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ABSTRACT

Bowdichia virgilioidesKunth is a medium size tree used in folk medicine and in furniture manufacturing which
makes it a target of extractive processes. The aim of this work was to evaluate the endogenous content of polymines,
amino acids, and sugars in seedlingBoivdichia virgilioideghat presented or not the development of spontaneously
differentiated vegetative propagules in their rodtsaverage of thirty perceBowdichia vigilioidesin vitro growing
plants cultivated in MS basal medium without growth regulators presented the differentiation of vegetative propagules.

It was noted the propagules units presents embryo-like structures (globular - to leaf-shaped features) and these plants
showed a compromised development when compared to the plants that do not presented these morphogenetic structures
Total sugars and amino acids content was significantly higher in the roots of plants with the vegetative propagules.
With regard to polyamines content, there was no statistidatelifice, for spermine and spermidine. Howgehigther

levels of putrescine were found in plants developing vegetative propagules. In thisesayresults showed that this

event are related to the amino acids, sugars and polyamines, mainly putrescine content.
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INTRODUCTION for plant consevation. It can be used to produce plants
Bowdichia virgilioideskunth is a tree species thatcommercially or to carry out basic studies of genetics,

belongs to the Fabaceae Farritys commonly known by biochemistry and many others (Feh2015). Briefly
sucupira-preta, sucupira-do-cerrado, sucupira-do-caméﬂffere”tiamd plant cells under certain circumstances can
angelim-amagoso e coracdo-de-negro.sltvood has reverttoan earlier developmental state (dedifferentiate).
naturally high density and long durability and is widelyHoweveris not a simple event and understandinfgoeht

