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ABSTRACT - In this studythe effect ofaotstock on grafting tlmugh metabolomic analysis of lat@xevea brasiliensigamples

was verified by'H nuclear magnetic resonance (NMR) and multivariate data analysis. Sixteen metabolites present in the latex
cytosol were characterized by NMR. PCA analysis showed that the latex samples of the RR and GR groups can be differentiated. The
GR group samples present a metabolic profile similar to the RR group samples, while the RG group is in an intermediate position
between RR and GG groups. Sucrose and formate contributed greatly to the separation obtained by PCA, presenting a good
correlation between the resulfél NMR was an efficient technique to differentiate latex samples from different types of rootstocks

and grafting and in the future could be used to predict rubber production by latex analysis.
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INTRODUCTION presenting the highest latex yield and genetic variability
for disease resistance (Rippel and Braganca 2009). Due to
Latex can be defined as a stable colloidal dispersiats great vegetative and productive variabjlggringueira
of a polymeric substance (rubber particles) in an essentiafigeds are used only for rootstock formation in nurseries
aqueous medium. Other minor compounds are presentind not for field plantations. Thus, plant propagation is
latex composition such as proteins, carbohydrates, lipidseferentially made by grafting, using well defined clones,
mineral salts, etc. Latex shows a distinct concentration guch as PB 235, RRIM 600 and GT 1. Grafting does not
its chemical composition that depends of a lot of factoiguarantee that the graft of a monoclonal block will be
such as cultivation, soll, fertilizer and extraction proceduréogenic; in most rubber trees such expected uniformity
Due to its intrinsic structure, latex possesses uniqly vegetative propagation does not occur (Cardinal et al.
properties, being used in several industrial process2g07).
(Rippel and Braganga 2009). Metabolomic analysis is defined as the identification
Natural latex is extracted frohtevea brasiliensisa  and quantification of all metabolites in a biological system.
tree also known as seringueiramong the 1 Hevea In practice, most metabolomic studies are restricted to the
existing species, thierasiliensisis the most outstanding, use of analytical techniques capable of providing a general
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view of the metabolites, thus producing a metabolic =~ TwoHeveaclones yizRRIM 600 and GTL) and two
fingerprinting of the system. Plant metabolomics is definedevearootstocks\iz. RRIM 600 and GT 1) were combined
as the application of this concept to a specific systemit@give four combinations. The illegitimate seeds for the
plant cultivated under defined conditions. In this casepoststoks were collected in the border of monoclonal
the objective is to provide a broad view of the metaboligiocks sizing at least 2.0 ha. The sections (clones) were
state of the plant, and show how the variation of this metabogellected from the budwood stock nursery in Pindorama.
pattern dects the system under study €iwerth2003,  Thee seeds were germinated in pre-nursery and transferred
Schripsema 2010). to polybags. One year lafehe rootstocks raised in the
Several detection techniques have been used f8élybags were budgrafted with the two clonal materials

metabolomic analysis, with the most outstanding bein@ections). Each of two rootstocks and two scions were
mass spectrometry (MS) and nuclear magnetic resonarygt up four combinations @ble 1).

