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Chlorophyll fluorescence phenotypic variation in natural
populations of Populus simonii

Zhou Ziyang' Bu Chenhao®> Song Yuepeng® Zhang Degiang” Zhang Xiaoyu'
(1. School of Science, Beijing Forestry University, Beijing 100083, China;
2. School of Biological Sciences and Biotechnology, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] Through the analysis of chlorophyll fluorescence phenotypes of Populus simonii in
China, we can display the diversity of chlorophyll fluorescence phenotypes in P. simonii from multiple
angles, laying a foundation for the exploration of related photosynthetic genetic mechanism.
[Method] According to the phenotypic data of chlorophyll fluorescence parameters of P. simonii in China,
the variation law was explored by cluster analysis, phenotypic plasticity index and coefficient of variation
calculation, dynamic fitting analysis and other methods. [Result] (1) At a constant light intensity (same
light intensity), k£ means clustering was applied to four chlorophyll fluorescence phenotypes of P. simonii,

the optimal number of clusters was significantly influenced by light intensity. Four types of fluorescent
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phenotypes of P. simonii: the electron transfer rate (ETR) through photosynthetic system II (PSII), the
actual light quantum yield (Yield), photochemical quenching coefficient (qP), non-photochemical quenching
coefficient (qN) exhibited significant differences in different categories. (2) The calculation results of the
phenotypic plasticity index and coefficient of variation of the four fluorescence parameters of P. simonii
showed that the selected population had rich phenotypic plasticity under changeable resources, as the light
intensity gradually increased, the phenotypic plasticity index of ETR, Yield and qN showed an overall trend
of decreasing first, then increasing and then decreasing, while the phenotypic plasticity index of gqN
presented a decreasing trend in the whole process. This phenomenon might be related to the genetic control
within each phenotype, and also reflected the different degree of response of different phenotypes to gradient
light intensities; the coefficient of variation of ETR, Yield and qP showed a trend of decreasing initially and
then rising with the increase of light intensity; the coefficient of variation of qN gradually decreased with the
increase of light intensity, when the light intensity reached the maximum value, the coefficient of variation
of all kinds of samples were less than 0.1. (3) Chlorophyll fluorescence phenotypes of P. simonii under
different gradient (dynamic) light intensities can be divided into two categories after clustering. After fitting
with the growth equation, it can be found that the phenotypic variation rate and the maximum (minimum)
value of different categories of samples have significant differences. [Conclusion] Chlorophyll
fluorescence phenotypes of P. simonii vary widely and are significantly affected by light intensity. Through
methods, such as cluster analysis, phenotypic plasticity and coefficient of variation calculation and growth
equation fitting, we can explore the changing rule of chlorophyll fluorescence phenotypes effectively, lay a
foundation for genetic analysis and photosynthesis mechanism, and provide scientific guidance for the
cultivation of P. simonii.

Key words: Populus simonii; chlorophyll fluorescence phenotypephotosynthetic trait; cluster analysis;

phenotypic plasticity index (PPI); coefficient of variation (CV); growth equation; fitting analysis
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Populus simonii
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Fig. 1 Phenotypic clustering results of Populus simonii samples under different light intensities
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Tab. 2 Statistical table of mean value in cluster results under gradient light intensities

