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FOREWORD

The remarkable progress in biotechnology research woutdbegoossible
without the communication and dissemination of the results first of all in the
academic environment.

In this respect, the International Symposium organised in Bucharest by the
Faculty of Biotechnology, at the University of Agronomical Scieneed
Veterinary Medicine Bucharest, offered a great opportunity for discussing latest
findings on the topic to researchers, professors, lecturers, and biotechnology
specialists from various institutions.

Moreover, the symposium offered the opportunitycéonmunicate and
discuss current subjects in biotechnology, from different points of view and to form
or consolidate partnerships for future technological R&D projects.

The scientific manifestation has drawn the participation of academics from
the Facultyof Biotechnology and from other Romanian universities and research
institutes, together with weknown specialists from different countries, like
Austria, Bugaria, France, Germany, Moldaviend Serbia.

The symposium has been organisedfiie sections cosisting of oral
presentations and posters, as follows: Section Agricultural Biotechnologies,
Section Biotechnologies in Veterinary Medicine, Section Food Biotechnologies,
Section Industrial and Environmental Biotechnologies, and Section Food Safety.

The ymposium proceedings are published in English, in the present volume.

As | mentioned also in the foreword for the symposium, | would like to wish
good luck in their research activities in this wonderful and interesting field of
biotechnology, optimism, high and personal achievements to all the participants.

Furthermore, | wish for many more funding opportunities for the research
projects in this field, for more and better project partnerships, and for more
attention to this field and to its researchersrfr the policy makers at national,
European and international levels.

ProfessorPetru Niculita
Bucharest, Dean of the Faculty of Biotechnology
November 209
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Proceeding of the"?InternationalSymposium
ANEW RESEARCH CIHWN CB.IQOSAMV Bucharest, Romania, 2009

SECTION I: AGRICULTU RAL BIOTECHNOLOGY

THE INFLUENCE OF SAMPLES INCUBATION ON DETECTION OF
PLRVY AND THE EFFECT OF EXTRACTI ON BUFFEROGS A
THE DETECTION OF POTATO VIRUSES Y, A, X AND S BY ELISA
TECHNIQUE

CARMEN LILIANA BADARAU !, N. COJOCARVY,
RUSU S. N}, MARIA IANOK 1, KRISZTINA PETRUSCA

!National Il nstitut of Research and Devel opment for Pot
Fundtturii Sinail: icpc@poRim.ma ni a, e

Key words: potato virus, cencubation, extraction buffer, ELISA.

ABSTRACT

The results show a better identification of PLRV in leaves and sprouting tubers using the co
incubation sample and Ig@P conjugate. In comparison with the classical method, the test safety
and sensitivity increased. Testing leaves, the averadgewvaf OD at 405 nm was€6 times higher
than those obtained by standard DAS ELISA method and using sap from sprouting tubers (dilution
1/10) this average was 1,5 times higher. Theéncobation sample and conjugate could save time
and costs of seeddexation .

The virus absorbance 4., of enzymidinked immunosorbent assay (ELISA) for potato
viruses Y and A could be increased using extraction b
phosphatecitric acid buffer (0,18M; pH 7), #aabsorbances increased significantly for PVY and PVA
detection comparing with the classic extraction buffer. Sodium diethyldithiocarbamate (0,01M) in
phosphatebuffered saline plus Tween 20 (RBBused instead of the polyvinylpyrrolidone increased
the sasitivity of potato virus Y but this additives decrease the absorbances values in case of PLRV
identification. The same decrease was observed when we used sodium thioglicolat (0,01M) and
sodium diethyldithiocarbamate (0,01M) in RBSThe detection of pdiavirus X and S were not
significant influenced by the new additives.



The employment of high sensitive methods of detection and identification
of nucleic acids, that allow for virus detection directly in plant extract, is still
difficult for routine indexation of potatoes seed because of the high cost,
complicated preparation of samples and highly trained personal needed to perform
this kind of work (Leone et al. 1997, Nolasco et al. 1993, Schoen et al 1995,
Spiegel and Martin 1993, Teverovsky et197 citated by Treder et al. 2005).

So, ELISA is the most commonly assay for detection of virus particles in
potato tissues. A lot of researches were targeted to make modifications of this assay
their purpose being to increase its perforneaoc to enhance its detectivity (Van
den Heuvel and Peters 1989, Martin R. H. 1990, Treder at al. 2005).

The detection level of the viruses and the rate of immunological reaction
depend on which part of the plant is used for assay and @mrasghysice
chemical factors like: temperature, diffusion of components in reaction (mixing),
composition of buffers (Martin 1990, Treder at al. 2005).

The results presented in this paper show a better identification of PLRV in
leaves andsprouting tubers (after natural break of dormancy) using the co
incubation sample and Ig&P conjugate, together in the wells of the ELISA
microplates. This method has been used by others researchers, in different
conditions (Van den Heuvel and Peters9,98eder at al. 2005). Particles of IgG
immobilized on the well surface are used to entrap virus particles, which bind
conjugate particles at the same time, resulting in formation of multilayer structure
of antibodyantigenenzyme complex. This systerticavs binding higher amounts
of virus and conjugate patrticles than occurs in regular -BRESA (Treder et al.
2005).

As shown in this paper, the virus absorbancgs(h) of enzymélinked
immunosorbent assay (ELISA) for potato leafroll virpstato viruses Y and A
could be increased using extraction buffers with new composition tested in our
research work. The effect of additives like sodium diethyldithiocarbamate and
sodium thioglicolat were tested by other researchers too ( Goodwin Paiiars
E. E., 1984).

1. MATERIAL AND METHOD

a. The effect of samples incubation on detection of PLRV

Potato material. All the biological material (healthy and infected) was
obtained from the virus collection of our institute. We used 29 piaftcted with
two isolates (19 with the isolate Lusewitz and 10 with the isolate Braunshweig).
The infection of this matherial was confirmed by using antisera from Bioreba
(Switzerland). A pollahne press with smooth rolles was used for preparation leaf
samples. For the tuber testing, the sap was extracted , diluted and dispensed
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directly into the plate using the extractor Microlab 500BHamilton) (Gugerli
1979, Hill 1984). We tested sprouting tubers after natural break of dormancy, when
the sprouts wer 23mm long.

Antibodies and conjugates dilution as recommended by the manufactures
1:200 for Loewe (Germany) and 1:1000 for Bioreba AG (Switzerland).

Microplates NUNC microplates were coated with antibodies for
overnight inculation in the refrigerator.

DAS ELISA (V1) The analysis was performed following essentially the
protocol described by Clark and Adams (1977). We used 100 Ol from ecach
reactives solutions in each well of the plate.

In the other ariant (V2, cocktail ELISA), all the steps were the same as
DAS ELISA except that the sample and the enzyme conjugate IgG were added
together and incubated overnight &€ 4All experiments were repeated four times.
Rinsed microplates were filled with suize solution (mitrophenylphosphate)
incubated 30, 60 and 120 minute and the absorbance values were estimated at 405
nm on PR1100 reader. The samples having A 405 values exceeding-tifé cut
(two times the average of healthy control samples) weredenesi virus infected.

b.Theef f ect of extraction bufferds additives on
Y, A, Xand S by ELISA technique

Virus samples were preparated from infected plant leaves (we used 18
plants infected Wwh the isolate Ackersegen for PVY, 18 plants infected with
Corona isolate for PVA,18 plants inected with the isolate Amsel for PVS and 18
plants infected with Bitje isolate for PVX ) and control samples were preparated
from leaves of healthy plants frothhe same species. For the samples we used fresh
tissues that produced relatively moderate reactions in ELISA (sap from
2infected+2health plants, dilution of infected sample in extraction buffer was 1/10).
Excepting PVA detection, the antisera and conjutjateed for the ather viruses
detection were preparated in our laboratory.

The extraction buffers used were: classic buffer ( 2% polyvinylpyrrolidone
in PBST ; pH 7)), Mc | -titvicaacidh ufger (@,18M;spH F)asbdaum
diethyldithiccarbamate (DIECA) (0,01M) in phosphdieffered saline plus Tween
20 (PBST), diethyldithiocarbamate (DIECA) (0,01M) and sodium thioglicolat
(0,01M) in PBST.

The analysis was performed following essentially the protocol described
by Clark anl Adams (1977). We used 100 from each reactive solutions in each
well of the plate. All experiments were repeated five times The optical density was
measured after 60 minutes, on PR1100 reader.

Each set of comparable assay was conducted at the same time and with the
same bulk sample. Analysis of variance (ANOV
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test were used to analyze the data. In the aim to illustrate the precision of the mean
we use confidence interval (Cl).

2. RESULTS AND DISCUSSIONS

a. Theeffect of sanples incubation on detection of PLRV

As shown in table 1, the sensibility of detecting PLRV in leaves was
correlated to the incubation modality of the samples and the incubation time with
substrate solution. In comparison with the classicathod, the test safety and
sensitivity increased. Testing leaves, the mean values of OD at 405 nm6n&s 5
times higher than those obtained by standard DAS ELISA method.

Significantly higher readings were obtained applying cocktail ELIBSA, t
variant improving the detectability of potato virus particles.

Figure 1 shows that the docubation sample and IgG conjugate gave
positive reaction in 100% of the testing plants even after the shortest incubation
time with substrate sation.

Table 1- Detection PLRV in leaves by DAS ELISA* and COCKTAIL ELISA**

Incubation time with substrate solution
30 minutes 60 minutes 120 minutes
V1* \V2** V1* \V2** V1* \V2**

Cut off 0,065 0,084 0,072 0,113 0,097 0,171
OD405nm** 0.055 0.278 0.089 0.536 0162 | 1.072
N O, Of N O, N O, N 0o, N O, N O,

o~ N N

x 5,0 X 6,0 X 6,6

*V1 T DAS ELISA
**V21 COCKTAIL ELISA (cancubation samples and Ig&P conjugate)
*** 1 mean values of OD at 405 nm for four repetitidl standard deviation

When we used DAS ELISA, the percentage of infected plants grew with
the time of substrate incubation from 37,5 to 82,8%, but the maximum percentage
wasnot achieved not even after 2 hours desp
surei nf ect ed. So, using the standard met hod,
positive reaction.

Testing sprouting tubers, the results showed a better identification of
PLRV using the ceancubation sample and Ig&P conj ugate at al | t h
dilutions (able 2). Using the concubati on sample with conj uc
dilution 1/10 and 1/20, the infected tubers were easily distinquished from negative
controls. PLRV has been practically undetectable by DAS ELISA in tuber extracts
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diluted more than 20 timesvhile in the cocktail version, readings differentiate
extracts from infected tissues, but not very clearly.

Number plants™* with positive reactions

30+

254

20+

154
10

104

29

29

18

29

24

30 minutes

60 minutes

Incubation time with substrat solution

120 minutes

O Variant V1
O Variant V2

Incubation time 30 min 60 min 120 min
with substrate

Variant V1* 37,5% 62,1% 82,8%

Variant V2** 100% 100% 100%

Percentage
plants***
with positive
reactions

Fig.1 - Detectabilty of PLRV in leaves function on the samples incubation modality
*** Bjological material used for leaves samples (29 plantes infected with PLRV). Experiments
were repeated on four occasions, with the same results

Table 2- Virus detection in sprouting tubers fonction on the samples
incubation modality

Dilution Incubation time V1* V2%
of the with substrate
sap solution(minutes)
Healthy OD4o5nm N Healthy OD4g5nm N
SD*** SD***
1/10 60 0,025 0,082 1 0,031 0, 103N(
120 0,030 0, 155N 0,037 0227N0,
1/20 60 0.027 0, 050N 0,030 0, 065 N(
120 0,036 0, 095N 0,038 0, 132N(
1/40 60 0,026 0, 035N 0,031 0, 048 N(
120 0,030 0, 058N 0,037 0, 089 N(

*  kk kkk
) ’

tubers (after natural break of dormancy).

- See explanations to table 1. The sap was extracted fromoskeend of 29 sprouting
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The figure 2 shows that the highest values of OD at 405 nm were those obtained by
cocktail ELISA, when the tuber extract was diluted 10 times, after 2 hours
substrate incubation. The meealues was in this case 1,5 times higher than those
obtained by standard DAS ELISA method.

b . The

ef

fect of

viruses Y, A, X and S by ELISA technique

Using

extracti

on

buffer ds

Mc uffery thei absdrbanchs increased by 63,5% for PVA

detection comparing with the classic extraction buffer, and by 32,46% in case of
PVY detection (table 3 and figure 3A).

