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Fig.1 DNA standard 9948 profile obtained from the RTyper Y27 microfluidic chip rapid detection system
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Fig. 2 Sensitivity study for different input DNA template
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Fig. 3 Sensitivity study for different wipes of buccal swabs
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Fig. 4 Sensitivity study for different pieces of dried blood

spot samples
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Table 1 The result of success rate and concordance rate

Success rate Concordance rate
90.43% (104/115)  99.65% (2 867/2 877)
94.00% (47/50)  99.92% (1 277/1 278)

91.52% (151/165)  99.74% (4 144/4 155)

Sample type  Number

Dried blood spot 115

Buccal swab 50

Total 165

Table 2 The effect of different sample types (blood card /

oral swab) on concordance rate

Item Concordance rate (mean+SD) t P

Dried blood spot  Buccal swab
99.64+1.32 99.92+0.54

Dried blood spot/ -1.833  0.07

Buccal swab
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Table 3 Balance within one dye and among different dyes

for 151 testing samples

Mean/% Median/% SD/% Min/%
70.81 78.63 2379 7.35
74.85 80.83 18.40 21.68
86.25 100.00 24.83 5.31
91.15 100.00  20.10 13.94
89.81 90.59 8.81 43.68

Max/%
99.64
100.00
100.00
100.00
99.40

Intra-color (FAM)
Intra-color (HEX)
Intra-color (TAMRA)
Intra-color (ROX)

Inter-color
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Fig.5 Standard deviation of sizing precision for each locus in the allelic ladder calculated for 10 runs on

Quick TargSeq systems
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Table 4 The precision of intra and inter batch
Locus Intra-batch Inter-batch
Mean of fragements SD CVI% Mean of fragements SD CVI%

DYS460 85.56 0.41 0.48 86.00 0.58 0.68
YGATAH4 132.65 0.21 0.16 132.83 0.35 0.26
DYS390 184.42 0.04 0.02 184.38 0.13 0.07
DYS19 229.87 0.16 0.07 230.03 0.15 0.06
DYS449 304.43 0.67 0.22 305.11 0.82 0.27
DYS481 358.84 0.38 0.11 359.28 0.41 0.11
DYF387S1 419.13 0.47 0.11 418.66 0.53 0.13
DYF387S1 427.06 0.48 0.11 426.63 0.56 0.13
DYS576 132.06 0.55 0.41 132.52 0.73 0.55
DYS635 177.69 0.05 0.03 177.72 0.07 0.04
DYS385 246.69 0.60 0.25 247.32 0.80 0.32
DYS385 267.14 0.66 0.25 267.75 0.84 0.31
DYS627 342.02 0.53 0.16 342.55 0.71 0.21
DYS438 410.87 0.05 0.01 410.92 0.16 0.04
DYS391 458.12 0.32 0.07 458.37 0.35 0.08
DYS393 110.86 0.26 0.24 111.04 0.30 0.27
DYS3891 157.42 0.10 0.07 157.46 0.06 0.04
DYS570 216.64 0.17 0.08 216.47 0.17 0.08
DYS38911 275.13 0.04 0.01 275.10 0.08 0.03
DYS392 332.27 0.15 0.05 332.48 0.24 0.07
DYS518 369.84 0.58 0.16 370.47 0.74 0.20
DYS437 132.01 0.17 0.13 132.15 0.25 0.19
DYS456 163.53 0.11 0.07 163.55 0.11 0.07
DYS439 222.56 0.35 0.16 222.89 0.45 0.20
DYS448 290.76 0.28 0.10 290.60 0.37 0.13
DYS533 335.98 0.05 0.01 336.05 0.12 0.04
DYS458 386.43 0.26 0.07 386.22 0.23 0.06

2.6 HWHERMY
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7 BL A R0 51 h 66.67% F167.61%,  H. 283 3
DI A5G, 9948 = 2800M A9 = 1 /11 : 9fF, K
BLTT R B S A H R 97.53% F11 98.76%,
1M1 24 9948 F12800M (W L3+ 1, 1: 1 /113
BF, BEASASIN BT A YRS DTRRET B S (R
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Fig.7 The Y-STR profiles of mock case samples

