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ABSTRACT

Water, being of critical importance for the survival of life on the planet, requires our

permanent care and attention. There is a growing concern about the genotoxicity of

complex environmental mixtures in surface waters, due to the risk of genetic damage

and cancer, both in aquatic organisms and humans. The present study focuses on

exploring the status of water pollution in areas with combined industrial and agricultural

activities in order to estimate the magnitude of toxicity and genotoxicity using the

Allium test. We collected samples from the Sava and Danube rivers, upstream and

downstream of Šabac (Sava River) and Smederevo (Danube River). In both rivers

sampling was done in periods of low and high-water levels. Levels of toxicity were low

in both rivers. However, the presence of organic pollution, observed as a higher mean

length of the roots, was seen in all sample groups compared to negative control. The

highest values of genotoxicity at locations upstream of both Šabac and Smederevo were

obtained in samples collected in a period of high-water level, but only the upstream

sample from the Sava River had reached a significant level of genotoxicity. This can be

considered as a consequence of intensive agricultural activities. Our results indicate that

communal town and industrial wastewaters influence river water quality more

significantly during low level regimes, while high water levels increase the risk of

exposure to chemicals used in agriculture.

Keywords: Allium test, genotoxicity, Sava River, Danube River, town wastewaters,

agriculture pollution

INTRODUCTION

Nowadays, when it comes to water, the term clean water crisis is increasingly

used. It is becoming gradually more apparent that the amount of healthy drinking water

is decreasing in the face of the constant increase of the human population and

furthermore due to the increase in water consumption brought by a rise in standards.
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Considering how limited the amount of drinking water is and how important the water is

per se, it is of paramount importance to know not only what pollutes the water, but also

what the consequences for the consumers of that water and their offspring might be

(SCHWARZENBACH et al., 2010). In the past, because of its vast surface area and

volume, people have treated the aquatic environment as a convenient place for the

disposal of biological and technical waste. However, it has now become apparent that

the deposition of toxicants into aquatic ecosystems has led to those toxicants

accumulation in both sediments and upstream food chains (SONSTEGARD, 1977;

STATHAM et al., 1976).

Rivers and lakes cover approximately only 2.3% of the global land surface area on

Earth (LEHNER and DOLL, 2004). Thus, actual water quality management requires a

clear understanding of how and why water quality differs across space, both within and

between different river catchments. Freshwaters are exposed to multiple persistent and

evolving threats (REID et al., 2019). RICCIARDI and RASMUSSEN (1999) estimated that

in North America, 123 species of freshwater animals are near extinction and that the

extinction rate in the aquatic system is five-fold higher than on land reaching 4% per

decade. According to HE et al., (2019) freshwater megafauna populations declined by

88% from 1970 to 2012. Such a high rate of species extinction in aquatic ecosystems is

likely caused by pollution originating from activities occurring in the terrestrial

environment as well as from changes in artificially induced river flows. More than one

third of rivers in the United States (BERNHARDT et al., 2005) and even more than 45%

of rivers in China (VOROSMARTY et al., 2010) are judged as polluted.

Water pollutants come from three main sources: human and domestic waste

(largely biodegradable organic products), industrial waste (mainly toxic waste that

readily accumulates in the food chain) and agricultural chemicals (fertilizers and

pesticides) that are used to obtain high yields. Many substances that enter the water and

air as by-products of industrial production, agriculture, or fossil fuel combustion are

potential mutagens and/or carcinogens. Water pollution problems vary widely across

regions of the world. In general, agricultural pollution is the least resolved problem.

Industrial and urban wastewater is generally characterized by the presence of

extremely complex mixtures containing numerous inorganic and organic compounds.

This complexity makes it very difficult to chemically assess the danger posed by

polluted water. In these situations, different variants of the Allium test are well suited for

assessing the toxicity and potential genotoxicity of different water samples (RANK and

NIELSEN, 1993; VUJOŠEVIĆ et al., 2001; VUJOŠEVIĆ et al., 2008; LEME and MARTIN-

MORLAES, 2009; RADIĆ et al., 2010).

It can generally be said that the state of waters in Serbia is insufficiently known

(ABORGIBA et al., 2016; KOSTIĆ et al., 2017). Regular bacteriological and chemical
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control gives insufficient data on real pollution level. The study of pollution of the Sava

and Danube Rivers in the Belgrade region, as the area of their confluence, showed how

different chemical analyses can produce different assessments of the river quality and

lead to potential misinterpretation of pollution levels (ANTONIJEVIĆ et al., 2014).

The present study was motivated by the need for a preliminary estimation of the

water quality of two rivers, Sava and Danube, upstream and downstream of the towns

Šabac and Smederevo during different water levels. The toxic and genotoxic potential of

the water samples was assessed using Allium anaphase-telophase test.

MATERIALS AND METHODS

Two samplings were done independently on the Sava and Danube rivers, upstream

and downstream of Šabac (Sava River) and Smederevo (Danube River). Samples of

surface water from both rivers were collected upstream (loc 1) and downstream (loc 2)

from the towns and analysed using the Allium anaphase-telophase test. Differences in the

degree of pollution between loc1 and loc 2 of each river were considered to be a

contribution of urban wastewater. On the Sava River loc 1 was at 44.792769°

19.691358° and loc 2 at 44.745365° 19.762664° (Figure 1a). On the Danube River loc 1

was at 44.658590°, 20.869184° and loc 2 at 44.694314° 20.959865° (Figure 1b).

Distances between loc 1 and loc 2 were approximately 10 km in both cases. Sampling

was done in periods of low (October/November 2017) and high-water levels

(March/April 2018). According to the Republic Hydrometeorological Service of Serbia

(http://www.hidmet.gov.rs/eng/hidrologija/index.php) water levels during the first

sampling were -68 cm at Sava River and 466 cm at Danube River, while at the second

sampling levels were 529 cm and 618 cm, respectively.
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Figure 1. Locations upstream (loc 1) and downstream (loc 2) of towns: (a) Šabac - Sava River

and (b) Smederevo – Danube River.

Following modified procedure for Allium anaphase-telophase test (RANK and

NIELSEN, 1993) commercial onion bulbs of Allium cepa, weighing between 2-4 grams,

were set in groups of 12 for each test sample and control groups, and left to grow for

five days. For each sampling period 4 test samples were set up. Two control groups were

used. As a positive control, we used a known mutagen methyl methane sulfonate MMS

(SIGMA M-4016) at a concentration of 10 g/l. Negative control was synthetic water. In

test groups sample water was replenished once a day. Two onion bulbs with the poorest

growth were eliminated from each group on the third day.

To determine general toxicity, the length of roots in 10 bulbs was measured in each

sample. For genotoxicity analysis root tips were heated in 2N HCl solution for 12

minutes at 65oC and macerated. Five root tips (1-2 mm in length) from one onion were

placed on each slide, stained with 2% orcein and squashed. Slides were coded and

examined blind.

The level of toxicity was measured as the mean root length in tested samples in

comparison to the negative control. To assess level of genotoxicity in each sample and

controls (positive and negative) the following aberrations, in anaphase and telophase,

were scored: bridges, fragments, vagrant chromosomes, multipolarity, and C-mitoses. A

Two-by-Two contingency χ2 statistical test was employed to determine the significance

of differences between the analysed groups including controls, separately for each river.

RESULTS AND DISCUSSION

Šabac and Smederevo are considered as important regional industrial centers

positioned on the banks of the large rivers (Sava and Danube). Thus, these rivers have

been used for communal and industrial municipal effluent discharge and for transport

related to production.
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During this study, the water level on the Sava River differed for 597 cm between

the first (low water level) and the second (high water level) sampling, while that

difference was 152 cm on the Danube.

Roots grew better (for 4.3-12.6 %) in all analyzed river samples comparing to the

negative controls, thus pointing to the presence of organic pollution in both rivers.

Differences in the average root growth between loc 1 (upstream) and loc 2 (downstream)

of the towns were not significant, indicating that communal and industrial wastewaters

from both towns were not toxic.

However, the level of genotoxicity was dependent on the water level. We obtained

the highest values of genotoxicity at locations upstream of both Šabac and Smederevo,

in samples collected in a period of high water level (Figure 2), but only the sample from

loc 1 on Sava River was significantly different (X(1)
2=29.51; p˂0.001) from aberrant

cells found in the negative control (6.97%). Both towns, besides being regional

industrial centers, are situated in regions of intensive agricultural activities. A large

increase in river water levels leads to flooding of coastal agricultural land. As a

consequence, chemicals used in crop production reach the water, raising the level of

genotoxicity upstream of towns.

Figure 2. Percentage of aberrant cells in Allium anaphase-telophase test for the river water

samples collected upstream and downstream of Šabac (Sava River) and Smederevo (Danube

River) during low and high water levels (water levels on date of sampling, according to the

Republic Hydrometeorological Service of Serbia, are given in brackets).

* - significant difference to the negative control 

     - significant increase of genotoxicity caused by town wastewaters  
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It is well known that pesticides frequently show genotoxic effects (summarized

by LEME and MARTIN-MORALES, 2009). Furthermore, GADEVA and DIMITROV

(2008), found that types of chromosomal aberrations are correlated with the

concentration of different pesticides, and some of them in concentrations comparable

to those used in practice can be designated as potential aneugens. ROSCULETE et al.

(2018) showed that a higher herbicide concentration increased the percentage of

chromosomal aberrations and had a higher mitodepressive effect.

In the period of low water level on the Danube, significant genotoxicity

differences were obtained between loc 1 and loc 2 (X(1)
2=7.62; p=0.006), indicating

that urban wastewaters of Smederevo caused notable pollution. It is important to

emphasize that the values at both sites, upstream and downstream, did not differ

significantly from the negative control. Similar result was reported by FATIMA and

AHMAD (2006); by using the Allium test they found increased genotoxicity in the

samples of industrial effluence of two cities in India, containing mainly pesticides and

heavy metals. Upon applying the same test, GANA et al. (2008) obtained increased

genotoxicity in the samples from different industrial effluents.

Large rivers have high water flow, which could minimize the effects of

chemicals, but local effects could be significant. This means that the potential damage

to the environment can be much greater in small rivers. It seems that communal town

and industrial wastewaters influence more significantly the river water quality during a

low-level regime, while high water levels increase the risk of exposure to chemicals

used in agriculture.

CONCLUSION

The increased levels of root growth in all river samples in comparison to

negative controls point to the presence of organic pollution in both rivers. Levels of

genotoxicity were the highest at points upstream of towns Šabac and Smederevo, in

samples collected in periods of high-water levels. This can be a consequence of

increased runoff from land characterized by intensive agricultural activities. Levels of

river water define which kind of pollution will be the dominant ones. Town communal

and industrial wastewaters have a higher impact on river water quality during low

level regimes, while high water levels increase the risk of exposure to chemicals used

in agriculture.
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ABSTRACT

Beech (Fagus sylavtica L.) as a species of wide utilization is one of the most important

trees in Europe. Taxonomic status of this species is a decades-old problem in the

southeastern part of its European distribution. Based on the numerous studies, the

analysis of the morphological characteristics of the cupules proved to be informative in

terms of selecting certain ecotypes in this area. In order to determine variability between

populations we analyzed cupules from 12 natural beech populations in Serbia, from

different elevations (300 to 1350 m.a.s.l). Five quantitative morphological parameters

were analyzed: cupule length (without the petiole), length of the longest valve, width of

the longest valve, petiole length and distance between the base of the longest valve and

the petiole (“connecting piece”). The length of the petiole and “connecting piece” were

shown to be the most variable characteristics. The analysis of variance showed that the

differences in the average values among populations in all measured characteristics are

statistically significant (p<0.05). The LSD test did not show a clear separation of

homogeneous groups, which was also demonstrated by the dendrogram cluster analysis.

The results of this research can serve as an additional knowledge of the variability of

beech in Serbia. If they are combined with other analyzes (morphological, anatomical,

and molecular) they can contribute to solving specific problems in forestry related to this

species.

Keywords: common beech, morphological characteristics, cupules, natural populations, 

variability

INTRODUCTION

Beech (Fagus sylvatica L) is one of the most common and most important

broadleaf species in Europe (VON VUEHLISCH, 2008; HOUSTON DURRANT et al.,

2016). In Serbia, beech forests are characterized by a wide distribution area in terms of
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elevation (they ranges from 40 to 2100 m.a.s.l.) (JOVANOVIĆ, CVJETIĆANIN, 2005) and

account for 29.3% of forest cover and 40.5% of total tree volume (BANKOVIĆ et al.,

2009). Given its importance, beech is a widely studied species from various aspects,

both regionally (MIŠIĆ, 1957; IVETIĆ, 2009; STOJNIC et al., 2012; STOJNIC, 2013;

SIJAČIĆ-NIKOLIC et al., 2013; BALIAN et al., 2015; IVETIĆ et al., 2018; KERKEZ

JANKOVIĆ et al., 2019; NONIĆ et al., 2019) and globally (DENK, 1999; GÖMÖRY et al.,

1999; DENK and MELLER, 2001; DENK et al., 2005; GÖMÖRY et al. 2007; CVRČKOVÁ

et al., 2017; MÜLLER et al., 2019). The long-standing problem is the definition of the

taxonomic status of beech in its southeastern part of the European range of distribution.

To define taxonomic categories within the genus Fagus, among other things,

morphological indicators have been used (CZECZOTT, 1933; MIŠIĆ, 1957; JANKOVIĆ,

1970). The morphological characteristics of beech cupules are very systematically

significant (DENK and MELLER, 2001), and characterized by great polymorphism,

especially in shape, length and width of the valve, petiole length and base shape (MIŠIĆ,

1955, 1957; IVETIĆ et al., 2018). However, there are only a few studies engage in

variability of beech cupules shapes and dimensions (MISIC 1955, 1957; DENK 1999;

DENK 2003; DENK et al. 2005; IVETIĆ et al. 2018).

This paper aims to determine the inter-population variability of beech at the level

of 12 natural populations from Serbia based on the morphometric characteristics of

beech cupules. Given the geographical location of the populations, one of the goals is to

determine is there an unique pattern in the spatial distribution of beech in this area.

MATERIALS AND METHODS

The beech cupules were collected in early October 2018 from 12 natural

populations of different elevations (300 to 1350 m.a.s.l.): Fruska gora (FG), Južni Kučaj

(JK), Boranja (BR), Stara planina (SP), Rudnik (RU). Goč (GC), Severni Kučaj (SK),

Jelova gora (JG), Kukavica (KU), Jastrebac (JB), Golija (GL), Javor (JV) (Figure 1). The

site selection was made based on current knowledge about the beech provenance regions

in Serbia (IVETIĆ, 2009).

From each population, 120 normally developed cupules were randomly selected

for the analyses. Five morphological characteristics were analyzed, of which four were

measured: length of longest valve (LV), width of longest valve at the widest part (WV),

length of cupule without petiole (LC), length of petiole (LP) and one derived:

„connecting piece” (CP = LC-LV) (Figure 2).
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The morphological characteristics of the cupules are defined by descriptive

statistical indicators: arithmetic means (X), standard deviation (SD), coefficient of

variation (CV%). One-factor analysis of variance (ANOVA) was used to determine

variability between populations. If statistically significant differences were found

between populations, additional testing was done by the Fisher Test (LSD). Cluster

analysis was used to determine distances between populations. The dendrogram of the

cluster analysis was based on Euclidean distances using the UPGMA method

(Unweighted Pair Group Average Method). All the above statistical analyses were

performed using the statistical program STATISTICA 7.0 (StatSoft Inc. 2004).

RESULTS AND DISCUSSION

The results of the descriptive statistical analysis (X, SD, CV%) and the results of

the LSD test (groups of a-g) are shown in Table 1.

Figure 1. Spatial distribution (left) and elevation

(m) (right) of the studied populations: Fruška gora

(FG), Južni Kučaj (JK), Boranja (BR), Stara planina

(SP), Rudnik (RU), Goč (GČ), Severni Kučaj (SK),

Jelova gora (JG), Kukavica (KU), Jastrebac (JB),

Golija (GL), Javor (JV).

Figure 2. Cupules measured properties:

length of the longest valve (LV), width

of the longest valve at the widest part

(WV), length of cupule without the

petiole (LC), length of the petiole (LP)

and one derived: connecting part (CP).
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Table 1. Descriptive statistics for the measured morphological characteristics of the cupules

Legend: X - Mean; CV - coefficient of variation; SD - standard deviation; LSD - homogeneous

groups designated from a to g; LV - valve length; WV - valve width; LC - length of cupule without

petiole; LP - petiole length; CP - „connecting piece” ; Fruska gora (FG), Južni Kučaj (JK), Boranja

(BR), Stara planina (SP), Rudnik (RU). Goč (GC), Severni Kučaj (SK), Jelova gora (JG), Kukavica

(KU), Jastrebac (JB), Golija (GL), Javor (JV)

Population
Descriptive 

indicator

Morphological characteristics (mm)

LV WV LC LP CP

BR

XLSD± SD

20.29 e±2.06 10.29 bc±1.38 25.23 de±2.36 9.39 d±2.83 4.94 b±1.51

FG 19.37 bc±2.44 10.57 cde±1.53 24.41 bc±2.37 7.18 a±1.96 5.04 b±1.68

GČ 19.91 cde±2.16 11.27 g±2.07 24.97 cd±2.58 8.13 bc±3.61 5.06 b±1.78

GL 19.50 bcd±2.60 10.27 bc±1.80 25.35 de±3.18 10.36 ef±2.89 5.86 c±1.53

JB 21.76 f±2.35 11.15 fg±2.18 26.86 f±2.55 13.15 g±5.23 5.10 b±1.81

JV 20.00 de±1.99 10.84 def±1.50 25.10 cd±2.19 7.93 ab±3.89 5.10 b±1.87

JG 19.24 b±3.95 9.83 a±1.78 25.89 e±5.08 8.05 abc±2.45 6.65 b±1.91

JK 21.45 f±2.95 10.45 cd±1.33 27.24 f±3.50 11.15 f±5.09 5.79 c±1.99

KU 19.31 b±1.66 11.14 fg±2.01 24.19 b±2.13 10.90 f±4.50 4.88 b±1.53

RU 20.43 e±2.06 10.76 def±1.28 25.32 de±2.53 8.40 bc±2.86 4.89 b±1.73

SK 21.18 f±1.42 10.90 efg±1.70 25.87 e±1.90 9.47 de±3.16 4.69 ab±1.67

SP 17.95 a±1.36 9.88 ab±1.26 22.36 a±1.78 8.85 cd±2.35 4.42 a±1.63

Total 20.03±2.56 10.61±1.73 25.23±3.05 9.41±3.90 5.20±1.82

BR

CV %

10.17 13.39 9.36 30.15 30.56

FG 12.65 14.42 9.71 27.28 33.27

GČ 10.86 18.33 10.32 44.44 35.09

GL 13.32 17.49 12.56 27.86 26.10

JB 10.78 19.53 9.48 39.78 35.39

JV 9.96 13.80 8.74 49.10 36.71

JG 20.51 18.05 19.62 30.50 28.69

JK 13.77 12.73 12.86 45.65 34.53

KU 8.62 18.03 8.82 41.25 31.41

RU 10.08 11.94 9.99 34.07 35.35

SK 6.73 15.57 7.33 33.34 35.58

SP 7.55 12.77 7.96 26.57 36.90

Total 12.77 16.34 12.11 41.45 34.92
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The mean values of all measured parameters are approximate to those already

reported in the literature (MIŠIĆ, 1957; DENK, 1999; DENK, 2003; DENK et al., 2005;

IVETIĆ et al., 2018). The low values of the coefficient of variability (CV˂10%) are

characterized by the properties of the length (LV) and the width (WV) of the valve and

the length of the cupule (LC), while higher values are characterized by the length of the

petiole (LP) and the length of the “connecting piece” (CP). The coefficient of variability

(CV) indicates that the most variably measured characteristic is the length of the petiole

(LP = 41.45%), which also has been confirmed in other studies (MIŠIĆ, 1957; IVETIĆ et

al., 2018), while the least variable is the length of the cupule (LC = 12.11%).