.14

.10

i
I

DAS ELISA

Sample incubation variant

Sample+lg G conjugate

Stubstrat incubation

I

O 60 minutes

O 120minutes

0.00

1

=

Dilution

I

0 V10

V20

14

DAS ELISA

Sample+lg G conjugate

Sample incubation variant

025

OD at 405nm(2 hours substrate incubation)

—+— Healthy V1
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Sodium diethyldithiocdyvamate (0,01M) in PBS (phosphatduffered saline +
Tween 20) used instead of the polyvinylpyrrolidone (2%) in HBScreased the

sensitivity of potato virus Y (by 38,4%) but this additives decrease the absorbances
values in case of PLRV identificatiomhe same decrease was observed when we
used sodium thioglicolat (0,01M) and sodium diethyldithiocarbamate (0,01M) in
PBST. The detection of potato virus X and S was not significant influenced by the
composition of extraction buffer

The Mcliv a i

nods

buffer

i mproves

t he

potato leaves The results presented in figure 1B show a better identification
(significant
comparatively to the classic variant, for ifection levels. Using this buffer, the

test was more sensitive that the standard test, it detects low concentration of virus
with greater reliability even for the weak infection level of sample.

di ffer enc es-gitric waad rufer,

Table 3- Effect of extraction buffer on the diagnosticsensitivity of DAS ELISA test*

(mean values of OD at 405nm for
Extraction buffer
Classic buffer Mcllvain DIECA(0.01M) | DIECA+sodium
Virus | Sample buffer in PBST thioglicolat  in
PBST
PVY Infected {1, 251 N0 |1, 668%0(1, 784N0,[1, 675NO0,
b**
Healthy [0, 037 NO,0, 034N0O|0O, 033NO,]0, 033NO,
Buffer 0, 027N0,0, 028N0|0, 029N0,(0, 027 NO,
PVA Infected [0, 6 48N0 |1, 146 N0[0, 899N0,[0, 699NO,
Healthy [0, 038 NO,0 036 NO,[0O, 038NO,]0, 035NO,
Buffer 0, 027N0,)0, 026N0O|J0, 0O30NO,[0, 029NO,
PVS Infected | >2,000 >2,000 >2,000 >2,000
Healthy [0, 032 NO,0, 035N0|0, 033NO,]0, 032NO,
Buffer 0, 028N0,,0, 026NO|0, 024N0,{0, 024NO,
PVX Infected | >2,000 >2,000 >2,000 >2,000
Healthy [0, 045N0,0, 048N0|0, 044N0.]0, 047NO,
Buffer 0, 030N0J/0,029N0[0, 031N0.J]0, 029NO0.

* For the samples we used fresh tissues that produced relatively medium ELISA reactions (sap from
2infeced+2health plants)

* %

test.

Val ues

not

foll owed

by

t he

3. CONCLUSIONS
Significantly higher readings were obtained applying cocktail ELISA, this
variant improvng the detectability of potato virus particles The results obtained in
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the detection of PLRV in leaves were better than in tubers (because of the low
concentration of the virus in tubers).

The results achieved ditees showagbetterxt r act i ono
identification (significant di fferences) for
dilution 1/10) u s kcitrig acitf buffdr (0, A8Mn @Hs7). phisos phat e
buffer donot use polyvinyl pyrulttdbi done, an
dissolve in PBST.

Thecei ncubation sample and conjugate and |
citric acid buffer used like extracting buffer could be two posibilities for saving
time and costs gfotato viruses diagnostic tests

2 1.0
PVY
- 1
° IIEI 8 AI strong infected
Extraction buffer ® i
¢ I 6 I
4 Classic - midle infected
6 I 2inf+2h
¥ Mc Ihvain 4 I
4 1 - weskinfected
= DiEcA a “ linf+3h
.2
2 . 1 I
= *a III DIECA+ sodium —== healthy
- [) ® 0.0 —=— o
0 PV A PLRVI G ioglicaat Mc livain Classic .
Virus detected Extraction buffer
A B
Fig.3- A - Influence of extraction buffer on potato leafroll virus (PLRV), potato viruses Y,
A, S detection (fresh samples).
B-l nfl uence of Mcllvainés buffer on PVY detect

(tissue samples that produced different levelsnééction) Virus source plant were selected to
produce relatively strong, moderate or weak virus specific reactions in ELISA.
95%Cl 95%
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ABSTRACT

Multiplication of potato virus Y was made on tobacco plants. The leaves were harvdsted 3
weeks after inoculation.In the event of potato virus Y, for honizag@n of tobacco leaves, we used
buffer with hosphaticitrat (Mcllvaine) 0,18 mol/l, pH 7, surplus DIECA and thioglycolat Na, and
after homogenization was added TritorlB0. The virus purification was done through two
differential centrifugation cyckefollowed by centrifugation on sucrose gradient-{#06) and next
on cessium chloride. For rabbit immunization were gave 2 injections/rabbit with purified virus,
surplus Freund adjuvant.Maximum concentration of immune antiserum was 1:8192 for Y antisera.
From respective antisera, through purification was separated fraction G of immunoglobulin (IgG)
and to realized the conjugate, antibodies were marked with alkaliresphatise Optimum dilution
for IgG and conjugate also was 1:1500.

Virus Y and potato dafroll virus are considerated the most important
viruses of potato because their frequency and their injury potential. The virus Y is
present in all cultivation areas of the potato from the world wide and the plant
production with secondary infection cha diminuated with 3®0%, depending on
the variety and the virus strains (Cojocaru 1987).

Among the control technologic methods of the diseases generated by the
potato viruses a special role reverts to the safety of identification techniques for the
infected materials (plants and tubers). Currently the most sensitive, precise and
used method on world wide plan is the ELISA technigue. The method pointed by
Koenige (mentioned by Wetter and Milne 1981), requires high cost of the testing
because it needs asgwrum with greater specificity, enzymes, microplates and
adequate equipments. In our country the tests were made initially only with
antiserum ( 1gG and conjugate) from import, for identification of PVX, PVS, PVM,
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PVY, PVA and potato leafroll virus. Foeducing the financial effort occasioned

by their import, researches have been initiated at the National Institut of Research
and Development for Potato and Sugar Beet Brasov, in the aim to obtain in the first
stage antiserum, IgG and conjugate for the ¥ 8npotato viruses (Cojocaru and
Bran; 2001) Afterwards, researches have been extended for virus Y of potato

1. MATERIALS AND METHODS

The viruses multiplicationFor purification of Y virus we used the®vand
YN strains, multiplied on tobacco plantsarsun and White Burley varities. The
viruses multiplication has been efectuated in greenhouse conditions. We harvested
the leaves from infected secundary plants. For the virus Y multiplication, the
tobacco plants have been inoculated mechanical in-thée2ves phase and the
harvesting leaves has been made afémaeks after inoculation.

The viruses extractionThe extraction and the purification of virus has
been experienced not only from frozen leaves but also from fresh leaves harvested.
The homogerzation of the leaves has been efectuated in the Mcllvaine buffer
(phosphate, citric acid) 0,18 M, Ph 7 containing as additive stabilizer sodium
DIECA (0,02 M) and sodium thioglycol (0,01 M).

The methodology of purificationAs well as in the case of the &hd S
viruses, the purification methods has been established on the base of the schema
used in the virology labs from Germany and Holland (Weidemann 1982; ***1982)
with some modifications in principal quantitative, depending on the disposable
equipmentsas well as the one reffered to the centrifugal action in density gradient.

The infected 400 g leaves homogenization, in 4 trances of 100 g leaves and 200

ml extraction buffer, so that (in such a way) has been previous indicated at the

Y virus extraction. Br obtaining homogen 37,4 ml has been added from a

solution of 20% biodistillate water of Triton-X00 and incubated over night at

4AC with continue agitation.

The homogeneity filtration through a dense saill and the centrifugal filtrate in

15 minutes at GO0 rotations/minute, with 8x50 ml rotor, in the K23 centrifuge.

The suspensiorwas centrifugated 90 minutes at 2400 rotations/minute and

10AC with R35.

The sediment was resuspended in -880 ml extraction/homogenization

buffer (Mcllvaine with stabilizea ddi t i ve) , at | east 60minutes
agitated and then centrifugated as point 2.

The supernatant centrifugation during 120 minutes at 20.000 rotations/minute

and 10AC with R35.

The resuspension of the sediment 7 @&nl Mcllvaine 0,18M buffer, pHA

(without additive stabilizer) mini mum agif
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mi nutes centrifuge at 7.000 rotations/ minu
with adapters for 4 cups of 10 ml from the bottle or the 12x25 ml rotor, both at
the K23 centrifuge.

7. Thesupernatant centrifuge (1 ml virotic suspension/tube), in sucrose gradient
of 10-40%, in Mcllvane buffer, during 120 minut
with SW41.

8. The viruses area extraction (figure 1), 1:1 dilution with Mcllvane buffer and
centrifugatondur i ng 150 minutes at 25. 000 rotatic
R35.

9. The sediment resuspension in 10 ml MclLvaine buffer (without additive), easy
homogenization and 380 minutes agitation with low speed, after that the
centrifugation necessity is estimating=000 rotations/minute with 12x25 mi
rotor.

10. The viruses suspension (10 ml) is moved in a 50 ml cylinder and is added at
the obtained solution from the 12,15 g CsClI dissolution in 15 ml bidistiled
water, brought up to 30 ml and mixed well. Then it was rfaged for 22
hours at 36.000 rotations/ minute and 10AC

11. The viruses area extraction and its dialyse in Mcllvaine buffer. An assay is
holded (aprox.2000l) for the analyse at th
added 1:1 glycerine andigstoredat18AC unt i | the rabbits i mmun

J

Fig 1- Extraction of virus after
centrifugation in sucrose gradient

2 series of purification/viruses
have been efectuated, for each series
we used 400 g infected leaves.

The rabbits immunizing.
Two rabbits/virus  have  been
immunized through two innoculations, at 14 days interval, the first through
subcutaneous injection in many points and the second one intramuscular, in both
posterior legs. At each administration, the rabbit has been inoculatedheith
virotic suspension obtained from 200 g infected leaves, emulsifiyed with complete
Freundadjuvant in 1:1 proportion.

To obtain antiserum, 10 bleedings/rabbit have been effectuated,-25 15
ml blood each, but after the separation of the immuneeantis m, the titre and
specificity have been determined towards the homologue antigen and the healthy
plant juice through the dilution method and precipitation blade. The antiserum
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conservation of each bl eeding Imazadebeen

in concentration 0,1% (Ghetie and Micusan 1966).

We used the methodologies for the X and S antiserum (Cojocaru and Bran
2001) for the antiserum purification, in the purpose of the ballast globulins
elimination, noimmune, from the antiserum and geparation of the most active
fraction 1gG, as well for the antibodies marking with alkaline phosphatase, and for
the optimal testing diluted solution.

2.RESULTS AND DISCUSSIONS

The viruses purification.The electremicroscopic analyses of the purified
preparation show a good purity, so we can obtain antiserum with high specificity,
and without positive reactions with sap from healthy plants. Consequently it
results, that in a large measure, using these purification methods, the specific
antigen compouts have been eliminated to the host plants used for the viruses
multiplication.

The viruses concentration in the preparations was also very high, being
estimated at 10910 particles/ml in the case of purified Y virus from the fresh
harvested leaves (fire 2A) . Both the purity and concentration of our preparations
constituted the premise to obtain antiserum for the ELISA technique.

Fig.2 - Electron micrographs particles of virus Y virus suspension obtained from fresh
leaves (A) ad from frozen leaves (BJhe extraction and purification methodologie used are
presented above (comparatively with the schema used in other labs, we made some modifications in
principal quantitative, depending on the disposable equipments).

In the prepaation of the Y virus obtained from the frozen leaves
approaching 10 months, the virus was practically absent, being made obvious only
little fragments particles (figure 2B ). The loss of the Y virus in the purification
process from the frozen leaves isnswlerated to be caused in principal, by the
solid aggregation of the viruses particles as a result of the tissue or juice
congelation, pointed out by Derrick and Brlansky (quoted by Hollings and Brunt
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1981) and their elimination together with the obtaisediment as a result to the
centrifugal actions to a small number of revolutions. In consequence, it is indicated
that the Y virus extraction in view of the purification should be accomplished from
fresh harvested leaves before the homogenization.

