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Fig.1 Schematic of leaf blade measurement
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Note: The ninth full developed leaf. The length of white short line was lem.

‘Tongliaol > ; C to F: F, hybrid progenies.
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A: P. delioides CL. ‘ Danhong’; B: P. simonii CL.

s

Fig.2 Leaf shape variation among parents and F1 hybrid progenies
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Table 1 The analysis of leaf morphological traits of P. deltoides CL. ‘Danhong’ and P. simonii CL. ‘ Tongliaol’

PR PArAK 7] Wi 154 T k5 (¢ fED) BEMEPHE)

Traits P. deltoides CL. ‘ Danhong’ P. simonii CL. ‘ Tongliaol > T-test (¢ value) Significance (P value)
i X Leaf area (LA)/mm? 5 608.4 +492.7 1 118.9 +100. 1 26.79 1.24 x10°
M4 Leaf length (LL)/mm 94.2 +5.7 48.2 +3.8 20.21 1.09 x 10~
5% Leaf width (LW)/mm 86.2 £2.7 34.3£0.6 57.24 1.20 x10 "2
4§ Petiole length (PL) /mm 62.1+6.2 5.5+1.8 26.22 4.98 x10 10
it K Leaf perimeter (LP)/mm 282.1+16.7 125.7+7.0 25.87 5.11 x10 "
Mk Lateral vein angle (LVA)/° 66.1+£5.3 50.6 £3.0 7.61 4.70 x 10~
K- 5 . Ratio of length and width ( LL/LW) 1.092 +0.043 1.407 +0.088 -9.59 7.26 1077
KM Fi i B Position of leaf width (LWP) 0.794 £0.081 0.388 +£0.056 12.38 4.81 x107°
IH-AAFE %] Relative length of petiole ( RPL) 0.661 +£0.077 0.113 £0.032 19.76 8.29 x101°
2 A ¥ Leaf margin factor (LMF) 0.282 +0.019 0.283 +0.008 -0.154 0.88
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Table 2 The statistical analysis of leaf morphological traits in F, progenies

PEIR ¥E N ON(} FrifEZE A5 Z AN it £ UG iz

Traits Mean value Minimal value = Maximal value  Standard deviation Variable coefficient ~ Skewness Kurtosis
i FH LA/mm? 2 780.291 1071.233 6 063.233 757.538 0.272 0.814 1.080
K LL/mm 71.077 46.333 103.333 8.741 0.123 0.251 0.348
-5 LW/mm 57.882 35.000 88.617 9.189 0. 159 0.458 0.286
45K PL/mm 31.681 12. 667 57.500 6.825 0.215 0. 545 0.698
&4 LP/mm 195.330 120. 133 291.617 25.593 0.131 0.412 0.797
ik Je /5 LVA/© 59.090 32.400 72.600 5.344 0.090 -0.890 2.436
K 5 bt LL/LW 1.252 0.767 2.084 0.174 0. 139 0.496 1.261
oM G E LWP 0.641 0.412 0.923 0.055 0. 086 0.012 1.925
AR AR XK RPL 0.446 0.247 0.684 0.078 0.174 0.377 0.237
-2 K1 LMF 0.287 0.168 0.346 0.021 0.075 -0.507 1.729

T AR 5 R B = A 2e/ Y9 (H

Note: Variable Coefficient = Standard Deviation / Mean Value.
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Fig. 3 Normality test of leaf morphological traits in F, progenies
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Fig. 4 Frequency distribution of leaf morphological traits in F, progenies
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Table 3 Correlation analysis of leaf morphological traits in F, hybrid progenies

PR FEAR K RIS 58 HEIES ke MRTER MARARXT  RORAESE MR

Traits LA LP LL LW PL ffi LVA LL/LW + RPL {7 & LWP LMF
- LA 1.000  0.945* 0.785* 0.889"  (.523* 0.173 ™ -0.316 ™ 0.103 " -0.188 ** 0.265 ™
K LP 1.000 0.874** 0.806™  0.587* 0.107 * -0.146 0.117 " -0.096* -0.038
- LL 1. 000 0.553™  0.585™ -0.060 0.256 ** 0.028 0.001 -0.224 "
55 LW 1.000 0.428 ** 0.241 ™ -0.649 ** 0.144 ™ -0.162 " 0.378 ™
5K PL 1. 000 -0.004 0.031 0.820 ** 0.204" -0.122"
Mk f LVA 1.000 ~0.328*  0.038 0.089 0.274*
5 b LL/LW 1.000 -0.138" 0.191 ™ -0.641"
AR AE XS RPL 1.000 0.268*  0.013
R SENE LWP 1.000  -0.325*
-2 5 7 LMF 1.000

T % FRTE0.05 ZKF- (O BERSE ; = = FIRTE 0. 01 K- (XUI) BEH K

Note: * Indicates when P <0. 05 ,there is significant correlation;

&4 F R4ADHHFERHERE

* * indicates when P <0.01, there is extremely significant correlation.