In the biological sciences, the optimal values of the coefficient of variation are

considered to be in the interval: 5% ≤ CV≤ 30%, and that the properties of the CV

values over 30% do not show statistically significant differences (MIĆIĆ, BOSANČIĆ,

2012). However, according to the one-factor analysis of variance (Table 2), for all

observed characteristics between populations, there are significant statistical differences

at the significance level of p <0.05. The length of the „connecting piece” (CP) has the

value of CV = 34.92% and is characterized by a clear grouping into three groups

according to the LSD test (Table 1), while the other characteristics did not show a clear

separation of homogeneous groups. According to the values of the „connecting piece”,

the first “group” (a) consists of the population of Stara planina, which also stands out in

a separate group according to the characteristics of the length of the cupule, width, and

length of the valve. At the transition between “a” and “b” group is the population of

Severni Kučaj. Group “b” consists of the populations Boranja, Fruška gora, Goč,

Jastrebac, Javor, Jelova gora, Kukavica, and Rudnik. While group “c” consists of the

populations Južni Kučaj and Golija.

Table 2. Results of one-factor analysis of variance (ANOVA)

Source Between populations 
F p

Trait SS df MS

LV 1532.47 11 139.315 25.21 0.00

WV 308.388 11 28.0353 9.96 0.00

LC 2113.70 11 192.155 24.26 0.00

LP 3855.17 11 350.47 27.74 0.00

CP 490.43 11 44.5845 14.96 0.00
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The results of the cluster analysis show that the populations of Javor and Goč are

grouped at the smallest genetic distance, making one homogeneous group with the

populations of Rudnik, Boranja, Severni Kučaj, Fruška gora, as well as the Golija

population. The second homogeneous group consists of the populations of Jastebac and

Južni Kučaj and the third is Jelova gora and Stara planina populations (Figure 3). Based

on the obtained results, it can be concluded that grouping of populations based on the

morphological characteristics of the cupules, is not geographically conditioned.

Figure 3. Dendrogram of cluster analysis based on Euclidean distances

CONCLUSION

Based on all the facts mentioned above, it can be concluded that there are

statistically significant differences between the studied populations for the all studied

morphological characteristics and that the variability is large. However, the results of

analysis of variance, must be taken with caution, since the measured differences are not

necessarily conditioned only by the gene pool of the population, but they are most often

the result of the interaction of the gene pool and environmental conditions.

The mean values of the all measured characteristics are approximate to those

already available in the literature. Therefore, it would be necessary for future studies to

examine variability based on the descriptive characteristics of the cupules (base shape,

stipule appearance, number and shape of valves).

Based on the obtained results of the morphometric analysis of the cupules it is

not possible to determine existence of unique patterns in the spatial distribution of beech

in this area.
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This study can serve as an addition to current knowledge about the variability of

beech populations in Serbia and knowledge about the variability of cupules in general. If

combined with the results of other analyzes (morphological, molecular, anatomical,

phenological) they can contribute to solving specific problems related to this species in

taxonomy and forestry.
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ABSTRACT

Quality Protein Maize (QPM) is nutritionally enhanced maize. To shorten the period

required for development of QPM hybrids through the conventional method of

backcrossing, marker assisted selection (MAS) is being used. After a successful

conversion of one commercial maize inbred line to its QPM counterpart for growing in

temperate climate, four commercial Maize Research Institute (MRI) inbreds, chosen for

marker assisted introgression of the quality protein trait, and their BC2 progenies were

subjected to two-level selection procedure. First, BC2 plants were analyzed with

opaque2 (o2) specific molecular markers to identify heterozygotes. Second, the selected

heterozygotes were screened with SSR markers to identify genotypes with the highest

recovery of recurrent parent’s genome (RPG). The specific markers identified 100 out of

192 plants (52%) as heterozygous. Genetic similarity values between parental lines and

their BC2 heterozygous progenies were in the range from 0.77 to 0.99 (77-99% RPG).

The highest proportion of RPG was found in L1 (93-99%) and the lowest in L3 progenies

(77-89%). Average values for the RPG content ranged from 83.9 to 95.8%. Progenies

with RPG above 95% were selfed to produce BC2F2 plants which will be subjected to

foreground selection. This time selection will be focused on homozygous recessive

individuals, given that the presence of opaque2 gene in the homozygous recessive state

is the aim of the QPM selection. Finally, those o2o2 genotypes will be screened for

biochemical and phenotypic traits to confirm their nutritional and agronomical

superiority.

Keywords: Maize, Marker assisted selection (MAS), opaque2, Quality Protein Maize

(QPM)

INTRODUCTION

The discovery of opaque2 (o2) maize mutants (MERTZ et al., 1964) initiated the

beginning of the breeding for improved protein quality in maize. This mutation has been
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used as a source for genetic improvement of the nutritional value of maize proteins.

Agronomically acceptable and nutritionally improved opaque2 types (Quality Protein

Maize -QPM) were created through conventional breeding programs by interdisciplinary

research team in the International Maize and Wheat Improvement Center (CIMMYT),

Mexico (VILLEGAS et al., 1992). In comparison to normal maize, QPM differs in protein

quality because it contains double the amount of Lys and Try, the two amino acids

deficient in maize proteins (PRASANNA et al., 2001; PANDA et al., 2010).

Marker assisted selection (MAS) has been increasingly used in maize protein

quality improvement programs (BABU et al., 2005, DANSON et al., 2006; GUPTA et al.,

2013). Foreground selection enables maintenance of recessive genes without the need

for progeny testing in each generation of selection, as homozygous and heterozygous

plants can be distinguished using gene-specific SSR markers. Also, DNA markers in

background selection accelerate recurrent parent's genome (RPG) recovery.

Marker assisted selection contributes immensely to the conventional breeding. The

tremendous benefits of the combined approach, as pointed out in MIAH et al., (2015),

are: competent foreground selection for the locus of interest, effective background

selection for the recovery of recurrent parent's genome, reduced linkage drag adjacent to

the introgressed locus, prompt breeding for the development of new genotypes with

favorable traits.

As a result of a breeding program at MRI, one commercial maize inbred line was

converted to its QPM counterpart for growing in temperate climate (KOSTADINOVIC et

al., 2014; KOSTADINOVIC et al., 2016). The aim of this research was to examine the

efficiency of molecular markers for direct selection of the target gene (foreground

selection), as well as for fast recovery of recurrent parent's genome (background

selection) in BC2 generation of this conversion process.

MATERIAL AND METHODS

Plant material

The QPM version of one commercial MRI inbred line was used as the donor parent

(DP) of the favourable allele of the opaque2 gene. Four MRI commercial inbred lines,

components of the leading MRI hybrids, were used as the recurrent parents (RP1, RP2,

RP3 and RP4). The conversion process is given in Figure 1. F1 plants were pollinated

with reccurent parent line to generate BC1 progeny. The BC1 plants heterozygous for the

gene specific phi057 and umc1066 locus were selected for backcrossing. A two-level

selection procedure was carried out in BC2 generation. First, the individuals were

screened with opaque2 specific molecular markers to identify the heterozygotes.

Second, these selected heterozygotes were screened with SSR markers distributed

throughout the maize genome. Genotypes with the highest recovery of recurrent parent’s

genome were selfed to produce BC2F2 seeds.
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DNA extraction

Genomic DNA was isolated from the kernel bulk according to DOYLE and DOYLE

(1987) from the four-weeks-old plants. Bulks were prepared by pooling an equal amount

of leaf tissue taken from 20 leaves per line. The concentration and the quality of the

DNA was determined using biospectrometer BioSpectrometer kinetic (Eppendorf,

Germany).

Foreground selection

Two gene specific SSR markers (phi057 and umc1066) were employed in

foreground selection for the incorporation of opaque2 into recepient maize lines (Table

1). Polymerase chain reaction was carried out in 20 μL reaction volume containing:

1×DreamTaq Green Buffer (Thermo Scientific, USA), 200 μM dNTP (Thermo

Scientific, USA), 0.25 μM primers, 1U DreamTaq DNA Polymerase (Thermo Scientific,

USA) and 20 ng DNA template. Amplifications were performed in thermocycler

Figure 1. Scheme of MAS for conversion of standard maize inbred line to its QPM version.
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Biometra TProfessional Standard 96 (Biometra, Germany) with the following program:

an initial denaturation at 94ºC/2min, followed by 40 cycles each of denaturation at

94ºC/1min, annealing at 60ºC/2min and extension at 72ºC/2min with final elongation at

72°C for 10 min. The amplified fragments were resolved by 8% polyacrylamide gel

electrophoresis on small format vertical gel system (Mini Protean Tetra-Cell, BioRad,

USA). After staining with ethidium bromide, they were visualized under UV

transilluminator and documented in gel documentation system BioDocAnalyze

(Biometra, Germany). The size of the amplification products was determined comparing

to the 50 bp molecular weight ladder (Thermo Scientific, USA).

Table 1. The set of SSR markers used in foreground selection for the opaque2 gene

Primer Sequence

phi057 F 5’-CTCATCAGTGCCGTCGTCCAT-3’

phi057 R 5’-CAGTCGCAAGAAACCGTTGCC-3’

umc1066 F 5’-ATGGAGCACGTCATCTCAATGG-3’

umc1066 R 5’-AGCAGCAGCAACGTCTATGACACT-3’

Background selection

For the background selection, SSR analysis was done with 30 polymorphic

markers spanning over the whole genome, selected from the maize database

(www.maizegdb.org). Polymerase chain reaction (PCR) was carried out in 25 μL

reaction volume containing: 1×DreamTaq Green Buffer (Thermo Scientific, USA), 200

μM dNTP (Thermo Scientific, USA), 0.5 μM of each primer, 1U DreamTaq DNA

Polymerase (Thermo Scientific, USA) and 20 ng DNA template. The following touch-

down program in the thermocycler Biometra TProfessional Standard 96 (Biometra,

Germany) was performed: an initial denaturation at 95ºC/5min, followed by 15 cycles

each of denaturation at 95ºC/30 s, annealing at 63.5ºC/1min (-0.5ºC/cycle) and extension

at 72ºC/1min; another 22 cycles of 95ºC/30 s, 56ºC/1min and 72ºC/1min with final

elongation at 72°C for four min. The PCR products were separated by electrophoresis

on 8% polyacrylamide gel, with 20 bp molecular weight ladder (Thermo Scientific,

USA) as a marker. After staining with ethidium bromide, they were photographed under

UV light using Biometra BioDocAnalyze gel documentation system (Biometra,

Germany). SSR profiles were converted into a binary matrix based on the presence (1)

or the absence (0) of a specific allele. Genetic similarity (GS) was calculated in

accordance with DICE (1945): GSij = 2a/2a+b+c; where: a is the number of fragments

present in both variety i and j (1,1), b is the number of fragments present in i and absent

in j (1,0), c is the number of fragments absent in i and present in j (0,1). Marker data

analyses were performed using statistical NTSYSpc2 program package (ROHLF, 2000).
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RESULTS AND DISCUSSION

The first level of selection procedure in BC2 generation was identification of

heterozygous plants with opaque2 specific molecular markers phi057 and umc1066. Out

of 192 plants, 100 (52%) were identified as heterozygous, which is in accordance with

the expected Mendelian ratio of 1 O2O2: 1 O2o2 in backcross generations. Out of these

100 heterozygous individuals, 30 originated from RP1, 24 from RP2, 20 from RP3 and 26

from RP4. Figure 2 shows the co-dominant nature of marker umc1066 that can

distinguish homozygous and heterozygous genotypes. Lanes 3, 5, 8, 10, 11, 12 and 13

were heterozygous (O2o2) and lanes 4, 6, 7 and 9 were dominant homozygous

individuals (O2O2).

The second level of selection procedure in BC2 generation was background

selection performed on previously identified heterozygous plants (O2o2). Genetic

variability between these individuals and their recurrent parents was analyzed with SSR

markers distributed over the maize genom. As stated in MIAH et al., (2015),

monomorphic markers bear no value in selection work since this type of marker is not

able to distinguish the two parental genotypes. Markers that showed polymorphism were

used in backcross generation. Total number of alleles detected with 30 informative

markers was 39 for RP1, 48 for RP2, 68 for RP3 and 61 for RP4, average being 1.3, 1.6,

2.27 and 2.03, respectively. These values are somewhat lower than those previously

reported in maize inbreds (BANTE and PRASANNA, 2003; LEGESSE et al., 2007;

KOSTADINOVIC et al., 2018). The higher number of alleles per locus in other studies can

be explained by the fact that analyses were performed on a larger number of different

maize genotypes or by the use of a larger number of SSR markers in the analysis

(MEHTA et al., 2017).

Figure 2. SSR profile of BC2 individual plants detected with opaque2 specific marker

umc1066. M: 50 bp DNA ladder, 1: standard line (recurrent parent), 2: QPM line (donor

parent), 3-13: BC2 individuals.
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Genetic similarity values between the recurrent parents and their corresponding

BC2 progenies, calculated using Dice coefficient, ranged from 0.77 to 0.99 (77-99%

RPG). The highest proportion of RPG was found in RP1 (93-99%) and the lowest in RP3

progenies (77-89%). Average values for the RPG content ranged from 83.9 to 95.8%.

Similar percentages of parental genome renewal in the BC2 generation have been

reported in other studies (BABU et al., 2005; GUPTA et al., 2013; SINGH and RAM, 2014;

THAKUR et al., 2014).

There was a great acceleration of recipient genome recovery in the present study.

Theoretically, the proportion of the RPG after n generations of backcrossing is given by

(2n+1 - 1)/2n+1 (COLLARD et al., 2005). In our case, 66% of progenies had RPG above this

theoretical value. Also, the RPG value of 99% was achieved in a few individuals, what

is the value theoretically achieved in BC6 generation. Fast recovery of RPG was attained

probably due to the genetic similarity between donor and recipient lines, as well as the

absence of linkage between the target gene and nearby genes from the donor parent

and/or random genetic recombination.

Our study showed that molecular markers are efficient in reducing the time and

resources involved in selection process. Selected heterozygous individuals with the

highest RPG values were self-pollinated to produce BC2F2 plants. DNA samples from

BC2F2 progenies will be collected and subjected to the foreground selection before

flowering to identify the progenies that attained homozygosity at o2 locus. Finally, those

o2o2 genotypes will be screened for biochemical and phenotypic traits to verify their

nutritional and agronomical superiority.

CONCLUSIONS

Co-dominant nature of the polymorphism exibited by the phi057 and umc1066

primers enables their utility in MAS program to successfully discriminate between

homozygotes and heterozygotes. Using polymorphic SSR markers in background

selection, heterozygotes with the highest percentage of recurrent parent's genome were

successfully identified. Our study confirmed the efficiency of molecular markers in

determination of the success rate of genomic regions transfer (foreground selection), as

well as the recovery rate of the recurrent parent’s genome (background selection).
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ABSTRACT

Maintenance of genetic purity and uniformity of maize inbred lines and hybrids is a

prerequisite for successful production and placement of commercial hybrid seed on the

market. The aim of this study was to compare different marker types’ efficiency

regarding genetic purity assessment. Morphological characterization of three maize

inbred lines was performed according to the UPOV (Union Internationale pour la

Protection des Obtentions Végétales) markers in three-year field experiment. For

uniformity and stability testing, 16 measured (MS) agro-morphological traits were

evaluated. According to observed MS traits based upon three-way Analyses of Variance

(ANOVA), all three inbred lines exhibited an acceptable degree of uniformity, while

stability was more pronounced in L2 and L3 than in L1 inbred line. In parallel, 12

informative SSR markers were used for genetic purity analysis. Initial molecular marker

analysis of the genotypes was done on bulked seed samples. Two out of 12 SSR markers

revealed possible problems with genetic purity of L1 and L2 genotypes. Since for these

genotypes two bands were scored upon visualization of PAGE electrophoresis, analyses

were repeated with the two mentioned SSR markers on individual seeds of each

genotype. The electrophoretic pattern of L1 individual seeds revealed its’ impurity, with

upper or lower band present. Electrophoregram of L2 individuals showed the presence

of two bands in each seed, the same as in the bulk, which confirms its genetic

homozigosity. Based on the results obtained, certain discrepances in genetic purity

assessment were revealed, suggesting higher independence of molecular markers

regarding environmental conditions.

Keywords: stability, uniformity, morphological markers, SSRs, Zea mays L.

INTRODUCTION

One of the most important quality criteria required for successful hybrid seed

production is genetic purity. To ensure maximum kernel set and high levels of genetic

purity during hybrid seed production, much effort has always been directed towards

31

mailto:anisavic@mrizp.rs


managing the process (BHAT et al., 2017). Continued usage of morphological data to

describe important genotypes indicates that those data retain popularity as descriptors of

plant species (GALOVIĆ et al., 2006). Morphological markers provide an expensive,

time consuming but reliable method for routine screening of a large number of

accessions (CAROVIĆ et al., 2011). Traditionally, morphological comparisons have

formed the basis for genetic purity evaluations. The descriptor for maize published by

UPOV (Union Internationale pour la Protection des Obtentions Végétales), is one of

several guidelines for morphological descriptors in order to standardize the

morphological description for maize (LAW et al., 2011). Distinctness, uniformity and

stability (DUS) tests are generally conducted according to the UPOV guidelines for

individual species. The DUS testing of varieties is one of the requirements for their entry

into the National List and/or for granting of Plant Breeders' Rights (YADAV and SINGH,

2010). While phenotypic observations depend on genetic sensitivities to environmental

conditions, molecular data can give a direct access to most part of the genome, and, in

the same time, overcome most of disadvantages of morphological and biochemical

markers that can be useful to distinguish varieties and off types (CHAUDHARY et al.