Obtaining the antiserumThe data regarding the relative concentrations of
the antibodies in Y antiserum expressed through the limit dilution of these
variations are being made evident by the interval between immunization and
bleeding (table 1). Therefore, thedis registrated a gradual raise with the measure
period between the last administration of the virus and bleeding, until the
maximum titre touch, after that the last bleeding has been reduced. The only
exception regarding the concentration evolution ef Yhantiserum constitutes the
registered titre at thé"®leeding, reduced with a dilution step towards the previous
bleeding. In view of the next 2 bleeding titres, we consider that this reduction
apparent registrated at thd'® | eedi ng whkesamiboties damaentration t
fluctuation, more probably from the used virus concentration at the titre
establishment. This way the use necessity of a similar virus concentration is
detached for all antiserum bleedings.

The Y antiserum had generally highrei, although the antiserum titre is
influenced by numerous factors, we consider that the better antigen of the Y virus
had an inmportant role. So, the Y virus has been named as a "powerful immunity"
(DolgadeSanchez 1970; de Bokx and Huttinga 1981).

Table 1- Evolution of Y antiserum titre with times intervals immunization- bleeding

Antiserum Y
Bleeding imml,'l\:llijzrglt)iirrl(—jgséseding e

15 1:512-1:1024
2 29 1:1024- 1:2048
3 43 1:2048- 1:4096
4 57 1:2048- 1:4096
5 70 1:4096- 1:8192
6 85 1:2048- 1:4096
7 99 1:8192
8 113 1:8192
9 127 1:2048- 1:4096
10 141 1:1024- 1:2048
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The maximal titre of the Y antiserum was of 1:8192, registrated’a?%
and 8" bleedings, so practically, after 403 days from the immunizati, namely
at 3246 days after immunization, maintaining therefore at this level for a short
period (table 1).

Concerning the antibodies from "early bleedings”, Koenig (quoted by
Wetter and Milne 1981) has related that they have a reduced affinity arttiéha
greediness can still decline during the conjugation with enzyme. It results that the
antibodies from the first bleedings are less suitable for ELISA and in consequence,
we considerate, that the immune antiserum obtained from the first bleedings
shoulndt be used in the ELISA test. I n
that an antiserum can be used in the ELISA technique, the accentuated
requirements in 1987 by Maat and Huttinga ( the titre regarding the minimum
homologue antifreeze solution 1/2%6d absent or maxmimum regarding the
specific plants antigen), the Y antiserum achieved by us, go beyond, in positive
sense, these attribution, what denotes the high quality of these anprteiility
for the identification viruses using ELISA test.

The 1gG separation and antibodies conjugation with enzyrf@r the
antiserum purification for obtaining 1gG we used 2 ml of antiserum, with 1:8192
titre (table 2 presents the extinctions of fraction resulted after cromatografic
purification). Thus, the ektctions have grown from 0,057 to high values obtained
from the 46 fractions. It has followed than a gradual reduction of the extinctions,
at antiserum fractions, reaching finally at 0,224 respectively 0,476. After the
immune globulin concentration adjestent at 1 mg/ml we obtained 23 ml with
E=1,740 for Y virus.

Number E280nm
fraction/antiserum
1 0,057
2 0,193
3 2,117
7 3620 Table 2- Extinctions (Ezgonm) Values of
' IgG fractions after gel filtration of Y

5 3,550 antiserum
6 3,500
7 2,886
8 1,440
9 0,861
10 0,476
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Table 3- Values of extinctions (Egsnm) - different dilutions of antibodies, conjugate,
virus Y and healthy plants sap

Dilution antibodies (IgG)
Specificatio
n 1:300 1:900 1:2700
PVY 1:10 >3 1,882 0,646 >3 1,661 0,673 2,839 1,390 0,542
PVY 1:100 2,603 1,138 0,427 2,612 1,113 0,457 2,387 0,061 0,402
PVY 1:1000 0,854 0,438 0,198 1,024 0,450 0,211 1,036 0,502 0,225
Healthy 1:10 0,063 0,055 0,056 0,059 0,057 0,052 0,057 0,058 0,057
Healthy 0,064 0,056 0,054 0,067 0,063 0,056 0,059 0,060 0,056
1:100
Extraction 0,058 0,056 0,056 0,059 0,058 0,053 0,056 0,057 0,054
buffer
Dilutions 1:40 1:1200 1:3600 1:400 1:1200 1:3600 1:400 1:1200 1:3600
conjugate 0
Cut-off 0,126 0,110 0,112 0,118 0,114 0,104 0,114 0,116 0,114

For conjugated preparation, antibodies (2 ml IgG/serum) were marked
with alkaline phosphatase from Fluka, with activity 2500 U/mg protein.

The optimal testing dilution.The data presented in tables 2 and 3 show a
semnificantly, constant, gradual reductidnextinction values , according to the
dilution growth of the conjugate and virus (therefore with the concentration
diminution) and in a little measure the antibodies dilution. This extinction
diminution with the conjugate and virus dilution were obviousrf 5 antibodies
dilutions. We mention that the last dilution of the Y virus (1:1000) it has been
ascertained that the constant tendency of easy growth of the extinctions, with the
antibodies concentration reduction. At the maximal dilutions tested (1:fd00
virus, 1:2700 for antibodies and 1:3600 for the conjugate), the registered was twice
higher (table 3). This fact denotes that the accomplished Y antiserum presents a
high detection for the homologue virus.

In the view of the increased precision asaoeafor the viruses presence
evidence, even in the case of some reduced concentrations in plants than 1:1000,
on the extinction evolution base at the tested dilutions for reagents and comparative
with the healthy and infected limits, has been establistsednaoptimal work
dilution 1:1500, not only for the antibodies but also for the viruses conjugate. For
each conjugation lot of the antibodies with enzyme it is necessary to test the
optimal dilution.
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3. CONCLUSIONS
The schema and methodologies usedferpurification of Y virus helped
us for obtaining clean and concentrated preparations of virus particled @208
particles/ml), corresponding to specific antiserum achievement and for their use in
ELISA technique.

The Y virus purification from the frazn | eaves hasnot succee

consequently it is recommended for their purification that the virus should be
extracted from fresh harvested leaves.

The achieved antiserum behind the immunization and bleeding of the
rabbits have presented a good specififihe zero titre regarding the healthy plant
sap and a higher concentration of the antibodies given by the homologue antigen
(the maximal titre 1:8192).

The optimal work dilution of the IgG and the conjugate of antiserum
established after the purificatiar the antiserum and the antibodies marking with
alkaline phosphatase was considered to be of 1:1500 for these immune serum
series.The extinction values were strong influenced by the conjugate dilution and
virus dilution, and in a weak measure by thelzodies dilution.
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ABSTRACT

Shootclumps of twelve Leucojum aestivum in vitro clones of different origin and with
specift alkaloid profiles were studied comparatively.

The biosynthesis was stimulated by some alkaloid precursors: casein hydrolysate, and/or
amino acids tyrosine and phenylalanineadded in the MS based nutrient media supplemented with
BAPand NAA. The effects of the treatments were concerned by alkaloid content and profile changes
based on the previously observed dynamics.

Regular annual dynamics of alkaloid biosynthesis was reported for the
intact plants ofLeucojumaestiwim growing in situ and under controlled field
conditions (Stefanov, 1990). According to the main alkaloids of the natural
populations of the species in Bulgaria, the author defined chemoraces of
galanthamine (Gal), lycorine (Lyc), and lycorenine typesmémy populations of
galanthamine type lycorine was also present in high concentrations while the
populations producing lycorenine contained usualgethethylhomolycorine in
similar quantities. Highest galanthamine contents were determined during the bud
formation and the flowering in April; however, the amount of this alkaloid was
decreasing sharply within two weeks during the fruit maturation. Conversely,
lycorine was decreasing during the vegetation in spring.

Although the populations difed significantly in their average
galanthamine concentrations, they were proved genetically heterogeneous,
consisting of individuals with higher or lower galanthamine contents (Poulev et al.,
1993). We previously confirmed the importance of the genotypieh determined
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the alkaloid profile and content of the Ietgyrmin vitro cultures ofL. aestivum
(Bogdanova et al.,, 2009). Moreover, we reveaiedvitro dynamics of the
biosynthetic activity concerning both main alkaloids galanthamine and lycorine,
which characterized with clone specificity (Stanilova et al., 2008 & 2009).

The herbage of. aestivumis a valuable crude material for industrial
production of galanthamidegased drugs used for treatment of many diseases of the
nervous systemincluding Alzheimer syndrome. As far as it is endangered
medicinal plant species with limited annual quota of gathering from the Bulgarian
natural populations (Gussev et al., 2007), the development of alternative
approaches for galanthamine productioringportant. Lycorine is also alkaloid
with useful properties such as antitumor and antiviral activities. We selected high
productivein vitro clones containing an average of over 1 mg/g DW galanthamine
and/or lycorine, which have kept their biosynthetic amjy for several years
(Bogdanova et al., 2009).

Additional increase of the alkaloid contents might be achieved using
different techniques for stimulation of the secondary metabolism. We already
proved that jasmonic acid acting as a stfastor could enhance the biosynthesis
of galanthaminén vitro; however, the dynamics of the biosynthetic activity turned
out more important factor limiting the increase of the alkaloid content during some
periods (Bogdanova et al., 2008). Feeding witlcpreors of the desired bioactive
compound is frequently used technique, which was successfully applied for
production of alkaloids fronCatharanthus roseysCa mpt ot hecandacumi nat O
Thalictrum minugVanisreeand Tsay, 2004). The amino acids tyrosine YTyrd
phenylalanine (Phe) were defined as precursors of galanthamine and lycorine
(Hornok, 1992). Casein hydrolysate (CH), which is consisting of many amino
acids, including Tyr and Phe, was reported as a suitable indirect precursor of
colchicine, anothealkaloid derivative of the two amino acids (Ghosh et al., 2002).
As far as the amino acids contain the ionssNsid NH;", they could be added as a
sole source of nitrogen in the nutrient medium, thus replacing the usual-macro
salts, which supply thi vitro plants with inorganic nitrogen. The present study
was aiming at stimulation of the biosynthesis of galanthamine and lycorine by
addition of different alkaloid precursors.

1. MATERIAL AND METHOD

Twelve selected.. aestivumclones were usefbr in vitro stimulation of
the alkaloid biosynthesis: three of Gal type 3.8, La4.45, and L&b.2), six of
mixed GaiLyc type (La7.6, La2.72, Lal.19, La6.31, La7.73, and Lar.26), two
of Lyc type (La9.6 and L&9.15), and one of mixed lycoreni®e
demethylhomolycorine type (E40.4). Clones were initiated in 2003, from bulbs
originating from different Bulgarian populations. Sheatmps were obtained by
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direct regeneration and multiplied by sobtivation as described previously
(Bogdanova et g12009).
Cultures were maintained on control MS based medium (Murashige and
Skoog, 1962) with 1@old increased ThiaminkeICL, supplemented with 30 g/L
sucrose, 2 mg/L BAP and 0.15 mg/L NAA, solidified with 6 g/L Plant agar
(Duchefa, NL), pH5.7. Cultivation was maintained under permanent conditions:
temperature of 23N2UC, 16 Hh, ird\rioMent i | 1l umi nat |
containers (Duchefa, NL) with 125 ml medium.
Two consecutive experiments were performed aiming auiion of the
alkaloid biosynthesis by feeding with casein hydrolysate (CH) and/or the amino
acids tyrosine (Tyr) and phenylalanine (Phe) as precursors. First treatment started
in November 2004 and lasted two months; second one was performed with half of
the clones for three months, from April to July 2005. The effect of the precursors
was tested in parallel with modification of the MS masadis composition
excluding the compounds containing inorganic nitrogen ionss M@&d NH;'.
Thus, the precursors wethe sole nitrogen source in the media. During the first
treatment, clones were cultured on control MS medium and on mediupdOP*
containing 400 OM Tyr and Phe. Six of the ¢
MS medium, medium TR700 with Tyr and Phé n concentration 700 Ol
medium CH TP#*700 supplemented with 3 g/L casein hydrolysate, and Tyr and
Phe in amount ensuring their final concentr a
Galanthamine, lycorine, and four related alkaloids: norgalanthamine,
ungimirorine, galanthaminone, and homolycorine, were determined in the
methanol extracts of dried shedumps by chromatographic analyses (Waters
HPLC system, PDA detector) as described previously (Bogdanova et al., 2009).
Statistics: Influencesfahe precursors and the genotype, as well as their
possible interactions were tested by ANOVA tfaator with replication. Impact of
biosynthetic dynamics was assessed {bgst paired, thus respecting the clone
specificity. Correlation coefficients wepalculated in Excel.

