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Abstract: [Objective] The interactions between plants are of great significance to the formation of
ecosystems. This study investigated the genetic regulatory mechanisms of plant interactions at the level of
neighboring plant interactions, the smallest unit of intraspecific interactions. [Method] Using the natural
population of Populus szechuanica var. tibetica as research material, different series numbers were randomly
paired and cuttings were planted in pots to investigate the growth dynamic phenotypes of plant height
throughout the growing season. Combining SNP marker data from the population, system mapping was
performed to locate significant QTLs. GO enrichment analysis and construction of ordinary differential

interaction networks were used to analyze the functions of candidate genes. [Result] (1) A total of 92
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significant loci were mapped, annotating 31 candidate genes. (2) In GO enrichment analysis, biological
processes included auxin signaling pathways and abscisic acid signaling pathways, molecular functions
included endopeptidase activity and protease activity, and cellular components included respiratory chains
and cytochromes. (3) Among the 31 candidate genes, genes 5, 8, 10, 12 and 21 were hub genes in the direct
effect network, genes 5, 8, 10 and 13 were hub genes in the indirect effect network, and genes 5, 8 and 13
were hub genes in the epistatic interaction network, with genes 5, 10 and 13 involved in plant immune
response and environmental stress response. [Conclusion] For neighboring interactions among P.
szechuanica var. tibetica, system mapping can screen for interaction-related genetic loci, construct genetic
regulatory networks, and mine hub genes, providing a new perspective for analyzing the genetic mechanisms
of woody plant interactions.

Key words: system mapping; neighboring plant interaction; regulatory network; QTL; Populus szechuanica
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Fig. 1 Growth trajectories of left and right plants of Populus szechuanica var. tibetica over time
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Tab. 1 Variation analysis in plant height traits in P. szechuanica var. tibetica
TiH B )/ WE  WEE BRAK ot i 2 25 VR R
Item Measuring time/week Mean/cm SD (6% Full range/cm  Skewness coefficient Kurtosis coefficient

3 4.8 2.8 0.58 10.8 0.21 —-0.80 0.339

5 18.8 9.1 0.48 41.0 0.27 -0.57 0.223

7 27.4 10.6 0.39 51.0 0.21 —-0.01 0.483

9 38.9 12.7 0.33 63.0 0.44 -0.26 0.119

11 47.6 13.5 0.28 60.1 0.49 —-0.33 0.073

eI AR Left plant 13 55.4 153 0.28 74.7 0.38 -0.23 0.450
16 63.1 17.1 0.27 80.1 0.20 -0.47 0.507

19 71.1 18.7 0.26 80.5 0.13 -0.74 0.220

22 79.3 21.1 0.27 87.4 0.18 -0.77 0.141

25 83.5 229 0.27 98.9 0.21 -0.67 0.467

28 84.6 23.6 0.28 104.9 0.22 —-0.56 0.758

3 43 2.6 0.60 10.4 0.27 —0.66 0.297

5 15.4 8.3 0.54 32.6 —0.02 -0.72 0.221

7 30.1 10.2 0.34 473 -0.19 -0.44 0.267

9 39.1 12.0 0.31 513 —-0.02 —0.58 0.843

11 45.8 14.6 0.32 62.0 0.30 —-0.51 0.371

i Right plant 13 53.5 17.0 0.32 73.6 0.17 -0.57 0.360
16 60.9 19.2 0.32 83.1 0.06 —0.71 0.131

19 67.9 21.8 0.32 97.2 0.07 —0.62 0.177

22 74.7 24.1 0.32 113.4 0.07 -0.49 0.114

25 77.6 252 0.32 114.6 -0.01 —0.60 0.102

28 78.1 254 0.33 111.0 —-0.10 —-0.70 0.053
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Fig. 2 QQ plots of normality test of plants on left and right



68 D O NI %46 %

R2 MBI BGEEERNREEEREEMFINEE

Tab. 2 31 candidate genes affecting interactive growth of P. szechuanica var. tibetica and their biological functions

ERAFS  RER A TR
Gene No. Chromosome Gene ID Gene function
1 7 LOC7466772 NACH5 #3852 NAC domain-containing protein 2
2 13 LOC7473332 FHRR F B 26 Protein eceriferum 26-like
3 8 LOC7461832 A Z A B[R T2 9 Auxin-responsive protein IAA9
4 2 LOC7457882 3¢ [K 7 1 GTE6 Transcription factor GTE6
5 5 LOC7466839 £ 40 B P ) K 4208 2 I i 2 Protein aspartic protease in guard cell 2
6 5 LOC7460957 K Z-A T MK AR ES 6 TAA-amino acid hydrolase ILR 1-like 6
7 5 LOC7469161 s I Protein disulfide-isomerase
8 6 LOC7485470 P E RIS E [ 8 Equilibrative nucleotide transporter 8
9 1 LOC7475101 A K i B[R 78 [ 26 Auxin-responsive protein [AA26
10 1 LOC7470585 U 1 Hexokinase-1
11 1 LOC7475102 IQ%5 918,75 14 14 Protein IQ-domain 14
12 1 LOC7470586 A K15 H Uncharacterized protein
13 1 LOC7475105 £14EEA 3 Profilin-3
14 1 POPTR_001G190900v3 K1 H Uncharacterized protein
15 1 LOC7475107 2R N T KB ) alF 3 Mitochondrial-processing peptidase subunit alpha
16 1 LOC18094808 Myb/SANT-like DNAZE 3825 1 Myb/SANT-like DNA-binding domain
17 1 LOC18094790 I3 A28 A BRIUBAR 25 1 1 Protein root UVB sensitive 1, chloroplastic
18 1 LOC7475122 J Jif 4 5 1 25 19 ATS3B Embryo-specific protein ATS3B
19 1 LOC7475119 g D al Phospholipase D alpha 1
20 1 LOC7470594 # RWDZE 43 11 RWD domain-containing protein 1
21 1 LOC18094794 AN [ Uncharacterized protein
22 1 LOC7475124 BIG W AR R E AW R % T CHMP1BZR 4 ESCRT-related protein CHMP1B
23 1 LOC18094797 FERhA BB 8 A 4 Protein nuclear fusion defective 4
24 1 POPTR_001G194700v3  IZMEZIREE H & Ribonuclease H protein
25 1 POPTR_001G194800v3 K1 H Uncharacterized protein
26 1 POPTR_001G195000v3 A% F Uncharacterized protein
27 1 POPTR_001G195100v3  A%¥EI%ERES H 2 1 Ribonuclease H protein
28 1 LOC18094804 A K1 F Uncharacterized protein
29 1 POPTR_001G196300v3  RNAREHE 11 £ &4 35 Mediator of RNA polymerase I transcription
30 1 LOC18094816 LOBZ #3585 1 22 LOB domain-containing protein 22
31 1 LOC112328322 A HNEE A Uncharacterized protein
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Fig.3 Manhattan plot of genome-wide significant SNPs in P. szechuanica var. tibetica genome
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