3¢ HE B P 4] e
Grou;i‘f”iiggﬁh%‘ix{l%ensity le::tljer ETR Yield ap aN
CL1 0.61 0.75 0.95 3.13x 107
CL2 0.45 0.72 0.91 3.99 x 107
H CL3 0.29 0.76 0.94 1.40x 107°
CL4 0.68 1.04 1.06 2.80x 1072
CL1 1.23 0.73 0.93 320x 107
L2 CL2 0.64 0.73 0.92 3.50x 107
CL3 0.91 0.72 0.91 570 %10
CL1 2.35 0.70 0.91 1.50 x 1072
L3 CL2 1.38 0.70 0.90 470 x 107
CL3 1.85 0.69 0.90 5.00 x 107
CL1 3.91 0.66 0.88 3.10x 1072
4 CL2 3.04 0.66 0.88 3.70 x 1072
CL1 8.32 0.63 0.87 0.12
CL2 5.76 0.61 0.84 0.13
B CL3 7.51 0.62 0.85 9.40 x 1072
CL4 6.78 0.62 0.84 0.12
CL1 14.80 0.58 0.82 0.21
L6 CL2 12.94 0.55 0.78 0.29
CL1 27.36 0.53 0.77 0.35
L7 CL2 23.54 0.46 0.71 0.46
CL1 42.76 0.42 0.66 0.54
CL2 37.80 0.37 0.59 0.57
CL3 49.15 0.47 0.71 0.43
L8 CL4 40.24 0.40 0.63 0.58
CL5 45.70 0.44 0.69 0.51
CL6 32.60 0.33 0.54 0.63
CL1 67.10 0.35 0.57 0.61
CL2 46.17 0.25 0.43 0.70
L CL3 77.32 0.39 0.61 0.53
CL4 57.72 0.30 0.51 0.67
CL1 77.10 0.23 0.40 0.73
CL2 91.23 0.26 0.45 0.68
Lo CL3 107.70 0.31 0.50 0.60
CL4 60.17 0.18 0.33 0.73
CL1 88.39 0.14 0.26 0.76
CL2 105.05 0.17 0.30 0.72
L11 CL3 142.01 0.23 0.38 0.67
CL4 68.25 0.11 0.21 0.76
CL5 122.47 0.20 0.34 0.69
CL1 80.09 6.30x 107 0.12 0.79
L12 CL2 111.01 8.90 x 102 0.16 0.76
CL3 142.36 0.12 0.21 0.72

E: ETR. TR Yield. Yo TAREH AR qP. LSRRG qN. AEI AP K R . FIA. Notes: ETR, electron transfer rate; Yield, the

actual light quantum yield; qP, photochemical quenching coefficient; qN, non-photochemical quenching coefficient. The same below.
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Fig. 2 The group boxplot of the value with different phenotypes under gradient light intensities
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Tab. 3 Statistical table of p-value based on cluster results under different light intensities

#74 Phenotype ETR Yield qP QN
L1 5.81x 10712 2.09% 107 6.57x1072 2.36x 1072
L2 7.67x1072 1.76x 107! 5.50x 1072 5.10x 1072
L3 1.93x107! 478 x 107! 1.44x 107! 7.97x1072
L4 <2.00x 10716 5.38x 107! 8.89x 107! 4.16x107!
Ls 1.21x107* 6.38x 107! 6.32x1073 9.68x 107!
L6 <2.00x 10716 1.59x 1078 7.30%x 1070 7.08x107°
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Tab. 4 Evaluation table for fitting four classical equations of the first type samples
PR =S ETR Yield qP N
Equation type AIC BIC AlC BIC AIC BIC AIC BIC
Gompertz 11.230 22.139 —152.260 —143.350 —147.468 —138.559 -139.616 —130.706
Logistic -57.393 —48.484 —99.485 -90.576 -95.112 —86.203 —94.849 —85.940
Korf 20.651 29.561 —86.782 =77.873 =70.232 -61.322 —103.145 —94.235
Weibull —11.408 —2.500 —72.629 —63.719 —69.696 —60.787 -96.515 —87.605
VE: AIC. FRitfs B &EEN; BIC. DM-#i{5 SN . F[H . Notes: AIC, Akaike information criterion; BIC, Bayesian information criterion. The same
below.
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Tab. 5 Evaluation table for four classical equations of samples in the second class
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Equation type AIC BIC AIC BIC AIC BIC AIC BIC
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Logistic —73.983 —65.074 —104.029 -95.120 —100.093 —91.184 -91.861 —82.951
Korf 26.970 35.878 —84.594 —75.684 —65.927 —57.018 -113.872 —104.962
Weibull —3.340 5.570 —77.202 —38.292 —74.579 —65.670 —96.875 —88.065
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