(NMR) (Jonsson et al. 2004, Dunn et al. 2005). These
techniques can be used directly or hyphenated to separafieble 1 Experimental design of the collected latex samples
systems, such as I|_qu.|d or. gas chrqr_ngtogra‘ﬁhg mal_n Sampl Grafting . Roofstockt
advantage of MS is its high sensitivity and capacity t0 ¢oge Rootstock __ Grafting __ Code
detect hundreds of metabolites in a single run. NMR stangisqzos—— oo e ir G
out for its reproducibilityshort analysis time and mainly  rrio
for its structural identification capacity RRII
NMR is based on the principle that nuclei of certain ﬁzlé
atoms, when placed in a magnetic field, are capable ofrci4
absorbing electromagnetic radiation at a characteristic Egiz
frequency depending upon the position of each nucleus g,
in a molecule. This radiation is later emitted and detected, Gri8
producing a resonance spectrum of the nuclei that were®*"
excited (Jacobsen 2007). The large amount of information ggz) ;
inalH NMR, i.e., dozens of compounds that can be detected¢622 €G06
and which, in turn, present hundreds of resonanceg’gif1 ) X ) X ggg;
frequencies, makes its analySiS quite laborious. Often the%%otstock latex samples were taken from the graft samples studied.
spectra contain information not very well perceived throughRIMM 600 (Tijir 1 x PB 86). © GT1 (primary clone). x: present; -:
a simple visual inspection. Thus, the use of statisticaf’**™"
computational programs has helped to obtain these
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) R . . ; When the four scion-rootstock combinations were
results, with multivariate data analysis being a widely year o1, a total of 24 latex samples were collected and
applied strategy @ylor et al. 2002, Katajamaa and Ores'%nalyzed in this stud§Eight tappings (two each one) were
2007). erformed in the rootstocks (RRIM 600 and GT 1) of the

_ The objective of this S“%'dy was to evaluate th ombinations. The other sixteen samples collected
influence of rootstock on grafting through metabolomic

. . ¢onsisted of eight samples of latex RRIM 600 scions (four
eld M) 1
analy_3|s of Igtex S"’“T"p' . Gvea brasmen_s y"HNMR RRIM 600 scions grafted on RRIM 600 rootstocks) and
combined with multivariate data analysis.

four RRIM 600 scions grafted on GT 1 rootstocks), and
eight samples of latex GT 1 scions (four GT 1 scions grafted
on RRIM 600 and four GT scion grafted on GT 1

Experimental design for collection of the latex samples  rootstocks). The RR and GG group samples can be

. nsider ntrols since the r k and the gr
The samples were collected at the former Plndoran(fg sidered as controls since the rootstock and the graft

Experimental &tion of theAgronomic Institute (IAC), belong to the same type of cllon@mmg to obtain
. . . homogenous samples, plantation border effects were
known today as ‘Polo Regional de Desenvolwmentol_ inated
Tecnolégico dosAgronegécios do Centro-Norte da iminated.
Agéncia Paulista d&ecnologia dosAgronegocios’
(APTA), in Pindorama, S&o Paulo (Cardinal et al. 2007).

MATERIALS AND METHODS
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Preparation of the latex samples stage, all data were autoscaled. For matrix construction,

The trees were tapped according to the % S d/4 Sd}ie regions referring to the watpolyisoprene, andMSP-

ET 2.5 %, 8/y system (half spiral cut, tapped twice a weekK
and stimulated with 2.5 % Ethefon applied on the tappinR
panel.

The latex samples were prepared by adding 500 mL
of D,O to a 500 mg sample. The@solution was prepared RESULTS AND DISCUSSION
by adding a known amount of the internal standard TMSP-
d,[2,2,3,3-d4-(3-trimethylsilyl)-sodium propionate]. TheMetabolic profile
samples were centrifuged for 10 min at 10,000 rpm atroom A typical IH NMR spectrum of a latex sample is
temperature. Centrifugation separates the sample into f@kown in Figure 1. The metabolites were assigned
well-defined fractions, as described in the literature (Cog¥ccording to literature (Sobolev et al. 2005) and through
and Sekhar 1955). The intermediary fraction corresponglse analyses of bi-dimensional spe@@0SY and J-res
to latex cytosol. For NMR analyses, 600 mL of thgFigure 2).Table 2 lists the metabolites identified in the

intermediary fraction was collected and transferred intojgtex samples along with their respective chemical shifts.
5 mm NMR tube.

, signal were removed. The algorithm used in the
ultivariate analyses waBCA (Principal Component
nalyse}(Beebe et al. 1998).