2018). Molecular markers, as high precision, time and resources saving technology, not

stage or tissue specific and not affected by the environment, has been used in crop

breeding and genetic purity testing (DANIEL et al., 2012). Simple Sequence Repeats

(SSR) are PCR-based markers used for genetic analysis. These microsatellites are co-

dominant, able to detect a high number of alleles per locus, abundant and uniformly

dispersed throughout the genome. The SSR markers are highly polymorphic and very

informative molecular markers, of great importance for rapid assessment of hybrid and

parental line seed purity (REDDY et al., 2015).

For this reason, the aim of this work was to compare the efficiency of

morphological and molecular markers in determination of genetic purity for three maize

inbred lines evaluated.

MATERIALS AND METHODS

Three maize inbred lines (L1, L2 and L3) obtained from the Basic Seed

Department of Maize Research Institute Zemun Polje, Serbia (44°52´N, 20°19´E, 81 m

asl) were evaluated for distinctness, uniformity and stability according to the UPOV

markers in three-year field trial (from 2016 to 2018).

Each maize inbred line was sown in four rows, spaced 0.75 m apart, with 20

plants per row, in two densities (D-30cm and D-40cm) and two sowing dates (ten-day

interval between each sowing), in two replications, according to Complete Randomized

Block Design.

Phenotypic variations regarding 16 measured (MS) agro-morphological traits
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included – plant height (PH), plant height to upper most node (PHN), number of leaves

above upper most ear (NLAE), leaf length (LL), leaf width (LW), ear height (EH),

length of main axis above the lowest lateral (LALB) and the highest lateral (LAHB)

branch, are recorded in a particular developmental stage from two central rows on ten

representative plants. Yield components – ear length (EL), ear diameter (ED), cob

diameter (CD), kernel length (KL), kernel width (KW) and kernel thickness (KT),

number of kernels per row (NKR) and number of rows per ear (NRE), were recorded on

ten randomly chosen ears per replication. For each inbred, after manual harvesting and

drying to 14% of water content, grain yield (GY) was calculated per plant basis. Three-

way analyses of variance (ANOVA) were used for agro-morphological data analyzing

and coefficient of variation (CV), as a measure of uniformity, was calculated for each

trait and expressed in percentage.

DNA-pooled sampling strategy (bulk and single seed analyses) was used for SSR

analysis. Each inbred was presented with ten plants. Genomic DNA was isolated from

seed, using a modified CTAB procedure (SAGHAI-MAROOF et al., 1984). A total of 12

informative SSR markers (phi 109275, umc 1448, phi 083, phi 102228, umc 1117, umv

1478, umc 1133, umc 1545, phi 233376, phi 015, bnlg1129, umc 1061) were chosen for

the analysis (ISTA, 2018). PCR amplification reaction was carried out in 25 µl reaction

volume containing DreamTaq™ Green PCR Master Mix (2X) (Thermo Scientific),

0.5µM primers and 50 ng of DNA. Amplification was conducted using the following

touchdown cycling profile: an initial denaturation at 95°C/5 min, followed by 15 cycles

each of denaturation at 95°C/30 s, annealing at 63.5°C/1 min (- 0.5°C/cycle) and

extension at 72° C/1 min; another 22 cycles of 95°C/30 s, 56°C/1 min and 72°C /1 min

were performed. Final elongation was at 72°C for 4 min. Amplified fragments were

separated on 8% polyacrylamide gels with 20bp DNA marker ladder (Thermo Scientific)

on a vertical gel system (Mini Protean Tetra-Cell BioRad) and stained with ethidium

bromide. The gels were photographed using BioDocAnalyze (BDA) gel documentation

system (Biometra, Germany) and SSR profiles for each primer were determined.

RESULTS AND DISCUSSION

The phenotype uniformity is a genotype ability to specify a phenotype

consistency (FASOULA and TOLLENAAR, 2005). Uniformity is genetically controlled

and is a key target for selective breeding in crops (TOKATLIDIS et al., 2010). By UPOV,

when a variety has been shown to be uniform, it can also be considered as stable.

However, the environment can induce changes in the individual’s behavior at a

morphological and/or physiological level (GRATANI, 2014). Generally, coefficient of

variation (CV) is a measure applied to present variation in agro-morphological traits

evaluated. In our study, the highest CV was observed for ear height (10.89%) in L1, and
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the number of kernels per row (9.12) in L2 and (10.96%) in L3 inbred, respectively

(Table 1). The lowest CV was recorded for cob diameter (1.12%) in case of L1, for

kernel width (2.8%) in L2, i.e. ear diameter (2.26) in L3 inbred line. Since CV below

15% for any agro-morphological trait measured in field trial is considered as highly

acceptable (KOZAK et al., 2013), inbred lines evaluated in our experiment exhibited high

level of uniformity.

In addition, the results of ANOVA showed that the year (Factor A) had highly

significant effect (p ≤ 0.001) on observed genotypes for almost all agro-morphological

traits (Table 1). Such a strong impact explains the fact that experiment was conducted

during three years, highly varying in environmental conditions. Also, in interactions

with other two factors, factor A had high influence on observed traits. In our study, 2017

was extremely dry, which was reflected through high reduction of PH in all three

inbreds, and which is in line with reported findings of ÇAKIR (2004).

Plant density and planting pattern affected yield and morphological traits in a

different manner (FARNIA and MANSOURI, 2015). In agronomic practices, plant density

exerts a strong influence on maize growth, because of its competitive effect on both the

vegetative and reproductive development (SINGH and CHOUDHARY, 2008). In our case,

plant density (Factor B) had the biggest impact on the inbred L1, especially concerning

the yield components, while L3 was affected the least. More pronounced effect of

planting densities on yield components compared to morphological traits in all three

inbreds is in line with YILMAZ et al. (2008), who reported that maize yield and yield

components were significantly affected by planting patterns and plant densities. The

values obtained for the majority of the observed traits were higher under lower plant

density, which is in agreement with reports of MOOSAVI et al. (2012) and SHAFI et al.

(2012).

In order to minimize negative effect of some abiotic and biotic stress on plant,

sowing date can play a major role in determining seed germination, yield and its quality,

and understanding the whole plant phenology in different environments (CHHETRI et al.,

2018). Compared to other two factors, sowing date (Factor C) had a significant influence

(p ≤ 0.01) only on LALB and LAHB in L1 line, and low influence (p ≤ 0.05) on KL in

L2 and LALB in L3 inbred. Interaction AxB had the highest influence on L1 both for

morphological traits and yield components, while L2 and L3 inbreds were affected only

in 4 i.e. 2 yield components, respectively. Interaction AxC influenced mostly L3 inbred,

and, to a lesser extent, L2 and L1. For all the inbreds, interaction BxC has shown little

effect on all traits observed. The highest effect of AxBxC interaction, was noticed in

inbred L1, while L2 and L3 varied only in one trait each.
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Table 1. Significance for observed agro-morphological traits according to ANOVA for inbred lines evaluated

Morphological traits Yield components

Inbred 

line
SV PH PHN NLAE LL LW EH LALB LAHB EL ED CD KL KW KT NKR NRE

L1

Factor A *** *** ns *** *** *** ** ** ** *** *** *** *** ** *** **

Factor B ns ns ns * ns ns * * ** *** *** * ns ns ** *

Factor C ns ns ns ns ns ns ** ** ns ns ns ns ns ns ns ns

AxB ** * ns * ns ns ** * * ** *** ns ns ns ns ns

AxC ns ns ns ns ns ns * * * ns *** ns ns ns ns **

BxC ns ns ns ns ns ns ns ns * ns ns ns ns ns ns ns

AxBxC ns ns ns ns ns ns ns ns * ** * *** ns ns ns ns

CV% 3.22 5.01 6.22 3.08 5.70 10.89 2.81 4.11 2.59 1.40 1.12 2.58 4.35 9.50 4.26 3.68

L2

Factor A *** *** ** *** *** *** ns ns ** ** *** *** *** * *** **

Factor B ns ns ns ns ns ns * ns * ns * ns * ns * ns

Factor C ns ns ns ns ns ns ns ns ns ns ns * ns ns ns ns

AxB ns ns ns ns ns ns ns ns ns ns ** ns *** *** * ns

AxC ns ns ns ns ns ns *** ns ns ns * ns * ns ns *

BxC * * ns ns ns * ns ns ns ns ns ns ns ns ns ns

AxBxC ns ns ns ns ns * ns ns ns ns ns ns ** ns ns ns

CV% 4.14 6.55 5.07 2.87 3.84 5.51 3.88 6.97 5.53 6.11 3.90 5.33 2.80 7.63 9.12 5.04

L3

Factor A *** *** ** *** *** *** *** ns ** *** *** *** *** ** * ns

Factor B ns ns ns ns ns ns ns ns ns ** ns ns ns ns ns ns

Factor C ns ns ns ns ns ns * ns ns ns ns ns ns ns ns ns

AxB ns ns ns ns ns ns ns ns ns ns ** ns ns * ns ns

AxC * ns ns ns ** ns ** *** ns ns ns ns ns ** ns ns

BxC ns ns ns ns ns ns ns ns ns ns ns ns ns * ns ns

AxBxC ns ns ns ns ns ns ns ns ns ns ns * ns ns ns ns

CV% 4.65 5.96 5.77 4.04 3.64 8.70 3.53 4.31 5.02 2.26 3.69 4.03 6.86 10.32 10.96 3.55

SV – source of variation; Factor A – year; Factor B – plant density; Factor C – sowing date; CV – coefficient of variation; P – plant height;

PHN – plant height to upper most node; NLAE – number of leaves above upper most ear; LL – leaf length; LW – leaf width; EH – ear

height; LALB – lowest lateral; LAHB – length of main axis above the highest lateral branch; EL– ear length; ED – ear diameter; CD–cob

diameter; KL–kernel length; KW–kernel width; KT– kernel thickness; NKR– number of kernels per row; NRE– number of rows per

ear*,**,*** – significant at p ≤ 0.05, 0.01 and 0.001 probability level, respectively; ns – non-significant.



According to the results presented in Table 1, it could be concluded that all three

inbred lines were quite uniform, while stability was more pronounced in L2 and L3 than

in L1 inbred line the most uniform and stabile was L3 inbred, followed by L2 inbred,

while L1 inbred varied the most, thus failing to meet, to some extent, the required level

of uniformity and stability.

Since the morphological markers are labor intensive, time-consuming and highly

influenced by the environmental conditions, nowadays, molecular markers are

considered as the most reliable tool for genotypes’ fingerprinting, assessing variation

within parental lines and genetic purity testing (TAMILKUMAR et al., 2009). Number of

markers should be balanced with the accuracy of the genotype required for the objective.

The number of markers to reach the necessary discriminative power depends on marker-

type (dominant/co-dominant; bi-/multi-allelic), species and the quality of the marker

performance (UPOV TG/2/7, 2009). For this reason, twelve informative SSR markers

were used for the genetic purity analysis of three morphologically estimated inbred lines

in order to compare the efficiency of morphological and molecular markers in

determination of genetic purity.

Figure 1. Electrophoregram of SSR analysis for L1 with phi102228.

M - 20 bp DNA ladder; B - seed bulk sample; P1-P10 - single seed samples.

Figure 2. Electrophoregram of SSR analysis for L2 with umc1133.

M - 20 bp DNA ladder; B - seed bulk sample; P1-P10 - single seed samples.

The results of initial molecular marker analyses from bulk seed samples showed

that two (phi102228 and umc1133) out of 12 SSR markers used, revealed possible

heterozygosity (impurity) of L1 and L2 maize genotypes. Upon visualization of PAGE

electrophoresis for these two inbreds, two alleles were scored. Analyses were repeated

with the two mentioned SSR markers on ten individual seed samples of both genotypes.
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Electrophoregram of L1 individual seeds (Figure 1) with upper or lower alleles present,

revealed that this inbred line is not uniform. The electrophoretic pattern of L2

individuals (Figure 2) showed the presence of two alleles in each seed sample, the same

as in the bulk samples, which confirms its genetic uniformity. Analyses of both types of

seed samples, individual and bulk, showed the same results, which is in line with REIF et

al. (2005). Genetic purity tested by SSR markers showed that L3 and L2 inbreds were

genetically homozygous (pure), while L1 was heterozygous (impure).

CONCLUSIONS

Ascertaining genetic purity of inbred lines as parental components of maize hybrid

is one of the most important quality control aspects in hybrid seed production. By

estimation of variations in measured agro-morphological traits, all three inbred lines

exhibited an acceptable degree of uniformity, while stability was more pronounced in L2

and L3 than in L1 inbred line. However, results obtained by SSR markers confirmed

genetic purity only for L2 and L3 inbreds. Certain discrepances in estimation of genetic

purity obtained by the two markers types could be the result of neutral nature of SSR

markers, as markers uninfluenced by environmental or growth conditions.
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ABSTRACT

In breeding of superior genotypes that are able to endure frequent and severe summer

droughts, evaluation of leaf chlorophyll content, as an indicator of photosynthetic

capability of plant tissues, growth and productivity, could assist. Likewise, evaluation of

flavonoids status (such as anthocyanins and flavonols), as a class of specialized

secondary metabolites with strong radical scavenging activity, contributes to mitigation

of drought stress. Accordingly, the aim of this study was to determine whether the

tolerance/susceptibility to drought stress can be attributed to the level of flavonoids and

chlorophyll in maize leaves. For this purpose, five maize inbreds differing in drought

tolerance were evaluated in two sets of field experiment: under well-watered and rain-

fed conditions. At flowering, chlorophyll, flavonol and anthocyanin indices, as well as

the nitrogen balance index (NBI) that represents the ratio between the mesophyll

chlorophyll and epidermal flavone leaf contents, were analyzed. Also, anthesis-silking

interval (ASI) as secondary trait relevant for drought tolerance and grain yield were

determined. In drought tolerant lines, effect of water deficit was reflected through NBI

and chlorophyll increase, followed by flavonoid content decrease. However, the opposite

trend was noticed in drought susceptible maize inbreds. Under rain-fed conditions,

anthocyanins content decreased or remained unchanged, except for highly pronounced

increase in drought susceptible A632 inbred. Compared to well-watered set of field

experiment, quite opposite trend in correlations between grain yield and indices

measured was found under water deficit conditions. The results obtained indicated the

activation of different metabolic pathways in defence against existing water stress.

Keywords: ASI, phenolic compounds, grain yield, water stress, Zea mays L.

INTRODUCTION

In temperate regions worldwide, the ongoing climatic changes cause frequent

and severe summer droughts which seriously impaire maize grain yield. Activation of

specific physiological and molecular responses, as plant mechanisms for acclimation and

adaptation to challenging environmental conditions, leads to changes in plant

metabolism in order to minimize stress-induced damage. Plants specifically alter gene
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expression in a very diferent way that changes occurring in plants grown under defined

stress conditions (water deficit or heat stress applied individually) (MITTLER and

BLUMWALD, 2010). These alterations in gene expression result in a specific regulation

of the metabolome depending upon the particular stress and the plant species (SUN et al.,

2016).

Plant metabolome comprises a huge diversity of metabolites with many different

biological functions that is usually divided into primary metabolism, including polar

metabolites such as carbohydrates, as direct products of photosynthesis and substrates of

the energy metabolism, tricarboxylic acid cycle intermediates, and amino acids involved

in protein synthesis or other cell processes like osmotic readjustment (CALDANA et al.,

2011). Secondary metabolites such as phenylpropanoids and their derivatives are an

important group of compounds essential for plant acclimation and survival to varying

environmental conditions, including coumarins, lignin building blocks, flavonoids,

anthocyanins and tannins (DJOUKENG et al., 2008). These, usually semi-polar

compounds, have a variety of physiological roles, including ROS scavenging, enzyme

activation, photoprotection and signal regulation (ZHAO et al., 2005; ARBONA et al.,

2013).

Water stress may not simply trigger acclimation mechanisms, but also result in

various damages (URBAN et al., 2017). Most damage-related parameters that can be

measured in the field are indicators of leaf chlorophyll content. Water deficit may cause

damage to the oxygen-evolving center coupled with photosystem II (PSII), leading to

inhibition of the photosystem functionality reflected through inactivation of the PSII

reaction centers (ZLATEV, 2009), which may eventually lead to reactive oxygen species

(ROS) generation, as well as photoinhibition and oxidative damage (GILL and TUTEJA,

2010). The analysis of chlorophyll content, as photosynthetic trait, is considered as an

important approach for evaluating the integrity of the internal apparatus during

photosynthetic process within a leaf and provides a rapid and accurate technique of

detecting and quantifying plants tolerance to drought stress.

According to the findings mentioned above, the aim of this study was i) to

determine whether the tolerance/susceptibility to water stress can be attributed to the

status regarding chlorophyll, flavonols and anthocyanins in maize leaves, and ii) to

evaluate the relationship between photosynthetic i.e. secondary metabolic indices and

grain yield, as an indicator of plant productivity, achieved under well-watered and rain-

fed conditions.

MATERIALS AND METHODS

Three inbred lines from Maize Research Institute „Zemun Polje“ gene bank

mini-core set (L1–L3) and two public drought susceptible inbred lines (B73 and A632)

were evaluated.
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The experiment was carried out in 2017 in Zemun Polje, Serbia (44°52´N,

20°19´E, 81 m a.s.l.). Inbred lines were grown in two sets of field experiment: under

well-watered set (considered as the optimal condition – OC) and under rain-fed

experimental set (i.e. without irrigation, e.g. considered as water deficit condition). The

plants of each maize inbred were sown in plot of two 4 m long rows, with an intra-row

and inter-row separation of 0.40 m i.e. 0.75 m, respectively, with two plants per hill. A

randomized complete block design with two replications was used in the experimental

sets.

At flowering, chlorophyll index (Chl), flavonoid index (Flav), anthocyanin index

(Anth) and the nitrogen balance index (NBI) as the ratio between the mesophyll

chlorophyll and epidermal flavone leaf contents, were analysed. The measurements were

conducted on the basal, middle and apical position of the uppermost ear leaf on twenty

plants per genotype, using Dualex Scientific hand-held optical leaf clip sensor as non-

destructive quantification of chlorophyll. In addition, the interval between anthesis and

silking (ASI) as one of the most relevant secondary trait for drought tolerance was

measured. The plants were harvested manually, and after drying to 14% of water

content, the yield was determined and presented as the average grain yield per plant (g

plant-1).

Separately for both field experimental sets, Pearson's correlation coefficient was

used for determination the relationship between indices measured and grain yield

obtained.

RESULTS AND DISCUSSION

In the context of plant–water relations, the plant is a particularly complex

system, due to its morphological plasticity and the physiological response in order to

provide management strategies for optimum water supply and it’s efficient use (BODNER

et al., 2015). To achieve drought tolerance improvement of crop varieties through

breeding, a set of reliable traits that can be rapidly and relatively inexpensively screened

is needed (SILVA et al., 2007).

