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Abstract Bananas are tropical fruits grown world-

wide playing a key role in market trade and especially

used as main food source for low income populations.

In Brazil, bananas are mainly consumed in natura,

occupying the second largest internal market. Never-

theless, this crop presents low availability of produc-

tive commercial varieties with good agronomic

characteristics. A strategy undertaken to solve this

problem is the development of new cultivars through

conventional genetic breeding methods. However, this

strategy presents some obstacles such as female

sterility and low number of seeds. In order to overcome

these shortcomings, use of mutation induction aiming

the selection of mutants with desirable agronomic

characteristics seems to have great potential for

developing new cultivars. The objective of the present

work was to evaluate the genetic variability in putative

banana ‘Pacovan’ (AAB genome, subgroup Prata

Type) mutants submitted to gamma ray irradiation,

using a set of agronomical and molecular data (ISSR

markers). The distance between the putative ‘Pacovan’

mutants varied from 0.26 to 0.64 with cophenetic

correlation coefficient of 0.7669. Four mutants were

selected based on best agronomical characteristics and

height. This data also shows that there is variability

that can be explored after the irradiation of ‘Pacovan’

banana mutants, which can be used in the genetic

breeding program of banana aiming to develop short

new varieties that also present good agronomic

characteristics. This is the first attempt to use com-

bined data in order to evaluate the genetic variability in

putative banana mutants.
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Introduction

Bananas are grown in more than 120 tropical and

subtropical countries, mainly by small farmers.

According to FAO (http://faostat.fao.org/) (FAO

2010), in 2008, the total area harvested and total

production was approximately 5 million hectares and

82 tons, respectively. These numbers demonstrate the

importance of bananas as a strong commodity, play-

ing key economic and social roles in many develop-

ing countries, being considered as staple food for

millions of people worldwide.
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In Brazil, bananas are the second fruit consumed in

natura, after citrus (Silva and Torres Filho 1997).

Although bananas play a key economic and social

role in the Country, there is low availability of

productive commercial varieties presenting short

height and disease resistance. Therefore, a strategy

to overcome this problem is the development of new

cultivars through conventional genetic breeding.

However, due to many obstacles encountered in the

conventional breeding of bananas, such as female

sterility and low number of seed production, the use

of induced mutation aiming the selection of mutants

with desirable agronomic characteristics poses as a

plausible approach for the development of new

cultivars.

The study of genetic diversity is very important in

breeding programs especially in elucidating the

genetic variability available to breeders. Molecular

markers have been used to determine the genetic

diversity in many species (Guasmi et al. 2008; Qian

et al. 2001; Joshi et al. 2000; Gaudeul et al. 2000).

These markers, especially those based on PCR

(Polymerase Chain Reaction) methods, including

AFLP (Restriction Fragment Length Polymorphism),

RAPD (Random Amplified Polymorphic DNA),

microssatélites or SSRs (Simple Sequence Repeats)

and ISSR (Inter-Simple Sequence Repeats), have

been broadly used to estimate genetic diversity,

genetic stability and phylogenetic studies in bananas

(Mattos et al. 2010a, b; Opara et al. 2010; El-Khishin

et al. 2009; Miri et al. 2009; Lakshmanan and

Venkataramareddy 2007; Ning et al. 2007; Amorim

et al. 2008, 2009a, b, Creste et al. 2004).

Nowadays, here are very few institutions world-

wide that actually carry out crosses in their banana

breeding programs, such as Embrapa—Brazilian

Company of Agriculture and Livestock research

(Brazil), CIRAD—Agricultural Research for Devel-

opment (Guadalupe), FHIA—Fundacion Hondureña

de Investigacion Agricola (Honduras), IITA—Inter-

national Institute of Tropical Agriculture (Nigeria),

CARBAP—African Center for Bananas and Plantain

Research (Camaroon), TNAU—Tamilnadu Agricul-

tural University, NRCB—National Research Centre

for Banana, and BRS—Banana Research Station

(India). These breeding programs rely heavily on the

knowledge of the diversity available in banana

germplasm banks and molecular markers are there-

fore important tools to help access this diversity.

Conventional breeding programs aiming to obtain

new varieties short in height can be very time

consuming and many times frustrating. One way to

speed up the obtainment of short varieties is through

gamma ray irradiation induction and subsequent

evaluation of the genetic diversity present in the

irradiated material. Therefore, the objective of the

present work is to select short ‘Pacovan’ putative

mutants submitted to gamma ray irradiation and

estimate the genetic diversity using agronomic and

ISSR molecular marker data via multivariate statis-

tical algorithms.

