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Phenotypic Differentiation between the Diploidy and

Tetraploidy of Clintonia udensis in Hualong Mountains

ZHANG Hao, ZANG En, GAO Yue, HAN Wei, CAO Yanling, WANG Yiling"

(College of Life Science, Shanxi Normal University, Linfen, Shanxi 041000, China)

Abstract: Clintonia udensis belongs to the genus Clintonia of Liliaceae, is a perennial herb with two cyto-
types, the diploidy (2n = 14) and tetraploidy (4n = 28). In Hualong Mountains of Shaanxi Province, the
diploidy mainly distributes at 2 450 m in the south slope, while the tetraploidy mainly grows at 1900m in
the north slope, which making them as an ideal material for the study of intra-specific polyploid differenti-
ation. In this study. based on the nutritional and reproductive system of C. udensis, we would analyze the
phenotypic differentiation of different cytotypes, reveal the ecological adaptation characteristics of the two
cytotypes, and provide some clues for the evolution of C. udensis’s polyploid. The results showed that:
(1) the fruit volume of the diploidy was the most stable (CV=0.02), and the genetic diversity of the leaf
length was the highest (CV=0. 85) among eleven traits. Meanwhile, the fruit volume was also the most
stable one in the tetraploidy (CV=0. 06), while the flower quantitative had the highest diversity (CV=0.
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42). (2) The average of fruit volume for the tetraploidy was significantly higher than that of the diploidy,
but the average of seed number was significantly lower than that of the diploidy, and the differentiation
proportion of fruit and seed volume between different ploidy types was the highest (V,=0.69). (3) On
the other hand, the genetic variation of the phenotypic traits for the tetraploidy nutritional organs was low-
er than that of the diploidy, and the average coefficient of variation (CV=0. 16) was also lower than that
of the diploidy(CV=0. 44). For the reproductive system, the genetic variation of the tetraploidy was high-
er than that of the diploidy, and the mean variation coefficient (CV =0. 30) was higher than that of the
diploidy (CV=0.26). (4) According to the significant, there was a differentiation occurred in phenotype
traits between the diploid and tetraploid (P<C0.05). However, no significant difference was found in the
reproductive system between the different ploidies (P >0. 05). PCA analysis also showed significant
difference between the diploidy and tetraploidy. The significant phenotypic difference of the tetraploidy

would be resulted from the long-term adaptation to low altitude environment.

Key words: Clintonia udensis; phenotypic traits; polyploid; differentiation; Hualong Mountains
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Table 1

Phenotypic characteristics of C. udensis diploidy and tetraploidy

PEIR Character 1% Ploidy

e { Extremum YI{H Average TS RECV

%K Diploidy
PO A& Tetraploidy

K Root/cm

A% Diploidy

MR 22K Rhizomes length/cm
PO R Tetraploidy

A% Diploidy

M} Leaf length/cm
PUfEAR Tetraploidy

A% Diploidy
PUfE R Tetraploidy

. H# Flower diameter/cm

%K Diploidy

B K Volume of fruit/mm?®
PUfE A& Tetraploidy

— %4k Diploidy

A T Volume of seed/mm’
PO f5 & Tetraploidy

3.51~28.00 9.28+2.12 0.23
6.00~52.00 16.50+3.59 0.22
1.30~11. 00 6.7021. 64 0. 24
1.50~14. 80 8.6040. 87 0.13
4.80~22.00 13.84+11.80 0. 85
7.00~30.00 20.50+2.75 0.13
1.00~1. 00 1.00+£0. 01 0.08
1.156~1.15 1.15+0.02 0.11
113.80~196. 40 155.1042. 70 0.02
162.90~469. 60 306.90+18. 27 0.06
5.50~7.11 6.1840.89 0.14
21.13~31.17 27.40+£6.87 0.26

K2 LHHEZHAETNEFEREZRNEZERE

Table 2 Significant test on phenotypic differentiation of C.

udensis diploidy and tetraploidy

sk liESN RARZEK [N EH#E SRR AT AR

P{(IidA Root length Rhizomes Leaf length Flower Volume O’f Volume Qf

ordy /em length/cm /em diameter/cm fruit/mm’® seed/mm®
%K Diploidy (x5 9.28 6.70 13. 84 1. 00 155. 10 6.18
Y £ 1A Tetraploidy(x ;) 16. 50 8. 60 20. 50 1.15 306. 90 27.40
d; =z, 7.22 1. 90 6. 66 0.15 151. 80 21.22
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Table 3 Comparison of quantitative characteristics of phenotypes between two ploidy breeding systems
F TR AT it el ¥ A5 5 R AL
Quantitative characteristic of phenotypes Ploidy Extremum Average cv
B R b %K Diploidy 3.00~12.00 5.60+1.74 0.31
" B Ilower number
PUfE K Tetraploidy 3.00~18.00 8.2043.48 0.42
o %14k Diploidy 2.00~6. 00 4.40+1.31 0.32
2K Fruit number

