 0.54 G 0.46 5673
Male Pattern Alopecia rs10502861 C 1.00 - 1293958
Male Pattern Alopecia 1512565727 A 0.59 G 0.41 1166148
Myopia 1s6469937 T 1.00 - 14204
Myopia rs13382811 G 0.65 A 0.35 271311
Nicotine dependence rs1451240 T 0.58 C 0.41 737
Nicotine dependence 1s2273500 T 1.00 - 117359
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Table 3. Continued

Phenotype rs# Genotype 1  Frequency 1  Genotype 2 Frequency 2 Total Count
Nicotine dependence rs56113850 C 0.55 T 0.45 57959
Obesity rs633715 T 1.00 - 32
Obesity 1s2531995 A 0.51 G 0.48 499246
Severe acne 1s629725 C 0.79 T 0.21 415249
Severe acne rs788790 A 0.97 C 0.03 1884864
Skin rs2733832 C 1.00 - 1757
Skin rs3114908 G 1.00 - 682183
Skin rs10756819 T 0.98 C 0.02 773
Skin rs1126809 G 1.00 - 58037
Skin rs17128291 A 1.00 - 153614
Skin rs1667394 G 0.96 A 0.04 56393
Skin rs2238289 T 0.70 C 0.30 438664
Skin rs1129038 G 1.00 - 106486
Skin 1s6497292 G 0.62 A 0.38 179251
Skin rs1800414 G 0.97 A 0.03 865302
Skin rs12441727 C 1.00 - 164754
Skin rs1470608 A 0.76 C 0.24 1374
Skin rs1545397 A 1.00 - 398
Skin rs8051733 G 0.73 A 0.27 43787
Skin rs3212355 C 1.00 - 1124829
Skin 1s6119471 C 1.00 - 20440
Skin 1s6059655 G 1.00 - 456086

Table 4. Genotypes obtained with targeted NGS results from 14 additional samples

Sample Genotype
NFS 1NFS 2NFS 3NFS 4NFS 5NFS 6 NFS 7NFS 8 NFS 9NFS 10NFS 11NFS 12NFS 13 NFS 14

rs1160312 AA AG GG GG GG GG AG AA AA GG AG AG GG GG
153827760 ¢cc ¢cc c¢cc cc cc cc cc cc o cc TC cC CcC cC CcC
1s922452 AA  AA AA AA AA AA AA AA AA GA AA AA AA AA
rs4752566 AA CA CA CA AA AA CC CA CA AA CA AA AA AA
rs7988412 ¢cc ¢cc ¢cc c¢cc cc cc cc o cc o oce CcC CcC CcC CcC CcC
rs11030104 ™€t ¢€C ¢CcC TC ¢cC TC TC CC TC TC TT TC TT TC
152241423 AA GA AA GA AA AA AA GA GA GG GA GA AA AA
rs6469937 ¢cc ¢cc c¢cc c¢cc cc cc cc cec o oce CcC CcC CC TT CT
rs13382811 GG GA AA GA GG GA GG GG GG GA GA GG GA GG
157567283 AA GA GA GA GA GA GG AA GA AA GA AA AA GA
1s3736712 TT Tr TT TT TT TT CT CT TT CT TT TT TT CT
151229984 AA  AA AA AA AG AA AA AG AG AA AA AG AG AG

15671 GG AA AA AA GG GA GG GG AA GG GG GG GA GA
1629725 ¢cc ¢cc c¢cc cc cc cc TC CCc  occe CcC cC TC TC TC
rs788790 AA CA AA CA AA CA AA CA CA CA AA CA AA CA

152073963 TG TT TT TT T Tr TG TG TG TG TT TG TG TG
rs10502861 ¢cc ¢cr ¢ ¢ cc cc cc cc  ce CcC CT CcC CcC CcC
rs12565727 AG AG AG AA AA AG AA AA AA AG AA AA AG AG
1s633715 ™ ¢ Tr C¢€C Tr CcC TT TT TC TT TC TT TT TT
rs2531995 GG GA GA AA GG GA GG GA GG GA AA GG GA GA
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Table 3. Continued
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Sample Genotype