Materials and methods

Plant material

Healthy in vitro banana plants from the Pacovan

(AAB) cultivar, a Prata type cultivar much used in

Brazil, with approximately 5 cm in length and 4–5

leaf primordia, supplied by the Campo Biotecnologia

Vegetal Ltda. Company from Cruz das Almas, Bahia,

were used for the induction of mutation aiming the

selection of short plants. The Pacovan banana plants

used originated from the field at Embrapa and their

meristems used.

In vitro gamma ray induction of buds

Approximately 200 in vitro buds of the Pacovan

banana cultivar were irradiated at the Centro de

Energia Nuclear na Agricultura (CENA), from the

University of São Paulo (USP), using Co60. The dose

used was 20 Gy with rates of 1.322 kGy h-1. This

dose was selected from a sensitivity test conducted by

Resende (2005), which indicated 20 Gy for Pacovan

(AAB) and 30 Gy for Pacovan Ken (AAAB). For

each cultivar, ten buds were used as controls which

also were sent to CENA/USP, but without exposure

to Co60.

The irradiated buds were transferred to basic MS

medium, solidified with 2.2 g l-1 Phytagel, supple-

mented with 30 g of sucrose, 3.0 mg l-1 6-bezilam-

inopurine (BAP), pH 5.8 and maintained in the

growth chamber with controlled temperature of

27 ± 2�C and 16 h of light photoperiod. Plants were

submitted to subcultures of 30 day intervals.
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After four subcultures, plants were rooted in MS

medium supplemented with 0.25 mg l-1 of naphtha-

lene acetic acid (NAA) and 8 g l-1 of agar with

pH adjusted to 5.8 and taken to the growth cham-

ber with 16 h photoperiod and light intensity of

40 lmol m-2 s-1 and 26 ± 2�C where they remained

for 35–30 days.

Approximately 1200 irradiated rooted plants and

600 rooted control plants were taken to a screen

house where they were acclimatized in plastic tubes

containing Plantmax (composed of processed wooden

peels, expanded vermiculite, granulated charcoal,

processed turf supplemented with macro and micro-

nutrients) and in screen houses with 50% sombrite,

with light control and irrigation by automatic mist.

A pre-selection was carried out at the screen house

using the selection criteria of plants with height

inferior to the control in at least 10%. Only these

plants were evaluated in the field during two

production cycles. From this selection, 179 irradiated

‘Pacovan’ plants, along with 36 controls were

characterized agronomically.

Agronomic characterization of mutants

The experiment was implemented without any statistical

design whereas each plant was considered a repetition. It

was carried out at the experimental field at Embrapa

Mandioca e Fruticultura located in Cruz das Almas-

Bahia, Brazil. Spacings were 3 m 9 4 m and plants

fertilized according to technical recommendations.

Initially, 179 ‘Pacovan’ irradiated plants and 36

controls were evaluated in two production cycles as

to the following agronomic characteristics: number of

days from flowering until harvest period; pseudostem

diameter (cm); plant height (m); number of live

leaves and suckers at flowering; bunch and hand

weight (kg) and average weight of fruits (g); number

of fruits per bunch; length of fruit in the second hand

(cm) and of the penultimate hand (cm); diameter of

the fruit in the second hand (mm) and of the

penultimate hand (mm); number of hands and live

leaves during harvest; length (cm) and diameter of

the peduncle (cm); presence of yellow Sigatoka

during flowering and at harvest; color of the pseudo-

stem of the midrib, of the border of the petiole and

color of shoots; shape of the roseta; opening at the

base of the petiole and position of leaves.

Selection of short mutants—agronomical data

Initially, an individual classification of plants in the

population was carried out for the characteristics

considered important in the selection of banana

genotypes with short height, early flowering period

and heavier bunches. Data obtained for these char-

acteristics were organized in increasing order (for

plant height and number of days until bunch emis-

sion) and decreasing order (for bunch weight)

obtaining the classification number of each plant.

Afterwards, the classification number of each plant

was multiplied by the ‘weight’ corresponding to each

characteristic. For plant height a weight of 6 was given

for being considered the most relevant characteristic in

this study and 2 for number of days from planting to

flowering and weight of bunch. At the end of this process

the final punctuation of each plant was obtained using

the following formula: y = [0.6 9 (height classifica-

tion) ? 0.2 9 (classification of bunch emission) ?

0.2 9 (classification of bunch weight)]. At the end of

the production cycle, the final punctuation was ordered

in increasing order, obtaining the final classification.