10

f
§y ©

NMR analyses 10

NMR measurements were performed on a Bruker
Avance Il Nanobay 9.4 (400.13 MHz for hydrogen 10
frequency) spectrometer placed at the NMR Laboratory
of the Chemistry Department — Universidade Federal de
S&o Carlos. The determinations were made with a BBFO
5 mm probe (direct detection) with field gradient generating
coils in the z coordinate. 15 lha !

All the spectra were acquired at 303K, using the t }13 W*
presaturation pulse sequence NOESYGPPR1D to suppress U
the residual water signal. Sixty-four scans (ns) were =~ T ' T ' T ' T opm
accumulated, with a delay time between each acquisition
of 4 s (d1), acquisition time of 3.98 s (aq) with 64 Kb points
during acquisition (td), and presaturation pulse attenuation 18 )
of 41.40 dB (pldb9). The mixture time used was 10 ms (d8) -
and 90° pulse duration was 9.98 ms (p1). Spectra processing
were carried out with 64 Kb points (si), using an exponential
multiplication with Ib = 0.3 Hz and manual phase correction.

Bi-dimensionalgCOSY and J-res spectra were
obtained using the pulse sequences cosygpprgf and 17 |}
Icjrespr, spectral width (swh) in F1 8012 and 50, and tdinis  ° 5 '
F1 of 256 and 128, respectivelhe following parameters ! ot 7 1o
were the same for the two measurements: ns = 16,d1 =25, t ] TR . u_».._wj
td in F2 of 4 Kb and swh in F2 8012. Spectra processing s 3 7 6 5 pom
\I/:vleze_)carried out with 4 Kb pointsin F2 and 1 Kb points i'gigure 1 Typical H NMR spectrum of a latex sample.
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Sixteen metabolites were identified in the latex
cytosol.As observed in Figure 1, the metabolite present

Multivariate data analyses were carried out usinm the highest amount (signals in the range of 3.0 to 4.0
the softward’he Unscramblérv. 9.7 At the preprocessing ppm) is quebrachitol (2-O-methyl-l-inositol), a cyclic polyol

Multivariate analyses
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Figure 2 Typical gCOSY NMR spectrum of a latex sample.

stereoisomer of inositol. Quebrachitol is produced in théue to a large number of signals originated from the
laticiferous cytoplasm, and its concentration in the latex imetabolites present in the sample.exploratory analysis
in the range of 1.2 % (m/v). Its participation in lateof the data was performed using the PCA algorithm. PCA
synthesis is not completely known yet, however quebrachitahalyses allow visualization of groups formed by samples
contributes significantly to the formation and maintenanogith the same metabolic profile. Figure 3a presents the
of the laticiferous turgor pressure (Dusotoit-Coucaudcore plot of RR and GG latex samples. The sum of the
2010). The two broad signals in the region of 1.1 to 2\&lues obtained for the first three principal components
ppm and the signal at 5.1 ppm are residual signals (fC1 (39 %), PC2 (19 %) and PC3 (14 %)) explained 72 % of
polyisoprene that could not be completely removed durirthe total variation in the data sAs it can be seen, there
the centrifugation step. The region from 1.0 to 3.0 ppm is a strong tendency of clustering between samples of the
characteristic of amino acids, however these signals co@tbup RR and group GGhe loading plot (Figure 3b) shows
not be assigned due to the presence of the residual sigribs spectra regions that most contributed, in the first
of polyisoprene. principal component, for the separation obtaiAedording
Three nitrogenated compounds were identified. Orfe Figure 3b, the metabolites that most contribfdedhe
of these is trigonelin with characteristic signals in the heteggparation obtained were formate (8.46 ppm), sucrose (5.41
aromatics region (8.0 to 9.2 ppm). Trigonelin is an N-methylpm) and the signals of the metabolites 21 (8.62 ppm), 14
betaine present in plants such as coffee, tomato and pot@@3 ppm), 13 (4.21 ppm), 12 (3.83 ppm) and 11 (3.68 ppm),
(Ky etal. 2001, Le Gall et al. 2003, Defernez et al. 2004). Iyghich were not identified.
presence in latex samples has been reported (Shrestha and To verify the influence of rootstock on grafting, a
Bisset 1991), but its function is unknown. Other classes BewW PCA analysis was conducted considering groups RR,
compounds, such as organic acids and sugars, were &$e RG and GR. Figure 3c presents the score plot of this
identified. analyses and the sum of the values obtained for the three
principal components [PC1 (32 %), PC2 (20 %) and PC3 (11
%)] explained 63 % of the total variance in the data set. In
Multivariate data analyses allow the visualization ofigure 3c, the formation of groups for samples RR and GG
a variation pattern intrinsic to the dataset. This variatiowas again observed, according to the previous analyses
pattern cannot be verified just by comparing the spectri@gigure 3a). The RG group samples present a strong

