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Phenotypic Variation Analysis on Cone in Entire Natural
Populations of Larix principis-rupprechtii Mayr
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Abstract: Larix principis-rupprechtii Mayr is an important ecological and afforestation tree species that
is distributed in North China. Unlocking the phenotypic variation of its cone is of great significance to provide
insights on the production of improved varieties and the study of ecological adaptability. In this study, 12
phenotypic traits of 7800 cones, which were collected from 13 natural populations in the entire distribution area
of Larix principis-rupprechtii Mayr, were analyzed. Extensive genetic variation was observed, while the intra-
population variation ( 45.3% ) was higher than that among the populations ( 12.38% ) . The coefficient of variation
on cone weight was highest with broad variation range in population, whereas the coefficient of variation on
breeding scale rate was lowest. The cone weight showed very significantly negative correlation with longitude, the
length of cones, the number of scales and the ratio of length to diameter were significantly negatively correlated

with longitude, and the weight was also significantly negatively correlated with latitude. Principal component
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analysis showed that the first four principal components contributed to 84.7% of phenotypic variations. Thirteen

natural populations were classified into three clusters based on Euclidean distance using cluster analysis. No

significant correlation was detected between phenotypic distance and geographic distance. Collectively, this work

provided information valuable on collection and utilization of excellent genetic resources of Larix principis-

rupprechtii Mayr , which has implications for the production of improved varieties in the future.
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Table 1 Geographical data of sampling locations
R 1 ¥ 7 H¥i o ; CES
" . YRRk ARG o
i Ealis 4z . (c) (c) (c) PITLL
I 4R (m) (mm ) Annual
. (°E) (°N) . Annual Average Average Summer
Populations i . Altitude Annual heat
Longitude Latitude average temperature  temperature L . heat
. . precipitation  moisture .
temperature  in January in July moisture
R ZL 115.20 40.18 1723 9.4 =75 24.0 362.8 53.47 96.41
FHE YG 113.77 39.88 1420 7.2 -10.1 21.9 381.1 45.13 87.82
2fm LF 111.62 37.88 2388 8.1 =17 222 421.6 42.93 82.06
LWk IC 111.49 37.82 1998 10.5 =53 242 402.5 50.93 98.30
B YX 115.08 39.94 1691 7.6 -11.0 23.0 400.1 43.99 89.14
Fl WC 117.53 42.20 1358 5.6 -12.3 21.4 4353 35.84 70.48
FOF FP 113.82 38.72 2239 12.6 =35 26.1 571.8 39.52 62.63
it KL 111.57 38.70 2013 6.4 -10.2 20.9 444.6 36.89 71.38
AR IX 111.98 37.98 2265 11.2 -4.0 24.6 4155 51.02 100.74
EIR HY 113.69 39.69 1844 6.9 -11.1 22.0 407.0 41.52 85.32
W QY 112.04 36.73 2170 8.8 -6.2 21.9 585.4 32.11 60.70
#i4R JL 112.14 38.57 2192 73 -8.7 21.5 447.6 38.65 74.02
HiRE FZ 113.62 39.14 2096 8.3 -84 22.8 397.1 46.08 86.23

ZL: Zhuolu, YG: Yanggao, LF: Loufan, JC: Jiaocheng, YX: Yuxian, WC: Weichang, FP: Fuping, KL: Kelan, JX: Jiexiu, HY : Hunyuan, QY :

Qinyuan, JL: Jingle, FZ: Fanzhi. The same as below
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Table 3 Variance analysis of cone phenotypic traits among and within provenances of Larix principis-rupprechtii Mayr
Yo7 F1A &bt (%)
. B A
Mean square F value Variance component percentage .
FER — : — \ — - b EREL
Traits EauNE| EuND| i P uNE| EduNG| P duNE| EauNg| i (%)
Among Within . Among Within Among Within -
) ) Error ) ) ) ) Error Py
populations  populations populations  populations  populations  populations