The selected plants were those present in the 10% best

classified plants at the end of the production cycle.

Seventy-five putative Pacovan mutants were sam-

pled. Sampling was carried out at the end of the first

cycle choosing plants which presented short height

and good bunches as the criteria (Fig. 1).

DNA extraction and PCR conditions

Genomic DNA was extracted from young leaves of

the 75 putative ‘Pacovan’ mutants and 5 controls, non

irradiated plants, using the CTAB method (Doyle and

Doyle 1990). The quantity and quality of the DNA

was carried out by comparative analysis of the

samples on 0.8% agarose gels stained with ethydium

bromide, the samples diluted in ultrapure water, and

the concentration adjusted to 10 ng ll-1.

For the amplification via ISSRs the samples had a

final volume of 15 ll, containing: 50 mM KCl, 10 mM

Tris-HCl (pH 8,3), 1.5 mM MgCl2, 100 lM of each

dNTPs (dATP, dTTP, dGTP, dCTP), 0.4 lM of each

primer, 20 ng of genomic DNA and one Unit of Taq

DNA polymerase (Pharmacia Biotech, EUA).

Amplifications were carried out in the Perkin

Elmer 9700 model thermocycler with the following
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amplification steps: 94�C for 4 min followed by 35

cycles of 94�C for 40 s, (annealing temperature of

48�C) for 40 s, 72�C for 1 min., with final extension

of 72�C for 2 min. The amplification products were

separated by 2% gel eletrophoresis. Information

regarding the ISSR primer sequences, annealing

temperature (Ta) and total number of bands (TNB)

are shown on Table 1.

Statistical analysis of combined data

Morphoagronomical and molecular data were sub-

mitted to the Ward-MLM statistical algorithm (Franco

et al. 1998) using CLUSTER and MLM procedure in

the SAS program (SAS Institute 2001), considering a

total of six multicategoric characteristics (color of

pseudostem, CPS; color of mid-rib, CMR; shape of

roseta, SR; shape of roseta, SR; shoot color, SC;

opening of the base of the petiole, OBP; color of

petiole border, CPB and position of leaves, PL), 21

quantitative characteristics (number of days from

planting until flowering, NDPF; number of days from

planting until harvest, NDPH; number of days from

flowering until harvest, NDFH; diameter of pseudo-

stem, DPS (cm); plant height, PH (m); number of

leaves until flowering, NLF; number of suckers, NS;

bunch weight, BW (Kg), hand weight, HW (Kg);

number of fruits, NF; average weight of fruit, AWF

(g); length of fruit of the second hand, LFSH (cm);

length of fruit of penultimate hand, LFPH (cm);

diameter of the fruit of the second hand (mm);

diameter of fruit of next to the penultimate hand,

DFPH (mm); number of hands, NH; number of live

leaves at harvest, NLLH; length of peduncle, LE (cm),

diameter of peduncle (cm); presence of yellow

Sigatoka during flowering, PYSF; and presence of

yellow Sigatoka during harvesting, PYSH, and 19

ISSR primers (186 polymorphic bands) in order to

evaluate the genetic diversity. The amplified frag-

ments were evaluated as present (1) and absent (0)

bands.

Fig. 1 Plants chosen based

on short height in

comparison to the average

height of the control plants

Table 1 ISSR primers used in the amplification of ‘Pacovan’

banana mutants with their respective sequences, annealing

temperatures (Ta) and total number of bands (TNB)

Primer Sequence Ta TNB

DiGA30C (GA)8C 48 12

DiGA30RC (GA)8RC 48 12

TriGTA30RC (GTA)5RC 48 12

DiGT30RG (GT)8RG 48 6

TriTAG30RC (TAG)5RC 48 12

TriTGG30RC (TGG)5RC 48 11

TriCTC30RC (CTC)5RC 48 8

TriGAT30RC (GAT)5RC 48 9

TriAGA30RC (AGA)5RC 48 10

TriCAG50CR CR(CAG)5 48 10

TriAAG30RC (AAG)5RC 48 15

TriTGA30RC (TGA)5RC 48 14

TriCAA30RC (CAA)5RC 48 13

TriCTG30RC (CTG)5RC 48 11

TriTGC30RC3 (TGC)5RC 48 06

TriGAG30RC3 (GAG)5RC 48 05

TriTTC30RC3 (TTC)5RC 48 05

DiGT30A3 A(GT)8 48 05

DiGT50CY3 CY(GT)8 48 10

154 Euphytica (2011) 178:151–158

123



Cluster analysis was carried out by the UPGMA

(Unweighted pair-group Method with arithmetic

mean) method using the Mega-4.1 software (Tamaura

et al. 2007), based on the distance matrix by the

Gower algorithm (Gower 1971). The cophenetic

correlation coefficient between the dissimilarity

matrix and the cluster matrix was calculated using

the GENES software (Cruz 2003). The ideal number

of groups was defined according to the pseudo-F and

pseudo-t2 criteria (SAS Institute 2001).