2. RESULTS AND DISCUSSIONS
We reported previously that all 20 vitro clones ofL. aestivumstudied

for 24 or 33 months under permanent light and temperature conditions in equal
plastic containers expressed clespeecific dynamics of the alkaloid biosynthesis
(Stanilova et al., 2008; Stanilova et al., 2009). Therefore, the stimulant effect of the
precursors was evaluated in relation with the dynamics of the biosynthetic activity
of each tested clone. The results from thw ttonsecutive treatments differed
significantly and confirmed our hypothesis based on our experiments with
jasmonic acid and some galanthamine precursors (Bogdanova et al.,, 2008;
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Stanilova et al., 2009), suggesting that clone specific dynamics was arprim
importance for the effect of biosynthesis stimulation.

Clones cultured on control medium differed in their galanthamine contents
determined in November 2004 and in January 2005 (P = 0.Q€dt, paired). The
alteration of galanthamine otents was synchronized (p < 0.05). Obviously,
dynamics of galanthamine production was ascendant during the first experiment
(Fig. 1-A), while that of lycorine production was more complex (Fig)1 Only
two from the mixed Galyc type clones, L&.6 andLa-2.72, expressed similar
biosynthetic activity for both alkaloids. The other four mixed type clones did not
synthesize lycorine in January 2005 when cultured on control medium. It seemed
that the feeding with Tyr and Phe led to successful overcomirigeafero point of
the biosynthetic activity of clones £19 and L&6.31. However, no lycorine was
detected in clones L&73 and La’.26 cultured on medium TR00, which
brought the stimulant effect of the precursors in question.

Gal [mg/g DW]

La-3.9 La-4.45 La-5.2 La-7.6 La-2.72 La-119 La-631 La7.73 La-7.26

B Control Nov 04 @ Control Jan 05 B TP*-400 Jan 05 Clones

Lyc [mg/g DW]

La-76 La-272 Lla-1.19 La-631 La-7.73 La-7.26 La-9.6 La-915 La-104

B Control Nov 04 @ Control Jan 05 B TP*-400 Jan 05 Clones
B

Fig. 1- Influence éthe biosynthetic dynamics and the alkaloid precursors on the alkaloid

contents of 12 in vitro clones of L. aestivu#) Gal contents of 3 Gal type and 6 mixed
Gal-Lyc type cloneg(B) Lycorine contents of the 6 mixed &alc type clones, 2 Lyc type,

and1 lycorenine type clones
The crucial importance of the genotype for the alkaloid profile and

content of then vitro cultures ofL. aestivunwas reported in our previous studies
(Bogdanova et al., 2009). In order to elucidate the relatiright of the genotype
and the alkaloid precursors, we assessed the results obtained in January 2005 on
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control and on TRP#00 media applying ANOVA twdactor with replication.
Taking into account the peculiarities of the main chemotypes defined for the
Bulgarian populations, we compared the clones within each chemotype
independently from the others. The results confirmed the great importance of the
genotype for the biosynthetic activity (Table 1). Galanthamine contents of the six
genotypes of mixed Gdlyc profile differed very much. The same was for the
lycorine contents of the two mixed clones, which produced Lyc during the tested
period, as well as for the contents of norgalanthamine in the two Lyc type clones.
The differences between the galanthamineteats of the three tested Gal type
clones and between the lycorine contents of the two Lyc type clones were very
close to the reliable significance. Conversely, the precursors added to the medium
did not influence the alkaloid biosynthesis. No interacti@s found between the
genotype and the precursor.

Table 1- Impact of the genotype on the alkaloid contents df. aestivum in vitroclones,
assessed within each chemotype

. ANOVA
Genotype Alkaloid E ratio P-value

Gal type clones | Galanthamine 3.996| 0.078
Mixed GatLyc Galanthamine 12.994 0.0001 ***
type clones Lycorine” 106.445 0.0004 ***

Lycorine 5.457| 0.0797
Lyc type clones ,

Norgalanthamin 14.95| 0.0180 *

significant difference: *p < 0.05; **p < 0.01; *P < 0.001
# lycorine was compareanly in 2 clones because of the zero point of the other four mixed
type clones

The increase of the alkaloid contents of the tested clones was due mainly to
the inner dynamics of the biosynthetic activity (Table 2). Considerable increase of
Gal and Lyc dung the tested period, resulting in doubling of the alkaloid
concentrations, was noticed only in clones, which dynamics expressed maximums
in January: Le3.9 and La7.6 (figures of biosynthetic dynamics of all clones were
published previously: Stanilovd al., 2008). Similarly, high increase was detected
for Gal content of clone |-:.31 which had a zero point in November 2004 and
maximum in January 2005. Significant positive influence of the precursors on the
alkaloid contents was noticed only in the cabdescendent trend of the dynamics
during the tested period: Gal of 11a19 and Lyc of L&l0.4. Relatively high
increase of Gal due to both dynamics and precursors was observed in cléngs La
and La7.73. Unexpectedly, the addition of Tyr and Phe ia thedium caused
decrease of lycorine content of the two Lyc type clone8.baand L&9.15.
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Table 2- Influence of the biosynthetic dynamics on the stimulant effect of the alkaloid

precursors
Galanthamine Lycorine
Summary Summary
Clone |Dynamics| Precursor | Dynamics |Dynamics| Precursor | Dynamics
Ratio Ratio & Ratio Ratio &
% % Precursor % % Precursor
Ratio % Ratio %
La-3.9 238 a 101 c 241 a - - -
La-4.45 | 133 b 95 ¢ 127 b - - -
La-5.2 111 b 139 b 154 b - - -
La-7.6 264 a 107 c 282 a 363 a 97 ¢ 351 a
La-2.72 | 112 b 102 c 114 b 130 b | 101 ¢ 132 b
La-1.19 71 d 127 b 90 ¢ - very high 122 b
La-6.31 |[veryhigh| 154 b very high - very high 198 a
La-7.73 | 164 b 123 b 202 a - - -
La-7.26 99 ¢ 92 ¢ 92 ¢ - - -
La-9.6 - - - 169 b 85 d 143 b
La-9.15 - - - 127 b 87 d 110 ¢
La-10.4 - - - 82 d | 121 b 99 c

a’ increase of alkaloid content twice or molei increase of alkaloid content over 10%;
ci alteration of alkaloid content less than 106G decrease of alkaloid content over 10%;

very highi al kal oi d

The influence of the alkaloid precursors on the biosynthetic activity
was very high during the second treatment. Both alkaloids increased significantly
their concentratins in all tested clones (Fig. 2). The ANOVA tfactor with
replication confirmed the stimulant effect of the precursors, although the impact of
the genotype was stronger (Table 3). According to the content of galanthamine, the
genotypes could be arrangad four groups: L&b.2 with highest galanthamine
concentration, followed by the group of three clones4l4b, La3.9 and Lar7.26,

and two groups comprising one clone each:-7l& containing much less
galanthamine, and E@.6 very poor in galanthamine.eBarding the lycorine, the
genotypes formed three groups: first one of clone®.baand La7.6 with highest
lycorine concentrations, followed by clone-E&6 with relatively high lycorine

fappearanceo

after

transitive
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content, and the group of the three -Bgile clones, which did natynthesized
lycorine at all.

25 40 +
0 ES ° La9.6
- La-5.2 2 g La-7.6 ’
£ g La-7.6
S g) 20 La|\j3.9 A % o 3.0 oaQ La-9.6
25 La-5.2 = 2 La-7.26 ©
S E La-4 S i
= '@ 154 0 207 La-7.26
g £ A S 5 La7.6 &k
a2 La-4.45 a8 o
o5 53101 A a2
s 2 10 A T Q0 tazs ¢ A
o2 La-3.9 X o
= = La-7.26
Lg.6
05 0.0 T
’ ‘ ‘ 0.0 1.0 2.0
0.5 1.0 15 2.0 i
Gal of ol 4D Alkaloids of Controls [mg/g DW]
al of controls [mg/g DW] @TP*700-Gal  ACHTP*700- Gal
A OTP*700 - Gal ACHTP*700 - Gal B @ TP* 700 - Lyc #CHTP*700 - Lyc

Fig. 2- Stimulation of the alkaloid biosynthesis of L. aestivum clones by feeding with
precursors:A - Galantahmine in Gal type cloneB;- Gal and Lyc in mixed Gélyc and
Lyc type clones.
Table 3- Impact of both: genotype and precursors on the biosynthetic activity of..
aestivumshootclump cultures

Galanthamine Lycorine
Factor ANOVA ANOVA
! P-value . P-value
F ratio F ratio
Genotype 21.43106 5.28E07 *** 23.60348 2.539EQ7 ***
Precursors 7.76442 0.003704 ** 7.61060 0.0040245 **
Interaction 2.507317 0.043092 * 3.05040 0.0190802 *

Significant difference: *p < 0.05; **p < 0.01; ***P < 0.001

The alkaloid contents of the six tested clones altered synchronously, but
the synchrony was not permam. Thus, galanthamine contents of the control
variant determined in April 05 correlated with those in January 05 (p < 0.05) and
with those in July 05 (p < 0.01) but controls from January and July did not
correlate. Regarding lycorine, the controls cated during whole this period (p <
0.05). Correlations were proved for the controls and the variants with precursors.
They were more pronounced for lycorine: p < 0.01 (control and7D@) and p <
0.001 (control and CHP*-700); regarding galanthamine cuois correlated with
TP*700 (p < 0.05) and less with GHP*-700 (p = 0.07).

The contents of Gal of the six clones cultured on the media with
precursors highly correlated (P < 0.001) but differed significantly from one another
(p < 0.01, ttest paired). The biosynthesis of galanthamine was stimulated only by
the medium TP#00 (p < 0.05, -test paired) while the control medium and the
medium CH TP#*700 belonged to one group. Conversely, Lyc contents
significantly increased in both variantsntaining precursors (p < 0.05tdst
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paired), and no difference was observed between them, although they correlated
highly (P < 0.001). It is worth to notice that the contents of Gal and Lyc of the
mixed type clones cultured on each of the media congimiacursors, correlated
negatively (p < 0.05).

Finally, clone specificity was illustrated by interactions between the two
tested factors, which were confirmed by ANOVA tfactor with replication
(Table 3). In spite of all observed corréas, it is impossible to make prognoses
about the effect of the precursors because of the unpredictable dynamics of the
alkaloids of the clones maintained on control medium.

The relation between the stimulation grade and the concentrdtidre o
precursor was not simple. Ggbe clones reached highest Gal levels when
cultured on medium TR700: 1.91, 1.51 and 2.35 mg/g DW in clonesd.g, La
4.45 and L&b.2 respectively (Fig. 2, left). Lytype clone L&9.6 also produced
more Lyc on mediunwith higher concentration of the precursors (1.88 mg/g DW
on TP*400 and 2.58 mg/g DW on TPP00). However, the difference between the
contents of Lyc produced on the two medium variants containing equal
concentration of Tyr and Phe was much significéime, maximum Lyc reaching
3.88 mg/g DW on medium GHIP*700 (Fig. 2, right). Probably the different
stimulation of the production of the two alkaloids was due to some specific steps of
their biosynthetic pathway. Furthermore, the concentration of the aawide Tyr
and Phe seemed to be less important than the dynamics of the biosynthetic activity,
which could explain the higher concentration of Lyc obtained in clong.6a
cultured on medium TR400: 4.15 mg/g DW against 3.69 mg/g DW Lyc on TP*
700.

We did not found similar data concerning vitro biosynthesis of
secondary metabolites. Howevén, vitro growth periodicity of the regeneration
rate and some other parameters was reportedPémulus tremulaand Fagus
sylvatica (Altman et al., 200). Authors defined the somaclonal stability as a
phenomenon at least as much important, as the somaclonal variation, and related it
to the inner biological clock of the species.

3. CONCLUSIONS
The stimulant importance of the tested precursaomsthe secondary
metabolism oL. aestivuntultures was obviously related with the dynamics trends
of the alkaloidsd biosynthesis. Il n our opin
strong biological clock of this bulbous species persisting even inteyngin vitro
cultures. However, the permanent temperature and illumination regime and
intensity led to disturbance of the regulatory mechanism of the inner plant clock,
which resulted in clone specific dynamics differing from that of the intact plants
growing at open air as well. The understanding of the biosynthetic regulation will
probably allow its manipulation, which should be necessary in order to ensure
33



stablein vitro bioproduction of galanthamine and lycorine. Stimulation of the
biosynthetic activity wih precursors could be further tested.
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ABSTRACT

The ability of twoAgrobacterium rhizogeneagropine strains: A4, LBA 9402 and one
mannopine strain 8196 were evaluated on the hairy root induction and regeneration of three Eustoma
grandiflorum cultivarsd OHehdi WRPIi n&d, Halerdir 8obusdwar
weeks after inoculation. The average of root number per explant and root length were significantly
higher following infection with LBA 9402 strain for all genotypes tested. In this case, transformation
frequency ranged from 86 % to 100 %. Some of ih&ture transformed plants showed distinct
variations in their phenotypes likerinkled leaves, cughaped corolla, short internodes and reduced
apical dominance. Those plants were evaluated for integration améssipn of Ri IDNA genes.
PCR analysis confirmed the expression of hairy root inducible genes.

