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Multiple real-time fluorescence detection system for rapid on-site
nucleic acid detection
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Abstract: On-site rapid detection of nucleic acid has the advantages of convenience, simple operation, no need
for special laboratories, and rapid reporting, which can be detected in various complex environments such as
airports, community hospitals, customs and fields. A fluorescence detection system that can be applied to on-
site rapid detection instruments of nucleic acid was established, including non-confocal orthogonal optical path
and multi-channel detection integrated structure. The former has the characteristics of high signal-to-noise
ratio, small and convenient. The latter has high switching efficiency and can meet multiple detection, and its
embedded structure greatly reduces the fluorescence crosstalk between channels. The experimental results
show that the detection limit of the system is lower than 1.6 pg/mL, the R value (coefficient of determination)
of fluorescence detection gradient is greater than 0.99, and the coefficient of variance (CV) value of

repeatability test does not exceed 1.27%. The inter-channel fluorescence crosstalk test shows that there is no
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crosstalk between channels, and the accuracy and stability of cytomegalovirus culture medium amplification

experiment are good, which indicates that the system can effectively stimulate and collect fluorescence for

multiple detection.

Key words: on-site nucleic acid detection; polymerase chain reaction; fluorescence; real-time
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Fig. 1 Excitation optical path and emission optical path
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Fig. 2 Semi-divergence angle test device
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Table 1 Semi-divergence angle measured at each end of

optical path )
VAR WO SRR RIDGEETTR
RS 19.03 13.50 18.78
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Table 2 Distance between elements of emission optical

path mm

PR RBDLE-ER BE-RAECR kSHEER-PD

AR 2 11.8 3.7 3.1
A E = 8.8 5.8 2.5
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Fig. 3 Comparison diagram of emission optical path simulation and illumination
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Fig. 4 Multi-channel rotation integrated module
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Fig. 6 Physical image of proposed fluorescence detection

system
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Table 3 Dilution concentration of fluorescent dyes pg-mL™

TR FAM HEX ROX CYs
B (50%DMSO) 2000 13 200 18
BB 1(DEPCIK) 200 1.3 20 1.8
#6J#2(DEPC/K) 100 0.65 10 0.9
#5JE3(DEPCIK) 50 0.325 5 0.45
#5J#4(DEPC/K) 25 0.1625 25 0225
#6JE5(DEPC/K) 125 0.08125 125 01125

3.0 RSRERE AU TR S 46 B MK

FESEAT HA I HT, 1 X R G AT B
PR, B 4 PO Ykl DL 2 560 BEFR B 10 4>
B, #5 BRI DEPC K, I:-Xt BT A 16 J3 2 6 YL ket
S DEPC 7K E47 2 e, 54845 18 18 ik i ¢
H{H = T DEPC K HE&MHERIA M R E&E T 091
PG R T . 45 RN 4 FioR, &l BE 0 1k
# 1.6 pg/mL LLF ARSI T BR, HZME8L4 1 R (H
=T 0.94,

T4 VRPN TIRMIXER

Table 4 Detection limit test results of fluorescent dyes

oz 1 3 ROX FAM HEX CY5
Kl F BR/pg-mL™ 0.31 1.56 0.02 0.11
YNEEERME 09961 09472 09968  0.9935

G 49 4% T8 A U Y R PN Y 5 A v SRR R 23
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Table S Gradient test results of fluorescent dyes

HL L (B £ o
BREES BRIEE4 BREE3 BREE2 BRI LM RME

R i 3

ROX 299 3838 484 588 6.84 0.999 3
FAM 1.70 221 322 417 501 0.990 7
HEX 567 654 743 861 939 0.996 5
CY5 4.61 527 610 6.87 739 0.994 8
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Fig. 7 Test results of fluorescence dye gradient for each channel
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Table 6 Repeatability test results of fluorescence intensity

. CV{H

Rl BERES/% BAE3/% BEE1/%
ROX 1.27 0.19 0.16
FAM 1.20 0.89 0.59
HEX 1.01 0.27 0.06
CY5 1.24 0.20 0.29

3.3 BIEE T HN

PEHE HEX., CYS5 iX 2 2R yekt, 43 il F A
FE 1L BBRE 3. BB BE 5, JF I T B e e Xt A1 3 i
17 2 #5 6 YokHF DEPC K (9328, SR 4 PD J5 1Y
HL UL AL JS 6T e 2 Yokt S5 M B 0 L (R . 45 2R
Wk 7 MK 8 R, AR AR H AR 26 g R Y
HL it (X5 5 W R VAR, 1T E AR 92 6 B e i H It
B 2B oA, An &l 8T/ o IRz 5 ke il 3R 4t
TGI8 [5G T30, A A3 2 605 5 10 & 15 e 1L
SRR AR AL T AR

®7 ET HEX RARMMRAERMUKER

Table 7 Fluorescence crosstalk test results based on

HEX fluorescent dyes PA
olliEE —— —
Rz thYkEE {RWEEE DEPCK
ROX 1.90 1.11 2.15 1.28
FAM 0.29 0.54 1.23 0.22
HEX 217.71 65.63 20.52 4.18
CY5 0.80 0.42 0.67 1.19
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Table 8 Fluorescence crosstalk test results based on
CYS5 fluorescent dyes PA
o LA
R0 3 - -
=R rhfe froufe DEPC/K
ROX 0.22 0.37 0.67 1.15
FAM 0.28 0.14 0.19 0.02
HEX 2.03 0.19 1.78 1.37
CY5 120.63 38.54 14.15 0.94
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Fig. 8 Test results of fluorescence crosstalk between channels
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