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Abstract: A metabolomic study using GC/MS analysis was conducted to identify key metabolic components
regulating the growth of open-pollinated Pinus koraiensis families, which were grown for 29 years at three
different locations. Among 110 individual metabolites identified, the contents of 62 metabolites were higher in
the superior than in the inferior families (p<0.05), together with 22 metabolites, such as phosphoric acid,
alanine, glycine, malic acid, and sucrose, being accumulated 1.5-fold higher in the superior families. In addition,
15 metabolites including alanine, malic acid, sucrose, d-turanose, and succinic acid showed positive correlation
with the growth (p<0.01). Furthermore, the metabolites, of which contents were correlated with the growth but
not significantly changed at different locations, were acetic acid, succinic acid, butanoic acid, glutamic acid, and
inositol. Therefore we suggest that several metabolites selected in this study may be used as metabolic markers
for quantitative growth trait in P. koraiensis.
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Table 1. Analysis of variance for site and family effects on
the growth characteristics of 29-year-old Pinus koraiensis.
DBH represents stem diameter at breast height.

Mean of square
DBH Height Volume index

Sources of variation ~ df

Fk

Site 2 66217 2.86 2,307
Family 5 28741 1793 9,941™"
Site x Family 10 12.94™ 1.55™ 362°
Error 72 4.80 0.84 155

ans***

: or ““mean non significant or significant at p = 0.05, 0,01,
0, 001 respectively.
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Table 2. Mean values of growth performance among 29-year-old families of Pinus koraiensis.

Family Growth performance DBH (cm) Height (m) Volume index (m®)
Gangwon 14 Superior 24.3£22%b® 13.1£0.7a 0.784+0.161a
Gangwon 22 Superior 22.74£3.1b 13.0+0.5a 0.688+0.199b
Geonggi 47 Superior 24.443.0a 13.4+0.6a 0.816+0.205a
Geonggi 33 Inferior 18.3£2.3¢c 11.8+1.3b 0.402+0.092¢
Jeonnam 9 Inferior 15.6+1.9d 10.9+0.7¢c 0.274+0.067d
Jeonbuk 1 Inferior 14.6+3.1d 11.1+1.4¢ 0.251+0.134d

2 Mean=S.D., >:Duncan's multiple ranges test at 0.05% level
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Table 3. Mean values of growth characteristics of 29-year-old Pinus koraiensis at three different field trials [Chuncheon(CC),
Chungwon(CW) and Gunpo(GP)].

Family Growth performance Site DBH Height Volume;ndex
(cm) (m) ()
CC 24.7+2.2%° 13.7+0.9a 0.950+0.176a
Gangwon 14 Superior CwW 25.4+1.5a 13.0+0.4ab 0.943+0.098a
GP 22.8+2.5a 12.6+0.4b 0.660+0.147a
CC 25.3+2.5a 13.1+0.4a 0.945+0.146a
Gangwon 22 Superior Cw 22.6+3.4ab 13.0+0.6a 0.693+0.232ab
GP 20.3+1.3b 13.0+0.5a 0.537+0.069b
CC 26.9+0.8a 13.4+0.7a 0.964+0.072a
Geonggi 47 Superior CwW 25.0+£3.1a 13.5+0.4a 0.960+0.209a
GP 21.5+2.0b 13.2+0.7a 0.616+0.126b
CC 20.2+2.0a 11.0+1.6b 0.453+0.106a
Geonggi 33 Inferior Cw 17.9+0.7ab 13.0+0.5a 0.411+0.041a
GP 17.1£2.9b 11.6+1.0ab 0.342+0.093a
CC 15.74+2.6ab 10.7+0.5a 0.269+0.082ab
Jeonnam 9 Inferior CwW 14.3+1.0b 11.0+£0.7a 0.227+0.032b
GP 17.0+1.0a 11.2+1.1a 0.325+0.045a
CC 17.4+3.3a 11.0+2.0a 0.355+0.191a
Jeonbuk 1 Inferior Cw 12.4+1.5b 12.0+0.5a 0.195+0.040a
GP 14.1+2.3ab 10.2+1.3a 0.213+0.091a
2 Mean£S.D., >:Duncan’smultiple ranges test at 0.05%level
100 100 100
80 . 80 - . 80
§60 . §so- .. ; §so- o3 .
(3; . .t...:v. . (;_ .';-:.'-. ,.: . (é ¢ . Ve
IR { VI R OR Y * 2 RILY NP AU
° 20 "f‘: ' . | .a.""'-' o 2 2 :—érﬁ . °
0 .". T T T 0 : T T T T 0 T T T T
20 40 60 80 100 20 40 60 80 100 0 20 40 60 80 100

Chungwon, CV(%)

Chuncheon, CV(%)

Chuncheon, CV(%)

Figure 1. Scatter plot of coefficient of variation (CV) of 110 metabolites in the inner bark tissues of Pinus koraiensis grown in
three different field trials. CV (%)=standard deviation/mean value x 100.

al., 2005; Lee and Han, 2012).
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7t = AFOE YERSITE o9} ho] Wol Al gro] & L, EAE7] flste] A9 7he] FAIW A A S o
A Aol A=A e AL Wo] E27F 2|7} e A S8 FAREEMS AANE A A 7l WHol7F =2
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Table 4. Variations of the metabolite contents in the inner bark tissues of 29-year-old Pinus koraiensis grown at three different

field trials.