Eustoma grandiflorun{Griseb.) known as Lisianthus, Prairie Gentian or
Texas Bluebell is a member of tl&entianaceadamily, native to the prairies of
Nebraka, Colorado and Texas. In present, cultivars in production offer a wide
range of colors, including pink, white, purple, plum and various bicolor. As an
ornamental plantzustoma grandiflorurhave been the subjectiofvitro studies in
order to obtain clees for multiplication on a commercial scale. Transformed
genetic plants have been obtained mostly byudtivation of the explants with
Agrobacterium tumefacier{&iovannini et al, 1996, Ledger et al, 1997). There are
a few reports regardingustoma gradiflorum plant regeneration from hairy root
induced by Agrobacterium rhizogenegHanda, 1992,Handa et al, 1995,
Giovannini et al, 1996 The Gram negative soil bacteriumgrobacterium
rhizogeneshas the ability to infect plants through wounds and to iacalmundant
adventitious roots (hairy roots) after the transfer @dNA in the plant genome
(Tepfer, 1984; Petit et al., 1986). Depending on synthesis and degradation of opine,
A. rhizogenesave been classified into three strains category: agropine, miaeno
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and cucumopine. The agropine straindofhizogenegontain a TDNA segment
divided into two regions, Tand Tz (Huffman et al, 1984). The Tregion of Ri
plasmid contains 18 open reading frames (ORF) (Slightom et al, 1986) , ORFs 10,
11, 12 and 15epresent the root locirdl), i.e. rol A, rolB and rolC, rolD
respectively. Root loci have been found to be essential for hairy root induction
(White et al, 1985; Jouanin et al, 1987). Each ofrthegenes has been shown to
modify the growth and develomnt of the plant in particular way$he earlier
studies ofrol genes were carried out mainly on tissue cultures. Later on, the
researches were extended to the whole plant, moreover Nicotiana plants
model to the most culture plantdlowadays many pldnspecies have been
successfully transformed usingl genes and are showing a similar phenotype with
those obtained b. rhizogenedviore over seems that onerol genes effects is to
induce changes in the secondary metabolism and for this particatamrean be
used in pharmaceutical and cosmetic industries.

The aim of this work is to compare the ability of different wild type strains
of Agrobacterium rhizogends induce hairy root and characterization of lisianthus
plants transformed. Adventitiousuds that appeared from the transformed roots
were excised and placed on Murashige & Skoog (MS) medium without
phytohormones. Some of the regenerated plantlets from hairy, m@dtiited
morphological alterations such as: dwarfness, short internodesrankdied leaves.

All cultivars showed an abundant root system.

1. MATERIAL AND METHOD

PLANT MATERIAL AND CULTURE CONDITIONS
In vitro micropropagated plants were used for the experiments on the
OHei di Pi nkod, 60 He i dof EuBtbma grandierumdGrigekE}c ho Whi t e 6
cultivars. The plants were regenerated on MS (Murashige and Skoog, 1962) basal
medium containing 3% sucrose, 3.0 mgBAP (6 benzyl aminopurine) and
multiplied on the same medium supplemented with 1.0 BAP and 5.0 mg/I
GA; (gibbeellic acid). All media components were mixed and adjusted to an
appropriate pH (5.7) before autoclaving at @2Ifor 20 min. Cultures were
i ncubat et inaa gro®tB Kodm under a 16 hrs light photoperiod.
Subculturing was carried out every 3 weeks.

BACTERIAL CULTURE AND TRANSFORMATION

Agrobacterium rhizogeneagropine strains A4 and LBA 9402 and a
mannopine strain 8196, whietere kindly provided by dr. David Tepfer (I.N.R.A.,
Centre de Versailles, France), were grown for 48 h & 28 M16 mediunwith
10g glucose, 10 g yeast extract, 1g (NHO, and 0.25 g KKHPO,.Microcuttings
of 21 3 cm in length were prepared from in vitrov@eekold shoot cultures. The
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infections were carried out by immersing in 2 ml bacterial suspension the fresh
wounded phnt material. Infected plants were-caltivated for 48 h, in darkness at

2 5 °@, or2MS medium without hormones. After-caltivation the explants were
transferred to the same medium containing 0.6 % agar, 3 % sucrose and 300 mg |
cefotaxime. The culte was kept at 25C under constant illumination. Infection
frequency, roots number and their elongation were archived. A total of 40 explants
per treatment and two replicates for each experiment was [Dsdd. were
evaluat ed usstatg.3%evel dent 6s

GENOMIC DNA EXTRACTION AND PCR AMPLIFICATION

GenomicDNA was isolated from freezdried leaf tissue using the CTAB
method Doyle and Doyle, 198Awvith some modificationb0 ng of genomic DNA
extracted from normal plants (control) and from hairy root induced.thizogenes
strains, was used. DNA fragments were amplified usingratyDNA polymerase
(Promega) in a final volume of [-BNA ¢l
(rolA androlB) region from FDNA segment of Ri plasmid the pair of gene
specific primers used for amplifying were:
5~GAATTAGCCGGACTAAACGT-3’
5*TTGTTTGGATGCCCTAATT-3%for rolA that amplifying a 450 bp fragment
and SATGGATCCCAAATTGCTATTCCTTCCACGA-3°
5TAGGCTTCTTCTTCTTCAGGTTTACTGCAGE3 for rolB that amplifying a
780 bp fragment.

The amplification protocol forolA was: 3 min melting at 9€ followed
by 35 cycles of a 1 min melting at @ a Xmin annealing at 5&, 2 min
elongation at 72C and 10 min at 72C for final elongation. The amplification
protocol forrolB was: 3 min melting at 9€ followed by 30 cycles of a 1 min
melting at 94C, a tmin annealing at &, 2 min elongation at 72 and 10 min
at 72°C for final elongation. A 1 kibNA ladder was used as molecular weight
standard.
PCR products were analyzed by electrophoretic separation on 1 % agarose

gel (w/v) in 0,5 x TBE buffer and staining with ethidium bromide.

2. RESULTS AND DISSCUTIONS

Three weeks after infection severalvadtitious roots appeared at the
inoculation site.These adventitious roots displayed a typical hairy root phenotype
characterized by fast growth and lateral stems branching on MS medium without
phytohormones. All cultivars showed an abundant root systiguréf1). No root
formation was observed on control shoots.

cultivars was recorded within 8 weeks. Hairy root specific phenotype is
expression of the transferredDNA genes from the roahducing (Ri) plasmid of
Agrobacteriuminto the plant genome. Induch frequency of the adventitious
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roots and number of roots per explant were used as a measure of the efficiency
strain virulence.

Between the threé\grobacteriumstrains tested, data recorded shown that the
agropine typd.BA 9402 had highest infection fgjeency (86100 %) for all tested
genotypes followed bygrobacteriumA4 strain (6581) and theAgrobacterium
mannopine type 8196 strain (38 %) (table 1).

The average root number per explant and root length were significantly
different for all genotypegTable 1). In this case, comparative analyses of results
shown also maximum response in hairy rdetived plants induced by
AgrobacteriunLBA 9402 strain

Fig.1- Morphological aspects of hairy rederived plant

The ability of different Agrobacterum rhizogeneswild
strains to induce hairy root formation in lisianthus

Table 1- Effects of different Agrobacterium rhizogenes
strains on E. grandiflorum cultivars, 8 weeks after

inoculation

Genotype | A. rhizogenes| Infection Roots/ explant | Root length (cm)

strains frequency %

8196 71 4. 00 N 2.23 N

9402 100 11.0 N 6. 60 N
Heidi Pink A4 81 9.29 N 3.29 N

8196 36 0.71 N 0.43 N

9402 86 8.85 N 3.50 N
Echo White A4 77 1.41 N 1.10 N

8196 45 1.18 N 1.36 N

9402 100 10.5 N 6.33 N
Heidi Blue A4 65 3.55 N 1.76 N
Values represent the means N standard error of two
per treatment and two replicates for each experimereweun s ed. Data were evaluated

ttest at 0.5 % level.

Most of the hairy roeterived plants were successfully acclimated to the
greenhouse conditions. In some of regenerates of Echo White cultivars exhibit
various morphological changes likeranching stems, short internodes, alterations
of leaf and flower sharps and reduction of apical dominance.

The transgenic nature of the studied genotypes was confirmed by the PCR
analysis with specific primers for each of the germ# androlB. The reslts
showed that the geneslA androlB werepresent in the plants obtained following
infections byA. rhizogenestrains 8196, LBA9402 and A4 (figures 2,3).
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Fig.2- PCR analyse with specific primer for rolA gene (450 bp) of lisanthus genotype

trandormed by LBA9402, 8196 and A4 A. rhizogenes strains.
Lanes 1, 2, 3, 4, 6, 7 and 8 relives the presencmié genes in the following samples: P1, P2 = DNAlated
from Heidi Blue plants transformed by Ar8196 and LBA9402 strains; P3, P4 = B¥ekatedfrom Echo White
transgenic plants transformed by Ar8196 and LBA9402 strains; P6, P7 = iBtNdted fromHeidi Pink
transformed by 8196 and A4; P8 = DNgblated fromHeidi Pinktransformed by LBA9402 strain; Lanes 5, 9 and
10 showed the absencerofA genes in untransformed plants: A3eidi Pink P9 Heidi Blug P13 Echo White
MW - molecular weight marker1 kb.

780 bp

Fig.3 - PCR analyse with specific primer for rolB (780 bp) of lisanthus genotype

transformed by LBA9402, 8196 ki A4 A. rhi
Lanes 3, 4,5, 6, 7, 8 and 10 showed presencelBfgene in following samples: P3, P4 DNA isolated from
Echo Whiteplants transformed by LBA9402 and Ar8196 strains; P5,[P6A isolated fromHeidi Bluecultivars
transformed by LBA9402 and Ar8196; P7, P8, P10= DN#lated fromHeidi Pink plants transformed with
ArA4, LBA9402, 8196. Lanes 1, 2 and 9 showed the absenoel®fgenes in untransformed plants samples: P1
Echo White P2 Heidi Blug P9 Heidi Pink MW- molecular weight marker1 kb.

The explanation of our results is that thdINA of mannopine strains of
A. rhizogenesontains theol (root loci) genesolA, rolB androlC, whereas the
agropine strains contains the genal#\, rolB, rolC androlD, as well as the auxin
biosynthesisencoding genesauxl and aux2 (Camilleri and Jouanin1991,
Christey, 2001). Theol genes have been related to the rhizogenesisupeaidin
the infected tissuestolA, rolB and rolC genes was shown to play the most
important role in hairy root induction (White et al, 1985; Jouanin et al, 188B).
seems to be the most important in the differentiation process of transformed plant
cells. These genes are associated with morphological alteration such as: internodes
shortening, leaf wrinkling, changes in flower sharp and reduced apical dominance.
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In some experiments with differeBustomacultivars, the transformation
mediated byAgrobacteium was carried out by usingpinary vectorshaving
promoter sequences armbl genes in their structurePCR analysis of the
regenerants confirmed the transforming processfla et al., 1995

An increased number of shoots and a shortening of internadesrovide
advantageous characteristics to the pot plants, the main disadvantage being the
reduced size and alternated fl owerds shape.