PUfE 4K Tetraploidy 2.00~8.00 5.0342.29 0. 34
. A%k Diploidy 113. 80~196. 40 155.10+2. 70 0.02

AR Volume of fruit/mm’
PR Tetraploidy 162. 90~469. 60 306.90+18. 27 0.06
3 — {4k Diploidy 5.50~7.11 6.1840. 89 0.14

K F Volume of seed/mm’
PO {544 Tetraploidy 21.13~31.17 27.4046. 87 0. 26
BT R Seed b %K Diploidy 6.00~18. 00 15.20+0. 77 0.19

= Seed number
PUfE K Tetraploidy 3.00~13.00 8.13+1.06 0.35
P Z Ak Diploidy 1.86~7.00 4.5942.34 0.51
54 X% ge/Flowers
PUfE 4K Tetraploidy 3.00~9.00 6.2142.27 0. 36
" - , %K Diploidy 18.00~79. 00 47.65+16.72 0.35
HEEJE Scape height/cm

PUfiE{& Tetraploidy 24.00~85. 00 62. 77420. 90 0.33
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Table 4 The significance test on quantitative phenotypic differentiation between breeding systems of two ploidies

wooh RSB EEHEL M

L

- PR b )T Ve
Ijlz % Flower Fruit Volume of Volume of Seed *I’Aﬁé‘//}FthU’(’Lil Scape
ody number number fruit/mm?® seed/mm’® number ge/lower height/cm
—f%4& Diploidy(a,;) 5. 60 4. 40 155. 10 6.18 15. 20 4.59 47.65
MUK Tetraploidy(ay)) 8. 20 5.03 306. 90 27. 40 8.13 6.21 62.77
d, =z, —x, 2. 60 0.63 151. 80 21.22 —7.07 1. 62 15. 12
5 RBYEAFERRESURY
Table 5 Variance and V; of phenotype data
YIRS (ERERIESE fl v 2 ZAER T £ VU A A T 22 B % /4 ;
Cl PR Inntcrploidy Inntcrploidy VZriancc Va:iancc of Total %%ﬂ)‘i%%%&
“haracter . G - . «
mean variance of diploidy tetraploidy variance
R4 Root length/cm 12. 89 13.02 4. 49 12. 89 28.51 0. 46
HRARZE K Rhizomes length/cm 7.65 0.90 2.69 0.76 3.58 0. 25
M4 Leaf length/cm 17.17 11.09 139. 24 7.56 87.89 0.13
W H# Flower diameter/cm 1.08 0.01 0.00 0. 00 0.02 0.33
HS2 AT Volume of fruit/mm’® 231.00 5760. 81 7.29 333.79 8397. 39 0.69
T AR Volume of seed/mm® 16.79 112.57 0.79 47.20 163.13 0.69
AEE R B Scape height/cm 55. 21 57.15 279. 56 436. 81 479. 28 0.12
LA A RS R A R RURRAE SR AR A 051 m—f&k Diploidy PUf&#k Tetraploidy
IEZS o A HUAEE L 2 BT ¢ A 96 4G 56 DU A% 1R T A% 0.47
REFRERMERMEEE, Y Hip > 0,a= 03¢
X
0.05, 35 ¢ {Hh 1. 253, MG ¢ K 3 MR 40 1 3% 2 02f
o
PR r=1.253 << 1.943(H:p = 0),P > 0.05 (P S 0.1
=0.06),Hy:pp << 0, & H,:pp > 0, NfFH = o} “
Ho:#<o9€\% H1:#>Oo EI][EI/T%MS*H}:K:F:'T% -0.11
K EEEFRGERUV LT EEES. 02 -
— o " 02 -01 0 01 02 03 04 05 06 07
2.3 EHBEESMEERDS L RY o
L A% PR 1 R R 0 A R R A S T (3R o
- . BT -E R B ER PCA HEF B
5) i 1290~69 % R AR PR 1R U R A 531k . . o N
Fig. 1 PCA ordination chart of phenotypic traits
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