Multivariate data analyses and quantification
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Table 2 Metabolites identified in the latex samples

in the quebrachitol content among the grafting latex samples.

Code Metabolite 5 'H ppm (multiplicity, J Hz) This information is observed in the loading plots of the
1 Lactate 1.33 (d, 6.78) PCA analyses, as this metabolite had no influence on the
‘ 1.64 (bs) separations obtained. The GG group samples presented
2 Polyisoprene 2.02 (bs) higher amounts of sucrose and formate than the RR group
5.09 (bs) . . .
3 Acetate 192 5) samples. The difference in the concentration of these
4 Acetoacetate 2,26 (3) metabolites explains the good separation obtained in the
5 Succinate 2.42 (s) PCA analyses. The GR group samples presented amounts
s Citrate 2.55(d, 15.16) of sucrose and formate similar to those of the RR group,
2.65(d, 15.16) indicating why these samples cluster in the PCA analyses
7 Aconitate Z-; ES; (Figure 3c). The RG group samples presented intermediary
. S . .
g Choline (8) 323 (5) sucrose and formate values, the reason why this group is
9 Betaine (9) 327 (s) between the RR and the GG group.
3.40 (ddd) Rootstock samples CR01 and CR02 presented higher
3.45 (s) amounts of sucrose and lower amounts of quebrachitol,
10 Quebrachitol 3.61 (ddd) compared to the samples of the same group CR03 and
i-g‘é‘ (jjd) CRO4. This difference can be explained by the fact that the
4'27 Edd; samples CR0O1 and CR02 were grafted with clone GT 1,
1 Unknown 368 whereas the samples CR0O3 and CR04 were grafted with
12 Unknown 3.83 RRIM 600, indicating a possible influence of grafting on
13 Unknown 420 rootstock. The rootstock samples CG06 and CGO07 grafted
14 Unknown 4.22 with GT 1 presented higher amounts of sucrose, compared
4.44(s) to sample CGO5, grafted with RRIM600. In general, it was
15 Trigonelline Zgz g ;'gg; observed that the rootstock samples grafted with GT 1
912 (S’) ' presented higher sucrose amounts than those grafted with
16 Raffinose 4.99 (d, 3.80) RRIM 600.
17 o-Glucose 5.24 (d, 3.80)
18 Sucrose 5.41 (d, 3.80) CONCLUSIONS
;3 FF“maratte g‘ié ES; Nuclear magnetic resonanctH(NMR and bi-
ormarte . S . . .
21 Unknown 8.62 dimensional spectra) was an important tool for

