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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
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Fig.1 CCPCR amplification and fluorescence detection system
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Fig.2 Jitter situation of the original fluorescence data
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Tab.2 Comparison of different evaluation function in PSO

PEM R blue green newblue newgreen cmvdata cmvdata_2
RMSE RM =0.710 0 RM =0.904 7 RM =0.500 8 RM =0.508 6 RM =0.3810 RM =0.7756
R?=0.9884 R?=0.9978 R%=0.9995 R%=0.9996 R%=0.9970 R*=0.9937
R’ =09875 R’ =09977 R =09995 R =09995 R’ =09968 R’ =09932
R2 RM =0.696 6 RM=0.9276 RM =0.506 3 RM =0.450 3 RM = 0.400 0 RM =0.749 3
R?=0.9906 R?=0.9973 R?=0.9995 R?=0.9997 R?=09956 R?=09936
R’ =09898 R =09971 R>=09995 R’ =09996 R’ =09952 R =09930
7 RM =0.663 4 RM =0.802 1 RM =0.499 7 RM =0.4714 RM =0.494 1 RM =0.786 4
R;i =0.9915 52 =0.998 4 5; =0.9995 52 =0.999 6 52 =0.996 5 R;i =0.9925
R =0.9908 R =0.9982 R =0.9995 R =0.9996 R =0.993 R°=0.9918

. #H, RM & RMSE 045
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& 4 &R H PSO+LM WIBEXTE 3 SEg 5t
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£ 3 PSO Hik5 PSO+HIEHILEL
Tab.3 Comparison of PSO with PSO+ algorithms

PSO+LM PSO+PW PSO+TN PSO+CG
0.3419
0.999 8

PEMEERR PSO
RMSE  1.0403
R 0.998 4

0.3550
0.999 8

0.342 5
0.999 8

0.358 5
0.999 8

#: LM: Levenberg-Marquardt #7%; PW: POWELL &k;
TN: Truncated Newton #.#%; CG: conjugate gradient #.7%

LML, LT UL, PSO+LM B yEAB I Hfg e T
PSO X fiff =3 6] (R BR i, [R]BsHF- i T PSO ARl L
PERMS BT ENE . % 4 BB RK LS
B

4 e

CCPCR i TR # 5 2 Z R R T, H
SRR PR AR B A RS py )L, i G B
FMER AT 3] CT . A SCIRIEY 1 th 4 nyRe
BEECAL S 7 pR IO 2k AT LG, IR TG e 24K
(R 7 LA ROkt S 36y B0 0 3 T . T 45 S 80 A8
fEIE . FRH PSO 454 Levenberg-Marquardt
SR PSO+RL, LB S48, JERAA
[ A TE AR AR T AL, R Jm WU S5 A T
THeE . SEEEE R RS Mk AR F S A R
PG PLE, ASCRE S EGE W L&
B, /N TR R, [RlET PSO+ LA A PSO
FER A RBEDLYE, R TR (1) T RIER (A
8, [A B F]H Levenberg-Marquardt 45 7 72 - fiif

F4 PSO+LM EEFSIHRMHMENSHE
Tab.4 The parameters of model (1) with PSO+ algorithms

Fdi 44 7R a b c d e f g

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 - 1.5070 0.0819 63.2130 0.1400 48.815 6 0.474 6 45,158 5
newgreen -0.5155 0.020 1 65.028 8 0.1432 46.394 1 0.4391 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 0.094 1 52.253 8 0.3827 41.786 3
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