used in ediffications and furniture manufacturing. Besiddgctors involved in this process has been the focus of
it is a pioneer plant adapted to poor and dry soils, whidRany scientific works all over world (Mahendran & Bai,
makes it an interesting target for reforestation processé@16; Mahdavi-Darvaet al, 2015; Salvet al, 2014).
(Aranteset al., 2015). FurthermoreBowdichia One of these factors is the polyamine&gPcontent,
virgilioides also has medicinal properties having beethat are small aliphatic amines implicated in several
included in the first edition of the Brazilian pharmacopoeighysiological processes in plants such as, organogenesis,
(Albuguerqueet al, 2007). So it is important to implementembryogenesis, leaf senescence, fruit development and
conservation strategies for this species. In this sensgening and response to abiotic and biotic stresses
vegetative propagation is one of the most important too{8shrafet al, 2011; Alcdzar &Tiburcio, 2014)The FAs
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metabolism idntrinsically connected with the nitrogenv:v:v) and incubated at room temperature for 24fter
metabolism especially those related to the biosynthediss period, the samples were centrifuged for 30 min at
of amino acids. Therefore, many scientific studies havi500g, and the supernatant was mixed with chloroform
demonstrated the role of polyamines in the initiation an@hd water (4:1:1.5 v:v:v). The aqueous phase was collected
or development of plants morphogenetic strucutreafter 24 h and used for the analysis of amino acids and
(Chenget al,, 2015; Reiet al., 2015;Vondrakovéet al.,  sugars.
2014). The aim of this work was to evaluate the endogenous Total soluble sugars were determined colorimetrically
content of polyamines, amino acids, and sugars after reaction with anthrone€liim &Willis, 1954). Briefly,
seedlings oBowdichia virgilioideggrowing in MS basal samples were mixed with water in a final volume of 1 mL
medium without growth regulators that presented or nand mixed with 2 mL of anthrone reagent (20 mg anthrone,
the development of spontaneous differentiated vegetati@0ul water and 10 mL concentrateg3®D,). The samples
propagules in their roots. were shaken and subsequently heated at 100 °C for 5 min.
To our knowledge, this is the first study to demonstrai&bsorbance was determined at 620 nm and quantification
the occurrence of spontaneous vegetative propaguleased on standard curve of glucose.
differentiation inBowdichia virgilioidesand and its Total amino acid content was determined according to
relation with biochemical parameters. Yemm & Cocking (1955)Aliquots of the extracts were
added to distilled water in a final volume of 1 mL.
MATERIALAND METHODS Subsequent/yl.7 mLof the following reagents were added:
Plant material, growth conditions and 0.2 M sodium citrate buffer pH 5 (0.5 mL), 5% methanol
experimental design solubility in water (0.2 mL) and 2% KCN in methylcellose
Seeds ofBowdichia virgilioideswere collected (1 mL). This mixture was stirred and heated at 100 °C for 20
between the months of november and february in fo@iin. After cooling at room temperature, 1.3 ro£60%
diferent locations as follows: First location, 19°46'55" $thanol was added to the samples and the absorbance at
and 45°15'38" W; second location, 19°45’02" S an&70 nm was determined. Quantification was performed
4514'09"; third location, 21°06'42" S and 45°34'18" \W;based on standard curve of glutamine.
fourth location 26°46’40" S and 45°18'32". ) L
To break the dormangiyn the moment of use, the seeds Free polyamines determination
were submerged in concentrated sulfuric acid for 10 min. Frozen samples (500 mg) were macerated in 3 mL of
Subsequently they were washed tree times with destil&80 perchloric acid (v/v) and keeped at 4 °C for After
and autoclaved waterdisinfested with sodium that, the samples were centrifuged at 15§@r 20 min
hypochlorite 2.5% for 5 min and washed again. Then, tt& 4 °C. The supernatant containing the free polyamines
seeds were inoculated in culture flasks containing 20 m¥as removed and the pellets were re-extracted. The
of MS medium (Murashige & Skoog, 1962). The pH wa§upernatants were combined and the pellets were
adjusted to 5.8 + 0.1 before autoclaving, which was carri@iminated. Free polyamines were derivatized by dansyl
out at 121 °C, pressure of 1.0 atm for a period of 20 mffloride diluted in acetone at the concentration of 5
The flasks were were kept at 25 + 1 °C, photoperiod of 129.mL*. An aliquot of 40ul of the samples were added
h and irradiance of 36mol.n?.s*. There were inoculated t0 100u! of dansyl chloride and 5@ of saturated sodium
800 seeds, being 200 seeds for each colection pointG@bonate. This mixture were incubated in the dark for 50
mentioned above. The plants were randomly distributégin at 70 °C.
in the growth chambre and remained in this condition for After that, the excess of dansyl chloride was converted
11 months (pre-established period for the development®fdensyl proline by the addition of Ebof proline (100
vegetative propagules) without changes in the cultuf@g mt*). After 30 min incubation the dansylated
medium.At the end of this period, it was evaluated d@olyamines were extracted by the addition of p0Of
number of plants with spontaneous vegetative propagul@uene. The toluene phase was collected and dried in
differentiation. For biochemical analysis were colectefiitrogen and the dansylated polyamines were solubilized
four roots of each location point of plants with vegetativé 200l of acetonitrile. The polyamines were separated
propagules differentiation and four roots of plants withoi@nd analyzed by reverse phase HPLC usingua 5250

Vegetative propagu|es differentiation. mm X 4.60 mm C-18 column. The mobile phase was
) ) composed of absolute acetonitrile (solvAhtand 10%

Extraction and analysis acetonitrile in water (pH 3.5; solvent B) in a flow rate of 1
of amino acids and sugars mL/min at 40 °CThe gradient of solveAtwere as follows:

Frozen tissue samples (200 mg) were ground in 2 mL 66% over the first 10 min, 65 to 100% between 10 and 13
na MCW solution (methanol:chloroform:watet2:5:3 min and 100% between 13 and 21 min. (Silveiia , 2004).
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The concentration of the polyamines was monitored WitRESULTSAND DI SCUSSION

a fluorescence detector operating at 340 and 510 nm of ; \\-< pserved that some plants Bdwdichia
excitation and emission wavelength respectiveéiiee ;i gijigides cultivatedin vitro in MS medium without
polyamines were derivatized by dansyl chloride diluted iEuppIementation of growth regulators presented after a
acetone at the concentration of Smgtmh aliquot of 40 - ¢o\ months the development of vegetative propagules in
ulof the sample was added to 30@f dansyl chloride, 50 6 roots With this in mind,Bowdichia vigilioides