BRE = CW 58.271 3.555 0.125 16.392" 28.553" 27.63 34.65 37.72 29
BRI EAE CD 10.340 2.856 0.057 3.6217 50.080" 7.66 57.31 35.06 6
BB CL 21.933 2.290 0.159 9.580" 14.413" 12.47 27.04 60.49 19
SRR TNS 8820.952 805.398  24.413 10.952" 32.9917 20.94 40.80 38.26 20
Al R NFS 12000.228 1038.601  27.597 11.554" 37.635" 22.96 4235 34.68 21
Fhigk g SW 0.938 0.396 0.009 2.367" 45.254" 4.00 57.21 38.79 3
FhiE K SL 2.052 0.534 0.013 3.845" 40.963" 7.69 52.73 39.58 7
BB 12 CL/CD 1.643 0.624 0.031 2.632" 20.115" 3.23 37.66 59.58 4
Fhig I 55 o SL/SW 1.267 0.506 0.019 2.503" 26.1217 3.44 44.01 52.55 4
A F RS NFS/TNS 3.573 0.602 0.015 5.937" 39.690" 12.48 49.29 38.22 11
R TSD 478.165 86.587 2.168 5.522" 39.944" 11.58 49.94 38.47 10
Al P FSD 771.464 116.594 2.609 6.617" 44.684" 14.55 50.66 34.79 13
V4414 Mean — — — — — 12.38 4530 42.34 12

FIREE CREDRI) ) =12, (13 CREPRPY ) =247, [ (222 ) =7540, 7 RBIFE 0.01 K7 L2253, T
Degrees of freedom ( among groups )=12, degrees of freedom ( within groups )= 247, degrees of freedom ( error )= 7540, “'indicates a statistically

significant correlation at P<0.01 level, the same as below

R4 EIEMHRIKRREBEMRERZRY
Table 4 Coefficient of variation of cone phenotypic traits of Larix principis-rupprechtii Mayr (%)
WER g wek O s AR
TR BRARPT BRI BRRE SR o~ FETE  FhEC T R G B FEE
Population 7 CW CL % CD  HUTNS SW SL NFS/ ean
NFS CL/CD SL/SW NS TSD FSD
BB ZL 28.5 16.1 16.9 24.0 30.2 14.0 16.7 19.6 15.4 14.9 20.3 26.6 20.3
FHE YG 30.5 14.3 17.1 18.0 21.1 17.6 20.5 19.0 16.9 6.5 16.1 17.9 18.0
24 LF 40.1 18.5 24.8 25.6 42.6 17.3 19.6 20.0 16.4 249 15.7 324 24.8
ZEHk JC 26.8 12.8 12.8 17.1 22.6 13.4 16.1 12.8 14.9 10.2 13.5 18.6 16.0
RE YX 28.4 12.6 15.7 18.7 22.6 16.0 15.5 15.6 16.5 9.1 15.7 19.3 17.1
Fl we 29.9 13.8 13.8 22.0 259 15.1 17.7 13.8 14.4 7.3 19.9 233 18.1
B FP 315 14.2 133 17.8 26.0 20.9 14.8 18.3 15.1 17.5 15.5 25.1 19.2
Rl KL 27.7 35.8 14.0 22.2 26.2 12.8 13.8 43.0 12.9 7.6 20.9 24.4 21.8
AR IX 33.1 16.2 144 18.7 22.6 15.1 16.4 14.3 15.8 9.9 15.4 18.9 17.6
IR HY 29.1 11.7 11.2 19.0 24.0 15.0 12.4 10.1 15.9 10.7 15.9 21.7 16.4
IR QY 29.0 12.3 12.8 15.2 18.4 15.4 135 11.8 16.2 8.3 143 17.1 15.3
R JL 27.3 12.7 18.5 18.1 27.4 13.8 15.0 17.9 17.5 18.7 15.2 25.5 19.0
{A5% BQ 32.6 14.8 13.6 16.9 22.0 16.9 159 14.5 16.9 11.1 14.8 19.1 17.4
F-#4{H Mean 30.3 15.8 15.3 19.5 25.5 15.6 16.0 17.7 15.8 12.1 16.4 22.3 18.5
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Table 5 Correlation analysis of cone phenotypic traits of Larix principis-rupprechtii Mayr

