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Abstract: [Objective] Height and diameter are two important growth traits in the life cycle of trees. This
paper quantifies the interaction between the stem height and diameter of Populus szechuanica var. tibetica,

explores the growth process and patterns of these two traits, and reveals the genetic regulatory mechanism of
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the dynamic growth of P. szechuanica var. tibetica stems. [Method] We constructed dynamic growth
interaction differential equations for the height and diameter traits of P. szechuanica var. tibetica based on
the allometric growth model and game theory, and used system mapping to build a statistical model for
genetic analysis of the stem growth of P. szechuanica var. tibetica. Furtherly, a natural population of P.
szechuanica var. tibetica was used to investigate the dynamic stem growth in greenhouse. Combined with
the high-throughput molecular marker data of this population, the genome-wide gene mapping of Populus
tibetica was carried out. [Result] The overall growth curves of main stem height and diameter of P.
szechuanica var. tibetica conformed to the logistic growth curve. By splitting the overall growth curve, it
was indicated that the diameter growth of P. szechuanica var. tibetica stems had an inhibitory effect on
height growth, while height growth had a promoting effect on diameter growth. The individual fitting
goodness of height and diameter of P. szechuanica var. tibetica was R* > 0.90, and the residuals of the fitting
of the two traits followed a random distribution, indicating that using the generalized Lotka-Volterra
differential equations to fit the height and diameter of P. szechuanica var. tibetica was effective. Based on
the functional plotting method, 78 significant loci were co-located, annotating 52 candidate genes. Taking
the most significant SNP on chromosome 2 as an example, genetic analysis of height and diameter of P.
szechuanica var. tibetica showed that the three genotypes of this SNP, AA, AC, and CC had similar height-
diameter interaction patterns. This SNP exhibited different genetic effects on overall growth, independent
growth, and dependent growth. Functional annotation of the significant loci identified genes related to
lignin/cell wall synthesis, growth and development, disease resistance, and photosynthesis. [Conclusion] A
gene localization model combining allometric growth model and game theory can detect how genes regulate
the size of the trunk of Populus szechuanica var. tibetica through cooperative or competitive strategies,
identify the process and pattern of dynamic trunk growth, and provide reference for deep genetic analysis of
important traits in other species.
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Tab. 1 Goodness-of-fit (R?) statistical results of stem height and diameter of 200 P. szechuanica var. tibetica plants
o R > 0. 98Ik ¥ (i 7r LE) R > 0.95 (MR HCFi 73 LED R* > 0.90 (A CFi 43 LE)
Phenotype Plant number with Plant number with Plant number with

R*>0.98 (percentage)

R*>0.95 (percentage) R*>0.90 (percentage)

7= % Height 192(96.0%)
H 1% Diameter 158(79.0%)

198(99.0%) 200(100.0%)

191(95.5%) 200(100.0%)
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Fig. 2 Residual distribution of stem height (A) and diameter (B) of Populus szechuanica var. tibetica estimated by

generalized Lotka-Volterra differential equations
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Fig.3 Manhattan map of SNP in the whole genome of P. szechuanica
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Fig. 4 Growth curves of height and diameter for three genotypes of GameQ.2 locus in P. szechuanica var. tibetica
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Fig. 5 Genetic effect curves of height (A) and diameter (B) with time at the GameQ.2 of P. szechuanica var. tibetica,

as well as the genetic effect curve between the two traits (C)

=%
F2HA

K S5 AR K B e R A B (RSSO FE G P 5 i )
FHIZ o 3X 3 Fh ik DA B A v FE 7 1D ) A K 26 43 il Ry
3.00. 3.84. 3.28(P < 0.01), Tfi7E H A2 J7 [ A4 K3l
RN 1.50, 1.38 1.45(P =0.12), FEF A )2 &
MTEmENAEKERGEEESR, AT EAENE
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Fig. 7 Interactive growth pattern parameters of different genotype heights and diameters at GameQ.2
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R R SRR 1 78 AN 3 SNPs ITfE et
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FRAADREEA . AR KR B AR IR IR O st M A DG 3
R 5 % & 1 AR 96 38 R 25 28 50 (R 2). il

calcium/calmodulin-regulated receptor-like kinase 2

(CRLK2). UDP-glycosyltransferase7T6B1(UGT16B1 )+
transcription factor bHLH137(BHLH137) 5 {EAE 4 1H
X FE VL A A B e 2% 1R IR O B R
SOMBRERO(SMB). LOB domain-containing protein
15(LBD15)+ glucuronic acid substitution of xylan
(GUXOZEE AR A K K B LA P B Hh A S0k
HI& A 9% RIX e EE R 3EAT GO 70 #r, 7E4H 4
I T OIRE YRR 3 AT E R T
62 N GO W 5%, e 16 /N 5% 55 41 g 20 0 S8 35 A
XK, 28 MK 50 FIhRe A O, 18 Ml sk 54
Vg R R DG AN 3 AT TH 43 A AR B i
Z REAL AT 10 A A S hil AR R B (] 8) . 7
A L 2H 53 5 TH, T BEE AR B R 4H B 43 (integral
component of membrane, GO: 0016021). Jii [l (plasma
membrane, GO: 0005886); 7£7> T I AEJ7 [, £ 4%
££3] ATP 454 (ATP binding, GO: 0005524) . & 1
I 7% 14 (protein kinase activity, GO: 0004672). 1%
A [r) 25 ¥ 2H B Cstructural constituent of ribosome,
GO: 0003735); fEAW) L R Uy THl, T2 2w R B oK
I $ F1 DNA #% #R (regulation of transcription and
DNA-templated, GO: 0006355). & ¥ (translation,
GO:0006412),
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Tab.2 Gene annotation of significant sites in P. szechuanica var. tibetica