Hl of saturated sodium carbonae. standards were used geq g were inoculated and the plants were cultivated for
the commercial compounds putrescine, spermidine apfl.,en months in order to analyse the vegetative
spermine. propagules formation. It is worth mentioning that the plants

STAT'ST'CAL ANALYSIS were randomly allocated at the grOWth chamber and
maintained at the same conditions throughout the

The data were submitted to analysis of Va”anceoa%ltivation period. This period of cultivation was chosen
the means were compared by the Tukey test at 5% 9L ;se we observe in previous experiments that the

significance. propagules formation begins around the sixth month and
after the eleventh month there were no emergence of new

100 propagules unité&\s can be seen in the Figure 1 an average

of thirty percent of the obtained plants presented the
development of vegetative propagules. Besides that, was
noted that these plants showed a compromised
development when compared to the plants that did not

=]
=]
1

601 present vegetative propagules (Figuré& zand B).
According toVila et al (2005), the use of roots as a source
40+ of explants forin vitro regeneration is limited to a few

number of plant species. Besides that, there are several

reports about the development of organogenic structures

in regeneration systems from roots (Chadtel, 2000;

Da Cruzet al, 2014; Da Silvat al, 2011). Howeverto a

Plants without Plants with better knowledge of these structures histological
propagules propagules examinations are necessafrom this point of view

Haensch (2004) presents an interesting argumentation

Figurel: Percentage af vitro Bowdichia virgilioideseedlings about embryo-like structures Relargonium hortorum

with or without spontaneous vegetative propagules dif‘ferentiati(m lobul leaf-sh d imil
after eleven months @i vitro cultivation. The bar represent the e reports globular - to leaf-shaped structures or similar

mean + SD. Different letters indicate that that the data af® Shoots, but with vascular connections with the parent
statistically different by the Tukey test at 5% significance levekexplant and the lack of bipolarits can be can be seen in

Vegetative propagules
differentiation (%)

[
=
1
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Figure2: Samples of seedlings without (A) and with (B) spontaneous vegetative propagules differentiation and approximate detail

(C) of roots developing propagules units.
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more detail in the figure 2C, the propagules units preserasid content (Figure 3B) also presented higher content
globular - to leaf-shaped features. Howeudrastructural (19.2326 + 5.3621) in the plants with progules units
characteristics of the cells were not elucidate. differentiation when compared with to the plants without
It is well known that the addition of growth regulatorghese strucutres (11.2709 + 3.59512).
is an extremely relevant factor for the induction of With regard to free polyamine content (figure 4), there
organogenetic process in vitro growing plants was no statistical difference between the plants, for
(Asthaneet al., 2017; Moset al., 2017; Roshanfekrrad spermine (Spm) and spermidine (Spd). Howgeligsher
et al, 2017; Shemrt al, 2018, Da Cruet al, 2014; Da levels of putrescine were found in the plants with progules
Silva et al, 2011). For this, it is unusual that theunits differentiation. Such higher content of putrescine
propagules differentiation occured without the additiomontent suggest a relationship with the the amino acid
of growth regulators, Howevgthein vitro tissue culture content, since the ornithine and arginine are the
conditionsper seexpose the plants to a signifcantpolyamines precursors. (Martirafiguy 2001).Thus, we
stresses (FeheR003). Under these condtions, somean hypothesize that the accumulation of amino acids
plant cells presents a remarkable feature of change theipports the putrescine biosynthesis and these events,
fate as a stress response (Katiral., 2018) and the

adaptations include several changes in the physiolor 4,
and metabolism of the cells. a [ plants with propagules
With this in mind, was carried out biochemical tests il 601 7 [ plants without propagules

the roots in order to point out possible biochemice -
diferences which could be related to the embry g E
emergence of the propagules units. This was thoug§ T 40
because there is some evidences that changes inthe le’g e
of sugars, amino acids and polyamines are associated v £. 23 b
development of morphogenetic responses in plants. & 20 4
As can be seen in the figure 3A, the total sugai ¢
content was significantly higher (62.67 + 6)57.g) in i . ¢
the roots of the plants presenting propagules units wh 04 1 IL-_
compared to the plants without these structures (29.94 . .
5.81ug.g%). Grzybet al (2017) and\rag&oet al. (2016) Put Spm Spd
argue that the re|ati0nship between the endogenoﬁigure 4: Free Polyamines in roots Bowdichia virgilioides

content of sugars and the development of morphogene?’}fg'"tS with and without spontaneous vegetative propagules
ifferentiation. Put, putrescine; Spm, spermine; Spd, spermidine.