Bram

Table 4 Path coefficient analysis of four leaf blade traits on leaf area in F, progenies

PR HERHK AR 4% 2 B Indirect path coefficient

Traits Correlation coefficient  Direct path coefficient LL LW LVA LWD A1 (SUM)
LL 0.785 " 0.611 0.337 -0.037 0.508 0. 808
LW 0.889 ** 0. 604 0.334 0. 146 0.218 0.697
LVA 0.173 ** 0.064 -0.004 0.015 2.555 x10°° 0.011
LWD 0.537 " -0.189 -0.157 -0.068 0.001 -0.224

T F27RAE 0.05 A CBUN) BEARR 5+  F7RAE 0. 01 AR (RU) BEAAR

Note: * Indicates when P <0.05,there is significant correlation;

ARG TR AR R e e R A A DL 5 G
TR 5 22 Wi I} T R e 2 g PR 2%, JHG) - T AR A
PerE RBUYEETFIA (0. 374 F10.365) , % R® 5%
Bk 9 Rk 0. 479 F10. 537, f R 5 BE -2 K B 1Y

# s indicates when P <0.01, there is extremely significant correlation.

e 2 B (0. 272) B AR S B R I AR K
(0. 189) A kI 1 (0. 064 )2 A5 hrxef i i AU FL
Feim A 2 R, (H AN /N T (0. 611) Fit5E (0.
604 ) ) BTk , 2 W AT B 2 DR S i T AR A 32 5

SN SR = A, TN DK e M B2 i Il e /e IRl AR
xS F R4NHAERSIHERERERE
Table 5 Determination coefficients of 4 leaf blade traits on leaf area in F, progenies
A MRk R2 ik i
fini T . T T R LIPS TEEE Y 4 AMRXF R (¥ DTk
Traits Remanent path coefficient Contribution to R?
LL 0.374 0.408 -0.005 -0.192 0.926 0.272 0.479
LW 0.365 0.019 -0.082 0.537
LVA 0.004 9.647 x10 73 0.011
LWD 0.036 -0.101
2.4 MEEREBEESHT PR 38 A% AT — 5 B 1) v, o, B okt s o7

Bz 28 S A PR AR Y 25 L AR
R, LB T HORA S AU, HTH R A 45 bn
T%?ﬁlﬂﬂ’] LB R L A5 2R (R 6) R0

SRR L7 B AP AR X LU 22 (A1 4 A
T‘éﬁ%?ﬁﬁa%f‘é’ﬂ@ﬁ{ﬁi’ﬁt?O 2, KWk L

5 ARG 1 i 725 8 O T, R HAE 2% (XD
(38 A D 1) TREAR , 73 2 AR5 Z A B TR i
IS N SNU LRSI ) S S 1D P i N A
ANFERR, R T 25 B2 B 2 X X /N T 0.2, 1) LU
PO X SR AE S A L SO I 38t A MU, AN A 7
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AR A ik 83. 18% H1 77.73% KT 3 1H,
FEIAIX 2 AN $8 bR ) 184 1T RE 52 BEAS B2 I 55K
T FI AL, DAY 20. 62% [ T8k FH B8, 1

M HACAG N I, A, &1t T FA R
TG 2 i 7 Le i, 3% 6 mTDAE B i T8 L A ik
Jeff 2 Mata i R TR B R Z, 40005 2EB T
11 36.73% F1 13.27% .
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Table 6 Genetic analysis of leaf morphological traits between F1 progenies and their parents
PREAR 7B R IR E 7] 5 FEmE Y KTREETRILE  EETRIL)
e . YEM T it 4
PR P. deltoides P. simonii Degree of deviation Percentage of progenies Percentage of
; Mean value  Mean value .
Traits CL. CL. . between parents exceeded the mean transgressive
. e of parents of progenies . R
Danhong Tongliaol and progenies value of parents/% progenies/ %
i A LA/ mm? 5 608.4 1118.9 3363.7 2 780.3 -0.260 20. 62 0.47
K LL/mm 94.2 48.2 71.2 71.1 -0.004 49.05 1.66
-5 LW/mm 86.2 34.3 60.3 57.9 -0.091 37.20 0.71
4K PL/mm 62.1 5.5 33.8 31.7 -0.074 32.94 0.00
&4 LP/mm 282.1 125.7 203.9 195.3 -0.110 32.70 0.71
ke /5 LVA/© 66. 1 50.6 58.4 59.1 0.097 58.53 13.27
-5 K b LW/LL® 0.916 0.711 0.813 0.799 -0.142 48.82 36.73
R EH LWP 0.794 0.388 0.591 0.641 0.246 83.18 0.24
AR AR X RPL 0.661 0.113 0.387 0. 446 0.215 77.73 0.95
-2 K1 LMF 0.282 0.283 0.283 0.287 -9.000 57.58 100. 00
a: AT HOER, SR FH I 58 L A B ECR R R FARXHE ; b R FAURES B = (FARIIME - dhoR(E) / (BRICEAE - ToRE) .
Note: a:To make the comparison more convenience, we use the reciprocal of length-width ratio for its relative value.
b Divergence between F1 progenies and their parents = (Mean value of F1 progenies — Mid-parents value) /( Larger value of parents — Mid-parents

value) .