Metabolites showing strong variation among sites

Metabolites showing weak variation among sites

Alanine, L-Lysine, Glycerol, Glyceric acid, Propanoic acid, Malic acid,

Erythronic acid, L-proline, Sucrose, Catechine, Unknown (25 species)

Acetic acid, Phosphoric acid, Succinic acid, Butanoic acid,
Glutamic acid, Inositol, Unknown (12 species)

N

phosphoric acid, succinic acid, glutamic acid 5 <!
2 e THTable 4). A7kl Wo|7} we At
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A8 Table 59+ 2t} 110
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Zo Al B4 F 62T WA £4 38F X0l Fo A
2ol 7t A om B A S-FrHA oA AR T
S =A ek A= A2 YEiT) ol 8 Zelrt
A 62% % phosphoric acid, alanine, glycine, malic
acid, sucrose, d-turanose, succinic acid 5 2259 A=
A& A Az7HAC Bls] A7 7oA 158 o]
& E=A FHrElo] AATH Table 5). $H 2|9 B-Z31ar A
A G T SR A=A dHAAE B4 g
A3 A= 11055 315°] 794 33334 (p>0.05)

7t A H(Table 6). 53] F 2145 7+l 24 Z}ol7t Q)
¥ acetic acid, alanine, malic acid, sucrose, fructose,
inositol, d-turanose, succinic acid 5 315(FA =& 16
& Z3hellA aree] o] AFAaA(p>0.01)7t JAT. Bt
o] A A3AAI 7 = malic acids®} succinic
acide A&l T4 A& sk= TCA 32
(tricarboxylic acid cycle)?] 74 B3 o] (Meyer, et al.,
2007), sucrose= 2] =9] A7} W] #ofdl= AlE o

Table 5. Relative contents of metabolites between superior
and inferior families of 29-year-old Pinus koraiensis.

. Ratio : rior i)
Metabolites In?ft:r(i)ors(lfg)rrelil?es/) "l%t%led; 1tJ
Acetic acid 1.22 0.050
Alanine 1.80 0.028
L-Lysine 1.48 0.003
L-Norvaline 1.87 0.005
Glycerol 1.25 0.038
Phosphoric acid 2.01 0.000
Glycine 1.60 0.004
Succinic acid 1.55 0.001
Glyceric acid 1.44 0.003
L-Serine 1.29 0.029
Propanoic acid 1.44 0.000
Malic acid 1.59 0.000
Erythronic acid 1.45 0.002
Butanoic acid 1.65 0.001
L-Proline 1.46 0.000
Glutamic acid 1.44 0.003
Xylonic acid 1.45 0.007
Benzoic acid 1.80 0.000
D-Fructose 1.27 0.008
Inositol 1.44 0.000
Myo-Inositol 1.28 0.008
Sucrose 1.55 0.000
Catechine 1.32 0.031
D-turanose 1.60 0.002

39 (Smha et al., 2002). Inositol 3}3+
Lo g Aol gk NA =
= @"F’rﬁ}l 3 1jr(Stevenson et al., 2000; Lee et al.,
7}1—1/}._‘?_,] 57]141 EZT /\-]b‘ 6‘]—3]:37,]_ /K(EZ]—E]:}L]_
Mo A = mallc acid, inositol 2 sucrose”} A7
o5 B yAEy HEHo|
d Xéﬁi v}7} 2 th(Lee and Han, 2012).
gk AR o] - A= A A= A
FANA TCA 32384 trtEdoly 3 35+
inositol®] &&o] AF-o] FA] 5
Ao 7 FHHT} E3] acetic acid,
succinic acid % inositol> 72| FFS HA TOHA
T AT o)A A7 Qo] A TNAIE A
3 F Y= ;H/\].E;di ;GE]]:].

@] sucrose, fructose 2
U_ Mioﬂ )\1 1:1‘: l.—_
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Table 6. Determination of Pearson’s correlation coefficients between growth parameters (DBH, height and volume index) and
the levels of metabolites in the inner bark tissues of 29-year-old Pinus koraiensis (n=89).

DBH Height Volume index

Metabolites Correlation Correlation Correlation

coefficients p value coefficients pvalue coefficients pvalue
Malic acid 0.481 0.000 0.488 0.000 0.506 0.000
Propanoic acid 0.466 0.000 0.436 0.000 0.503 0.000
Sucrose 0.455 0.000 0.487 0.000 0.497 0.000
Inositol 0.451 0.000 0.454 0.000 0.503 0.000
D-turanose 0.433 0.000 0.379 0.000 0.454 0.000
L-Proline 0.419 0.000 0.485 0.000 0.450 0.000
D-Fructose 0.408 0.000 0.381 0.000 0.453 0.000
Glutamic acid 0.397 0.000 0.276 0.008 0.406 0.000
Succinic acid 0.388 0.000 0.303 0.004 0.406 0.000
Glyceric acid 0.316 0.002 0.309 0.003 0.324 0.002
L-Threonine 0.311 0.003 0.237 0.024 0.351 0.001
Alanine 0.310 0.003 0.225 0.033 0.336 0.001
Acetic acid 0.303 0.004 0.245 0.020 0.310 0.003
Butanoic acid 0.302 0.004 0.275 0.009 0.303 0.004
Catechine 0.298 0.004 0.307 0.003 0.328 0.002

z = & Aol A SR frelH o B s

39 o FHHA,
o] A% Ao whE A SR 4 A%
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