3. CONCLUSIONS

In the present investigation differeAt rhizogenesstrains were used in
order to evaluate their abilitpn the hairy root induction and regeneration of
Eustoma grandiflorumplants. The threeA. rhizogenesstrains tested in our
experiments were differed significantly in their virulenéenong each straim\.
rhizogenesLBA 9402 showed the highest virulent plogype followed byA.
rhizogenesA4 and 8196 strains. Adventitious root induction efficiency also
depended on the plant genotype. The most susceffiéoma grandiflorum
cultivars of bacteria infection were OHei di
Whit e 6 h adenivgd pland imduced by. rhizogenes8196 strain displayed
typical morphologic alterations. The transformed nature of these plants was
confirmed by PCR analysis.
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ABSTRACT

94 samples of white unbottled wine have been analyzed. The samples were derived from
three varieties of grapes (White Feteasca, Blanc Sauvignon, Italian Riesling) grown in SC Ostrov S.A.
The following quality parameters were detemed for each sample?%,,, alcohol (% vol), total dry
extract (mg/l), free sugar (g/l), unreducing extract (g/l), total acidity (gHdDs), free SQ(mg/l) and
total SQ (mg/l). Statistical analysis showed that the best regressors for the studiednividgeare
the parameterd-ree sugarand Total dry extract These regressors are involved in 2 of the 3
significant correlations between the quality parameters that are common to all analyzed varieties,
namely: total dry extract free sugar, total dry exacti unreducing extract and free sugaalcohol
content. For each of the three studied varieties we established a number of specific correlations.
Thus, for the variety divhite Feteascavine, Total acidity was correlated with the Density parameter
(r = 0.45 **), Total dry extract (r = 0.57 ***) and Dry unreducing extract (r = 0.49 **). For the wine
of theltalian Riesling variety, Alcohol content was correlated with Total dry extract (r = 0.58 ***),
with Unreducing extract (r = 0.47 **) and with Free gar (r = 0.58 * **). The Blanc Sauvignon
variety was characterized by correlations of the indices related to wine sulphitation, with other
parameters. Thus, Free $©orrelated with the percentage of Alcohol (r = 0.38 *) and Total SO
with the Total dry exact (r = 0.82 ***) and with the Unreducing extract (r = 0.53 **).

The values of the main physical and chemical quality parameters of the
wines have a using potential that is not limited to simply ensuring the product
conformity with standards or teclmail specifications.

Most studies have considered either predictive modelling of the key
oenological parameters, on account of descriptors such as spectrophotometric [1,
2], or the analysis of the relationship between the oenological parameters and some
speific phenomena, such as enzymatic browning [3].
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Other issues were investigated using statistical analysis methods, and
focused on the possibility of determining the geographic origin of wines, based on
multivariational analysis [4].

Researches upon thetéraction of the wine quality parameters between
them, as well as the possibilities of modelling some parameters on behalf of others
are seldom, regarding the varieties investigated by us and nonexistent for their area
of origin (SC Ostrov SA); this corigites the original appearance of our approach.

1. MATERIAL AND METHOD

There have been taken for analysis 94 samples of unbottled wine, from the
White Feteasca (33), Italian Riesling (30) and Blanc Sauvigr{8h) varieties of
grapesbo, d eee iswceessivef cropsmThdreh lave been analysed the
following quality parameters of wine%, (picnometric method STAS 6182/8
71), alcohol % vol. (picnometric method STAS 6182, total dry extract mg/l
(densimetric method STAS 61822®), free sugag/l (iodometric method STAS
6182/1881), unreducing extract g/l, total acidity g/LHEOs (titrimetric method
STAS 6182/179), free S@mg/l (iodometric method STAS 6182£F72) and total
SO, mg/l (iodometric method STAS 6182L72) [2,7,8,9]. The results ave
processed statistically, using the data analysis software system STATISTICA v.
8.0, StatSoft, Inc. (2007).

2. RESULTS AND DISCUSSION

In table 1 we show the estimates of variability for the quality parameters of
wines from the three studied wine vaies.

We can observe from table 1 that all the quality parameters of wines had
the values of white dry, high quality wines.

Table 2 shows the correlation coefficients (r) between the physical and
chemical parameters, and their significance for three tiegief the white wines
ntaken into study.

According to the data shown in Table 2, we note a similar dynamic of the
density correlation with other parameters, for the White Feteasca, Italian Riesling
and Blanc Sauvignon varieties of wines. So, density sHowa very significant
negative correlation with the alcohol content and a very significant positive
correlation with the Total dry extract, Free sugar, Unreducing extract, and Total
SO, for both varieties.
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The Italian Riesling variety did not show angrsificant correlation for the
Density parameter, while for the White Feteasca variety, we noticed a specific
correlation between Density and Total Acidity (r = 0.45**).

Table 3 shows the main statistical characteristics of the best regression
model betweemensity and other parameters of the White Feteasca wine variety.

Table 1-Estimates of variability for the quality parameters of wines obtained from the

White Feteasca, Italian Riesling and Blanc Sauvignon varieties

Parameter* | Variety of n XNs s CV %
wine

WF 33 0.9937 N[ 0.000001 0.110

d?%, IR 30 0.9914 N[ 0.000121 1.113
BS 31 0.9937 N[ 0.000001 0.170

AC WF 33 11.363 N 0.239 4.304
(vol. %) IR 30 11.206 N 0.088 2.650
BS 31 12.251 N 0.313 4.568

TDE (mgl/l) WE 33 23.012 N 4.625 9.346
IR 30 21. 493 N 1.160 5.012
BS 31 25.580 N 9.830 12.157
FS WF 33 2.184 N 0.561 34.305
(g/) IR 30 1.268 KN 0.201 35.358
BS 31 3.389 N 7.768 81.763

UE WF 33 20.600 N 5.703 11592
(g/) IR 30 20.243 N 0.899 4.684

BS 31 22.097 N 0.859 4.195

TA (g/l WF 33 5.491 N 0.149 7.038
C4HgOs) IR 30 5.895 N 0.075 4.664
BS 31 5.280 N 0.094 5.830
F SO, (mg/l) WF 33 38.696 N 17.217 10.722
IR 30 39.000N 5. 7 32.689 14.660
BS 31 39.966 N 40.516 15.926
T SO, WF 33 129.279 N 314.392 13.716
(mgl) IR 30 128. 733 N 122271 8.589
BS 31 145. 700 N 688.631 18.010

*Abreviations: WFi White Feteasca, IR Italian Riesling, BS Blanc Sauvignon,zﬂzo T
density, AQ alcohol, TDE- total dry extract, FS free sugar, UE unreducing extract, TAtotal
acidity, FSQ - free SQ, TSQ - total SQ.

We can note that the best regressors for the Density of the White Feteasca
wine vaiety were: Total dry extract, Alcohol content, Unreducing extract, and Free
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sugar. The best regressors for the Density of the Blanc Sauvignon variety, and the
main characteristics of the regression model are shown in table 4.

Table 2- Correlation coefficients between the physical and chemical parameters
investigated for the White Feteasca, Italian Riesling and Blanc Sauvignon varieties

Pairs Vari Ac! TDE FS UE TA (g/l FSG, TSO,
ety | (vol, %) | (mgfl) (g/) (1)) C4HeOg) | (mg/l) | (mg/l)
WF -0.57%* 0.86*** 0.71*** | 0.71*** 0.45** 0.07ns| 0.50**
d®%q IR ns ns ns ns ns ns
BS | -0.66** | 0.88*** | 0.85** | 0.51*** ns ns 0.77**
AC WF ns -0.45** ns ns ns -0.55%*
(vol, %) | IR 0.58*** | 0.58*** 0.47** ns ns ns
BS -0.46** | -0.49** ns ns 0,38* -0.42*
TDE WF 0.58*** | (0.81*** 0.57*** ns ns
(mg/l) IR 0.47** | 0.88*** ns ns ns
BS 0.96%** 0.52** ns ns 0.82%**
FS WF ns ns ns 0.45**
(a/l IR ns 0.428* ns ns
BS ns 0.40* ns 0.76%**
UE WF 0.49** ns ns
(o) IR ns ns ns
BS ns ns 0.53**
TA (g/l | WF ns ns
CHOs) | IR ns ns
BS ns ns
FSO WF ns
(mg/l) IR ns
BS ns

*significance leveD.05,**significance leveD.01,***significance level 0.001

Table 3- Regression summary for dependent variale d?%, of White Feteasca variety

n =33 Beta Std.Err. B Std.Err. t(28) p-level
Intercept 0.996319 0.000967 | 1030.538429| 0.000000
A% AE;/OL -0.452844 | 0.035349 -0.001017 0.000079 -12.810685 | 0.000000
(L%ﬁ) 0.530303 | 0.062514 0.000271 0.000032 8.482960 0.000000
FS (g/l) 0.118710 | 0.043679 0.000174 0.000064 2.717758 0.011148
UE (g/l) | 0.251427 | 0.05437 0.000116 0.000025 4.623659 0.000078
(r= 0.986 r]= 0.973 adjusted r]= 0.969 F(4.28)=254.630
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Basically, forwines from the Sauvignon Blanc variety, the best regression
model for the Density parameter was a more simple one, based only on the 2
regressors: the Alcohol content and Total dry extract (figure 1).
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Table 4- Regression summary for dependent variable %, of Blanc Sauvignon

variety
n=33 Beta Std.Err. B Std.Err. t(27) p-level
Intercept 0.996686 0.004054 245.8795 0.000000
Aci,/(();/o" -0.318769 | 0.082897 -0.001053 0.000274 -3.8454 0.000665
(L[;I/EI) 0.727381 | 0.082897 0.000390 0.000044 8.7745 0.000@0O
(r= 0.927, r]= 0.860 adjusted r]= 0.849 F(2.27)=82.729
A*C55 [N s B I T R I I B (R

=-||
g,

Fig 1- The model of regression between Densfjcohol content and
Density- Total dry extract, for the Blanc Sauvignhon wine variety

The high depetence of the Density parameter of the above mentioned
regressors can be explained in this way: increasing the Alcohol content decreases
Density, the alcohol having a smaller density than water. The increasing the
amount of Total dry extract increases tlaue of the Density parameter, as the
Total dry extract consists of substances generally with higher densities than water.
The Free sugar has also a higher density than water, similar to the main
components of the Unreducing extract.

Although not a signifiant regressor for the regression models suggested by
us, the amount of Total SQvas correlated significantly with the Density of wine,
both for the White Feteasca and for the Blanc Sauvignon varieties. The explanation
is that the total S©also containsbesides free SQthe immobilized forms of SO
in combination with other substances in wine; these combinations have a density
large enough to influence significantly the overall value of density

As shown before, for the White Feteasca variety, we ndtedspecific
correlation of Density with Total acidity. The density of more acid wines tend to
increase; this can be attributed to the higher densities of the organic acids in
relation to water (1.76 g/chior the tartric acid). The contribution of totalidity
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to the density modification of the White Feteasca variety of wine, was about 20%
(figure 2).
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Fig 2 - Model of regression between Density and Total Acidity,
for the wines from White Feteac £ v ari ety
Regarding the parameter in Alcohol content, the best regression model is

presented in Table 5.

Table 5- Regression summary of dependent variable AC (vol %) for White Feteasca

variety

n=33 Beta Std.Err. B Std.Err. t(29) p-level
Intercept 784.091 | 54.78018 | 14.3134 | 0.000000

&b® | -1.76329| 0.125103| -784.897 | 55.68752 | -14.0947 | 0.000000
(rTn%ﬁ) 1.03856 | 0.148866|  0.236 003386 | 6.9764 | 0.000000
UE (o) | 0.43479| 0.109136|  0.089 002235 | 3.9840 | 0.000418

(r= 0.938, 1] = 0.83™)=-70568pw®600GSId.Erdrof esima@ ®0178) F
“,: IS — I S S e it
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Fig 3 - Regression between the content of Alcohol and
for the wines from ltalian Riesling variety
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It is noted that, although the quantity of free sugar is a common regressor
for the Alcolol content for all varieties, the best regression model for White
Feteasca variety excludes this parameter. If the variety Italian Riesling, the best
regressor is Free sugar and the best regression model is described by the equation

corresponding tothemipl e | i near correlati on, as seen i
0. 332, adjusted r)= 0.308, F(1.28) = 13.92
0.247).
As for the wines from Blanc Sauvignon variety, the best regression model
of the Alcohol content is also based the simple liniar correlation. In this case,
the regressor is the Density parameter, according to data presented in Table 6.
Table 6- Regressions summary for dependent variabl&C (vol, %) of Blanc
Sauvignon variety
n=31 Beta Std.Err. B Std.Err. t(28) p-level
Intercept 216.190 | 41.77776 | 5.17477 0.000017
dao™ - 0.138916 | -205.186 | 42.04173| -4.88052 | 0.000038
0.67798
(r= 0.678, r]= ,460, adjusted r]= 0.440, F(1.28)=23.819 pc<

Regarding the Total dry extractrpameter, two correlations are common to
all three varieties, the free sugar one hand and unreducing extract, on the other.
This fact is somewhat expected, taking into consideration that at least one of these
parameters are calculated from the other twagducing extract = Total dry
extracti Free sugar). Nevertheless, for the wines from the White Feteasca variety,
the best regression model is based on the regresors Density and Alcohol content, as
seen in Figure 4 (r = 0. 9K2330)= 19p.45, 0. 927, ac
p<0,00000, Std.Error of estimate: 0.6002).

