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Comprehensive multi-trait evaluation of Larix olgensis progeny families

Liu Mengyuan Song Ruike Wang Libin Yan Pingyu Wang Jiaxing Miao Xiaotian
Zhang Lei Hao Junfei Zhang Hanguo

(National Key Laboratory of Forest Tree Genetics and Breeding, Northeast Forestry University,
Harbin 150040, Heilongjiang, China)

Abstract: [Objective] This study aimed to conduct a multi-trait comprehensive evaluation of open-
pollinated families of Larix olgensis to preliminarily screen superior families and provide high-quality
materials for the construction of a breeding population. [Method] The study utilized 12-year-old multi-site
trial forests comprising 39 open-pollinated families from three locations: Qingshan Forest Farm in Linkou
County, Heilongjiang Province; Hada Forest Farm in Fushun County, Liaoning Province; and Daguijia
Forest Farm in Qingyuan County, Liaoning Province of northeastern China. Growth traits were investigated,

and wood property traits such as stress wave velocity and amplitude were measured using non-destructive
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testing techniques. Needle samples were collected for DNA extraction and InDel molecular marker analysis.
The Burke-Gilman comprehensive evaluation method was applied with a 25% selection rate to perform both
conventional evaluation (considering growth and wood properties) and comprehensive evaluation
(integrating growth, wood properties and genetic diversity). [Result] (1) All traits of L. olgensis showed
highly significant differences (P < 0.01) among families, locations and their interactions. The coefficient of
variation ranged in 10.54%—64.34%, indicating substantial selection potential. The family heritability ranged
in 0.693—-0.798, indicating a high level of genetic control. (2) Molecular variance analysis revealed that
genetic variation primarily occurred among individuals. The overall genetic differentiation index was 0.148,
indicating moderate genetic differentiation. The average Shannon-Wiener diversity index of the population
was 0.514, reflecting high overall genetic diversity. The inbreeding coefficients of all families were less than
0, suggesting excessive heterozygosity in each family. The population was broadly divided into three
clusters, including Xiaobeihu 1, Muleng and mixed group. (3) Compared with comprehensive selection,
conventional selection resulted in higher actual genetic gains but lower genetic diversity. Through the
integration of both methods, six superior families of LK299, NB124, NB173, LK450, CH309, and CH171
were selected. [Conclusion] The growth and wood property traits of L. olgensis families exhibit rich
genetic variation among families, with overall high genetic diversity. The six selected superior families
belong to different subpopulations, balancing phenotypic traits and genetic diversity, and can serve as
excellent materials for improving variety production in L. olgensis.

Key words: Larix olgensis; non-destructive testing; genetic diversity; multi-trait comprehensive evaluation;
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Tab. 1 Primer No. and sequences for InDel

Gl R EMF(5—3D

R FIH(3—5"

20

24

33

34

61

83

88

91
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111

GGAGAAGGTGAGTGGAGCAACA

GGCAGGATGTCCTTCTCTTCTCTTC

TGGAGAACAACTTATTGAGGTAGGC

GCAAGACTTCTTACGGTCCACAC

CTCGCTCTCCCTCATCTGAATTGC

ACCTCCACTCCTACTTATTCATCGT

ACTTTGATCCAATCTCCTTCACTCA

ACATTAGTCGGAATGGTCACAGTTC

TTCAAAGTTCGGTGAACCTGGAAAT

GGTGAGCATACACAAACAAACATTC

GGAAGTCATCTGTCTGTTGTGGTCT

TCAGCCAGTCTAATCAGCCATTACT

AGAGGCAAGCACACATATAGTTTCA

CTCTCTCAGGCACTAGGGTTTCTTT

ATTACAACAGTAAGGCACAGGATTG

AAATAGCATTCCTCCGGTTCCTTT

ACTGTTATTGCCACCACTGCTGAAT

CTCAAGGAAGACCAGACCCTAAAGA

CAAACCATCCTCCTTGAATTCTTGT

AATGTGATGAGAGCAAAGTCGTTCA

AAACAACTTCTTTCAACCCTGTAGC

AGAAGAGAAGTAAATCCCGTGAAGT

TCCCTTAAATGTTGCACCGCCTAG

GCACATCTTCCTCTCCTTTGTCATA
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*F-14J Shannon-Wiener % £ 14 $8 40N 0.514, )i B %
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Z FE AR BN B O B B d K, 43 il A 0.697 Al
0.439; % 5 CH333 [ 55 {7 ZE K . Shannon-Wiener
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Tab. 2 Single-point ANOVA and genetic parameter analysis