Water deficit has been reported to diminish root nutrient uptake and translocation

to the leaves (FAROOQ et al., 2009). In this context, non-destructively measured leaf Chl

content was reported to be a surrogate for leaf nitrogen (N) in plant photosynthetic

capacity and productivity research and is an indicator of N nutrition of crops

(TREMBLAY et al., 2010), while NBI is more of an indicator of C/N allocation changes

due to N-deficiency than a measure of leaf nitrogen content per se (CARTELAT et al.,

2005).

The percentage of change in measured indices was displayed in Figure 1.

Compared to well-watered field experimental set, water deficit caused the reduction of

NBI for 8.8% and 33.8% in drought susceptible B73 and A632 inbred lines.
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However, under water deficit stress, drought tolerant inbreds exhibited increase of NBI,

ranging from 19.2% in L2 to 34.6% in L3, i.e. 38.0% in L1, respectively.

Figure 1. The percentage of changes for indices measured under water deficit stress compared to

the optimal conditions evidenced in drought tolerant (L1, L2 and L3) and drought susceptible

(B73 and A632) inbreds. OC – values measured under optimal conditions given as 1 (100%).

In response to water deficit, the same trend was observed for Chl index. Namely,

drought susceptible inbreds exhibited decrease of Chl for 8.4% (inbred B73) and for

21.7% (line A632). Previously it was reported that the majority of Chl lost from maize

leaves subjected to water stress is lost from the mesophyll cells being farther removed

from the vascular supply of water than the bundle sheath cells, thus developing greater

cellular water deficits which lead to a higher Chl loss. Likewise, the mesophyll

chloroplasts may be subject to greater Chl losses because they contain more of the light-

harvesting Chl–protein complexes of thylacoid membranes that are labile even under

mild water deficit conditions (SHAO et al., 2016). Because the light-harvesting Chl–

protein complex is a major intrinsic membrane component, it is likely that losses in this

component may lead to perturbation of the chloroplast membrane structural organization

and to a reduction in the efficiency of the membrane dependent electron transport of

photosynthesis. Opposite to drought susceptible genotypes evaluated in the experiment

described herein, the highest increase of Chl for 31.7% was found in drought tolerant

L3, followed by slight Chl index increase for 2.2% and 6.1% in L1 and L2 lines. Our

results revealed that the components of the photosynthetic apparatus could be damaged

in drought sensitive genotypes, and that the drought tolerant genotypes could possess the

adaptability to decrease/evade impairment resulted from water stress. It may be

suggested that genetic differences exist in the reaction of the photosynthetic apparatus to

drought, and that in drought tolerant genotypes the photosynthetic process has a higher

tolerance to water deficit stress, which is in line with the reports from study on barley

(RONG-HUA et al., 2006).
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It was reported that flavonoids, a class of specialized secondary metabolites,

including flavonols and anthocyanins with strong radical scavenging activity,

contributed to the mitigation of oxidative and drought stress in plants (AGATI et al.,

2012). In our experiment, opposite trend regarding relative flavonols content was

observed between drought sensitive and drought tolerant lines (Figure 1). Namely,

drough susceptible lines exhibited Flav index increase of 1.8% in B73 and 18.1% in

A632 line. Among drought tolerant inbreds, L1 expressed the most pronounced decrease

in Flav of 24.4%, followed by L2 and L3 (Flav reduction of 16.9% and 5.2%),

respectively. Our results are in agreement with SELMAR (2008), who reported that plants

under stress conditions often produce a higher degree of flavonoids compared to non-

stressed plants. Also, data obtained from the study on a series of Arabidopsis lines

overaccumulating and lacking flavonoids under MYB overexpression showed that the

flavonoid-specific MYB-overexpressing plants did not show enhanced drought tolerance

through ABA-induced abiotic stress response mechanisms under the unstressed

condition (NAKABAYASHI et al., 2014). These findings might suggest more preserved

mechanisms for preventing water loss from the plant tissue in drought tolerant lines

evaluated in our study.

Under water stress, nitrogen deficit impairs photosynthetic function and

efficiency and decreases the levels of Calvin Cycle enzymes, which resulted in induced

or enhanced accumulation of foliar anthocyanin in leaves of many plant species (PENG

et al., 2008). Compared to well-watered field experimental set, water deficit stress in our

experiment resulted in decreased (for 12.6% in drought sensitive B73 and for 14.3% in

L1 and L3 drought tolerant lines) or unchanged Anth index (in L2 line), respectively.

However, highly pronounced increase in Anth index of 50.0% was observed in drought

susceptible A632 inbred (Figure 1). Since A632 exhibited the highest reduction of both

Chl index and NBI, possible explanation could be that N stress caused by water deficit

triggered the expression of genes encoding enzymes associated with anthocyanin

biosynthesis in this drought susceptible genotype (STEYN et al., 2002).

Impact of water deficit on maize grain yield depends on the synchrony between

the stress and the developmental stage. If it occurs during flowering, as it was the case in

our study, yield losses are the most pronounced. Anthesis-silking interval is an indicator

of plant health and nutritional and water status of silks, ovules and kernels (OURY et al.,

2016). The more pronounced variation in ASI (even up to four days) was observed in

drought susceptible A632 line (Figure 2). The four-day interval difference could be

considered as discontinuous, disturbed pollination, since it occured under severe water

deficit that disturb physiological role of silk up to 40.0% (CEROVIĆ et al., 2014). Water

deficit resulted in grain yield decrease in all the genotypes evaluated, ranging from,

43



26.0% in A632 to 46.6 in B73 drought susceptible lines. In drought tolerant L1, L2 and

L3 inbreds, grain yield decline was as followed: 11.2%, 3.0% and 13.6%

respectively(Figure 2). In addition, widely reported negative correlation between ASI

and grain yield (COOPER et al., 2014) was in line with our findings, particurly regarding

drought susceptible inbreds (p≤0.001).

Figure 2. The percentage of changes for ASI and grain yield under water deficit stress compared

to the optimal conditions evidenced in drought tolerant (L1, L2 and L3) and drought susceptible

(B73 and A632) inbreds. OC – values measured under optimal conditions given as 1 (100%).

Flowering period in maize is the most vulnerable phenophase to water deficit.

However, during the grain-filling period, water and nitrogen availability determine the

extent to which sink and source contribute to yield formation, and limited resource

availability will mainly result in source restrictions by reducing current photosynthesis

and less by sink limitations (OVEYSI et al., 2010). Since chloroplasts comprise more

than 70.0% of nitrogen (N) taken up from the environment, grain yield and its quality

are dependent on chloroplast breakdown, as a consequence of water stress, and

remobilization of nitrogen. Better preserved previously mentioned light-harvesting Chl-

protein complex of thylacoid membranes in chloroplasts, which is rapidly catabolized

under stress conditions, suggests strongly that it may be a readily mobilized source of

amino nitrogen for maintenance protein synthesis, as well as a source of carbon

skeletons for energy production during stress (SHAO et al., 2016) towards higher grain

yield. These findings are in line with highly significant and positive correlations

between grain yield and NBI, i.e. Chl index (p≤0.01 for NBI, i.e. p≤0.001 for Chl index,

respectively) otained under severe water stress (Table 1).
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CONCLUSION

The distribution of Dualex’s measured values for Chl index and especially for

NBI among the maize genotypes evaluated in this study is consistent with their drought

tolerance/susceptibility classification. This is confirmed by their highly significant and

positive correlation (p≤0.001 for Chl index, i.e. p≤0.01 for NBI, respectively) with

obtained grain yield, as a measure of plant productivity under severe water deficit stress.

In addition, observed quite opposite trend in correlations between grain yield and all the

indices measured found under water deficit conditions compared to well-watered field

experimental set, indicated the activation of different metabolic pathways in defence

against existing severe water stress.
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ABSTRACT

Exogenous application of chemical elicitors to plants can be successfully used to reduce

damage caused by abiotic stresses and consequently to enhance productivity. Different

organic peroxides, applied foliarly as DMSO solution, were used in this study with the

aim to examine variations in grain yield and main nutrient status, i.e. protein, starch and

oil contents, of four maize inbred lines. Results showed that two genotypes reacted

positively on applied treatments, achieving higher grain yields than control group, with

differences up to 2-3 t ha-1. In total, one of the applied peroxides expressed the highest

impact on yield enhance. In terms of nutritive quality, the same treatment mostly

increased the starch content. With regard to protein content, higher value was achieved

by the same genotype which had higher grain yield, and for oil content, variations in

results among treatments were insignificant and irregular. This indicates that synthetic

elicitors, such as organic peroxides, could be used not only to increase grain yield, but

also to modify grain nutritional quality in regard to genotype variability.

Keywords: foliar treatment, chemical elicitors, grain, yield, nutritional quality

INTRODUCTION

Maize belongs to the three most widely grown crops and it is ranked first among

the cereal crops grown throughout the world (WU et al., 2019; VANCETOVIC et al.,

2014). It is one of the most important crops due to its wide uses as food, feed and as

industrial material. Consequently, the main objective of the breeding program is to

create hybrids, i.e. lines with improved properties, both in terms of quality and yield

potential. From the quality characteristics, main nutrients in maize grain are starch, oil

and protein. Starch is energy source, while protein and oil content are especially

important traits at the maize market (MLADENOVIĆ DRINIĆ et al., 2013a; YANG et al.,

2013; MLADENOVIC-DRINIC et al., 2013b; AL-NAGGAR et al., 2016).
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According to PUNJ and HARYANA (2012) abiotic stresses such as drought,

temperature, salinity, etc. that induce oxidative stress affect plant grow, productivity and

quality. Maize mitigates induced damage through various mechanisms: activating

enzymatic and nonenzymatic antioxidants, growth regulators and osmoprotectants.

Many studies (AHMAD et al., 2014; TRIVEDI et al., 2018; AHMAD et al., 2013) involved

foliar application of different elicitors with the aim to overcome negative environmental

impacts by stimulating one of these mechanisms. Exogenous treatment enhances maize

antioxidant defense system, positively affecting the productivity and nutrient quality of

grain as a result of lower degree of stress on the plant (CHATTHA et al., 2015). It is

reported that plant growth regulators improve photosynthate partitioning and grain

development, thereby increasing plant tolerance to stress (WAQAS et al., 2017). This

research was aimed to examine elicitor effect of organic peroxides, with structure similar

to plant growth hormones (MESAROVIĆ et al., 2015), on yield and main nutrient status

of four different maize inbred lines.

MATERIALS AND METHODS

The experiment was carried out to investigate elicitor effect of synthetic organic

peroxides (belonging to mixed tetraoxanes) on grain yield and status of protein, starch

and total oil in different maize inbred lines. Seeds of four maize inbred lines: L 355/99

(G1), L 76 B004 (G2), L 76 B036 (G3) and L 73 B003 (G4) were sown in randomized

block design at field of Maize Research Institute „Zemun Polje“, Serbia. Each line was

sown in two rows of 5 m in length, with four replications. In 5-8 leaves stage lines were

treated foliarly with four organic peroxides (T1-T4), dissolved in DMSO solution, to

assure their absorption by foliage. Two control groups had also been set up, one without

spraying (C) and one treated with DMSO only (D).

After harvesting, grain yield was measured and calculated to 14% of moisture.

The content of protein, starch and oil was determined on infrared analyzer (Infraneo,

Chopin Technologies, France) and expressed as percentage of grain dry matter.

Results were analyzed using analysis of variance (ANOVA) and the significance

of the treatments effect were determined by the Fisher’s least significant difference

(LSD) test at p = 0.05. Evaluation of interdependence between genotypes and treatments

was analyzed using principal component analysis (PCA). Statistical data were processed

by SPSS 15.0 (IBM Corporation, Armonk, New York, USA) for Windows Evaluation

version.

RESULTS AND DISCUSSION

G1 line provided higher yield in comparison to the other three lines (Table 1).

However, treatments haven’t expressed effectiveness because treatment with DMSO, as
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control, gave the highest yield. Foliar application of peroxides expressed good results in

lines G2 and G3, achieving yields of 2-3 tons higher than control. One of the applied

peroxides (T3) showed the highest impact on yield enhance. Results obtained in this

research are in accordance with results obtained by AHMAD et al. (2014) in which

mixture of ascorbic acid, salicylic acid and hydrogen peroxide applied on grain increase

yield under stressful conditions. They explained observed effect through increased

antioxidant activity which helped the maize crop to maintain relatively optimal

photosynthesis under abiotic stress.

Table 1. Effect of different genotypes (G1-G4) and exogenous treatments (T1-T4) on 

grain yield (t ha-1) of maize inbred lines

G1 G2 G3 G4 Average

C 10.41 4.58 6.51 6.56 7.02

D 11.31 6.25 6.10 6.24 7.47

T1 10.01 6.57 6.06 6.39 7.26

T2 9.08 8.10 6.99 6.28 7.61

T3 10.88 7.24 7.35 5.87 7.83

T4 9.00 7.11 7.18 6.54 7.46

Average 10.12 6.64 6.70 6.31 7.44

LSD0.05 T 1.44,     G 0.75,     T x G 1.68

In terms of nutritive value, significant variability in starch and protein content

was observed. Taking into account, genotype by treatment interaction, results for protein

content (Table 2) showed that elicitors had positive influence only in G3, while in G1,

G2 and G4 lines maximum values were recorded in control groups (C or D).

Table 2. Effect of different genotypes (G1-G4) and exogenous treatments (T1-T4) on

protein content (expressed as % of grain DM).

G1 G2 G3 G4 Average

C 10.29 10.98 9.92 9.54 10.18

D 10.61 10.94 10.23 9.46 10.31

T1 10.55 10.95 10.07 9.31 10.22

T2 10.10 10.47 10.32 9.27 10.04

T3 10.17 10.19 10.00 9.19 9.89

T4 10.22 10.23 10.32 9.13 9.98

Average 10.32 10.63 10.14 9.32 10.10

LSD0.05 T 0.47,     G 0.20,     T x G 0.38
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Concerning the starch content (Table 3), one of applied peroxides (T3) raised

starch level in three genotypes (up to the 0.54, 0.07 and 0.53%, for G1, G3 and G4,

respectively). The same treatment also expressed the greatest influence on yield enhance

(Table 1). Similarly, CHATTHA et al. (2015) reported greater yield and starch content by

applying some of growth promoting substances, as well as enhanced protein content,

which is opposite to our results. Exogenous treatments affect the tested parameters in

different ways, depending on the type of applied elicitor and environmental conditions

(TRIVEDI et al., 2018; WAQUAS et al., 2017), which is also confirmed in this research.

Table 3. Effect of different genotypes (G1-G4) and exogenous treatments (T1-T4) on

starch and oil content of maize grain.

Starch (%)a Oil (%)a

G1 G2 G3 G4 Average G1 G2 G3 G4 Average

C 68.93 70.15 69.70 71.50 70.07 3.67 3.57 3.93 3.50 3.67

D 69.00 68.17 68.97 71.27 69.35 3.67 3.63 3.83 3.23 3.59

T1 69.03 67.70 69.23 71.47 69.36 3.47 3.63 4.00 3.37 3.62

T2 69.10 69.37 69.47 71.53 69.87 3.60 3.70 3.87 3.30 3.62

T3 69.47 69.47 69.77 72.03 70.18 3.50 3.63 3.73 3.43 3.58

T4 69.30 69.53 69.53 71.50 69.97 3.50 3.90 3.93 3.37 3.68

Average 69.14 69.06 69.44 71.55 69.80 3.57 3.68 3.88 3.37 3.62

LSD0.05 T 0.98,     G 0.43,     T x G 0.83 T 0.19,     G 0.09,     T x G 0.20

aValues are expressed as a percentage of grain dry matter.

In contrast, T1 peroxide adversely affected content of starch in almost all maize

inbred lines (Table 3). Among tested genotypes, G4 is the line with the highest starch

level in all treatments and control groups, too.

For total oil content, differences at a significant level were obtained only among

genotypes, whereas variations in results due to foliar treatment were insignificant and

irregular (Table 3). This indicates that applied peroxides were ineffective for

modification of oil content.

PCA

In order to evaluate the interaction among maize inbred lines, applied treatments

and nutrient content, the PCA was used and indicated that first two axes were explained

by 59.9% and 25.6% of total variability for examined parameters, respectively.

Projection of variables are shown in Figure 1. and pointed that protein and starch content

contributed mainly to PC1 (90.6% positively and 96.4% negatively, respectively), while

grain yield to PC2 (86.4%). These results are in line with previous studies, where a

negative correlation between starch content on the one side and protein and oil content
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on the other side are confirmed (MLADENOVIĆ DRINIĆ et al., 2013a; YANG et al.,

2013). All treatments applied on G1, as well as T2 application on G2, affected the yield,

while starch content was altered by all applied treatments on G4. Similarly, applied

foliar treatments influenced the oil content in G3, while in G2 line, protein and oil

content varied mainly, depending on the treatments.

Figure 1. The obtained PCA plot for PC1 and PC2 components, showing the interaction among 

genotypes, elicitors and main nutrients.

CONCLUSION

Significant differences among genotypes were present for the yield, as well as

content of main nutrients. G1 and G4 were genotypes with the highest average yield and

starch content, respectively, whereas significant variations in protein and oil content

were present among all genotypes.

According to the obtained results, exogenous treatment increased grain yield with

differences up to 2-3 t ha-1 in G2 maize line. Foliar application of T3 peroxide provided

the highest yield and starch content increase. Accordingly, T3 elicitor should be tested on a

larger number of maize genotypes in order to confirm its benefits. In terms of protein

content, elicitors have had positive influence only in G3 line, the same one with a higher

grain yield. Applied peroxides didn’t express significant impact on oil content.

This indicates that various elicitors, such as organic peroxides, could be used not

only to increase grain yield, but also to modify grain nutritional quality, including

variability among genotypes.
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ABSTRACT

Ustilago maydis is a unicellular phytopathogenic fungus known for its extreme

resistance towards UV and ionizing radiation. This feature selected U. maydis as a

powerful model system for studying DNA repair and homologous recombination.

As a free-living and biotrophic microorganism infecting maize, U. maydis is exposed to

various harsh environmental stresses throughout both of its life styles. U. maydis cell

population subjected to severe stress could be preserved by efficient mechanism of DNA

repairation. But powerful DNA repair system may not be the only cellular facility

underlying genome protection and overall ecological success of U. maydis.

We showed that after severe oxidative injury, U. maydis cell populations restore viability

if kept under starvation conditions (RUS). This restitution of viability is based on cell

multiplication at the expense of the intracellular compounds released from the damaged

cells. We examined cellular mechanisms involved in reabsorption of the released

compounds and in contending with their treatment-induced toxicity. Nine genes

contributing to the process were identified by mutant hunt (adr1, did4, kel1, tbp1, snf8,

slm1, chk1, snf5 and hypothetical heat shock UMAG11087). Mainly from the studies on

other organisms, these cellular factors are known to play roles in growth regulation,

protein turnover, cytoskeleton organization, transcription, cell cycle regulation,

chromatin remodelling and stress response. What is more important, some mutants

exhibited sensitivity to different genotoxic agents implying that the gene products are in

some overlapping fashion involved in the protection of genome integrity. We also

compered RUS activities of U. maydis with evolutionary distant model organism

Saccharomyces cerevisiae.