Results and discussion

Determining the genetic dissimilarity between indi-

viduals is an important and decisive point for

clustering and analyzing diversity within and among

populations (Kosman and Leonard 2005). The Ward-

Modified Location Model strategy was first proposed

by Franco et al. (1998) and is a useful method for

analyzing genetic divergence for genealogical com-

parison (Barbé et al. 2009) and selection of genotypes

and accessions that best represent the entire popula-

tion with the minimum loss of genetic diversity

(Crossa and Franco 2004), however, there are not

many reports in the literature.

The multicategoric and quantitative data for the

second cycle of production was used. The possibility

of combining multicategoric, quantitative and molec-

ular data and being able to truly identify the number

of clusters opens new perspectives in dissimilarity

studies. In order to determine the correlation between

the multicategoric, quantitative and binary data, a

preliminary study was carried out calculating the

correlation between two distance matrices; the dis-

tance matrix comprising of the multicategoric and

quantitative data and the distance matrix calculated

only for the binary data using the single simple

coincidence indice. The correlation between these

two matrices was r = 0.0199, being very low and

demonstrating that the data can be analyzed in a

combined fashion, and that most of the variability

observed could be attributed to genetic factors.

This is the first report of the use of the Ward-MLM

method in bananas; however, this methodology has

been used in other crops, such as snap beans (Barbé

et al. 2009), Capsicum spp (Sudré et al. 2010),

heirloom tomato (Gonçalvez et al. 2008) and kale

(Padilha et al. 2007). The use of the Gower algorithm

showed to be very efficient in these studies.

The genetic variability of seventy-five putative

‘Pacovan’ mutants and 5 controls was analyzed using

21 quantitative, 6 multicategoric and 186 polymor-

phic bands originated from 19 ISSR markers using

Ward-MLM algorithm (Fig. 2).

The distance between the putative ‘Pacovan’

mutants varied from 0.26 to 0.64, with average distance

of 0.459 and cophenetic correlation coefficient of

0.7669**; value considered highly acceptable in these

studies (Vaz Patto et al. 2004)). The closest putative

‘Pacovan’ mutants were PACOVAN 65 and PACO-

VAN 67, with 0.26 genetic distance and the most

dissimilar were PACOVAN 26 and PACOVAN 2, with

0.64. Results clearly show that there is variability

among the putative ‘Pacovan’ mutants that can be

explored and that this variability is mainly due to the

effect of the gamma radiation since somaclonal

variations from subcultivations normally do not lead

to alterations in a great number of clones from the same

genotype. Four putative ‘Pacovan’ mutants were

selected among the 10% best classified as to the

following characteristics evaluated at the end of the

first production cycle: plant height, bunch weight and

number of days from planting until flowering.

The height of the four plants selected among the

75 evaluated in the first production cycle was shorter

than the average of the controls. The shortest height

among the selected plants was for plant 40, with a

difference of 0.56 cm in comparison to the controls

(average height = 3.46 m ± 0.36). Furthermore, this

mutant was the most precocious for inflorescence

emission (44 days) and also was among those with

greater bunch weight.

Bermudez et al. (2000), working with FHIA-21,

observed in the first cycle, general frequency of

variation of 4.78% whereas the most altered charac-

teristics were plant height and number of fingers per

bunch.

Regarding the number of days from planting to

flowering, for the first cycle, plant 40 presented the

smallest values when compared to the average of the

controls and the irradiated clones. As for the number

of days from planting to the harvest no variations

were observed in the first cycle, with values close to

the average of the controls.

Regarding bunch weight, the selected plants

presented the highest values when compared with
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the controls and the average of the irradiated clones.

For the weight of hands in the first cycle, the selected

plants presented higher values and close to the

average of the controls.

As for the average fruit weight, in the first cycle,

plant 40 presented higher values among the observed

in the selected plants, controls and in the average of

the irradiated clones. In general, the four putative

‘Pacovan’ mutants selected were plants 28, 35, 38

and 40, taking plant height, bunch weight and num-

ber of days from planting until flowering, into

consideration.