(a) Buccal swab; (b) dried saliva spot; (c) dried blood spot; (d) dried blood swab; (e) cigarette butt—direct amplification; (f) cigarette butt—DNA

extraction; (g) seminal stain.
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Fig. 8 Mixture study for different ratio of 9948 : 2800M
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Table 5 The detection results of samples with different

inhibitor concentrations

Inhibitor Concentration Call rate/%
Humic acid 400 mg/L 100
300 mg/L 100
200 mg/L 100
100 mg/L 100
50 mg/L 100
Indigo 100 nmol/L 100
80 nmol/L 100
60 nmol/L 100
40 nmol/L 100
20 nmol/L 100
Hemoglobin 500 pmol/L 100
400 umol/L 100
300 pmol/L 100
200 pmol/L 100
100 pmol/L 100
3 i’

Y-STR B AR ICAE 5 B AR A B g rh
VRIS 7, 1550 Y-STR G I FRid 2, #EMTAE
J1, EET AR UL AT B R Y-STR 3 KA v T
DNA PRI 2250, AP RICHE T Y-STR 1%
TS R RATIA R, Zad I AR UESE B T
7 5 DNA PR A X B L H . AR5 S %
SWGDAM $5FF, XIH#E ) RTyper Y27 Sl fa s i
R AR R ST T PERESS UEAF ST

REFEMITH, DNAFRUE S 9948 1551 8 ng Bif
AR ) o2 8 Y-STR 43 84, X [t PowerPlex"Y23 .
Yfiler® Plus PCR %45 Y-STR i 7| & '* * # #{ PCR-
CERF- G oA AR, (Hif B R ZE G4 Yk
PRI R A 5 2K 12 1 s 7 R R 7 R
I A H 3 I (p=2 mm), 2507 FE R R
100%, 5 Quick TargSeq PR A A DIP & HE 4 Wr 4 52
ARG 52 SR AR XY 2, )RR T s P B OR
% 5 RapidHIT*ID PRk A (SR B8 Yk, %%
D7 FE PR H R 100%) AHIE 70 7E 165 I BEA Y
B ZE RN B WER R 58 P . i 34A % 91.52%,
i T ANDE™6C (99.2% ) #y i Zh& . & F
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Abstract Objective At present, the matching reagents of commercially available rapid DNA instruments
based on microfluidics chip technology are autosome short tandem repeat (STR) individual identification
reagents. The non-recombining part of the human Y chromosome is widely used in forensic DNA analysis,
particularly in cases where standard autosomal DNA profile is uninformative. Y-STR loci are useful markers to
identify males and male lineages in forensic practice. In order to achieve rapid and fully integrated detection of
Y-STR loci, this study constructed the RTyper Y27 microfluidic chip rapid detection system and validated the
performance of this system. Methods The system was verified and evaluated by sensitivity, success rate, typing
accuracy, peak height balance, sizing precision and accuracy, mock case sample tests, mixture detection ability,
and inhibition tolerance. Results Complete Y-STR profiles can be obtained when the template amount of DNA
standard 9948 was =8 ng, the number of blood cards was >3 pieces, and the number of oral swab scrapings was
=7 times. The success rate of fully integrated detection was 91.52%, and the concordance rates was 99.74% for
165 testing samples. The success rate of 115 blood spots in these samples was 90.43%, with a typing accuracy of
99.65%, the success rate of 50 buccal swabs was 94%, with a typing accuracy of 99.92%. There was no
significant difference in typing accuracy between blood spots and buccal swab samples. The peak height ratio
between different fluorescence channels was 89.81%. The standard deviation of allelic ladder for 10 runs was
within 0.5 bp. The size differences between allele and corresponding allele in allelic ladder was within 0.5 bp. The
maximum precision CV values within and between batches were 0.48% and 0.68%, respectively, which were
lower than 15%. These data indicate that the system has good accuracy and precision. The system was capable of
accurately typing oral swabs, blood cards, saliva cards, cigarette butts, blood swabs and seminal stains. Complete
Y-STR profiles can be obtained and distinguish at the 1 : 3 ratio of minor and major contributors in artificial male
DNA mixtures. Complete Y-STR genotyping can be obtained under the interference of inhibitors, such as different
concentrations of humic acid (50-400 mg/L), indigotin (20-100 nmol/L) and hemoglobin (100-500 pmol/L).
Conclusion In this study, the RTyper Y27 microfluidic chip rapid amplification system is combined with the
Quick TargSeq 1.0 integrated system, and the Y-STR profile can be obtained in approximately 2 h. Through a
series of verification experiments, the results show that the system has good repeatability, accuracy and stability,
can meet the on-site Y-STR detection requirements, and can be used in forensic practice.
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