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Sapwood and Heartwood Variation Pattern and Candidate Gene Discovery
in Eucalyptus cloeziana
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Abstract: In order to provide the genetic resource for accelerating the breeding in Eucalytpus, the variation of

heartwood and the related candidate genes were explored in E. cloeziana. Wood discs were cut at intervals of
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1 meter along the stem of felled tree in two 18-year-old families with contrasting high and low heartwood width,
and each family has three individuals. The diameter outside and inside bark, overall ring number, sapwood ring
number, sapwood width at two directions of northeast and southwest were measured. Radial and axial analysis
were analyzed and the DNA from developing xylem tissues were harvested at breast height and used for bulk
DNA sequencing, the SNP loci and the functional genes highly related with the variation of heartwood were
discovered. The variation of sapwood width and heartwood radius among orientations were the highest in family 2,
the average difference in family 1 and 2 were 0.7 and 5.5 cm, respectively. The decrease rate of heartwood radius
and ring number with tree height were 0.40 and 0.64 in family 1, and 0.43 and 0.36 in family 2. The average basic
density of E. cloeziana was significantly different between two families, with family 1 ranged from 0.80 to
0.82 g/cm’®, and family 2 from 0.75 to 0.78 g/cm?®. The basic density was negatively correlated with tree height,
cross-section radius and heartwood radius, and positively correlated with tensile strength parallel to the grain and
the hardness of tangential section, along some mechanical properties. Using Bulk DNA sequencing, a total of
1842 SNPs with high difference allele frequency were screened. Approximately 55.8% of these SNPs were
distributed between genes, 18.3% in the upstream region, 16.3% in the downstream region, 5.1% in exons and
4.4% in introns using SnpEff annotation. The identified SNPs were used to locate the genes belonging to 50 terms,
mainly related to plant cell division, plant cell membrane and plant protein kinase by GO enrichment analysis. By
conducting the radial and axial analysis of these two families with contrasting high and low heartwood width, the
trend of sapwood and heartwood variation were discussed. The SNPs and candidate genes were screened by bulk
DNA sequencing, and the functions of genes involved to the process of sapwood formation were explored.

Key words: Eucalyptus cloeziana; Single nucleotide polymorphism (SNP); Tree rings; Heartwood; Sapwood
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Prep Kit for Nlumina f 3R 2H S0, SCRERAL 5
ZFE A F) BEATINF » Bulk DNA U 55088 48 /) Trim-
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Table 1 Timber data of Eucalyptus cloeziana
%% e . WE e E&TE' i LA L %ZISZJIE
Family No. ree height DBH (cm) Height to living ~ Crown diameter Hear'twood Basic der:51ty
(m) branch (m) (m) ratio /% (g/cm’)
1 (C4119) Al 223 23.0 6.4 4.0 59.4 0.80
A2 21.4 23.9 6.3 6.5 50.3 0.82
A3 20.0 20.2 6.7 5.5 543 0.81
FH)EhREZE MeantSE 21.23+0.95 22.37+1.57 6.45+0.17 5.33+1.02 54.63+3.72 0.81+0.01
2 (€4080) Ad 31.0 37.2 10.8 8.5 69.7 0.75
A5 28.2 34.4 8.7 5.6 71.9 0.76
A6 263 413 11.9 8.9 63.0 0.78
PHIEARAEZ MeantSE 24.13+4.89 27.10+£7.29 7.93+2.03 6.83+1.24 68.19+3.78 0.76+0.02
P 0.009* 0.003" 0.013* 0.140 0.022* 0.013*

*: P<0.05
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Fig. 1 Orientations variation of sapwood width and heartwood radius in Eucalyptus cloeziana

ZHN T4 cm, 5K FR 2 FU(7.6 cm), 2 NE R
AR 138 22 (B e FE AR A AAREL,  #4 6~7 em.
2 NERIIOM AR EAE W AR TR ZE BRI 13~15,
HEE R, KR 1 ROMERZHNTER
2, f£E53mana/NTFRR 2, HIUREEFER
HOP I ZAEER R 11 IS KR AL 2RO A 4
AR = I IR, 5O R TR B
FHA(E 2) 0 — IR ERBUREF LG T O AR RO A
REESWEMRR, HPER 1 5XR 2 EOMF
RO FERCE B3 R T 89%H1 95%, 97%AH
96% AR . DM AR LK R 1N FFERRS N T
KFR 2, MUMERNMERR 1 IR EELT
FER2(F2),
2.3 FRNMLMRNAMERR

FF 1A 2 [0 S A SOEETRS, J E
MZH . B OM R, KR M2 %
W, N 74%F0 73%, THHEOM R EZREK,

2 MR G ERECS R R R ) 5 R

Table 2 Regression equation of tree height with radius and ring number of

heartwood
KHR AR DR
Family Heartwood radius Heartwood ring number
1(C4119)  y=-0.40x+8.23, R?=0.89 y=-0.64x+14.38, R?=0.95
2(C4080)  y=-0.43x+14.79, R>=0.97 y=-0.36x+14.18, R?=0.96

AR 1T%H0 12%, 108 28 5 1 0o A4 ZE R0 4 22 B AR
m TR, PIANRK FR A0 2N 26
WAASIC R AR, HARER 148 16 m, AT
AR 4/5 b, TR ZR 2 N 23 m, AT EAERME
1 9/10 kb FHAMK R 2 78 0~13.3 m AL Cobf 4
FRTE 70% /4, MR R 1 EARE RO FX[E
(K 3).
2.4 F RSB FAE AT

KE 1A 2 AR HEEAE B2 53 31 0.80~0.82 FH
0.75~0.78 g/em?, H 2 NERMERBZE, TH%E
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Fig. 2 Variation of heartwood radius and rings number with tree height in Eucalyptus cloeziana. A1-A6 see Table 1.
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Fig. 3 Heartwood rate and sapwood rate of two Eucalyptus cloeziana families

—0.875, S AR UG W m RTLbE o
foo RTAERE . PUEHVERR 2 A 2R R E . HA
# L S SL A 2 2 ARG, BRI R RO

{65 0.048 g/em® (3R 3). FEARZE 5L 9 E
FOSZTHAE FE 2 IEAH A, HoAt IR IR A o ki oK,
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Table 3 Correlation analysis of wood basic density in Eucalyptus cloezia

F8¥F5 Index MOE ac BD H DBH Hr CSR Sw HTS
MOE 1 —0.806 -0.828" 0.810 0.660 0.749 0.729 0.267 -0.761
oc 1 0.768 —0.803 -0.921* -0.910 -0.913* —0.618 0.790
BD 1 -0.963" —0.779 —0.875" —0.847" 0.356 0.893"
H 1 0.859" 0.922* 0.901* 0.566 —0.788
DBH 1 0.980" 0.987** 0.810 —0.752
Hr 1 0.998** 0.710 —0.841"
CSR 1 0.737 —0.824*
Sw 1 -0.233
HTS 1

*: P<0.05; MOE: i sftiee; oo NSRS, BD: AMEEAZEE; H: W, DBH: Mf%: Hr OM4%; CSR: BAEIIAE; Sw: UM TERE; HTS: 5%

TR o

*: P<0.05. MOE: Modulus of elasticity in static bending; oc: Tensile strength parallel to grain; BD: Basic density; DBH: Diameter at breast height; Hr: Heart-

wood radius; CSR: Cross-section radius; Sw: Sapwood width; HTS: Hardness of tangential section.
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Fig. 5 GO enrichment (A) and KEGG enrichment analysis (B) of candidate genes related to heartwood variation in Eucalyptus cloezia
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