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[ Abstract] The convective polymerase chain reaction (CCPCR) uses the principle of thermal convection to allow
the reagent to flow in the test tube and achieve the purpose of amplification by the temperature difference between the
upper and lower portions of the test tube. In order to detect the amplification effect in real time, we added a fluorophore to
the reagent system to reflect the amplification in real time through the intensity of fluorescence. The experimental results
show that the fluorescence curve conforms to the S-type trend of the amplification curve, but there is a certain jitter
condition due to the instability of the thermal convection, which is not conducive to the calculation of the cycle threshold
(CT value). In order to solve this problem, this paper uses the dynamic method, using the double S-type function model to
fit the curve, so that the fluorescence curve is smooth and the initial concentration of the nucleic acid can be deduced
better to achieve the quantitative purpose based on the curve. At the same time, the PSO+ algorithm is used to solve the
double s-type function parameters, that is, particle swarm optimization (PSO) algorithm combined with Levenberg-
Marquardt, Newton-CG and other algorithms for curve fitting. The proposed method effectively overcoms PSO

randomness and the shortcoming of traditional algorithms such as Levenberg-Marquardt and Newton-CG which are
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easy to fall into the local optimal solution. The R of the data fitting result can reach 0.999 8. This study is of guiding

significance for the future quantitative detection of real-time fluorescent heat convection amplification.

[ Key words] capillary convective polymerase chain reaction; curve fitting; double sigmoid function; particle

swarm
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Tab.4 The parameters of model (1) with PSO+ algorithms
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blue -0.2390 0.0107 9.736 4 0.2739 45.158 1 0.0757 72.3150
green —-1.0290 0.050 5 68.1857 0.0722 50.998 5 0.3300 39.080 4
newblue ~1.507 0 0.081 9 63.2130 0.140 0 48.8156 0.474 6 45.158 5
newgreen —0.5155 0.020 1 65.028 8 0.1432 46.394 1 0.439 1 41.764 4
cmvdata —-2.2821 0.159 8 68.1299 0.1104 41.543 1 0.476 1 32.053 2
cmvdata_2 —-2.3900 0.1051 60.699 8 0.0941 52.253 8 0.3827 41.786 3

http://www.biomedeng.cn



W R TR 2 4% 5 2019466 H 553645 5531

TR REAYREALYE, A ok 1 R bR G A e S i)
B, B TR U E ROR, MRSk CT EHTTHH
FISEI DRI B E A T3 T T 1 At

S 3k

1

WRIE, 55 R, FESL ), 4. SEM G E i PCREABIFE L i K
B ARACARE K 2B 2441, 2010, 41(8): 148-155.

Krishnan M, Ugaz V M, Burns M A. PCR in a Rayleigh-Benard
convection cell. Science, 2002, 298(5594): 793.

MBSO, A SO EPCREIARLR. YA ], 2007,
(5): 93-95, 103.

SN SRR B A PCR &R G0 b FH AL RE A BIF 5. TLBA: h
[ EERERA, 2007

Ugaz V M, Krishnan M. Novel convective flow based approaches
for high-throughput PCR thermocycling. Journal of the
Association for Laboratory Automation, 2004, 9(5): 318-323.

Chou W P, Chen P H, Miao M, et al. Rapid DNA amplification in a
capillary tube by natural convection with a single isothermal
heater. Biotechniques, 2011, 50(1): 52-57.

Sy, JE ek, SRR . S P T PCRIGEE S T k. A=
YR, 2015, 26(1): 140-145.

IR, X, B A, 45 SR UE T AR 2 e PCRIRES 5 B
597 EYHEORIER, 2011(1): 70-75.

10

11

12

13

14

15

16

17

«7 e

Heid C A, Stevens J, Livak K J, et al. Real time quantitative PCR.
Genome Res, 1996, 6(10): 986-994.

R A RA R FHXSIE & Bl £ 05
LEVENBERG-MARQUARDTH % K b fE AL 19 P CRIR 7 :
CN1987880. 2012-06-27.

FHRT, BN, £, S SN FOLE B PCR RYEiit.
IR HAARIER, 2018, 57(1): 130-136.

W4k, 2GR, BT RAUERLGOR. ThE TR, 2004, 6(5):
87-94.

i, BR7E, 47K, A5 N TR SO A LT R A (L S
B RPN, 2015, 51(16): 252-258.

Yahya Z R, Piah A R M, Majid A A. Conic curve fitting using
particle swarm optimization: Parameter tuning//Knowledge
Technology. Springer Berlin Heidelberg, 2012: 379-382.

R, B L. PO E i PCREGEAL BT R, LEWHR,
2008, 18(3): 89-91.

Cameron A C, Windmeijer F A G. An R-squared measure of
goodness of fit for some common nonlinear regression models. J
Econom, 1997, 77(2): 329-342.

Spiess A N, Neumeyer N. An evaluation of R2 as an inadequate
measure for nonlinear models in pharmacological and biochemical
research: a Monte Carlo approach. BMC Pharmacol, 2010, 10(1): 6.

Wk HIW. 2017-08-14 &I H Y. 2019-03-12
PN = e

http://www.biomedeng.cn