£

Fig. 4- Regression model between the Total dry extrAdtool content parameters and
Total dry extract,- Density parameters for the White Feteasca variety
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In the case the most effectivegression model for Total dry extract of the
wines from the varieties Italian Riesling and Blanc Sauvignon, was based on the
same regressors: Unreducing extract and Free sugar, according to data presented in

Table 7.

Table 7- Regression summary for depndent variable: TDE (mg/l),
for the Italian Riesling and Blanc Sauvignon variety

| Beta | StdEm. | B | StdEr. [ t27) [ p-level
Italian Riesling*
Intercept 1.098837 | 1.329455| 0.82653 | 0.415747
FS (a/l) 0.374620 | 0.058078 | 0.899943 | 0.139521 | 6.45023 | 0.000001
UE (g/l) 0.837087 | 0.058078 | 0.951082 | 0.065988 | 14.41303 | 0.000000
Bkanc Sauvignon**
Intercept 3.204834 | 1.879809 | 1.70487 | 0.099700
FS (g/l) 0.886857 | 0.025085| 1.020347 | 0.028861 | 35.35393 | 0.000000
UE (g/l) 0.248768 | 0.025085 | 0.855469 | 0.086263 | 9.91698 | 0.000000
(*r=0.954 r])= 0.910 Adjusted r|] = 0.903, F(2.27)=136.55 p<c
(** r= 0.992 r]= 0.985 Adjusted r|]= 0.983, F(2.27)=864.80

The Free sugar parameter in the White Feteasca variety wimede
predicted on account of a single significant regressor, namely Density, as seen in
Figure 5. The equation corresponding to the model is the simple linear correlation,
in which the density contribution is 50% to the value of Free sugar.
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Fig 5- Free sugafi Density regression of the White Feteasca variety wines

For the Italian Riesling variety wines, the value of the parameter Free
sugar has been described by four significant regressors: Alcohol content, Total dry
extract, Unreducing extract anafal acidity. The model of the regression and the
statistical parameters are shown in table 8.
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For the Sauvignon Blanc variety wines, the best regressors for the
parameter Free sugar were the Total dry extract and the Unreducing extract,

according tothe md e | described in figure 6 (r= 0.990
F(2.27)=692.22 p<0.0000 Std.Error of estimate: 0.39719).
Table 8- Regression Summary for Dependent Variabl€&S (g/l) of Italian Riesling
variety
n=30 Beta Std.Err. B Std.Err. t(25) p-level
Intercept -8.60859 | 1.936552 | -4.44532 | 0.000157
AC (vol, %) | 0.40269 | 0.113468| 0.60798 | 0.171313 | 3.54892 | 0.001561
TDE (mg/l) | 1.17504 | 0.215016 | 0.48913 | 0.089505 | 5.46488 | 0.000011
UE (g/l) -1.08182 | 0.198677 | -0.51166 | 0.093966 | -5.44511 | 0.000012
;AHG((% 0.30247 | 0.094487 | 0.49328 | 0.154092 | 3.20118 | 0.003705
(r= 0.889 r}]= 0.791 Adjusted r]= 0.757 F(4.25)=23.654 p<oO
FS (M) = =35 4540 B0 2% a0, 0505%
- :,5
] = &
o - 2
. - O
[
Fig. 6- Free sugaii Total dry extract regression and Free su@ddnreducing extract
model othe Sauvignon Blanc variety wines
The Unreducing extract parameter is characterized by the following
significant regressors: Density, Alcohol content, and Freg 80 the White
Feteasca variety wine (table 9). The best regressors for the ltalian Rigsting
Blanc Sauvignon varieties have been Total dry extract and Free sugar; the
regression models are those already presented in table 7.
As for the wines obtainde from the White

Total acidity has been best described byThtl dry extract regressor, according
to the simple liniar regression equation (figure 7).
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Table 9- Regression summary for dependent variable UE (g/l) from White Feteasca

TlCEY

dp32rQQ2r0cE0O0D
NAEEDLEITON:AD

50

variety
Beta Std.Err. B Std.Err. t(29) p-level
Intercept -2334.11| 182.4387| -12.7939 | 0.000000
?° 1.069592| 0.083216 | 2324.49 | 180.8487 | 12.8532 | 0.000000
ACO/E\)'OL 0.678339| 0.084193 3.31 0.4110 8.0570 | 0.000000
(':nsg% 0.318604| 0.069651 0.18 0.0401 4.5743 | 0.000083
(r= 0.929 r}] = 0.863
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Fig 7 - Regression between Total acidity and Total dry extract
for the Blanc Sauvignon variety
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Fig. 8- Model of regression between Total acidity Free sugar and

In the case of wines from the Italian Riesling variety, we could not identify
a significant regressor to describe the Total acidity paramidmwever, for the
Blanc Sauvignon variety, the Total acidity was described by a model using the

Total acidity 1 Total SO, for the Blanc Sauvignonvariety
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regresoriFree sugar and total 50 as seen in figure 8 (r

Adjusted R] = 0.382 F(2.27) = 9.9543 p<0.000O0
The parameter Free $0ould not be described on the basis of significant

regressors, excepting the White éaca variety, for which the regressors are the

Total dry extract and the Unreducing extract

rj= 0.333 F(2.30)=8.983 p<0.00088 Sstd. Error
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Fig. 9- Model of regression between SGber - Totd dry extract and
Free SQ - Unreducing extract, for the White Feteasca variety

A0 Surtace Plot of TSRO, (mad) ageinst FS (@4) ancd TA (G4 C01H,0.0)
LRI
FRO, (rvvea/M) o R OO B, 21 DA e 0 Bty

= 240
- 240
- 220
- 200
- 180
- 160
“ 140
- 20

TN

- @0

Fig.10- Model of regression between Total SQotal acidity and
Total SQ - Total, for the Blanc Sauvignon variety

A similar evolution has been noticed for the parandtotal SQ; for the
White Feteasca and ltalian Riesling varieties, we could not identify significant
regressors, while for the wines from the Blanc Sauvignon variety we obtained good
results by introducing the parameters Free sugar and Total acidity irgression
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mo d el (figure 10, r = 0.843 1| = 0.
p<0.00000 Std.Error of estimate: 14.631).

As noted in the analysis of correlations between parameters, the three
wines present defining characteristics, expressed hey existence of certain
correlations between the specific parameters for a particular variety.

Thus, for theWhite Feteascavariety, the Total acidity has been correlated
with the parameters Density (r=0.45**), Total dry extract (r=0.57***) and
Unreducing extract (r=0.49**). For theltalian Riesling variety, the Alcohol
content correlated with the Total dry extract (r= 0.58***), with the Unreducing
extract (r=0.47**) and with the Free sugar (r=0.58**). The wine from Blenc
Sauvignhonvariety was charaatied by correlations of the indices relatedivine
sulphitation, with other parameters. Thusge SO, correlated with the percentage
of alcohol (r=0.38*), andotal SO, with the Total dry extract (r=0.82***) and with
the Unreducing extract (r=0.53**).

3. CONCLUSIONS

8§ The best regressors for thizensity parameter of the wine from the White
Feteasca variety in order: Total dry extract, Alcohol content, Unreducing dry
extract and Free sugar. For the wines from the Blanc Sauvignon, variety, the best
regression model for the Density parameter was based only on the regressors
Alcohol content and Total dry extract, while for the wines from the Italian Riesling
variety, the Density parameter could not be correlated with any quality parameter.
§ For theAlcohol content, the best regressors were:

- Density, Total dry extract and Unreducing extract (for the White Feteasca variety)
- Free sugar (for the Italian Riesling wine variety)

- Density (for the Blanc Sauvignon wine variety).

§ For the Italian Riesling andI&nc Sauvignon wine varieties, the most effective
model of regression folfotal dry extract was based on the same regressors:
Unreducing extract and Free sugar, while for the White Feteasca variety, the
regression model had the variables Densiy and Alcodmtient.

§ TheFree sugarparameter for the White Feteasca variety has been modelated on
behalf of a single significant regressor (Density). For the Italian Riesling variety,
the value of the Free sugar parameter was described by four significant negresso
(the Alcohol content, the Total dry extract, the Unreducing extract and the total
acidity), and for the Blanc Sauvignon variety, by two regressors (Total dry extract
and Unreducing extract).

8 The Unreducing extract parameter had the following significaregressors:
Density, the Alcohol content and free S@r the White Feteasca variety,
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respectively the Total dry extract and the Free sugar for the Italian Riesling and
Blanc Sauvignon varieties.

§ For the White Feteasca variety, the paramétgal acidity was best correlated
with the Total dry extract, with the Free sugar and the Total f8Othe Blanc
Sauvignon variety, while for the Italian Riesling variety we could not identify a
significant regressor for describing it.

8§ The SQ parameters coulte described by significant regressors only for the
White Feteasca wine variety (Total dry extract and Unreducing dry extract). For
the Total S@parameter, only wines from the Blanc Sauvignon variety (Sugar Free
and total acidity) could be described hgrificant regressors.
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ABSTRACT

Producing healthy biological material represents a laborious activity because in each
cultivation year the tuber can be infected with viruses, mycoplasma and bacteria. Using microtubers
produced in vitro from varieties suitable for sustdife agriculture, can be obtained a
phytosanitary healthy cloned material, a natural product, without chemical residues, a clean
foodstuff able to satisfy increasing consumers and EU standards requirements(4,5,7).

Our experiment was concentrated on elatbioigia rapid and efficient micromultiplication
protocol for potato obtained from 4 varieties suitable for sustainable agriculture
(ASTRAL,CHRISTIAN, ROCLAS and MAGIC), using micro tubers obtained in vitro by an single nod
explant method. A total humber @fexperimental variants containing of phytohormons formula
were tested. It has been noticed that the variant number 7 (\WI€£1962)+2,25 mg /IBAP+ 0,18
mg./l 1AA, 8 gr./l agar+ 30 gr./l zaharozassured a high morphogenetic response.

The utilization ofthese method will open new possibilities of understanding the
mechanisms by which artificial cultivation conditions will influence vegetal entities and represents a
totally reproducible guide mark for all who are interested in obtaining planting mateoral f
potatoes from varieties suitable for sustainable agriculture(8).

Potato(Solanum tuberosum$ a very important crop that is cultivated in
the temperate clime areas, taking the fifth position among the cultivated species in
the world, and the forth paion in the world for harvest and proteins production.

It is very important in human consumption, for animal food and for
industrial process.

The energetic value of the potato is high because of the high starch content
and other substances as: protefass, vitamins (especially vitamin C).
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By applying the biotechnology methods on potatoes there are obtained the
following achievements (1,2,3,6):
- Introduction of the high productivity of Romanian potatoes types suitable for
sustainable agriculture ia shorter period of time (genetic resistant types of
potatoes against virosis and mana, which require less treatments against diseases
and pests, types that are more resistant to the thermohydirc stress, types with higher
level of water and fertilizers);
- Improvement of the certificated planting material and acquirement of high and
constant production levels for field crops initiated with the obtained biologic
material;
- Efficient production of the potatoes for seeds by reducing the classical scheme
with 3-4 years;
- Assurance of a proper biologic planting material (microtubers) among the
meristem cultures.
The aims of our research consisted in:

1 preparation of a working protocol fam vitro regeneration of the valuable
biologic material of 4 Romanian fadoes types: Roclas, Magic, Christian
and Astral;

9 elaboration of a production method for microtubers for the 4 mentioned
potatoes types through tha vitro micro-cloning by using a single
explants fragments with one nod.

91 the obtained material can be tiplied contributing this way to higher
quantity of a very good quality potatoes for seeds. By accomplishing this,
the imports of potatoes for seeds will decrease considerably and the
Romanian potato cultures will eventually extend with a-30@6
(comparingl-4% that is now).

1. MATERIAL AND METHOD
The first series of experiments were initiated in January 2008 by

inoculation of merismatic apexes from the 4 types of potatoes provided by
INCQCSZ Brakov: CHRI STI AN, MAGI C, ROCLAS and

A In the second sems of experiments there were used forced
germinated sprouts on the spots situated on the potatoes tubers.
A In the third series we used mini seedlings with 1 nod obtained

from the vitro plants obtained before.

