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Abstract: A variety of Y-STR analysis kits have been developed and used in the forensic field. Prior to the
forensic application of a new Kkit, laboratory validation and sensitivity tests are essential processes in selecting
suitable alternatives and for assuring that standard operating procedures are followed. In this paper, we have
performed a sensitivity study of a new commercial kit, the Yfiler® PLUS PCR Amplification Kit (Yfiler plus
kit, released in 2014) by comparing it with the AmpF/STR® Yfiler™ PCR Amplification Kit (Yfiler kit, released
in 2004). The Yfiler plus kit includes the 17 Y-STR loci of the Yfiler kit and has been supplemented with
10 new Y-STR loci. First, we analyzed the sensitivity difference between the two kits using commercial control
DNA 2800M and 007. In addition, we compared the detection rate between the two kits from the 16 selected
forensic casework samples of less than 0.5 ng concentrations. The results show that the sensitivity and detection
rate of the Yfiler plus kit are higher than the corresponding rates of the Yfiler kit. In addition, we were able
to obtain more Y-STR profiles with the use of the new kit. Thus, we suggest that Yfiler plus kit is a more
effective forensic tool to detect Y-STR profiles from forensic casework samples of low concentrations.
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Table 1. The information of forensic casework samples

Sample No. Sample type Crime type
1 Swab (paper cup) Arson
2 Razor Theft
3 Razor Violation of Road Traffic Act
4 Wet cigarette butt Housebreaking
5 Lighter Housebreaking
6 Swab (glasses) Housebreaking
7 Swab (hammer) Theft
8 Swab (cup) Assault
9 Wet cigarette butt Arson
10 Syringe Narcotic crime
11 Wet cigarette butt Theft
12 Sneakers Arson
13 Swab (coffee can) Arson
14 Swab (handle of an umbrella) Violation of Road Traffic Act
15 Swab (grazed blood) Criminal damage
16 Syringe Narcotic crime
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(Table 1).

22. DNA & % XM

HAZAE 9] DNAE QlAamp DNA micro kit (Qiagen,
Valencia, CA)E ©| &3} A&AF X H A wa}
DNAE FZ319th 5% % DNAE Quantifier® DUO
DNA Quantification Kit (Thermo Fisher Scientific,
Waltham, MA)Z A Z&&}$1 3" 7500 System SDS
Software v1.2.3 (Thermo Fisher Scientific, Waltham,
MAYS o] g3l 3% g BAstaon, 23 wy
A& 31 tH(Tuble 3).

23. Y YHMF STR &
A#FE FFAE DNAE 27 | pLE FIPo= A}
43Fo] AmpF/STR® Yfiler™ PCR Amplification Kit
(Thermo Fisher Scientific, Waltham, MA)$} Yfiler® PLUS
PCR Amplification Kit (Thermo Fisher Scientific,
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Waltham, MA)E ©]-&3le] FZ3lt) Yiiler 71EE
AFEE SEZ0 2 20 uLE Primer set 4 pL, 5X Reaction
master mix 8 pL, AmpliTaq Gold DNA polymerase
0.5 uL, % DNA 1 pL, S7FF 6.5 pLEs %3t
HES- A A AL, PCR 272 95°C 11% pre-denaturation
— 94°C 1% denaturation, 61°C 1% annealing —
72°C 18 extension, 30 3] ¥+ — 60°C 80 final-
extension ¥ 2.2 Z3YEA T} Yiler plus 71 E2] &
Zo ZF 20 uLE Primer set 5 pL, 2X Reaction
master mix 10 pL, 53 DNA 1 uL, 75 4 uLe
E3ste] WA Z L, PCR AL 95°C 1 pre-
denaturation—>94°C 4%  denaturation—61°C 1%
annealing/extension 30 3] WF$—60°C 22% final-
extension 34 22 28] 513

24. RUXNE 24

Yfiler 71E 5Z4HE3) Yfiler plus 71E S&4HE2
25 1uLE 3t 20 pLe Hi-Di™ formamide
(Thermo Fisher Scientific, Waltham, MA)<} 0.1 uL2]
LIZ™ 600 size standard (Thermo Fisher Scientific,
Waltham, MA)E &33le] FHIATH & AlEE
3500xL Genetic Analyzer (Thermo Fisher Scientific,
Waltham, MA)Z R2A# A7]95S AAS9 A,
GeneMapper® ID-X v1.4 Software (Thermo Fisher
Scientific, Waltham, MA)E ©]8-3}e] RFU (relative
fluorescent units) 50 7|22 H-4135}%]
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Table 2. The Y-STR genotyping result from commercial control DNA 2800M, 007 using AmpF/STR® Yfiler™ PCR Amplification
Kit and Yfiler® PLUS PCR Amplification Kit at various concentrations

2800M control DNA (ng) 007 control DNA (ng)
Loci >0.0625 0.0313 0.0156 0.0078 >0.0313 0.0156 0.0078