Keywords: oxidative stress, starvation, liquid holding, genome integrity

INTRODUCTION

Ustilago maydis is a unicellular basidiomycete pathogen of maize and teosinte

known for its resistance to large doses of UV or ionizing radiation. Many years ago, the

fungus was developed by R. Holliday as a model system for studying DNA repair so that
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it has been used for analysis of the genes involved in resistance to radiation for decades

(HOLLIDAY, 1965). Its life cycle comprises the saprophytic phase (free-living in soil)

and the parasitic phase (mycelial growth in infected plants). In both stages it is exposed

to unfavourable conditions. In its saprophytic stage, it must contend with UV-irradiation,

oxidative stress, DNA-damaging toxins produced by soil bacteria and other fungi,

whereas in its parasitic stage, it is subjected to the immune system of its host, largely to

reactive oxygen species as a first line of plant defence against pathogens (KELLER et al.,

1998).

The knowledge of the cellular mechanisms underlying ecological success of

U. maydis is still fragmentary. Nevertheless, it is evident from genetic studies on

U. maydis that recombinational DNA repair has a central role in radiation resistance

since mutation in any of the genes that control homologous recombination results in

extreme sensitivity to UV and gamma-rays (FERGUSON et al., 1997; KOJIC et al., 2002,

2003). Although such powerful recombination repair would obviously contribute to the

fitness of saprophytic cell populations, recombinational mutants, except dss1, are still

capable to invade, infect plant, form galls and generate teliospores (HOLLOMAN et al.,

2008). Besides, we should bear in mind that all we know about DNA repair comes from

studies of highly proliferative cells under optimal laboratory growth conditions. Such

conditions are rarely encountered in nature, where, especially in hostile environment

(with limited nutrients), cell division is a less-frequent state for free-living

microorganisms. Indeed, we know almost nothing about how this organism might

maintain its genome integrity under non-growing (starvation) conditions after strong

stress. Arguably, this could have been a prevailing environmental pressure that shaped

adaptation of this organism to arid ecosystems of Central America as this is the apparent

centre of origin for U. maydis and its ancestral teosinte hosts (STUKENBROCK and

MCDONALD, 2008). In fact, the dominant hypothesis is that behind the extreme radiation

resistance of several organisms lies adaptation to desiccation (GLADYSHEV and

MESELSON, 2008; SLADE and RADMAN, 2011).

Challenged to find an approach to study survival of U. maydis cell populations in

hostile conditions such as exposure to oxidative insult and starvation, we entertained the

possibility of using liquid holding (LH) as an assay system that may provide insights

into molecular players and cellular mechanisms that underlie the ecological fitness of

U. maydis. Namely, it was found that if yeast cells, Saccharomyces cerevisiae, after

exposure to X rays or UV irradiation and prior to plating on solid growth medium, are

kept in water for 4 days, the surviving fraction increased as compared to that observed

after immediate plating (PATRICK and HAYNES, 1964; PATRICK et al., 1964). This

remarkable recovery was found to be the consequence of intracellular repair, but the

molecular basis of the phenomenon remained largely unknown. Therefore, we monitored
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post-oxidative LH recovery (LHR) of treated U. maydis cells held under non-nutrient/

starvation conditions. The analysis has shown that the enhancement of viability was

achieved by multiplication of the survivors at the expense of the killed cells. Further

investigations revealed the cellular factors involved in the recycling of the intracellular

compounds as an ambivalent source of rich but risky nutrients. The insight that was most

indicative came from the finding that some of the factors required for regrowth are also

involved in the maintenance of genome integrity. We have also shown that U. maydis

and S. cerevisiae share a common way of restitution of viability with LH-namely by

reproduction of the survivors yet displaying some interesting differences. The study was

extended to another stressor (desiccation) and the results are discussed in the light of

their ecological and evolutionary implications.

MATERIAL AND METHODS

Organisms and culture methods: A wild type haploid prototroph U. maydis 521

strain and wild type prototroph S. cerevisiae ML1131 (haploid) strain were grown in

mediums described in detail in MILISAVLJEVIC et al., 2020.

Peroxide treatment involving LH is described in detail in MILISAVLJEVIC et al.,

2018 and MILISAVLJEVIC et al., 2020. Briefly, early-stationary phase microbial cell

cultures were harvested, washed in water, and resuspended at 2×107 cells per ml of

10 mM Fe3+-sodium EDTA. H2O2 was added to start the Fenton reaction (generation of

Reactive Oxygen Species, ROS) and the suspension held at 30˚C for 10 min. Collected

cells were washed twice and plated immediately on an appropriate medium to measure

survival or incubated at 30˚C with agitation for 1–3 days before plating to measure

recovery. 10 µl of 10-fold dilutions from the initial cell suspension were spotted on solid

medium. Plates were incubated for three days at 30˚C for colonies to develop.

Post-desiccation LH assay was described in MILISAVLJEVIC et al., 2020. Briefly,

washed pellets containing 1×108 cells were vacuum desiccated (Speedvac Concentrator,

Savant Systems), for 16 h. After rehydration in water, cells were spotted on solid

medium or incubated for 2 days and aliquots were withdrawn at 4 h intervals over 2 days

and assayed for viability, cellular leakage, and chromosomal DNA degradation.

Time-course leakage analysis: Following peroxide or desiccation treatment

U. maydis and S. cerevisiae cells were resuspended in water and incubated in capped

tubes mounted on an oscillating shaker at 30°C. At various time points, 1 ml aliquots

of the suspensions were withdrawn, the cells were pelleted by centrifugation and the

supernatants were decanted. To insure that the solutions were cell free, the supernatants

were passed through Millipore filters (0.45 µm) and then immediately examined for 260-

nm-light-absorbing compounds in a Ultrospec 3300 pro spectrophotometer (Amersham

Bioscience).
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DNA analysis: Genomic DNA was prepared from cells after peroxide treatment by

a modified cetyltrimethylammonium bromide (CTAB) extraction method (DOYLE and

DOYLE, 1987) and described in MILISAVLJEVIC et al., 2018 and 2020.

RESULTS AND DISCUSSION

Previously, we showed that U. maydis possesses remarkable capacity to recover

after UV radiation, repeating the LHR phenomenon observed in yeast after X-ray and

UV irradiation (MILISAVLJEVIC et al., 2018). We extended this investigation to oxidative

stress, which is in a way common denominator of all environmental stresses including

radiation, and which is also generated endogenously. Therefore, we treated U. maydis

and S. cerevisiae with increasing doses of hydrogen peroxide in the presence of Fe3+ ions

to generate ROS. There was the expected increased lethal effect with increased doses of

peroxide (Fig. 1A, left panels).

Figure 1. Comparative analysis of the viability of the peroxide treated U. maydis (A) and

S. cerevisiae (B) cells during LH incubation. Aliquots (10 µl) of 10-fold serial dilutions were

plated on growth medium for determination of cell viability. Peroxide-treated cells were plated

immediately to determine survival or were held in water for the indicated times before plating.

The suspension of U. maydis cells exhibited an astonishing degree of restitution of

viability during incubation in water. Even when the surviving fraction was

approximately 0.001%, the population restitution was almost complete after 72 hour-

incubation. Peroxide-treated S.cerevisiae cells did also exhibit significant restitution of
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viability as a result of post-treatment liquid holding in a non-nutrient medium. Again,

the cell suspensions that received the highest doses of peroxide (0.6–0.7%) were capable

of increasing the levels of viability by several orders of magnitude over those obtained

on the immediate plating. However, the yeast recovery was much slower than that in

U. maydis and it even showed an initial decline in surviving during the first 24-hour of

incubation. After passing through this phase of decline, the viability was progressively

increasing as the LH incubation continued, but to the level significantly below that

achieved by U. maydis.

By several lines of experiments, we showed that the restitution of viability in

both microbes is a consequence of multiplication of the undamaged cells at the expense

of peroxide killed cells and we named this phenomenon RUS (Repopulation Under

Starvation conditions). The term "Starvation" indicates here that there was no exogenous

nutrient supply. Hence, the survived cells were capable of recycling the oxidatively

damaged molecules released from the killed cells (MILISAVLJEVIC et al., 2018 and

2020). To investigate the bioavailability of these endogenously derived nutrients, we

measured the release of the 260-nm-light-absorbing biomolecules (nucleotidic

molecules), as an indicator of the intracellular substances leakage in peroxide treated

cell suspensions. The leakage was determined over a 6 h period (or 24 h for

S. cerevisiae) following the treatment and the time-course curves of the leakage are

graphed in Fig. 2A.

The induction of leakage in U. maydis was much more drastic; both the rates and

extents of the cellular efflux of the nucleotidic compounds in U. maydis were much

above the equivalents in S. cerevisiae (Fig. 2Aa, 2Ac). Next, we examined whether this

increase in efflux of nucleotidic compounds involved a concurrent decomposition of the

chromosomal DNA. So, the DNA of 0.3% peroxide-treated U. maydis cells or 0.5%

peroxide-treated yeast cells was extracted and then analysed by agarose gel

electrophoresis. As shown, in U. maydis, over a period from 0 to 12 h there was an early

and dramatic degradation of the DNA followed by the appearance of high molecular

weight genomic DNA as the cell population was recovering. (Fig. 2Ab). Nothing

remotely similar was observed in S. cerevisiae (Fig. 2Ad). The DNA persisted in a

similar shape over the entire period of 24 h. Even after prolonged incubation (48 h) no

comparably extensive DNA degradation was evidenced.

Since the peroxide treatment might be considered to be too drastic, we have

chosen to test generalizability of the observations obtained upon peroxide treatment by

employing one of the major environmental stressors, desiccation. By a conceptually

similar strategy, we monitored the time course of cell viability, measured the time course

leakage of the A260 material and performed a time course analysis of the chromosomal
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Figure 2. Leakage and decomposition of cellular macromolecules during LH incubation. (A).

Time course of leakage of presumptive nucleotidic material from H2O2-treated cells of U. maydis

(Aa) and S. cerevisiae (Ac). 2×107 wild type cells per ml were treated with indicated doses of

peroxide, washed and incubated in water for 6 h (U. maydis) or 24 h (S. cerevisiae). Aliquots

were taken, centrifuged and millipore-filtered supernatants were used for measurements of

absorbance at 260 nm periodically. The error bars indicate standard deviations of three

independent experiments. Genomic DNA was analyzed at indicated time points after cells were

peroxide-treated: U. maydis (0.3% H2O2) (Ab) and S. cerevisiae (0.5% H2O2) (Ad) and then

incubated in water for 24 or 48 h, respectively. The control shows DNA from untreated cells. M:

Mix of GeneRuler DNA Ladder Mix and Lambda DNA/HindIII Marker (Thermo Scientific). (B)

Restitution of viability of desiccated U. maydis and S. cerevisiae cells during LH incubation.

Leakage of molecules (Ba, Bc) was monitored as in A; Extracted genomic DNA at the indicated

time points was analysed by agarose gel electrophoresis. (Bb, Bd).
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DNA degradation in U. maydis and S. cerevisiae cell suspensions recovering from

effects of desiccation. The results are shown in Fig. 2B. The same general patterns of

U. maydis and S. cerevisiae post-stress response were clearly observed: a rapid leakage

of the cytosol compounds from the killed cells and rapid degradation of the

chromosomal DNA in U. maydis (Fig. 2Ba, 2Bb) and a low amount of bioavailable

compounds released in the yeast suspensions, coincidental with no substantial

degradation of the genomic DNA (Fig. 2Bc, 2Bd).

Thus, together, these results show that the evidence obtained from peroxide

treatment is extendable to another stressor (desiccation), suggesting its reliability and

significance from an ecological point of view.

Faster leakage of biomolecules certainly contributes to the superior RUS

performance of U. maydis. However, the ability to effectively exploit the freed

biomolecules could also contribute to the U. maydis’ efficacy. To relate U. maydis and

S. cerevisiae in this regard we compared their growth in supernatants derived from

U. maydis cultures treated with peroxide (Fig. 3). Therefore, suspensions of U. maydis

cells were treated with increasing doses of hydrogen peroxide (between 0 and 1.1%),

the killing was measured by ability to form colonies on immediate plating, and after

being washed two times the suspensions were incubated in water for 4 hours. The cell-

free supernatants were than inoculated with either U. maydis or S. cerevisiae fresh

cells (8x103). Incubation was carried out as above and the growth was examined at 1-

day intervals.

Figure 3. Cell growth effected by the substrates released from peroxide treated cells. (A) Growth

of untreated U. maydis and (B) S. cerevisiae cells in cell-free supernatants derived from U.

maydis cells treated with indicated doses of peroxide. 2 × 107 cells were treated, washed and

incubated in water for 4 h. Cell-free supernatants obtained by centrifugation and millipore-

filtration were inoculated with 8 × 103 fresh cells and incubated for 3 days in water at 30 C under

continuous agitation before serial dilution and plating on the complete medium. Pictures are

representative of at least two independent experiments.
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On the whole, U. maydis exhibited faster and more prolific growth. S.

cerevisiae was not only lagging behind U. maydis across the entire spectrum of

supernatants but was also totally inhibited in growth when inoculated in the highest

dosages U. maydis supernatants (from 0.6−0.8%) and even dying off in the supernatant

derived from 0.8 -1.1% peroxide-treated cells.

In conclusion, U. maydis proved itself to be superior to S. cerevisiae in every

aspect of exploitation of the nutritional resources derived from peroxide treated cells.

The most striking difference was revealed under severe challenge suggesting that U.

maydis cells are much more competent for handling and utilization of potentially

harmful cellular waste. Therefore, we conclude that the reason for more efficient RUS

in U. maydis is twofold: (1) greater bioavailability of nutritional resources and (2)

greater ability of U. maydis cells to recycle damaged and released intracellular

compounds. Accordingly, these features may contribute to a superior survival in hostile

environments that are frequently encountered in the wild.

To get insight into the cellular processes required for recycling of the

oxidativley damaged biomolecules, we isolated U. maydis RUS mutants incapable to

reuse this sort of nutrients (MILISAVLJEVIC et al., 2018). The isolated factors have

quite diverse cellular functions: growth regulation (Adr1), vesicular transport (Snf8,

Did4, Vps54), actin organisation (Kel1, Slm1), transcription regulation (Mot2, Tbp1),

chromatin remodelling (Snf5) and stress response (hypothetical heat shock

UMAG11087). Importantly, some of the mutants were also incapable of recovering

after desiccation, implying that these two processes share at least some of the

components of cellular machinery (MILISAVLJEVIC et al., 2020). Moreover, the

mutants were tested for sensitivity to various genotoxin agents introducing different

types of DNA lesions: UV, MMS (methyl methanesulfonate) and HU (hydroxyurea).

We found that some of the mutants showed sensitivity to genotoxins to a different

extent (Fig. 4).

Figure 4. Response of RUS mutants to genotoxins. Mutants were plated on solid medium then

irradiated with UV or else plated on medium containing MMS or HU. The rec1Δ mutant was

used as a control to illustrate sensitivity to all three treatments. The testing was performed two

times and representative results are shown.
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These finding are of special note because they are most suggestive of the

possibility that at least some of the cellular factors involved in the management of the

leaked intracellular compounds caused by peroxide and desiccation also do operate in

some principal and overlapping manner in the response to DNA damage and replication

stress. In addition, this implies that RUS can be seen as a valuable tool for identifying

new cellular factors dedicated to the maintenance of genome integrity.

CONCLUSION

Overall, we showed that two evolutionary distant microbes are both capable of

performing RUS after at least two stresses: peroxide-imposed oxidative stress and

desiccation. The different RUS capacities observed in U. maydis and S. cerevisiae may

reflect specific adaptations of these fungi to diverse demands of their ecological niches.

RUS can be seen as a post-stress activation of complex cellular mechanisms that enables

renewal of population of microorganisms in the aftermath of devastating environmental

stresses. Populations are not uniformly affected by severe stresses so that the survivors

could re-establish the population at the expense of the dead biomass. In U. maydis the

superiority in recycling of the damaged and released compounds may, in inhospitable

environments, provide a major input to the ecological and evolutional advantage over

other microorganisms as well as even contribute to the extreme radiation resistance of

this remarkable fungus.
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ABSTRACT 

The aim of this paper was to assess the ratio of random effects in total phenotypic

variability of growth and carcass value traits in gilts in order to obtain necessary

parameters for assessing the genetic potential of these animals by means of some

reference methods (selection index, BLAP-AM). Following gilt traits were analysed:

daily live-weight gain at the end of the test (ADG), age at the body mass of 100 kg (TT),

average loins and back fat thickness (BF), longissimus dorsi muscle depth (DM) and

percentage of meat in carcass (PM). All examined traits were analysed for two random

effects, i.e. the litter in which gilts were born and raised and an animal direct additive

genetic effect estimated on the basis of kinship matrix. It was determined that litter in

which gilts were born and raised accounts for 45% of total variability for ADG, 13% for

TT, 6% for BF, 6% for MLD and 7% PM. An animal direct additive genetic effect, that

is, heritability coefficients for ADG, TT, BF, DM and PM for all traits were h2 = 0.6;

0.24; 0.52; 0.6; 51, respectively.

Keywords: gilts, heritability, mixed modesl, random effect, REML- analysis

INTRODUCTION

Production in pig breeding directly depends on all economically important swine

trait groups. Over previous decades in pig populations in the Republic of Serbia a

considerable advancement was made regarding genetic improvement in growth trait,

feed conversion and carcass quality in pigs.

One of the main preconditions during the process of genetic improvement of

traits in any species of domestic animals is to estimate, as precisely as possible,

heritability of traits, on the basis of which the selection is being conducted, i.e. to

differentiate between genetic and non-genetic effects in the expression of some trait so

that by use of one of reference methods (BLUP (AM) - Best Linear Unbiased Prediction
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(Animal Model), method of selection indices) a genetic potential of an animal for a

specific type of production could be perceived. Owing to a relatively high heritability of

growth trait and carcass quality trait in pigs and possible use of simpler methods of

selection in improving these traits a significant genetic progress has been made therein.

Recognizing different factors of variability and specificity of their action is one

of the key factors of accuracy of obtained scores of genetic components of traits

variances, necessary for their improving. A generally accepted practice is to use REML

– method (Restricted Maximum Likelihood - method of restricted maximum likelihood)

in the traits characterized by a normal distribution (growth traits and carcass quality,

some reproductive traits, etc.) along with the use of methodology of mixed models.