S Rtaufhs B K G5 FL K 44 B
Category Chromosome No.  Gene ID Gene name
3 LOC18097081 M V% S M 25 Endoglucanase 25(EG25)

UDP- I RE R : AR SEWH o BT PR S B RS il S

> LOC18098789 UDP-glucuronate: xylan alpha-glucuronosyltransferase 5(GUX5)
AR5 3R 4 P BE A A O B[R] 10 LOC18102703 UDP-¥E %L 4: 7 §76B1 UDP-glycosyltransferase 76B1(UGT76B1)
Lignin/cell wall synthesis related gene 13 LOC18104206 LOB&E #4382 115 LOB domain-containing protein 15(LBD15)
AT e LRI IR S B 1S
14 LOC7466295 Probable galacturonosyltransferase 15(GAUT15)
19 LOC18108359 # [41)fi SOMBRERO Protein SOMBRERO(SMB)

s 1 LOC18109358 M4 75 25 U 1 2 B Puromycin-sensitive aminopeptidase(PSA)
%J&’iﬁ E“f%l 4 LOC7470186 1£[F1JE MR 43 [H AGAMOUS Floral homeotic protein AGAMOUS(AG)
re{;’fg; ga;e evelopment LOC7457804 E3{Z %% (134 %/ RIE1 E3 ubiquitin protein ligase RIE1(RIE1)

15 LOC7457575 XU 51 8 (A B EREF PHS1 Dual specificity protein phosphatase PHS1(PHS1)
2 LOC7479726 #%3%RF bHLH110 Transcription factor bHLH110(BHLH110)
4 LOC18097671 /8 8 2R 1 RO B LG 2
PO PN AR eI Calcium/calmodulin-regulated receptor-like kinase 2(CRLK2)
Disease resistance and stress 13 LOC7489694 Y-t & R S (L2 Plant cysteine oxidase 2(PCO2)
resistance related gene 15 LOC7457571 3T bHLH137 Transcription factor bBHLH137(BHLH137)
S LEE 2
18 LocTa7otly MR 1

Protein ENHANCED DISEASE RESISTANCE 2-like(EDR2L)
LOC18095847 N-0- Z. i H 44 #% l§ MAK3 N-alpha-acetyltransferase MAK3(MAK3)
LOC18097764 M£34k I 2k # 4 B§2 Ferrochelatase-2, chloroplastic(FC2)

LOC7471975 2% DMR6% #1312 Protein DMR6-LIKE OXYGENASE 1(DLO1)
Yeth PR g K YRR R 112-1

Structural maintenance of chromosomes protein 2-1(SMC2-1)

5 LOC18099665 4llJiil 2 P450 94A1 Cytochrome P450 94A1(CYP94A1)

Je e AE AR R A

Photosynthesis related gene

W N =

LOC7479194

HoAth Qthers 5 ‘
’ 6 Locrsone MR ATPHS PAAY
Copper-transporting ATPase PAA2, chloroplastic(PAA2)
R I 245 52 P 2R 11
6 LOCTAT1545 = &M BRI0 I 32 /R B 11 0% PERK 1

Proline-rich receptor-like protein kinase PERK1(PERK1)

HE A ZH B 4) Integral component of membrane

JGiiiE Plasma membrane

FJRIENR Golgi membrane

#% Nucleus

5% R TFID & 43 Transcription factor TFID complex
WL Vacuolar membrane

AHIfL)5E Cytosol

IR B 15 A4 Kinesin complex

A% Microtubule

W Z A A4 Riboflavin synthase complex

ATP %45 ATP binding

TG E Protein kinase activity

R S5 ALK Structural constituent of ribosome

6,7- W JE-8-F% ¥ KRG ME 6,7-dimethyl-8-ribityllumazine synthase activity
DNA %44 DNA binding

mRNA %54 mRNA binding ZIZH 43 Celelular component (CC)
A2 3% Microtubule motor activity N .
ik a-N-ZBEF: RS BTG Peptide alpha-N-acetyltransferase activity 73 Ui Molecular function (MF)
#4543 Iron ion binding 433 #2 Biological process (BP)

TAF 454 Microtubule binding

o sf R F DNA B4R Regulation of transcription and DNA-templated
HH¥ Translation

HE TR L Protein phosphorylation

WS IR 3132 3) Microtubule-based movement

T AR R E R A M i Lysine biosynthetic process via diaminopimelate
K8 R YA LR Riboflavin biosynthetic process

AFH A F Xylem development

N-A 0 IR FH B 2R £, £k N-terminal peptidyl-methionine acetylation
TASEHE R A id B Diaminopimelate biosynthetic process
LY SRS R Cellulose catabolic process

0 1 2 3 4
A% Number of gene

K8 GO H:RHIREL
Fig. 8 GO gene annotation information
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