For the ISSR analysis with 19 primers for the

irradiated ‘Pacovan’ a total of 186 polymorphic bands

were obtained whereas 74 were monomorphic with

an average of 9.8 total bands and 5.8 polymorphic

bands, respectively. The largest number of bands was

identified in primer TriAAG30RC (15 bands) and the

smallest in primers TriGAG30RC, TriTTC30RC and

DiGT30A (5 bands).

Racharak and Eiadthong (2007) with a total of 36

ISSR primers in subspecies of Musa acuminata and

cultivars with the A genome reported that 6 primers

revealed a total of 128 bands. Works from Venkat-

achalam et al. (2007) using 50 RAPD primers and 12

ISSR primers, in the Nanjanagudu Rasabale banana

cultivar, identified 625 bands. Results obtained by

Ray et al. (2006) revealed a total of 5330 RAPD

bands (21 primers) and 2741 ISSR bands (12 primers)

for the Robusta (AAA) and Giant Governor (AAA)

and Martaman (AAB) banana cultivars. The PSF test

for the selection of the cut-off point of cluster

formation is presented in Fig. 3.

The pseudo-F and pseudo-t2 criteria showed that

the optimum number of groups is between 2 and 3.

Adopting the formation of three groups, with a drop

from 9.407 to 2.660 points by the Ward-MLM cut-off

value, it is shown that the smallest distance between

the controls was 0.38, with average distance between

them of 0.33. This small distance shows that the

Fig. 2 Dendrogram

constructed with 75 putative

banana ‘Pacovan’ mutants

and 5 controls using 21

quantitative, 6

multicategoric and 186

binary data (ISSR markers)

by the Gower algorithm.

The dendrogram was

constructed using the

UPGMA method and the

MEGA-4 software package
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controls are closely related (all placed in the G3

cluster) and therefore could serve as a good basis to

be used in comparison to the irradiated material.

Regarding the four selected mutants, Pacovan 28

and 40 were placed in the same group (G1) and

Pacovan 35 and 38 were placed in group G3. The use

of combined data enables the study of genetic

variability in a more reliable approach. The four

mutants were selected based on best agronomical

characteristics and height and are now undergoing

field evaluations.

This data also shows that there is variability that

can be explored after the irradiation of ‘Pacovan’

banana mutants, which can be used in the genetic

breeding program of banana aiming to develop short

new varieties that also present good agronomic

characteristics. This is the first attempt to use

combined data in order to evaluate the genetic

variability in putative banana mutants.

Conclusions

The use of the Ward-MLM (Franco et al. 1998)

combined data approach enabled the obtainment of

reliable results regarding the genetic variability of

irradiated ‘Pacovan’ bananas using gamma rays.

These results show that there is genetic variability

that can be used in the banana breeding program

aiming the obtainment of short, precocious, high

yield banana plants.

A combined analysis approach provides a better

overview of the actual variability, whereas consider-

ing only the quantitative and/or qualitative data, the

environmental influence could have a greater mask-

ing effect in the outcome of the analysis. This

methodology provides a much better fit model to

clustering analysis.

This is the first attempt to use the Ward-MLM

multivariate statistical analysis in order to define the

number of groups in the banana breeding program at

Embrapa Mandioca e Fruticultura.
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e agroindustriais. Brası́lia: Embrapa-CNPMF 585

Doyle JJ, Doyle JL (1990) Isolation of plant DNA from fresh

tissue. Focus 12(1):13–15

El-Khishin D, Belatus EL, El-Hamid AA, Radwan KH (2009)

Molecular characterization of banana cultivars (Musa

spp.) from Egypt using AFLP. Res J Agric Biol Sci 5(3):

271–279

FAO http://www.fao.org
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Vaz Patto MC, Satovic Z, Pêgo S, Fevereiro P (2004) Assessing

the genetic diversity of Portuguese maize germoplasm

using microsatellite markers. Euphytica 137:63–67

Venkatachalam L, Sreedhar RV, Bhagyalakshmi N (2007)

Genetic analysis of micropropagated and regenerated

plantlets of banana as assessed by RAPD and ISSR

markers. In Vitro Cell Dev Biol 43:267–274

158 Euphytica (2011) 178:151–158

123

http://www.fao.org

	Agronomic and molecular characterization of gamma ray induced banana (Musa sp.) mutants using a multivariate statistical algorithm
	Abstract
	Introduction
	Materials and methods
	Plant material
	In vitro gamma ray induction of buds
	Agronomic characterization of mutants
	Selection of short mutants---agronomical data
	DNA extraction and PCR conditions
	Statistical analysis of combined data

	Results and discussion
	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