Manifestation of this group of traits is affected by a great number of non-genetic and

genetic factors which are relatively simple to identify and determine in comparison with

the factors which affect some other groups of traits (fertility traits), what all resulted in

the fact that growth trait and carcass traits in pigs in the last thirty years accomplished

high genetic improvement compared to other traits. Moreover, intensive selection,

application of simpler methodological procedures of selection (method of selection

indices) and medium heritability of this group of traits with heritability coefficients

ranging from 0.2 to 0.5 made the highest genetic progress to be attained in this group of

traits. Since in this research paper the emphasis is on the analysis of random effects, i.e.

litters in which gilts were born and raised and on animal direct additive effect, on

variability of this group of traits, literature data shall also be based on these factors of

variability of the growth traits and carcass quality in performance tested gilts. A practical

application of methodology of mixed models (MMM - Mixed Model Methodology) in

the last two decades in selection of domestic animals, which implied the use of kinship

matrix, has enabled precise determination of direct additive genetic effect in entire

phenotypic variance of some trait included into a certain selection programme. In

literature this effect is often called the effect of an individual and it represents the sum of

effects of individual alleles of a large number of genes which control manifestation of a

certain trait. Each parent passes onto its offspring half of its own hereditary basis what

is, on the basis of their own performance and on the performance of their relatives and

by respecting other determined effects, a sufficient material basis to precisely estimate

variance additive genetic component which being expressed in relation to total

phenotypic variance, represents a heritability coefficient (heritability) of some trait

(RADOJKOVIĆ, 2007).

In order to obtain more precise estimation of genetic parameters when the traits

of growth and carcass quality are in question, today has become a rule to include the

litter in which gilt was born and raised as a random effect in the models on the basis of

which these parameters are estimated. This effect implies combining of all those effects
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which dominated before the birth of some litter – gilts (intrauterine period), as well as

those effects which dominated after the birth of an animal all through to its weaning or

even up to the end of its raising as a piglet if the piglets from the same litter are raised in

the same group, i.e. in the same cage or box. It is thought that litter in which gilts were

born and raised leads to an increased similarity between animals from the same litter, i.e.

the difference between the animals which originate from different litters is increasing.

This effect involves a whole range of effects such as: nutrition, environment conditions,

litter health state, maternal characteristics of dam of litter, social hierarchy in a litter and

all those effects which are specified for every litter and are not described by some other

factor of variability of studied trait (POPOVAC, 2016).

Table 1. shows data on relative proportion of random effects in total variability of

traits of growth and carcass quality in performance tested pigs obtained in different

research studies.

On the basis of different literature data on the proportion of random effects in

variability of traits of growth and carcass quality in gilts shown in Table 1, it can be said

that majority of studies indicates medium heritability of this group of traits with a

smaller number of deviations while a proportion of random effect of litter explains from

0 to 20% of variability of these traits in the majority of studies mentioned.

MATERIAL AND METHOD

The trials were conducted on a pig farm in the Republic of Serbia. The research

included gilts of two genotypes such as: purebred Swedish Landrace animals and

crossbreds of F1 generation of Swedish Landrace and Great Yorkshire wherein a

maternal breed in this combination of cross-breeding were Swedish Landrace breeding

females.

The aim of the research was to study variability and heritability of traits in

performance test of gilts in order to discern a possibility for potential estimation of

breeding value of these animals by BLUP – AM method or by method of selection

indices.

A data set containing complete records for 4768 gilts born and producing in the

17-year period was formed. Out of total number of gilts whose traits were analysed,

2876 animals were of Swedish Landrace breed and 1892 animals were crossbreds of F1

generation.

Analysed traits, units of measure in which they are expressed and their

abbreviations are presented in Table 2 while the way of defining of all the traits is shown

in Table 3.
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Table 1. Data on relative proportion of random effects in total variability of traits of

growth and carcass quality in performance tested pigs

Research study DG TT SL DM PM

h2 l2 h2 l2 h2 l2 h2 l2 h2 l2

Brkić (1998) 0.25 0.78 0.08 0.75

Malovrh and Kovač (1999) 0.14

0.16

0.22 0.35

0.11

0.06 

0.15

Bizelis et al. (2000) 0.60

0.36

0.44 0.51

0.37

Crump (2001) 0.23 0.10 0.50 0.04

Brkić (2002) 0.11 0.10 0.46

0.64

0.11 0.63

Vuković (2003) 0.28

0.36

0.30

0.13

0.45

Vincek et al. (2003) 0.00 

–

0.35

0.06 

–

0.0

0.01 

–

0.30

0.07 

–

0.19

Serenius and Stalder (2004) 0.40 0.32

0.32

Solanes et al. (2004) 0.43 0.53

0.64

0.03

0.05

0.67

Arango et al. (2005) 0.15

Nguyen and McPhee (2005) 0.19 0.17 0.25 0.05 0.40 0.00

Suzuki et al. (2005) 0.72 0.01

Imboonta et al. (2007a) 0.38 0.61

Imboonta et al. (2007b) 0.31 0.45

Kasprzyk (2007) 0.28

0.46

0.12

0.15

0.12 0.59

0.17

Vukovic et al. (2007) 0.27 0.38

Cai et al. (2008) 0.42 0.00 0.68 0.08

Nagy et al. (2008) 0.20 0.29 

–

0.03

0.23 0.46 

–

0.48

0.23

0.28

0.20

0.25

Jones et al. (2009) 0.31

0.22

0.08 

0.12

0.68 0.02 

0.03

Szyndler – Nędza (2010) 0.30

0.39

0.14

0.15

0.17

0.05

0.16

0.10

0.19

Wolf and Wolfová (2012) 0.12 

0.20

0.14

0.22

0.32 

0.38

0.08

0.09

Popovac et al. (2014a) 0.26 0.36 0.36

Popovac et al. (2014b) 0.38 0.26

Wongsakajornkit and Imboonta (2015) 0.31

0.23

0.57

0.46

h2 – heritability estimation (heritability coefficient); l2 – estimation of the effect of litter in which

gilts were born/raised;
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Table 2. Analysed traits, units of measure and abbreviations of traits

GROUP OF TRAITS TRAIT
UNITS OF 

MEASURE 
ABBREV.

GROWTH TRAITS 
Live weight gain Gram ADG

Age at the end of test Day TT

CARCASS QUALITY 

TRAITS

Fat thickness Millimeter BF

Depth of DM Millimeter DM

Carcass meat percentage Percentage PM

Table 3. Defining of studied traits

Trait TRAITS DEFINING

ADG (Body mass at the end of test gilts – 1.25 kg) / Age at the end of test gilts

TT
Number of days from birth to the end of performance test gilts, corrected for the

mass of 100 kg

BF (Loins fat thickness + back fat thickness) / 2

DM Depth of DM – measured in loins

PM
Percentage of meat determined by regression equation on the basis of thickness

of fat in loins and in back and depth of DM at the end of performance test

As the research programme envisaged the study of an animal additive effect in

evaluation of genetic parameters of studied traits the next step was to construct a

pedigree file necessary for the realisation of such set research goal. Pedigree file is used

to form a kinship matrix which serves to determine a precise relations (kinship) between

animals whose performance was analysed as well as performance of their ancestors and

lateral relatives all with the aim of estimating genetic parameters in studied pig

population as precise as possible. Data checking in pedigree file and determining of total

number of animals in the file was perfomed by means of Pedigree Viewer 6.5

programme package (KINGHORN, 1994). Structure of data and pedigree file on whose

basis the research was conducted is shown in Table 4.

Table 4. Structure of data and pedigree file used in analysis

PARAMETER Number Parameter Number

NUMBER OF GILTS 4768

Number of base animals

in pedigree file (unknown

origin)

287

TOTAL NUMBER OF ANIMALS IN 

PEDIGREE FILE
5666

Percent of base animals in

pedigree file (%)
5.07

NUMBER OF ANIMALS WITH 

PRODUCTION DATA IN PEDIGREE FILE
4768

Average coefficient of

inbreeding
0.145

NUMBER OF ANCESTORS IN PEDIGREE 

FILE
898
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The process of styding the variability of the traits by linear methods was

performed by a step by step principle which meant first the development and analysis of

the so-called systematic component of the model composed of fixed and regression

effects. By the least squares method and use of GLM procedure with help of

”SAS/STAT“ (SAS Inst. Inc., 2010) programme package, systematic effects were

examined and on that basis the choice of animals that showed a statistically significant

effect on trait variability and were on the basis of that involved in the final (mixed)

model was performed and on that basis the values of genetic parameteres of studied

traits were estimated.

In the analysis of fixed part of model for the traits in gilt performance test (ADG,

BF, DM, PM), we started from the following model of the method of the least squares

while the variability of TT was studied on the basis of model 2, because a previous

correction of this trait to the body mass of 100 kg was done.

Model 1.

Yijk = µ + Gi + Sj + b1 (xijk - ҧ𝑥) + eijk

Model 2.

Yijk = µ + Gi + Sj + eijk

where:

Yijk – is manifestation of studied trait of k individual, µ – general average of

studied trait in population, Gi – fixed effect of genotype, Sj – fixed effect of season at the

end of performance test defined by year/month interaction, b1 (xijk - ҧ𝑥) – linear

regression effect of body mass measured at the end of test, eijk – effect of non-

determined factors (the rest).

The next step in the process of analysis was, on the basis of mixed models, to

estimate variances of studied traits as well as the ratio of some variances in total

phenotypic variance all with the aim of establishing heritability of these traits.

Construction of mixed models was performed in such a way that they contained all

statistically significant effects determined by previous analysis of systematic

components of model and random effects whose inclusion was biologically justified.

Since the research was conducted in pig population in which selection was performed

over a long period in different ways and the sample of selected sows was not random,

for the estimation of variances and covariances the method of restricted maximum

likelihood was used (REML – Restricted Maximum Likelihood) by means of a single

trait model (ST – Single Trait).
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Estimation of variances was performed in ”VCE – 6“ programme package

(GROENEVELD et al., 2010), while the preparation of data for analysis in previously

mentioned software which implied so-called coding of data, was done by help of

”PEST“ programme package (GROENEVELD et al., 1990).

For the evaluation of variances in ADG, BF, PM necessary for calculating the

heritability and correlation of studied traits model 3 was used, for TT model 4 and for

DM model 5.

Model 3.

Yijkl = µ + Gi + Sj + b1 (xijkl - ҧ𝑥) + lk + aijkl + eijkl

Model 4.

Yijk = µ + Si + b1 (xijk - ҧ𝑥) + lj + aijk + eijk

Model 5.

Yijkl = µ + Gi + Sj + lk + aijkl + eijkl

where:

Yijkl – is manifestation of studied trait of l individual, µ – general average of studied trait

in population, Gi – fixed effect of genotype, Sj – fixed effect of season at the end of

performance test defined by year/month interaction, b1 (xijk - ҧ𝑥) – linear regression

effect of body mass at the end of test, lk – random effect of litter in which gilts were

born/raised, aijkl – animal direct additive genetic effect (breeding value), eijkl – effect of

non-determined factors (the rest).

Heritability coefficient (heritability) of analysed traits is presented as a

relationship of additive genetic variance determined by REML method by means of

kinship matrix and total phenotypic variance what can be presented by a following

expression:

ℎ2 =
𝜎𝑎
2

𝜎𝑝ℎ
2

where:

h2 – is a heritability coefficient (heritability),

𝜎𝑎
2 – additive genetic variance,

𝜎𝑝ℎ
2 – total phenotypic variance.
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Table 5. Descriptive statistical parameters for traits of growth and carcass quality in

gilts

Trait N ഥX SD Min Max CV

ADG (g/day) 4768 525.51 43.51 367 667 8.28

TT (day) 4768 189.53 15.77 149 269 8.32

BF (mm) 4768 14.50 3.58 7 30 24.68

DM (mm) 4768 47.43 4.29 35 69 9.05

PM (%) 4768 56.4 3.53 41.6 64.7 6.26

RESULTS AND DISCUSSION

Table 5 shows average values and variation measures (descriptive statistical

parameters) for studied traits of growth and gilt carcass quality determined at the end of

performance test.

Average values of analysed traits were as follows: ADG – 525.51g/day; TT –

189.53days; BF – 14.50mm; DM – 47.43mm; PM – 56.44%.

Table 6 shows singular relative ratio of random effects in total phenotypic

variance of the traits of growth and carcass quality in performance tested gilts (model

with one trait).

Table 6. Relative ratio of random effects in total phenotypic variance of the traits of

growth and carcass quality in performance tested gilts

Trait h2 ± se (h2) l2 ± se (l2) e2 ± se (e2)

ADG 0.06 ± 0.03 0.45 ± 0.03 0.49 ± 0.03

TT 0.24 ± 0.03 0.13 ± 0.02 0.63 ± 0.04

BF 0.52 ± 0.04 0.06 ± 0.02 0.41 ± 0.04

DM 0.06 ± 0.02 0.06 ± 0.03 0.88 ± 0.03

PM 0.51 ± 0.04 0.07 ± 0.02 0.42 ± 0.04

h2 – heritability estimation (heritability coefficient); l2 – estimation of the effect of litter in which

gilts were born/raised; e2 – error estimation (the rest)

Heritability estimation for ADG of 6 % indicates a very low heritability of this

trait in examined pig population and this value is significantly lower compared to all the

values found in available literature regardless the method used for heritability estimation

(BRKIĆ, 1998 and 2002; MALOVRH and KOVAČ, 1999; CRUMP, 2001; VUKOVIĆ, 2003;

SERENIUS and STALDER, 2004; SOLANES et al., 2004; ARANGO et al., 2005; NGUYEN

and MCPHEE, 2005; IMBOONTA et al., 2007a and 2007b; KASPRZYK, 2007; VUKOVIC
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et al., 2007; CAI et al., 2008; NAGY et al., 2008; JONES et al., 2009; SZYNDLER –

NĘDZA et al., 2010; WOLF and WOLFOVÁ, 2012; POPOVAC et al., 2014a and 2014b;

WONGSAKAJORNKIT and IMBOONTA, 2015). In addition, presented value of heritability

deviate from generally accepted standpoint confirmed by majority of previously

mentioned studies that this trait is characterized by a medium heritability where

heritability coefficient values are in the interval of 0.2 to 0.5.

On the other hand, a relatively high percentage of litter in which gilts were born

and raised of 0.49 in total phenotypic variance of live weight gain is significantly higher

compared to a relative percentage of this variance component determined in the studies

by MALOVRH and KOVAČ (1999), CRUMP (2001), NGUYEN and MCPHEE (2005), CAI et

al. (2008), NAGY et al. (2008), JONES et al. (2009) and WOLF and WOLFOVÁ (2012).

In the previous table we can see that direct additive genetic effect explains 0.24

of total variability of TT in studied gilts. Obtained value of heritability for this trait is

within the range of values which in their research obtained VINCEK et al. (2003),

VUKOVIĆ (2003) and NAGY et al. (2008), while it is higher compared to the value

reported by BRKIĆ (2002), and lower compared to the value stated by BIZELIS et al.

(2000).

The litter in which gilts were born and raised explains 0.13 of total TT variance.

Comparing the value obtained for this effect with the values available in literature it can

be seen that is within the frame of the values determined by VINCEK et al. (2003), who

explained from 6 to 0.40 of total variance of this trait by this factor while it is

significantly lower compared to the values reported by NAGY et al. (2008).

Heritability coefficient of 0.52 determined for BF of gilts shows that this trait in

studied population of pigs is in the category of high heritability traits what is the value

similar to those (±0.10) determined in the research studies of BIZELIS et al. (2000),

CRUMP (2001), BRKIĆ (2002), VUKOVIĆ (2003), SOLANES et al. (2004), IMBOONTA et

al. (2007a and 2007b) and WONGSAKAJORNKIT and IMBOONTA (2015). On the other

hand, displayed value of heritability in this research for DS is smaller in relation to the

values reported by BRKIĆ (1998), SUZUKI et al. (2005) and CAI et al. (2008), while it is

higher in relation to the values obtained by MALOVRH and KOVAČ (1999), VINCEK et

al. (2003), SERENIUS and STALDER (2004), NGUYEN and MCPHEE (2005), KASPRZYK

(2007), VUKOVIC et al. (2007), JONES et al. (2009), SZYNDLER – NĘDZA et al. (2010)

and POPOVAC et al. (2014a and 2014b), which were in the range of 1 to 0.38.

Gilt birth litter had a several times less ratio (0.06) in relation to genetic additive

component of variance for BF in total phenotypic variance of this trait. Relative

percentage of this effect in total variance of studied trait determined in this research is

similar to the percentage (<10 %) determined by CRUMP (2001), SOLANES et al. (2004),

NGUYEN and MCPHEE (2005), SUZUKI et al. (2005), CAI et al. (2008), JONES et al. (2009)
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and to the part of the results regarding relative value of this variance component in total

variance determined by MALOVRH and KOVAČ (1999) and VINCEK et al. (2003), taking

into consideration that the last two groups of authors determined this variance

component in some pig populations to account for 0.15 i.e. 0.19.

As for heritability regarding DM, only 6% of total variability of this trait was

explained by a direct genetic additive effect what is deemed a very low value of

heritability if we take into account that the traits of carcass quality are generally

characterised by a medium to high heritability. On the other hand, obtained value of

heritability is confirmed by the results obtained by: BRKIĆ (1998 and 2002), KASPRZYK

(2007) and SZYNDLER – NĘDZA et al. (2010), who also obtained low heritability of this

trait. The results regarding heritability of DM are inconsistent only with the results

presented by BIZELIS et al. (2000), who determined medium, i.e. high heritability of this

trait.

The litter in which gilts were born and raised, as well as a direct additive effect,

accounts for 0.06 of total phenotypic variance of DM in gilts.

PM variability in the carcass of performance tested gilts was conditioned by 0.51

of the animal direct additive genetic effect. A heritability value determined indicates a

high heritability of this trait what agrees with the research results obtained by BRKIĆ

(1998 and 2002), SOLANES et al. (2004) and with a part of the results of KASPRZYK

(2007), the value of heritability for PM obtained in this research being lower compared

to the values determined by previously mentioned groups of authors. On the other hand,

determined heritability of this trait disagree with the results of NGUYEN and McPHEE

(2005), NAGY et al. (2008), WOLF and WOLFOVÁ (2012) and POPOVAC et al. (2014a)

who determined a medium heritability of this trait and with the results of SZYNDLER –

NĘDZA et al. (2010) and part of the results reported by KASPRZYK (2007), who

determined a low heritability of PM in the carcass of performance tested pigs.

Total phenotypic variability of carcass PM was conditioned by 0.07 of litter in

which gilts were born and raised. It is a similar relative value of this variance component

to the values determined by WOLF and WOLFOVÁ (2012), which deviate from the values

reported by NGUYEN and McPHEE (2005) who found this variance component to be

close to zero and to the values reported by NAGY et al. (2008), who explained 0.20, i.e.

0.25 variability of this trait by this random factor.

CONCLUSION

The values of heritability coefficients for TT, BF and PM of h2= 0.24; 0.52; 0.51,

indicate medium, i.e. high heritability of these traits what was, besides this research,

determined in a number of other research studies as well. On the other hand, the value of

h2= 0.06 determined for ADG and DM in this research classify these traits into a group of
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low heritability traits what diverge from a general standpoint that these traits have

medium, i.e. high heritability.