rgsponses is not well known, but they s'uggest Fhat t_heﬁ% bar represent the mean + SD. Different letters indicate that
biomolecules also play a relevant role in cell signalinghe data are statistically different by the Tukey test at 5%
acting as promoting agentes. In the same fodgl amino  significance level.
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Figure 3: Total concentration of soluble sugars (A) and amino acids (B) in ro8wsvadichia vigilioides plants without and with
spontaneous vegetative propagules differentiation. Bar represent the mean * SD. Different letters indicate that the data are statistically
different by the Tukey test at 5% significance level.
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together may be associated with the egence of the Choffe KL, Murch SJ & Saxena PK (2000) Regeneration of
. . R Echinacea purpureainduction of root organogenesis from
vegeta_tlve propagules. The polyamlne§ are, IntrInSICa”yhypocotyl and cotyledon explants. Plant Cell, Tissue and Organ
associated with the morphogenetic responses asyjure, 62:227-234.
dempnstrated by Reét al .(2015) In SuQarcl"’me' Whlch Da CruzACF, Rocha DI, larema LYentrella MC, Costa MGC,
obtained the largest quantity of embryos with putrescineNeto VBP & Otoni WC (2014)n vitro organogenesis from
supplementation. Other works also supports the role offoot culture segments d@ixa orellana L. (Bixaceae).In \Mitro
. . . . Cellular & D | tal Biol -Plant, 50:76-83.
polyamines, manly putrescine, on the induction of efuiar evelopmental Blology-rian
: P ; Da Silva CV de Oliveira LS, Loriat&/AP, da Silva LC, de Campos
morphogenetic r n lilkevitro rooting (Matam ' :
orphogenetic respo ses_ KEVITro oo 9 ( ata & JMS, Viccini LF & Otoni WC (2011) Organogenesis from root
Parvatam, 2017), conversion of protocorms like-bodies tOgyplants of commercial populations Bassiflora edulisSims
shoots (Vi et al, 2010) and shoot ganogenesis and a wild passionfruit specieB, cincinnataMasters. Plant
(Parimalaret al 2011). Cell, Tissue and Organ Culture (PCTOC), 107:407-416.

FehérA (2015) Somatic embryogenesis-stress-induced remodeling
CONCLUSION of plant cell fate. Biochimica et Biophysidscta (BBA)-Gene

L T . . . Regulatory Mechanisms, 1849:385-402, 2015.

Bowdichia virgilioidesin vitro growing plants _ - _

cultivated in MS basal medium without growth regulator§N¢": PasternakiP & Dudits D (2003)Transition of somatic
plant cells to an embryogenic state. Plant Cell, Tissue and Organ

presented the differentiation of vegetative propagules incyiture, 74:201-228.

their roots; Grzyb M, KalandykA, Waligérski P& Mikuta A (2017) The

This event are related to the amino acids, sugars and@ontent of endogenous hormones and sugars in the process of
olvamines content: early somatic embryogenesis in the tree f€yathea delgadii
poly ! Sternb. Plant Cell, Tissue and Organ Culture, 129:387-397.

The propagules units presents embryo-like structur@@ensch KT (2004) Morpho-histological study of somatic embryo-

(globular - to leaf-shaped features), howevire like structures in hypocotyl cultures &felargoniumxhortorum

ultrastructural carachteristics will be determined in future Bailey. Plant Cell Reports, 22:376-381

works. KaurA, Reddy MS & KumadA (2018) Direct somatic embryogenesis
of potato Bolanum tuberosun(L.)] cultivar ‘Kufri Chipsona
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