NFS_INFS 2NFS 3NFS 4NFS 5NFS 6 NFS 7NFS 8 NFS 9NFS_10NFS_11NFS_12NFS_13 NFS_14

rs9939609 TT TT TT TT TT TT TT TT TT TA TT TT TA TT
rs6548238 cC ¢ ¢ CcC ¢€C ¢ ¢ cC cC cC  cC  cCc  cC o CC
1510938397 AG AA AA AA AA AA AA AG AA AA  AA  AA  AA  AG
157498665 AA AA AA AA AA AA AA AA AA AA  AA  AA  AA  AA
rs10838738 TC TC TC CC TC TC ¢ TIr TC TC TC C€C TC TC
511084753 AA AG AG AG AG AA AA AG GG AG AG AA AA  AA
52294239 AG AG AG GG AA AG AA AA AG AG AG AG AG AG
154765219 cC cCcC € €cC € € € € cC € CA CcC CcC CC
152645294 AA GA GG GA AA GA AA AA AA GA AA GA AA  AA
151334576 GG GG GA GA GA GA GG GA AA AA GG AA AA GG
152733832 cC ¢ ¢ CcC ¢cC € € cC cC C€cC  cC  cCc  cC  CC
151451240 cC ¢ TC TC C€C C€CC C€C CcC TC TC C€C TC TC TC
152273500 TC TC TC TT TT TT TT TT TT TC TT TC TT TC
rs56113850 TT TC TT TT TT TT TT TT TT TT TT TT TC TC
rs3114908 GG AA AG AA AG AG GG AG GG AG AG GG GG AA
rs10756819 TT TT TT TT CT TT CT TT TT TT TT CT TT CT
rs1126809 GG GG GG GG GG GG GG GG GG GG GG GG GG GG
517128291  AA  AA AA AA AA AA AA AA AA  AA  AA  AA  AA  AA
151667394 GG GA GA GG GG GG GG GG GG GA GG GG GG GA
152238289 TT TC TT TC TT TC Tr Tr Tr TT TT TT TC TT
rs1129038 GG GG GG GG GG GG GG GG GG GG GG GG GG GG
156497292  AG AG AG AG AG AG AG AG AG AG AG GG AG AA
51800414 AG GG AG GG AG AG AG AA GG AG GG AG GG GG
512441727 CT CC CT C€C CT CT CT CT C€C CT CT CC CC CC
151470608 AA CA CA AA AA AA CA CA AA CA AA AA  AA  AA
rs1545397 AA AA AA AA AA AA AA AA AA AA  AA  AA  AA  AA
rs8051733 AA AA AG AA AA AG AA AA AG AA AA  AG AG AG
rs3212355 cC ¢ ¢cC CcC ¢cC ¢ ¢ ¢ ¢ cC  cC  cCc  cC o CC
rs6119471 cC ¢ ¢cC ¢cC ¢cC ¢ ¢ cC ¢ CcC  cC  cCc cC o CC
156059655 GG GG GG GG GG GG GG GG GG GG GG GG GG GG
4.8 B H7H el o)t} o2 volHE vt w4
H7F gl ARdA 38 S T3 A4 388 F
B Ao e wAst Alse 4S9 5070 €] gell A& Aol o]z AF 7P ket
4% F4 % AT FH BY SNPE AL, SNP upAE 83 £ A48T + US AR A
targeted amplicon NGS W& ©]-§3te] 7} SNPE] ZHEH, HE A% SAENAM Y &7 4 2 Al
APE FAT 5 = NGS Mg Mdsisich 2 B WA A 20N T28 TAE AT
AF 7% DNAS] ol AAY I =2 Falf ¥ of Aoz 7€t
STR £4J0] ojg] & A FolAM A}H oz BaS &
e 5 o] NS Fgste wl WAL FAE ZtAtel 2
e F J& AR AgdET ¥, /dE NGS
Hdg o] g3te] U B2 AlEE A8, waled o] mi-d YT T FHASFARATY F
S B9 AT R wet g fFAAE S 7 ASFEAAE 7 A HR&D)AT O] A DS
Yo JHBAAE A3l 28Y dF 45 dro} 4=ef 3k A7 (NFS2024DNA02).
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