identification and relative quantification of the main
metabolites in latex samplésl NMR data, combined with
multivariate analyses, allowed distinguishing among the
tendency to cluster with the RR and GG groups, while thatex samples in groups according to rootstock and
GR group samples cluster preferentially with the RR grougrafting. Determination of relative amounts of sucrose and
samplesThe loading plot for the RR, GRG and GR formate in the latex samples, along with identification of
samples is presented in Figure 3d. The same sign&& unknown metabolites presented in this stedwld
responsible for the separation of the RR and GG sampleslp future correlation of metabolites in latex and rubber
are also found to have a strong influence on this separatipnoduction through determination of their respective
To verify the variability of metabolites in thefédifent  biochemical functions.
latex samples, a relative quantification was carried out for
sucrosg and formate, important cpmpounds for t,hECKNOWLEDGEMENTS
separation of groups for PCA analysis, and quebrachitol
(Table 3).The considerations done below are based only  To Fundag&do dAdmparo a Pesquisa do Estado de
on the average values of the metabolites found for eaBfo Paulo (\PESP), Conselho Nacional de Desenvolvimento
group, since the number of samples is not sufficient ©@ientifico eTecnoldgico (CNPq), and Coordenagéo de
provide significant information through a univariate statisticahperfeicoamento de Pessoal de Nivel Superior (CAPES)
analysis. In general, no significant variation was observddr the financial support.

S: singlet, bl: broad singlet, d: doublet, dd: double doublet, ddd: double
double doublet, t: triplet.
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Figure 3 Results obtained from PCénalysesA) Score plot of RR and GG groups B) Loading plot of RR and GG groups; C) Score plot
of RR; GG RG and GR groups; D) Loading plot of RR, G&5 and GR groups.

Table 3 Relative quantification (metabolite/TMSP-d4 area) of some metabolites that contributed for discrimination between the RR,
GG RG and GR groups

Sample Sucrose Average Formate Average Quebrachitol Average
CRO1 0.149 0.00275 3.784

CR02 0.0880 0.0713 0.00519 0.00458 2.705 3.04
CRO3 0.0220 0.00328 4.400

CRO4 0.0260 0.00710 4.878

CGO05 0.0300 0.00441 4.776

CGO06 0.2030 0.0923 0.00420 0.00595 4.739 457
CGo7 0.1060 0.00535 4.159

CGO08 0.0300 0.00985 4.591

RR0O9 0.0190 0.00266 5.539

RR10 0.0590 0.0427 0.00478 0.00299 5.861 5.00
RR11 0.0500 0.00340 4.461

RR12 ND 0.00111 4.495

RGI13 0.0890 0.00608 3.735

RG14 0.0680 0.01000 2.875

RGI15 0.0340 00645 0.00459 0.00722 4.403 337
RG16 0.0670 0.00821 3.273

GR17 0.0440 0.00254 4370

GRI18 0.0230 0.0280 0.00176 0.00211 4.810 465
GR19 0.0170 0.00261 4.427

GR20 ND 0.00152 4.976

GG21 0.2170 0.01170 4.625

GG22 0.2770 0.00675 4.426

GG23 0.1570 0209 0.00549 0.00700 4.629 481
GG24 01840 000404 5554
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Influéncia de porta-enxerto sobre enxerto através da

analise metabolomica de amostras de latex de Hevea
brasiliensis por RMN de 'H

RESUMO - Nesse trabalho a influéncia do porta-enxerto sobre o enxerto nas amostras delétea prasiliensjdoi verificada

através da andlise de RMN &¢ e andlise multivariada dos dados. Através da andlise de RMN fie possivel caracterizar 16
metabdlitos presentes no citosol do latex. A analise de PCA mostrou que as amostras de latex dos grupos RR e GG podem ser
diferenciadas. As amostras do grupo GR possuem perfil metabdlico semelhante as amostras do grupo RR, enquanto o grupo RG
situa-se em posicao intermediaria engis gupos RR e G@ sacapse e o formiato contribuiram em grandetegrela separacgao

obtida por PCA e apresentaram boa correlagdo com os resultados obtidos. A RMNoevou ser uma técnica eficiente na
diferenciac@o entre amostras provenientes de diferentes tipos de porta-enxerto e enxerto e pode futuramente ser utilizada para
prever a producdo de borracha através da analise do latex.

Palavras-chaveperfil metabdlico, metaboldmica de plantas, analise quimiométesapnancia magnética nuclear
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