AR SR RN A i MK KINK KAWL 1) 255t RE(CV)/%
W& CHD 38 9.998%** 3.420%* 7.718%* 0.752 21.21
J9 4% (DBH) 38 7.987%% 2.025%* 3.633%* 0.694 27.68
N M 38 9.120%* 2.014%* 4.054%% 0.704 64.34
A LI ) 38 4.203%* 3.578%* 13.460%* 0.708 10.54
Mg () 38 6.498%* 2.201%* 9.794%* 0.693 20.15
MR A X E (MOEp) 38 7.495%% 3.509%* 17.252%* 0.798 36.74
H 76 3.765%% 0.931 0.743
DBH 76 1.926%* 0.900 0.817
14 76 2.145%% 0.907 0.811
RE<E4 v 76 1.305 1.409* 2.324%%*
A 76 1.266 1.225 1.642%%
MOEp 76 1.147 1.141 2.219%*
i *FRIORIEP < 0.05/KF LR L3, #*RIRIEP <0.0UKF EZ R ZE. TH.
*3 SHIRBRERESH
Tab.3 Combined ANOVA for three sites
B S B H H DBH 14 v A MOEp
Hb o5 2 264.653** 113.908** 164.236** 112.357** 123.461%* 227.162%*
Hh 25 Py XA 6 1.341 0.756 0.729 4,669+ 5.063%* 7.299%*
KA 38 8.264%* 5.397%% 5.113%* 6.569%* 6.971%* 10.065%*
A x KR 76 4.221%* 3.166** 3.032%* 6.089%* 5.209%* 9.574%*
H P9 X AL x KR 228 1.561%* 1.134 1.062 1.593%* 1.392%%* 1.551%*
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Tab.4 Molecular ANOVA analysis
B S H Rl ¥ T ESE T7 25y 8% Gl (N =R 4
Hh g, 2 73.381 36.690 0.149 4
&R 35 172.166 4919 0.216 7
0.148 0.001
AN 327 977.500 2.989 2.989 89
Mt 653 1570.089 3.354 100
a CH333 [ b
LK22] [ NB124
CH349 [mmm 0.0l +——— k72
CHI6 LK638
LK593 1.K593
LK22! LK563
CH309 LK555
CHI71 CH349
LK506 NB311
CHO NB161
CH4 NB129
CH29 NB206
CHsz NB186
CH23 NBi81
LEA50 NB173
CH2 LK299
LE363 LK286
LK122 S
CH264 1 LK506
BS54 LK450
LEass LK435
. LK384
LK260
ﬁgg — LK229
— LK221
LK286 4‘
60 L LK122
LESSS CH9
NB161 CH4
NBIS1 |CH16
CH27 BS54
NBL73 CH?60
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Fig. 1 Genetic diversity analysis (a) and genetic clustering (b)
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Tab. 5 Genetic differentiation coefficients and gene flow among L. olgensis populations

pids YL Y iR AN N2
VNI 4.046 13.485 2.784 17.483
(2P 0.058 6.627 4.037 6230
g 0.018 0.036 3.616 46.687
s il 0.082 0.058 0.065 4.031
/NBIA2 0.014 0.039 0.005 0.058
VIR R AL S-SR R RIZR A RN
Fo6 HRMEXMES
Tab. 6 Correlation analysis of various traits
N, 1 H, H DBH 14 v A MOEp
N, 1
1 0.908%* 1
H, 0.828** 0.984%*%* 1
H 0 0.047 0.076 1
DBH —0.009 —-0.05 —0.048 0.851%* 1
Vv —0.002 —-0.023 -0.012 0.909%* 0.977** 1
v —0.006 —-0.021 —-0.013 0.329%* 0.224 0.313 1
A —-0.078 —0.156 —-0.176 0.082 0.122 0.123 0.650%* 1
MOEp —-0.029 —0.085 —0.094 0.198 0.182 0.229 0.900%* 0.910%*
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PR A L P X IS 25 23 93 N 27.54% 21.47%,
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R R VE B I K RsE 2R (0,495 5 454
Tk R R (0.569) F s AT 251 7K P AH EL AR
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FaECH 0.54, Witk ZREE S AR KA EU R s
50 FEAH B, A RIS 25 13.76% ~ 49.31%, 3
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ANYERE 73 i K A TR A EAT 1O LR 5 4R A
B, XK BRI RAEE 5 s F MR
R SR AL TR S ST AR . B I 2 MRS
WA ERr ik, BMERERE iR e
PRV ERGESE . SCHE ™ &8P i 3 g A i
B M (Betula platyphylla) 5 1R 2756 B FiE K ik
IToREEFE, ikt 4 MERZK R, MikthxRE
SRS IS AR LG AL 3 28 2 2 G . A SRR
AT 258 VN E M 50 DNZLKA (Pinus koraiensis)
Tt R iRk 5 M R IGVE R o AT UK F A
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sraiktE.
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®7 MRRFIALMEE

Tab. 7 Realized gain from elite families

HAERECEK + M) SRARFRCER + M + 8 2R
IS 55 /% LS 25 /%
KHR 1 K& I

14 MOEp 14 MOEp
CH309 0.419 49.31 12.40 LK299 0.645 13.76 42.62
CH171 0.421 28.54 29.65 NB124 0.668 35.11 11.10
LK299 0.645 13.76 42.62 NB173 0.589 36.96 11.06
LK450 0.499 29.33 25.19 LK450 0.499 29.33 25.19
LK229 0.419 22.14 26.78 CH309 0.419 4931 12.40
NB173 0.589 36.96 11.06 NB206 0.697 19.20 -16.62
NB124 0.668 35.11 11.10 CHI171 0.421 28.54 29.65
CH4 0.450 27.09 15.73 NB181 0.566 22.64 459
LK506 0.424 15.25 22.54 NB129 0.657 0.90 3.32
LK593 0.419 17.94 17.64 LK435 0.528 18.85 8.62
¥IfE 0.495 27.54 21.47 YiE 0.569 25.46 13.19
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T3 IR 52 8 A ) )RR B B I R R A
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