. . . R N AIE R . ) BRIRm A NG S
PEIR BRI ORRRE ERRK RRhEE - A A Bl .. S Ufzr#
f i i ot
Traits BCW  f2CD cL ¥ TNS 4 SW SL - o i i
NFS CL/CD SL/SW NFS/TNS  TSD
BRAEEHACD  0.680°
B CL 0.948" 0.782"
SRR AL 0.748" 0.626" 0.802"
TNS
] B AL 0.710" 0.763"  0.818"  0.963"
NFS
Tl ve SW 0.568" 0.601" 0.513 0.105 0.204
Fhig SL 0.458 0.549 0.396 0.260 0.290 0.700"
BRI SR 0.614" -0.082 0.550 0.479 0.304 -0.012 —0.064
CL/CD
A e H 0.006 0.093 -0.029 0.209 0.139 -0.110 0.629°  -0.089
SL/SW
IR il v 0.410 0.855" 0.603"  0.612 0.799" 0.378 0.295 -0.203  -0.039
NFS/TNS
TR 0.222 0.199 0.255 0.781"  0.7107  -0.364 —0.011 0.192 0.338 0377
TSD
AL P 0.380 0.599" 0.510 0.855"  0910"  -0.033 0.144 0.032 0.189  0.794” 0.861"
£ FSD

" FUIFE 0.05 KT LR EARC, TIF

“indicates significantly correlated at the 0.05 level, the same as below
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Table 6 Correlation analysis between cone phenotypic traits and geographical factors
. 1 A ¥ 7 A ¥R o AR ES
, e EIR N SRR R - -
PR 123553 2 HEZT Average Average g IR L
. . . . Annual Annual
Trait Longitude Latitude Altitude temperature  temperature L Annual heat Summer heat
temperature | . precipitation . .
in January in July moisture moisture
BRI CW -0.739"  -0.621" 0389  -0.001 0.189 -0.248 0.363 -0.358 -0.278
BRILEAE CD 0313  -0344 -0.060  —0.043 0.045 -0.194 0.265 -0.256 -0.091
BRIEK CL -0.606"  —0.453 0.132  -0.089 0.045 -0.279 0.232 -0.300 -0.174
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434 Component number

4340 Component number
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A': Scree plot determines the optimal number of principal component, the blue line is the eigen value of principal component analysis, and the red
dotted line is the eigen value of parallel analysis, B: Contribution rate of principal components
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Fig.1 The result of principal component analysis of phenotypic traits of cones
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Table 7 Factor loading matrix of phenotypic traits of cones
HeIk 551 sy 55 2 Ty 55 3 Ty 5 4 Ty
Trait The first principal The second principal The third principal The fourth principal

raits
component component component component

BRI CW 0.29 0.83 0.13 -0.12
R E A CD 0.15 0.60 -0.65 0.09
HRK CL 0.21 0.88 0.24 0.07
SRR AL TNS 0.85 0.39 0.19 -0.03
T H R NFS 0.91 0.39 0.05 0.07
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PEIR 551 Y 55 2 By 5 3 Ty 55 4 TRy

Traits The first principal The second principal The third principal The fourth principal
component component component component

AP 5 SW -0.13 0.67 -0.21 -0.52

AP SL -0.08 0.70 -0.31 0.32

BRRmA2 CL/CD 0.02 0.17 0.96 -0.03

PP 5 L SL/SW 0.05 0.05 -0.10 0.97

T F R NFS/TNS 0.65 0.24 -0.23 0.22

S BE TSD 0.87 -0.26 0.05 -0.09

nE R FSD 0.97 -0.06 -0.08 0.05
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A': Cluster analysis of 13 populations based on cone phenotypic traits, B: Cluster analysis of 260 sample individuals, the name of sample individuals
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Fig.2 Clustering graph of 13 populations and 260 individuals
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