Y Y Y Y Y Y Y Y Y Y Y Y Y Y
DYS456 17 17 17 17 17 ND ND 17 15 15 ND 15 15 15
DYS3891 14 14 ND 14 14 14 ND 14 13 13 13 13 ND 13
DYS390 24 24 24 24 24 24 ND ND 24 24 24 24 24 24
DY S38911 31 31 ND 31 ND 31 ND 31 29 29 29 29 ND 29
DYS458 17 17 17 17 17 17 17 17 17 17 ND 17 ND 17
DYS19 14 14 14 14 ND 14 14 14 15 15 ND ND ND 15
DYS385 13,16 13,16 13,16 13,16 13,16 13ND ND ND 11,14 11,14 11,14 1I,ND ND ND,14
DYS393 13 13 13 13 13 13 13 ND 13 13 13 ND 13 ND
DYS391 10 10 10 10 ND 10 ND ND 11 11 11 11 ND 11
DYS439 12 12 12 12 12 12 ND ND 12 12 ND 12 12 12
DYS635 21 21 21 21 21 21 21 21 24 24 24 24 24 24
DYS392 13 13 13 13 ND 13 13 ND 13 13 13 13 ND 13
GATA H4 11 11 11 11 ND ND ND ND 13 13 13 13 13 ND
DYS437 14 14 14 14 ND ND ND 14 15 15 15 15 ND 15
DYS438 9 9 9 9 9 9 9 9 12 12 12 12 ND ND
DYS448 19 19 19 19 ND 19 ND ND 19 19 19 19 19 19
DYS576 - 18 - 18 - 18 - ND - 19 - 19 - 19
DYS627 - 22 - 22 - ND - 22 - 21 - ND - 21
DYS460 - 11 - 11 - 11 - ND - 11 - 11 - 11
DYS518 - 36 - 36 - 36 - 36 - 37 - 37 - ND
DYS570 - 17 - 17 - 17 - ND - 17 - 17 - 17
DYS449 - 35 - 35 - 35 - 35 - 31 - 31 - 31
DYS481 - 22 - 22 - 22 - 22 - 22 - 22 - ND
DYF387S1 - 3738 - 3738 - ND - 3738 - 3537 - 3537 - 3537
DYS533 - 12 - 12 - 12 - ND - 13 - ND - 13

DR® (%) of
common loci 100 100 88.24 100 58.82 7647 353 47.06 100 100 76.47 8235 5882 76.47
(full loci)

(100) (100) (77.78) (55.56) (100) (81.48) (77.78)

y: AmpF/STR® Yfiler™ PCR Amplification Kit
*Yp: Yfiler® PLUS PCR Amplification Kit

°DR: Detection Rate

—: No Primers

ND: Not Detected

3. &3t ¥ nF v w5k ok 2 A%, 2800M ¥ DNAE 0.0625 ng

oo EEA F JE BF 100%2] AEES B

3.1. = DNAE 0|E% ZE Hlm AL, 0.0313 ng °)3}e] FLoM JEZRY] AEE 3}
3 DNA 2800M, 0072 25 54 s 34 °]F Hth 0.0313 nge] FEoAE Yiiler 71EE
3te] Yfiler 71E9} Yfiler plus 71 EE FE3F 3 F AHE-3E 739 8824 %9 AEES K<l VY, Yiiler
71Ee] 1770 F&&<1el vk HZE Y-STR 343 plus 71EE AFE3F A9 100%2 AEES Holy
(called allele) 7l ¥ &S HAER ALtsl] A& 11.76 %2] =Fe] & eI, 0.0156 ngoll A Yfiler 7]
(detection rate)S AT O 2N F J|EQ WU E E = 58.82%, Yfiler plus 7| E= 7647 %= 17.65%
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Table 3. The concentration of DNA of forensic casework
samples and the comparison of detection rate using
AmpF/STR® Yfiler™ PCR Amplification Kit and
Yfiler® PLUS PCR Amplification Kit

Quantification

1 0,
Sample _result (ng/uL) Detection rate (%)

No.  Conc. of Db Y Y
DNA? (common loci) (full loci)
1 0.434  0.0035 100 100 100
2 0.348 0.0184 100 100 100
3 0.2812 0.0188 100 100 100
4 0.182  0.0141 100 100 100
5 0.151 0.0014 100 100 100
6 0.0982 0.0019 100 100 100
7 0.0626 0.0059 94.12 94.12 92.59
8 0.0478 0.0016 76.47 88.24 88.89
9 0.0412 0.0006 82.35 88.24 85.19
10 0.0185 0.0023 70.59 100 100
11 0.017  0.0080 17.65 23.53 37.04
12 0.0168 0.0045 47.06 47.06 48.15
13 0.0149 0.0005 29.41 52.94 66.67
14 0.0147 0.0052 58.82 70.59 74.07
15 0.014 0.0040 41.18 41.18 55.56
16 0.013 0.0114 58.82 47.06 44.44

?Conc. of DNA: Concentration of DNA

°SD: Standard Deviation

°Y: AmpF/STR® Yfiler™ PCR Amplification Kit
4Yp: Yfiler® PLUS PCR Amplification Kit
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