T BTN br A7 7R )2 BB 3 ARG A
(3), 2 BV R 2% 32 T A4 IR PR B S A S
A Bagt A 78 S 00, xof i AR R R T A ik e
i ORI S B AR B DL R AR 7 A TR
MFEAREAT TR 3 (PCA) o 32 7 R 3L4R I
2 AR T 1A R T, RIT6E 68 iR B
80. 19% (&R AL 5745 B Horp, 28 — i 51
BRA K 63. T1% , F= B3 faf i1 FR KL 58 L R i
R FERN BB LK AR 5 55 — F sy STk 3R
o 16.48% , B AT MK Sy, H 4% 45 A B 2 i
AR SE )5 o

®7 F, KHEHEROERSFERE
Table 7 Principal component eigenvectors of leaf
morphological traits in F, progenies

Pk ﬁ%*fﬁ%} My
Traits The first principa The second
component principal component
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Legend: The violet full line was represented the boundary of region in genetic control from parents to progenies. The pink

shade was represented the distribution region of intermediate-type leaves (ITR). The green and orange shade were represen-

ted the distribution range of paternal-type and maternal-type leaves respectively (PTR and MTR). And the remaining area in

pale yellow was the distribution region of transgressive-type leaves (TTR). Other abbreviations in this figure: PLD, holistic

leaf morphological differences between parents; TGB, total genetic bais of progenies. Quantitative relations of linear distance

2¢=PLD; 2a=2c¢+SD; b2 =a2 -c2; rl =12 =¢/2.
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Fig. 5 Two-dimensional (2D) distributional scatter with principal component of leaf

morphological traits in hybrid population
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Genetic Variation Analysis of Leaf Morphological Traits in Populus
deltoides cl. ‘Danhong’ x P. simonii cl. ‘Tongliao 1’ Hybrid Progenies

CHENG Xing-qi,JIA Hui-xia ,SUN Pei,ZHANG Ya-hong ,HU Jian-jun
(State Key Laboratory of Tree Genetics and Breeding, Key Laboratory of Tree Breeding and Cultivation of National Forestry

and Grassland Administration, Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [ Objective ] To reveal the genetic variation pattern of leaf morphological traits in poplar intersectional
hybrid population, and to lay the foundation for studying their genetic mechanisms by analyzing the leaf morpho-
logical indexes in 422 F, progenies from P. deltoides cl. ‘Danhong’ x P. simonii cl. ‘ Tongliao 1°. [ Meth-
od | Seven indexes (leaf area, length, width, perimeter, petiole length, vein angle and the distance between lar-
gest width and blade tip) were measured through Yaxin-1241 portable area meter and manual measurement. Four
indexes (the ratio of leaf length and width, relative length of petiole, position of the largest width and leaf margin
factor) were calculated. Correlation, path coefficient, genetic and principal component analysis were accom-
plished by SPSS software. | Result] Significant differences were found between two parents for all morphology in-
dexes except leaf margin factor. Plentiful phenotypic variations with normal and continuous distribution existed in
hybrid population. As many as 36 of 45 pairs of correlations which were up to significant or extremely significant
level. The result of path coefficient analysis indicated that the leaf area was determined mainly by leaf length and
width. Two main factors were obtained through principal component analysis, which explained 80. 19% of total
variations. Standardized value of first principal component in progenies was fallen completely between two par-
ents, with 64.69% were distributed on the same side of male parent, while the second principal component was
evenly distributed on both sides of the median parents. Two indexes of leaf size (leaf area and petiole length) in
progenies were lower than the median of parents, and the mean was closer to male parent. In contrast, the leaf
shape indexes (relative length of petiole and the position of maximum blade width) were closer to the female par-
ent. Other indexes were closer to the median of parents. Most indexes of leaf morphology were between two par-
ents except the ratio of length and width, the leaf margin factor and the lateral vein angle. [ Conclusion | There
are significant differences in leaf morphological traits between two parents. The variation of leaf morphological
traits in their progenies is continuous and plentiful, and these traits are closely associated, among which leaf
length and leaf width are the main factors determining leaf area. Leaf area, petiole length and position of the lar-
gest width have a evident genetic bias, the leaf shape of hybrid offspring which is more similar to P. delioides cl
‘ Danhong’ poplar shows a strong maternal effect, while the leaf size shows a genetic bias toward the male P. si-
monii cl. ‘Tongliao 1° parental effect. The comprehensive leaf shape index of 30.09% progenies has the trans-
gressive segregation phenomenon, which has great potential for selection, and could be utilized in tree breeding in
the future.

Keywords: Populus; progenies; leaf morphological traits; genetic variation
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