The percentage of litter in which gilts were born and raised significantly

contributed to a better explanation of total variability of traits and to more precise

estimation of variance genetic components, thus by this random effect following

percentages of variability: ADG – 0.45, TT – 0.13, BF – 0.06, DM – 0.06, PM – 0.07

were explained.

The issue which should certainly be paid attention to is why in the traits in the

same group which should be highly correlated (for example ADG and TT), the values

explained by a variability of the same random effects can differ significantly.
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ABSTRACT

Familiarity with the level of genetic diversity is of particular importance for the process

of plant breeding and conservation of available gene pool. Knowledge on the level of the

genetic diversity of an individual seed stand is of a great importance when choosing the

source of reproductive material. The aim of this research was to determine the structure

and genetic diversity of Hungarian oak (Quercus frainetto Ten) in the seed stand RS-2-2-

qfr-00-806 using SSR (Simple Sequence Repeat) markers. DNA was extracted from the

buds of 20 test trees of the Hungarian oak which were sampled during the hibernation.

The test trees were evenly distributed throughout seed stand and the distance between

them was more than 50 m.

Seven SSR markers were analyzed and all were polymorphic. Total number of alleles

revealed for all analyzed individuals were 23, ranging from two (QpZAG112, QpZAG36

and QpZAG15) to five (QpZAG9). Genetic similarities were calculated on binary data

using Dice’s coefficient by NTSYSpc2.1 program package. High genetic variation was

observed among analyzed genotypes, as genetic similarity covered a larger range of

values (0.23-0.93).

The obtained level of genetic variability of the seed stand RS-2-2-qfr-00-806 represents

a good starting point for future experiments on Hungarian oak breeding. This is basic

research for the improvement of mass production of quality reproductive material of

Hungarian oak in Serbia.

Keywords: Hungarian oak, SSR markers, population structure, seed stand

INTRODUCTION

The forests as the most complex ecosystems on Earth, are characterized by the

high level of diversity in terms of the genetic resources, species abundance and variety

of habitats (GEBUREK and KONRAD, 2008). However, the biodiversity is endangered due
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to the constant pressure on forests over the last few centuries and the disappearance of

natural forests (CARABEO et al., 2016). The long-term survival of species is closely

linked to their genetic diversity (GAPARE, 2014). Influenced by the changed

environmental conditions, biotic pathogens and damage, the survival and the evolution

of species depend on the level of the genetic diversity (REED and FRANKHAM, 2003).

The research on the genetic diversity which identifies populations characterized by high

genetic variability can help in reducing the risk of losing biological diversity (SOUTO et

al., 2015).

Quercus frainetto Ten is the oak species that grows in thermophile deciduous

forests in south-eastern Europe. The largest distribution is in the Balkan Peninsula, but it

also occurs in north-western Turkey and in southern Italy. It grows in a wide vegetation

belt rich in woody species. It grows mainly in habitats with sub-continental climate,

frequent summer droughts, highest rainfall in spring, wide temperature amplitude, and

low winter temperatures. (HORVAT et al., 1974). In Serbia, the Hungarian oak grows in

the community with the Turkey oak (Quercetum frainetto-cerridis Rudski 1949) and

represents the zonal forest with the widest distribution that grows at altitude of 600 m. It

is in contact with inhabited areas and agricultural land, so its distribution area constantly

decreases. In the last century, the areas around the Hungarian oak forests have been

significantly reduced due to the anthropogenic influence, and this has had a very

negative impact on its genetic diversity.

The Hungarian oak seedlings in Serbia practically have not been produced due to

the lack of quality seed and recognized seed sources. Therefore, the afforestation in the

oak forest belt, especially in the habitats of the community Qurcetum frainetto-cerris

Rud. that spatially occupies extensive areas in Serbia, is carried out by alternative

species.

The success of afforestation of barren soil and the amelioration of degraded forests

depends primarily on the providing of quality seed and planting material. The seed

material used for the production has to possess the genetic characteristics that will give

the seedlings of desirable morphological characteristics and vitality from which will be

established, with adequate tending and protection measures, new forests of a good

quality. The seed material of the Hungarian oak from seed stands is the basis for

establishing perspective production and ameliorated forests of this species on larger

areas. The natural stands of Hungarian oak are mainly of vegetative origin. In order to be

a reliable source of planting material, it is necessary to determine their genetic diversity.

The familiarity with the level of genetic diversity is of particular importance for

the process of plant breeding and conservation of available gene pool. The knowledge

on the genetic diversity’ level of an individual seed stand is of a great significance when

choosing the source of reproductive material.
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The aim of this research was to determine the genetic diversity of the

Hungarian oak seed stand RS-2-2-qfr-00-806 using SSR (Simple Sequence Repeat)

markers in order to exploit this seed stand in the future as a reliable source of the

reproductive material.

MATERIAL AND METHODS

The researches were conducted in the seed stand RS-2-2-qfr-00-806 located in

the FMU "Stol" 57/b (X= 4875002; Y=7589431) at the altitude of 240-300 m. The

buds necessary for the DNA isolation were sampled during hibernation from the 20

Hungarian oak test trees that are evenly distributed throughout seed stand and the

distance between them is more than 50 m. After sampling, the buds were put in plastic

bags and transported in the refrigerator to the laboratory.

A total genomic DNA was extracted from the buds of 20 test trees of the

Hungarian oak which were sampled during the hibernation using modified CTAB

(cetyl trimethylammonium bromide) procedure according to DOYLE and DOYLE

(1987), and it was quantified on Eppendorf BioSpectrometer® kinetic. Simple

sequence repeat (SSR) characterization was done with seven polymorphic markers

previously developed for Quercus petraea and Quercus robur (Table 1).

Table 1. List of seven informative primers, with their sequences, annealing

temperatures, number of alleles and allele range

PROBE PRIMER SEQUENCES
Annealing 

temp.

Number 

of alleles

Allele 

range (bp)

QpZAG110
F:GGAGGCTTCCTTCAACCTACT

R:GATCTCTTGTGTGCTGTATTT
50°C 5 205-260

QpZAG15
F:CGATTTGATAATGACACTATGG

R:CATCGACTCATTGTTAAGCAC
52°C 2 110-130

QpZAG36
F:GATCAAAATTTGGAATATTAAGAGAG

R:ACTGTGGTGGTGAGTCTAACATGTAG
53°C 2 200-210

QpZAG9
F:GCAATTACAGGCTAGGCTGG

R:GTCTGGACCTAGCCCTCATG
55°C 4 190-250

QrZAG108
F:CTAGCCACAATTCAGGAACAG

R:CCTCTTTTGTGAATGACCAAG
52°C 4 220-255

QpZAG119
F:GATCAGTGATAGTGCCTCTC

R:GATCAACAAGCCCAAGGCAC
53°C 4 65-80

QrZAG112
F:TTCTTGCTTTGGTGCGCG

R:GTGGTCAGAGACTCGGTAAGTATTC
51°C 2 95-105

Polymerase chain reaction (PCR) was carried out in 25 µL reaction volume

containing: 25 ng of DNA sample, 1 x Buffer (Fermentas), 0.8 mM dNTP, 0.5 μM of

each primer pair and 1U Taq polymerase (Fermentas). The PCRs were performed on

thermocycler Biometra TProfessional Standard 96 using the following program: an indicial
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denaturation at 94ºC/15min. by 32 cycles each of denaturation at 94ºC/45s, annealing at

different temperatures (Table 1) for 1 min and extension at 72ºC /45s. Final elongation

was at 72°C for 10 min. The amplified PCR fragments were separated on 8%

polyacrylamide gel using vertical electrophoresis system (Mini Protean Tetra-Cell

BioRad) for 50 min, with 20 bp ladder (Fermentas) as a marker. After staining with 0.5

μg/μL ethidium bromide, gels were photographed under UV light on BioDocAnalyse

Biometra. Data were assembled into a binary matrix after SSR profiles were scored as

presence or absence (1/0) of alleles in each sample. Genetic similarities (GS) between

individuals of Quercus frainetto RS-2-2-qfr-00-806 seed stand were calculated in

accordance to DICE (1945) in statistical NTSYSpc2 program package (ROHLF, 2000).

RESULTS AND DISCUSSION

Molecular characterization of individual trees of Quercus frainetto RS-2-2-qfr-

00-806 seed stand was done with seven polymorphic SSRs, in order to evaluate their

genetic variability. Due to poor amplification, one individual was excluded from further

analysis. Total number of alleles revealed for 19 analysed individuals were 23, ranging

between two (QpZAG112, QpZAG36 and QpZAG15) to five (QpZAG110), with

average value of 3.28 per locus. The number of alleles and size range were presented in

Table 1. LOPEZ-ALJORNA et al. (2007) study showed higher number of alleles (9.33)

with nine stands of Quercus suber from Spain. They observed 20 alleles with

QpZAG110, which is similar (19) to work of HERNERO et al. (2001) with cork oak from

Spain. This could be explained with more stands from different areas of distribution in

those studies, contrary to our work with one seed stand and smaller number of

individuals.

Based on presence or absence of alleles among analysed individuals, the

coefficient of similarity was calculated by Dice (Table 2). The high genetic variability

was observed among analysed genotypes, as genetic similarity covered a larger range of

values (0.23-0.93). The greatest similarity was found between neighbouring trees, while

with increasing distance between the trees the coefficient of similarity decreased. This

result could be expected and can be explained by participation of vegetative origin trees

in the stand establishment. The average genetic similarity (0.53) shows relatively high

level of diversity among the analysed individuals, which is common in Quercus species.

Some earlier studies explained high level of intra-population variability due to mating

system, low distance among stands and the small size of stands (DOW and ASHLEY,

1998; FINKELDEY, 2001; LOPEZ-ALJORNA et al., 2007).

The largest part (32.75%) of obtained GS values was between 0.41 and 0.6, while

the lowest GS (0.21-0.4) were represented by 29.24%. On the other hand, the smallest

percentage (11%) included GS above 0.76 (Figure 1). The relatively low share of trees

with high genetic similarity confirms the good selection and registration of the studied
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Figure 1. Dispersion of pairwise Dice's genetic similarity values of 19 individuals of Quercus

frainetto RS-2-2-qfr-00-806 seed stand obtained from SSR data.

seed stand and ensures the production of high quality reproductive material. The SSR

markers used in this research, although developed for Q.petrea and Q. robur, proved to

be useful in assessing genetic differentiation among individuals of Quercus frainetto

seed stand.

Table 2. Genetic similarity coefficients by Dice obtained using SSR markers
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CONCLUSION

Basic insight into the level of the genetic diversity of the RS-2-2-qfr-00-806

Hungarian oak seed stand was determined using selected SSR markers. The obtained

results show a satisfactory level of the genetic diversity at the level of the studied seed

stand. Most of the studied test trees show the coefficient of similarity below 0.75, which

can be considered quite sufficient for seed production and utilization. It is necessary to

carry out the genetic amelioration in the seed stand where the closest competitors should

be removed in order to reduce the number of close relatives. For the confirmation of the

obtained results and acceptance of more detailed measures and recommendations in the

collection and utilization of seed, the research should also be performed on the progeny

produced from the collected seed.
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ABSTRACT

Emerging needs for wood, non-wood forest products, different ecosystem services and

research programs in the last two centuries have affected the transfer of forest genetic

resources within and outside of their natural distribution area. The transfer of species to

the new habitats outside their range of distribution involves the well-known risks -

reduced growth and (or) dieback as a result of the low adaptive potential of the

introduced species to the new environmental conditions. The methods of close and

distant - intraspecific and interspecific hybridization have been applied together with the

establishment and analysis of the provenance tests throughout the 20th century in Serbia

in order to provide a reliable assessment of the adaptive, productive and reproductive

potential of the introduced species. The extensive establishment of the plantations for

the production of timber for mechanical and chemical wood processing has been one of

the main reasons for the introduction of alien species, especially conifers оf Pinus,

Picea, Pseudotsuga genera and the species of Populus and Salix genera. This paper deals

with the attitude of the human population towards the introduction of alien species, their

effects on native habitats and indirect influence on the progress of woody plant

improvement.

Keywords: Alien species, forest genetic resources

INTRODUCTION

Genetic resources of forest trees have been used and transferred by humans for

millennia. For instance, the ancient Greeks and Romans played a significant role in

spreading Castanea sativa and its cultivation from the Eastern Mediterranean region

(including Anatolia and the Caucasus) to other parts of Europe (CONEDERA et al.,

2004). Over the last 200 years, genetic resources of forest trees have been increasingly

transferred, within and outside of species’ native distribution ranges, for forestry and for

research and development. Transferred germplasm has been used to grow trees for

numerous purposes, ranging from the production of wood and non-wood products to the

provision of ecosystem services such as the restoration of forests for biodiversity

81

mailto:vladanpop79@gmail.com


conservation. International provenance trials have been essential for selecting seed

sources for reforestation and for improving tree germplasm through breeding. Many tree

breeding programmers were initiated in the 1950s, but as one round of testing and

selection typically takes decades, the most advanced of them are only in their third

cycle. Recent advances in forest genomics have increased the understanding of the

genetic basis of different traits, but it is unlikely that molecular marker-assisted

approaches will quickly replace traditional tree breeding methods. Transfers of tree

germplasm involve some risks of spreading pests and diseases, introducing invasive tree

species and polluting the genetic make-up of already present tree populations. Many of

these risks have been underestimated in the past, but they are now better understood and

managed. Relatively few tree species used for forestry have become invasive, and the

risk of spreading pests and diseases while transferring seed is considerably lower than

when moving live plants. This paper attempts to unravel the relationships between

humans and woody plants by looking at the importance of introduction of woody plant

species for different human activities and especially for forest trees improvement

(ISAJEV et al., 1986, 2017).

Transfer of forest genetic resources: an historical overview

The history of woody plant introduction is closely linked with that of

transportation and European exploration of the planet (16th–19th centuries), (CROSBY,

1986). The transport of a species from one biogeographical region to another was carried

out with a particular purpose. Once introduced to a new region, many of these species

have been spread un-intentionally by humans within the new biotic regions. Each

colonial power established major botanical gardens and experimental stations in various

parts of the world, first in the home country and on tropical islands, later in coastal areas

and finally in more inland locations.

Ornamentals have been widely introduced in every part of the world. In the past,

botanic gardens and individuals were responsible for these introductions. Botanic

gardens in all parts of the world have been responsible for the introduction of a large

number of species and in every case, species have started to spread into the surrounding

vegetation. Erosion control has been a common reason for the introduction of plant

species in many parts of the world. Species providing a rapid and thorough cover such as

Lonicera japonica and Pueraria lobata have been favored but these have become major

pests (WILLIAMS, 1994). Elaeagnus angustifolia was commonly planted as a windbreak

and Lonicera japonica was planted by game managers for wild deer (BLAISDELL, 1967).

In countries such as Britain shrub species such as Symphoricarpos albus, were

introduced to provide ground cover for game birds (GILBERT, 1995).

82



The location of introduction was identified, in full or in part, for 388 of the 458

forestry tree species known to occur outside their native range (85 %). Figure 1 shows

the number of forestry species that were recorded as introduced, intentionally or by

accident, into each of seven geographic regions (Europe, Africa, Australasia, North

America, South America, Pacific and Asia). Introductions of forestry species were

recorded for all regions.

By 1850, deforestation had reduced average forest cover in Europe to an

estimated 20% of land (KAPLAN et al., 2009). Already in the late 18th century, several

European countries had started largescale reforestation efforts to stop this forest

decline and the continent’s forest cover subsequently started to increase during the

19th and 20th centuries (MATHER, 2001). By the 20th century, the purpose of

introductions shifted from food plants to timber and other species yielding non-

agricultural products. Finally, during the latter part of the 20th century the importance

of ornamental species increased dramatically, especially to the more developed and

wealthier regions.

The transition from deforestation to reforestation created a strong demand for

forest tree seed. In many countries, however, the remaining forests could not meet the

high demand and seed had to be sourced from other nations. As a result, large

quantities of L. decidua, P. abies, P. sylvestris and Quercus spp. seed were transferred

across Western and Central Europe throughout the 19th century and into the early 20th

century (TULSTRUP, 1959). The use of tree species introduced into Europe has also

played an important role in these historical reforestation efforts (KJAER et al., 2014).

Figure 1. Number of forestry species encountered that having been introduced into each of

seven geographic regions, HAYSOM and MURPHY, 2003.
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The transition from deforestation to reforestation created a strong demand for

forest tree seed. In many countries, however, the remaining forests could not meet the

high demand and seed had to be sourced from other nations. As a result, large quantities

of L. decidua, P. abies, P. sylvestris and Quercus spp. seed were transferred across

Western and Central Europe throughout the 19th century and into the early 20th century

(TULSTRUP, 1959). The use of tree species introduced into Europe also played an

important role in these historical reforestation efforts (KJAER et al., 2014).

The environmental risks associated with genetic pollution were largely ignored

in the past and it is important not to overstate them now. Strong barriers to hybridization

exist between some related species, such as differences in flowering time or the poor

fitness of hybrids, which reduce the risks. One approach to reduce the potentially

negative impacts of cultivated-wild tree hybridization is to deliberately isolate cultivated

material or to plant exotic rather than indigenous trees around natural forests and

woodlands (POTTS et al., 2001). More research is required on the magnitude of

outbreeding depression in tree species, as it remains a relatively understudied

phenomenon, with evidence limited mostly to interspecific hybrid segregants

(ELLSTRAND, 2003; EDMANDS, 2007). The topic is discussed further in other papers of

this special issue (WICKNESWARI et al., 2014; THOMAS et al., 2014).

Utilization of forest genetic resources research and development

With a few exceptions, forest genetic resources have been utilized extensively in

systematic research and development only for about 100 years. The oldest form of

research and development is the testing of tree species and their provenances for

different uses and under different environmental conditions. The main purpose of

provenance research has been, and still is, the identification of well-growing and

sufficiently adapted tree populations to serve as seed sources for reforestation (KONIG,

2005). Such research has shown that most tree species have a high degree of phenotypic

plasticity (i.e., large variation in phenotype under different environmental conditions

(e.g., REHFELDT et al., 2002) and that this varies between provenances (e.g., AITKEN et

al., 2008). Since the 1990s, provenance trials have also demonstrated their value for

studying the impacts of climate change on tree growth (e.g., MATYAS, 1994, 1996).

Many old provenance trials still exist and continue to provide valuable information for

research and development. Due to the long timeframe (often in decades) to reach

recommendations, however, it has been challenging for many countries and research

organizations to maintain trials and to continue measuring them.