Method of work:
Culture medium. In these thre experiments series we usdrk basal medium
MurashigeSkoog (1962) supplemented by various concentrations and
combinations of citokinins and auxins.
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The experimental variantsare presented below:

Experiment Knetworks used in the simulation faze of@gs elongation)
V1C:MS+0,5 mg/ | GA3+6 g/l agar+ 60 g/l sucrose

V2C:MS+6 g/l agar+ 60 g/l sucrose

V3C:MS+0,5 mg/ | GA3+8 g/l agar+ 30 g/l sucrose

VAC:MS +8 g/l agar+ 30 g/l sucrose

V5C:MS + 1mg/ | +GA36 g/l agar+ 60 g/l sucrose

V6C:MS+ 1 mg/ | GA3+8 g/hgar+ 30 g/l sucrose

V7C:MS+2,25 mg /| BAP+ 0,18 mg/l IAA+8 g/l agar+ 30 g/l sucrose
Experiment |l: (networks used in the faze of obtaining of a high number of
sprouts):

M1:MS+7 g/l agar+ 50 g/l sucrose

M2:MS+2,0 mg/IBAP+0,01 mg/l NAA+7 g/l agar+ 50 gligose

M 3:MS+2,0 mg/l K+0,01 mg/l NAA+7 g/l agar+ 50 g/l sucrose
Experiment lli(networks used in the faze of obtaining the microtubers)
M4:MS+2,5 mg/IBAP+0,5 mg./l| NAA+8 gr./l agar+ 60 gr./l sucrose
M5: MS+ 2,5 mg/IBAP+0,5 mg./| NAA+8 gr./l agar+ 30 grslicrose

The surface sterilization ofthe explants: an aguaous solutions of sodium
hiphocloride (0,5%) for 20 min. followed by 3 rinses with sterile distilled water.

Tabel 1- The comparative effect of V1C and V2C over the induction of
mor phogemwegsiroofiom the potatoes explants taken f

Type Culture medium | Inoculated no. of| Total no. of the %
recipe explants obtained
morphogenetic
cultures
CHRISTIAN Vic 12 10 83,33
v2C 7 4 57,14
MAGIC ViC 10 10 100
V2C 10 8 80
ROCLAS Vic 12 12 100
V2C 9 9 100
ASTRAL Vic - - -
v2C 5 2 40

V1C:MS+0,5 mg/ | GA3+6 g/l agar+ 60 g/l sucrose;
V2C:MS+6 g/l agar+ 60 g/l sucrose;

The _incubation conditions :~ Photoperiod was 16 h of light provided by cool
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white fluorescent bulbs with 8ih shadow.~ Temperature condition: R&2 "C in
light period.

Multiplication faze

There were applied a few subcultures with a period-éfv@eeks. The main
goal was to increase the multiplication rate for this work material by increasing
the cytokine quatity in the medium. The number of the subcultures of the
biologic material must be limitedExperimental results after Sibcultures for
each experiments are presentedable 1andTable 2

Table 2- The comparative effect of V3C and V4C over the indudon of
mor phogenesis fiin vitrodo on the potatoes

Type Culture medium Inoculated no. | Total no. of the %
recipe of explants obtained
morphogenetic
cultures
CHRISTIAN V3C 8 8 100
V4C - - -
MAGIC V3C 10 4 40
V4C 12 7 58,33
ROCLAS V3C 10 10 100
V4C - - -
ASTRAL V3C - - -
V4C 17 12 70,58

V3C:MS+0,5 mg/ | GA3+8 g/l agar+ 30 g/l sucrose;
V4C:MS +8 g/l agar+ 30 g/l sucrose

2. RESULTS AND DISCUSSIONS

The positive results were obtained in Experiment | (the édzémulation of
sprouts elongation) on the hormonal variant: V7C (MS+30 gr./l sucrose + 8 gr./l
agar + 2,25 mg/IBAP+ 0,18 mg./l IAA}{gure no.1).

In Experiment IlIi the faze of obtaining the microtubers we obtained
the results showed ifable 3.
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Fig.1- Explants from Christian varieties in
Experiment | (the faze of simulation of sprouts

S & elongation) cultivated on the hormonal variant:
s, V7C (MS+30 gr./l sucrose + 8 gr./l agar + 2,25
mg/IBAP+ 0,18 mg./l IAA).
Soiul
CHRISTIAN

Table 3- The comparative effect of ariants M2, M3, M4 and M5 upon inducing of
devel opment of microtubers #fAin

Type Culture No of No of the %
medium morphogenetic developed
recipe cultures minitubers /
culture pot
CHRISTIAN M2 7 5 71,42
M3 7 5 71,42
M4 7 7 100,0
M5 7 2 28,57
MAGIC M2 7 3 42,85
M3 7 3 42,85
M4 7 5 71,42
M5 7 2 28,57
ROCLAS M2 3 - -
M3 3 - -
M4 3 2 66,66
M5 3 - -

M2: MS+2,0 mg/IBAP+0,01 mg/l NAA+7 g/l agar+ 50 g/l sucrobe3:MS+2,0 mg/l K+0,01 mg/l
NAA+7 g/l agar+ 50 g/l

M4:MS+2,5 mg/l BAP+0,5 g/l NAA+8 gr./l agar+ 60 gr./l sucrosay5:MS+ 2,5 mg/IBAP+0,5
mg./l NAA+8 gr./l agar+ 30 gr./l sucrose.

3. CONCLUSIONS

1. Meristematic apexes with 1 cm dimension assure a higher percent of survival
of potato explants comparing the meristem cultures.

2. Aseptic condition of the biologic material is achieved by using the
commercial products based on sodium hypochlorite and anionic surfactants.

3. The sizes of the cultivated inoculs assume the utilization of a less tissue
guantity in order to regenerate millionsabonal plants per year
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4. RecipeV7C:MS+2,25 mg /| BAP+ 0,18 mg/l IAA+8 g/l agar+ 30 g/l sucrose,
simulated (experiment I) faster elongation of the sprout;

5. Higher concentration of cytokine in the recipdC (MS+60 g/l sucrose +8
g/l agar +2,5 mg/l BAP+0,5ng./l NAA) determined the formation of a high
percent of 12 tubers on explant, on the Christian, Magic and Roclas type
(experiment Il);

6. The variant of hormonal combinatioM3C (MS+2,0 mg/l K+0,01 mg/I
NAA+7 g/ | agar + 50 g/ | oanng af hetubersl i dn o6t det
(experiment II1).

7. The experimental model of microcloning with meristematic apexes and the
experimental model of obtaining the potatoes vitroplants that was stabilized and
optimized as a result of our researches, is an effectiveipicdtion and
reproductive process which can be used efficiently in practice.
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ABSTRACT

Plants, the green gold of mankind, represent the main food source for both human and
animal, being at the same time the row materiagddme branches of the light industry. Fallowing this
idea, plants must be studied and their value must be enhanced by complex means, depending on the
constituting biochemical compounds, on the nutritional and technological potential that is provided.

Accompnying the obtaining of a new plant form of higher quality (lines, hybrids, sorts) it is
necessary to apply the latest biotechnologies that imply real progress so that a superior nutritional
quality of the plant is permitted, with low energy consumptiahaagreat economic efficiency.

Each part of a vegetable mechanism has its own specific job that contributes to
metabolically processes, yet ensuring the plants functionality as a great whole. In carrying out
worl dwi de "t he gr e e lytoknew tbd binocthémical tnechanisms that lie atthe s s a r
basis of biological phenomena in vegetable organisms, with the aim of influencing and directing,
according to plantds nature and the aimed goal,
of photosynthesis, enlargement of biomass, increasing the amount of proteins, glucide vitamins and
other active substances.

The presence of water and mineral substances in all biological systems pleads for the
indispensable character of these compounds indiganisms. Plants contribute in a significant part
in the circuit of mineral substances in nature. Thanks to the capacity of mineral substances to form
numerous compounds with organic substances, they have contributed, in a substantial way, to the
enrichrent and diversity of biochemical constituents in vegetable organisms.

These reasons being given, the research regarding hydro mineral treatments in guiding the
biocompounds accumulation metabolisms for plants with the aim of obtaining products and row
mateials in the food industry with superior nutritional qualities, represents research of great present
interest in what concerns the quality of the alimentation and also from the economic perspective.
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1. MATERIAL AND METHOD

Plant nutritionis the study othe chemical elementthat are necessary for
plant growth. There are several principles that apply to plant nutrition. Some
elements are directly involved in plamtetabolism However, this principle does
not account for the scalled beneficial elements, whose presence, while not
required, has clear positive effects on plant growth. A nutrient thailésto limit
plant growth, is considered an essential plant nutrient if the plant can not complete
its full life cycle without it. There are 14 essential plant nutrients. Carbon,
Hydrogen and Oxygen are essential for plants, but are not considered plant
nutrients.

Macronutrients: N =Nitrogen P = PhosphorusK = Potassium Ca =
Calcium Mg =MagnesiumS =Sulfur, Si =Silicon.

Micronutrients (trace levels) include: CIiGhloring Fe =Iron, B = Boron
Mn = ManganeseNa = Sodium Zn = Zinc, Cu = Copper Ni = Nickel, Mo =
Molybdenum [5]

These nutrients are further divided into the mobile and immobile nutrients.
A plant will always supply more nutrients to its younger leaves than its older ones,
so when nutrients are iibe, the lack of nutrients is first visible on older leaves.
When a nutrient is less mobile, the younger leaves suffer because the nutrient does
not move up to them but stays lower in the older leaves. Nitrogen, phosphorus, and
potassium are mobile nutries, while the others have varying degrees of mobility.

3]

Plants can't move and therefore must be able to adjust their growth and
development to an ever changing environment. Inorganic ions in the soil are
essential components of plant nutrition. Howeuaoth ion supply and demand
fluctuate considerably depending on water status of the sail, light, daytime, season,
developmental stage and tissue. Furthermore, plants have to cope with a broad
spectrum of abiotic stress factors in the root environment agcsalt or heavy
metals. Both essential and toxic ions are taken up via transport proteins in the
plasma membrane of root cells and are subsequently redistributed within the plant
through a variety of transport proteins in different membranes and tis&ues.
variety of experimental techniques are used to achieve this goal including
electrophysiology molecular biology, biochemistry, and bioinformatics. Various
plant model species are characterised to elucidate molecular mechanisms
underlying physiological mrcesses. Mineral nutrition is important for many aspects
of crop cultivation. [2, 3]
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2. RESULTS AND DISCUSSIONS

Plants uptake essential elements fromgabiethrough theirootsand from
the air through theileaves Nutrient uptake in the soil is achieved bgtion
exchangewhere inroot hairspumphydrogenions (H*) into the soil througlproton
pumps These hydrogen ions displacationsattached to negatly charged soil
particles so that the cations are available for uptake by the root. In the leaves,
stomataopen to take in carbon dioxide and expelygen The carbon dioxide
molecules are used as the carbon source in photosynthesis. [4]

Thoughnitrogenis plentiful in the earth's atmosphere, relatively fewnfda
engage imitrogen fixation conversion of atmospheric nitrogen to a biologically
useful form. More plants therefore require nitrogen compounds to be present in the
soil in which they grow. [6]

Each of these nutrients is used in a different place for a different essential
function:

Carbon forms the backbone of many plantsomolecules including
starchesand cellulose Carbon is fixed througiphotosynthesisrom the carbon
dioxidein the air and is a part of the carbohydrates that store energy in the plant.

Hydrogen also is necessary for building sugars aodding the plant. It is
obtained almost entirely from water.

Oxygen is necessary focellular respiration Cellular respiration is the
process of generating ey - rich adenosine triphosphatéATP) via the
consumption of sugars made in photosynthesis. Oxygen gas is produced-as a by
product from this reaction.

Phosplorus is important in planbioenergeticsAs a component of ATP,
phosphorus is needed for the conversion of light energy to chemical energy (ATP)
during photosynthesis. Phosphorus can also be used to modify the activity of
various enzymes bghosphorylationSince ATP can be used for th@synthesis
of many planbiomoleculesphosphorus is important for plant growth diagver.

Potassiumregulates the opening and closing of shemaby a potassium
ion pump. Since stomata are important in water regulation, potassium reduces
water loss from the leaves@ increasesiroughttolerance.Potassium deficiency
may cause necrosis or ingefnal chlorosis. Potassium, for example, not only
improves yield and nutritional quality of the crop but also its mechanical stability
and resistance against pathogens.

Nitrogen is an essential component of all proteihstrogen deficiency
most often results in stunted growth. If plants still fail to thrive after soil
improvement, consider nutrient deficiencies. Nitrogen promotes foliage, general
growth and vigour.tlis released as a result of bacterial activity in warm soils, and
is therefore usually abundant by the end of summer. However, soil nitrogen
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