Experience with some conifer exotics in Europe

Tree species, particularly conifers, have been introduced from all over the

northern hemisphere into Europe, and this is an unsurpassed region in which to obtain

information on the behavior of exotics. It is notable that, after more two centuries of
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experience, the majority of foresters in Western Europe are inclined to be pessimistic

regarding exotics, because they have not yet found a completely successful introduced

tree, even though certain species showed great initial promise. The native European trees

grow slowly, so there has been a search for faster growing species. Eastern white pine

(Pinus strobus L.) grows more rapidly than the native European conifers with which it

has been associated. In northern Germany near Eberswalde, the writer has seen 45-year-

old Douglas fir (Pseudotsuga taxifolia (Lam.) Br.) of the same size as 100-year-old

Scots pine. Near Tharandt, 55-year-old Douglas firs were from 14 to 20 inches (36 to 51

cm.) in diameter at breast height, exactly twice the size of Norway spruce (Picea abies

Karst.) of the same age mixed with them. In southern Germany, near Munich, 45-year-

old planted Douglas fir was the same height as 77-year-old naturally reproduced silver

fir (Abies alba Mill.).

Overview of domestication and conservation approaches of poplar (Populus L.) 

and willows (Salix L.)

The natural range of Populus and Salix spans impressive ecological amplitude,

primarily across the North American, European and Asian land masses – from the

subtropics to the boreal forests and arctic tundra, riparian to montane ecosystems and the

man-made environment of modern agriculture. As a consequence, poplar and willow

geneticists – those responsible for conserving and domesticating germplasm of Populus

and Salix – have an especially broad mandate: to study the genetic diversity of natural

populations and be familiar with all the modern tools for genetic improvement in order

to serve specific social needs (KUZOVKINA and QUIGLEY, 2005; KUZOVKINA et al.,

2008; KUZOVKINA and VOLK, 2009; STANTON et al., 2010).

Populus domestication has a history of nearly 100 years, beginning with Henry’s

work-1914, at the Royal Botanic Gardens, Kew, in the UK, and the work of STOUT and

SCHREINER, 1933 and STOUT et al. 1927 at the New York Botanical Garden in the USA.

Other early domestication efforts include those of WETTSTEIN-WESTERSHEIM 1933 in

Germany, AL’BENSKII and DELITSINA (1934) in Russia, HEIMBURGER (1936) in

Canada, and HOUTZAGERS (1952) in the Netherlands. Salix domestication traces to the

hybridization studies of Heribert-Nilsson in Sweden, (HERIBERT-NILSSON, 1918), along

with Nilsson and Hakansson’s cytological work in the 1930s, (NILSSON, 1931;

HAKANSSON, 1933, 1938). In the UK, H.P. Hutchinson began work in willow

conservation and breeding in the 1920s at the Long Ashton Research Station that was

continued by K.G. Stott for the following 30 years (NEWSHOLME, 1992; STOTT, 1992).

Most of this work involves 12 species in the genus Populus that are noteworthy for their

commercial and ecological values. They are the North American species P. balsamifera,

P. deltoides, P. trichocarpa and P. tremuloides and the Eurasian species P. alba,

P. cathayana, P. ciliata, P. euphratica, P. maximowiczii, P. nigra, P. simonii and

P. tremula (STANTON et al., 2014).
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Within the genus Salix, 10 species − S. caprea, S. dasyclados, S. eriocephala,

S. koriyanagi, S. miyabeana, S. purpurea, S. udensis, S. schwerinii, S. triandra and

S. viminalis − are being utilized in developing the world’s renewable energy industry,

while three others − S. alba, S. babylonica (synonym S. matsudana) and S. nigra − are

favored for timber products (STANTON et al., 2014).

Experience with black locust (Robinia pseudoacacia L.)

The North American black locust has been widely introduced throughout Europe

as a source of high quality timber and for erosion control. Some now regard it as a

permanent member of the flora (GAMS, 1967). The main uses of R. pseudoacacia have

been somewhat variable in different parts of Europe and have changed over time. In

parts of France and Switzerland the young coppice wood was extensively used in

vineyards to support the vines (MONNIER, 1992), but in recent decades it has been

replaced by metal posts and wire, and now the species is hardly used. Although the tree

produces a highly durable timber, it is disliked by German foresters because the wrong

strain, a shrubby variety, was introduced to that country. In Hungary the tree has

remained a key timber and is the main source of honey (KERESZTESI, 1977).

Testing and evaluating of introduced exotic species

Introduction of exotic tree species has been the single most important aspect of

forest tree improvement for some areas. On the other hand, some regions have such

excellent native species or such harsh growing conditions that trees from other lands

have proved of little value. There are various intermediate regions in which tree

introduction is on of several improvement methods which should be considered.

The procedures and designs used to test exotics are the same as used in the study

of individual tree inheritance and racial variation. Exotic testing should be done in two

or three stages (WRIGHT, 1993). The first preliminary test should include several

scattered plantations on different soil types and with different climates, with few blocks

per plantation and small plots. These first tests may well include a few hundred seedlots

of several different species or even genera. They may be established over a period of

years, with separate plantations for species with different growth rates and growth

habits. The second-stage test should concentrate on those races or species that grew best

in the first-stage tests. There should be more replication and perhaps larger plots at each

test site, and increased attention can be given to individual tree variation. The second-

stage trails may often be considered as semi-commercial, designed for the production of

wood, as well as data. The third-stage trails can consist commercial plantations designed

primarily for wood production.

When working with exotic species for the first time there are lacks the

background information of site adaptability, pest problems and silviculturals

management that is usually available for a native species. This is the reason for
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suggesting preliminary testing of variety of site conditions and moderate-scale second-

stage testing.

Identification and monitoring of introduced species should be particularly

supported in those areas where currently is a lack of documentation. A number of case

studies should be conducted in collaboration with countries that have a high degree of

dependence on forestry. Such case studies should cover a range of forestry situations

(commercial, developmental and environmental) and include the development and

promotion of tools for ecological and economic impact assessments. These could also be

incorporated into more general decision support systems that include socio-economic

factors, as well as biological risk.

CONCLUSIONS

Advances in research and development work in the forestry sector in different

parts of the world have shifted germplasm demand toward species and provenances

expected to perform well at specific sites for particular functions, bringing significant

productivity benefits.

There is a need for further research and monitoring that will provide information

on the management processes in planted systems and take account of the scale (i.e. land

area) of plantings and of the area occupied by introduced species.

- Introductions should only be considered if clear and well-defined benefits to

man or natural communities can be foreseen and demonstrated.

- Introductions should only be considered if no native species are suitable for the

purpose for which the introduction is being made.

- Introductions should not be made into pristine natural or semi-natural habitats,

reserves of any kind or their buffer zones and, in most cases, oceanic islands.

- The taxonomic identification of the proposed introduction needs to be

confirmed.

Only if these first four conditions are met should further assessment be

undertaken. Generally, it may be accepted conclusion, that introduced species can fulfill

a gradually increasing role in certain ecological or industrial niches but will probably not

replace natives over large areas (WRIGHT, 1993).

The continued need for germplasm transfers for research is well recognized by scientists

and research institutes who are pressing their governments to minimize the bureaucracy

and costs related to the implementation of the Nagoya Protocol.
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Soybean (Glycine max (L.) Merr.) is one of the most economically important legumes.

As the source of plant protein and vegetable oil it is used as food and industrial crop in

many regions of the world. The genetic base of soybean cultivars is highly narrow,

corresponding to the fact that it is largely a self-pollinated species. Twelve soybean

varieties were evaluated with SSR (Simple Sequence Repeat) markers selected based on

their distribution on the 20 genetic linkage groups. Out of 36 SSR markers, 33 markers

were found polymorphic among analyzed genotypes. Total number of alleles was 88,

ranging between two and four with an average of 2.67 alleles per marker. The

polymorphic information content (PIC) ranged from 0.153 (Satt229, Satt239 and

Satt327) to 0.775 (Satt276). Simple matching similarity coefficient was calculated using

NTSYSpc2 program package. The average genetic similarity coefficient for all pairwise

was 0.57, with highest value (0.84) between Galina and Lela, while the lowest value

(0.46) was found between Bosa and Nena. Dendrogram by the UPGMA (Unweighted

Pair Group Method with Arithmetic Mean) method was constructed on the basis of

genetic similarity matrix. Genotypes were distributed in two groups and one branch,

mostly in accordance with their pedigree.

Keywords: genetic similarity, SSR, Glycine max

INTRODUCTION

Soybean (Glycine max (L.) Merr.) is one of the most economically important

legumes. As the source of plant protein and vegetable oil it is used as food and industrial

crop in many regions of the world. The genetic base of soybean cultivars is highly

narrow, corresponding to the fact that it is largely a self-pollinated species with limited

out-crossing. Estimation of the genetic diversity of soybean germplasm is imperative to

broaden the genetic base and improve breeding programs (NELSON, 2011). Further

progress in soybean breeding requires more intensive utilization of existing genetic

resources, and that is application of classical breeding and molecular technologies

(VRATARIC and SUDARIC, 2008).
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Estimation of genetic diversity can be assessed by the differences in

morphological and agronomic traits, pedigree information, geographic origins and

molecular markers. In the last two decades genetic diversity methods based on

phenotypic traits, morphological and pedigree data were improved with the use of DNA

markers, with a variety of different techniques (SPOONER et al., 2005). Restriction

fragment length polymorphisms (RFLPs), random amplified polymorphic DNAs

(RAPDs), amplified fragment length polymorphisms (AFLPs), simple sequence repeats

(SSRs) and single nucleotide polymorphisms (SNPs) have been used in soybean’s

molecular characterisation, including both the advantages and disadventages (POWELL

et al., 1996; THOMPSON et al., 1998; NARVEL et al., 2000; UDE et al., 2003; LI et al.,

2010).

Simple sequence repeats are the most frequently and successfully used PCR

markers in soybean diversity studies due to their high informativeness, high allelic

diversity reproducibility, genetically codominant nature and simple application. SSR

makers also important in identifying quantitative trait loci (QTL), which can be

associated with certain phenotypic traits of individuals, allowing more efficient

selection. SNP marker technology based on DNA sequencing can also be used for

evaluating genetic diversity, but they have to be adjusted for divergence studies. (YANG

et al., 2011).

Soybean cultivars grown in Serbia have mainly originated from closely related

genotypes, existing in local germplasm collections which are adapted to similar

environmental conditions (PERIĆ et al., 2014). The objective of this work was to study

genetic diversity and relationships of soybean varieties belonging to different breeding

programs using molecular (SSR) approache.

MATERIALS AND METHODS

Twelve soybean varieties (Table 1) were evaluated with SSR (Simple Sequence

Repeat) markers and each variety was presented with 20 plants.

Table 1. List of 12 soybean varietes used for SSR characterization

Genotype Pedigree

AFRODITA S1346/Hodgson

ZPS 015 NBSG1 population (USA)

LAURA Kunitz/Novka

VOJVOĐANKA S1346/Hodgson

LANA Kunitz/Kador

OLGA OS101/ZPS208 (=Hobbit/Platte)

LIDIJA (Sibley/A1937)/Kunitz(Sibley=(Evans/Steele)/Hodgson

NENA OS101/Elf

SELENA Afrodita/L9073 (Weber/Kador)

BOSA Weber/Dawson

LELA Sava/Zen (Sava =(Balkan/Vojvodjanka)x(Afrodita/Gema))

GALINA Balkan/Ravnica (Balkan=(Evans/Four)/S1346; Ravnica=Hodgson/S1346)
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Genetic similarities were calculated on binary data (presence or absence of

alleles in each sample) using simple matching coefficient (SOKAL and MICHENER,

1958) in statistical NTSYSpc2 program package (ROHLF F.J., 2000). Cluster analysis

was performed by UPGMA (Unweighted Pair Group Method with Arithmetic Mean)

and relationships among varieties were visualized as dendrogram. Poymorphism

information content (PIC) for each marker was calculated by the formula: 1-∑(Pi2),

where Pi is the frequency of i-th allele in a locus (LYNCH and WALSH, 1998). PIC value

provides information of the discriminating power of locus by taking into account the

number of alleles that are expressed and their relative frequencies.

A total genomic DNA was isolated from young leaves of each variety using GeneJETTM

Plant Genomic DNA Purification Mini Kit. SSR characterization was done with 36, but

only 33 were chosen for statistical analysis (Table 2). Polymerase chain reaction (PCR)

was carried out in 20 µL reaction volume containing: 1 x Buffer (Fermentas), 0.8 mM

dNTP, 0.5 μM of each primer pair, 1U Taq polymerase (Fermentas) and 1µL of DNA

sample. The PCRs were performed on thermocycler Biometra TProfessional Standard

96 using the following programme: an initial denaturation at 94ºC/5min., followed by

36 cycles each of denaturation at 94ºC/30s, annealing at temperatures ranging from

49ºC to 63ºC (Table 2) for 45 seconds and extension at 72ºC /1min. Final elongation

was at 72°C for 10 min. Afterwards, PCR fragments were separated on 8%

polyacrylamide gel in 0.5xTBE buffer using vertical electrophoresis system (Mini

Protean Tetra-Cell BioRad) for 50 min, with 20 bp ladder (Fermentas) as a marker. Gels

were photographed under UV light on BDA live system Biometra after staining with 0.5

μg/μL ethidium bromide.

Table 2. List of 33 SSR primers, with their chromosome position, number of alleles,

allele range and PIC

Probe No. of alleles Chromosome Allele size (bp) PIC

Satt 144 2 13 80-120 0.445

Satt 153 4 10 200-260 0.674

Satt 168 2 14 200-260 0.279

Satt 229 2 19 180-250 0.153

Satt 239 2 20 180-200 0.153

Satt 243 3 9 250-300 0.652

Satt 244 3 16 160-220 0.403

Satt 251 2 11 200-220 0.375

Satt 264 3 9 200-280 0.571

Satt 268 4 15 200-280 0.599

Satt 271 2 2 110-140 0.445

Satt 276 4 5 280-320 0.775

92



Satt 287 3 16 200-250 0.528

Satt 292 3 20 220-280 0.292

Satt 312 2 6 280-300 0.486

Satt 319 2 6 180-200 0.486

Satt 322 3 6 160-220 0.571

Satt 324 2 18 200-260 0.326

Satt 327 2 8 210-280 0.153

Satt 373 4 19 200-260 0.654

Satt 431 3 16 200-250 0.502

Satt 442 2 12 200-280 0.279

Satt 453 3 11 220-280 0.569

Satt 468 3 1 180-220 0.487

Satt 472 3 18 200-300 0.569

Satt 483 3 15 240-280 0.653

Satt 509 3 11 180-220 0.487

Satt 510 2 13 100-140 0.5

Satt 540 3 7 140-180 0.667

Satt 546 2 2 200-250 0.445

Satt 551 2 7 240-260 0.445

Satt 578 2 4 140-200 0.298

Satt 646 3 4 180-220 0.625

Mean 2.67 - - 0.471

RESULTS AND DISCUSSION

Genetic relationships among soybean varieties could be relevant for future

breeding achievement for yield, quality improvement and pest resistance. Integrated

genetic evaluation of soybean varieties could facilitate introgression of diverse

germplasm into the commercial soybean genetic base (TARA SATYAVATHI et al., 2006).

Genetic characterization of 12 soybean varietes was done using 36 SSR markers

distributed across different chromosomes (Table 2). Three primers were monomorphic

(identical for all analyzed genotypes) and were not included in further data analysis.

Total of 88 alleles among the analysed soybean varietes were identified on

polyacrylamide gels. The number of alleles varied from two (Satt 144, Satt 168, Satt

229, Satt 239, Satt 251, Satt 271, Satt 312, Satt 319, Satt 324, Satt 327, Satt 442, Satt

442, Satt 510, Satt 546, Satt 551 and Satt 578) to four (Satt 153, Satt 268, Satt 276 and

Satt 373) with the average of 2.67 per locus. Similar mean value of alleles per marker

(2.97) was obtained in the work of KUMAWAT et al. (2015), while a higer value (4.28)

was found in the study of TANTASAWAT et al. (2011).

The PIC values ranged from 0.153 (Satt 229, Satt 239 and Satt 327) to 0.775

(Satt 276), with the mean value of 0.471. As the PIC values for 26 markers were > 0.3, it

can be concluded that most of the markers were highly informative and could therefore
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be considered suitable for molecular characterization of soybean genotypes. Diversity

scores reported in other studies were in agreement with this result. In the study of SINGH

et al. (2010) PIC value was 0.5 and slightly lower (0.48) in the work of KUMAWAT et al.

(2015). On the other hand, PIC values higher than 0.6 were noted in other works

(HUDCOVICOVÁ and KRAIC 2003; LI et al., 2010; TANTASAWAT et al., 2011). The

pairwise genetic similarity (GS) values were relatively high and ranged from 0.46

(between Bosa and Nena) to 0.84 (between Lela and Galina).

The mean value of 0.57 is reflecting a slightly higher degree of genetic diversity

among soybean cultivars, compared with previous results (0.65) in work of PERIC et al.

(2014). The average GS observed in this study was lower compared to those described in

similar study with 25 soybean genotypes in Thailand (TANTASAWAT et al., 2011). On

the other hand, PRIOLI et al. (2010) reporeted considerable diversity (GS=0.26) among

168 Brazilian soybean cultivars.

Figure 1. Dendrogram of 12 soybean varieties constructed using UPGMA cluster analysis of 

simple matching similarity coefficient obtained by SSR data.

The result of cluster analysis based on simple matching genetic similarities was

presented in the form of dendrogram (Figure 1). Information about pedigree data of

soybean cultivars was crucial for the clarification of the cluster analysis based on SSR

data. Two major clusters (I and II) were formed, as well as one attached genotype -

branch a. Most of the genotypes (seven) formed cluster I and four formed cluster II.

Cluster I was divided into two subclusters. Subcluster IA included genotypes Afrodita

and Vojvodjanka, orginating from the same cross, as well as genotypes ZPS015 and

Olga, orginating from USA gemplasm. Varietes Laura, Lana and Lidija were grouped

together in subcluster IB, originating directly from cultivar Kunitz; therefore, subcluster

IB presents a clear example of close positioning of genotypes with the same origin in the
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same subcluster. The most heterogeneous was cluster II which included genotypes with

different genetic backgrounds, but also some of lines (Selena, Lela and Galina) share a

common genetic basis (Hodgson and S1346). Variety Bosa did not group with any of the

analyzed genotypes and formed branch a. The cluster analysis showed accordance

between grouping of genotypes and their pedigree data. Similar results were find in

other papers (PERIC et al., 2014; BISEN et al., 2015; KUJANE et al., 2019), comfirming

that selection of elite breeding material leading to uniformity.

CONCLUSIONS

The SSR markers used in this work could successfully be applied for genetic

diversity researches in soybean cultivars, showing satisfying polymorphism

(PIC=0.471). It was found that there was a certain level of agreement between grouping

of individual genotypes based on pedigree, but mostly at single pairs and small groups.

However, there were also rare cases of individual genotypes founding themselves at

greater distances, while according to pedigree data they should share a similar genetic

basis.
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ABSTRACT

In order to determine effects of a genotype on instrumental and sensory properties of

bread, two common and two durum wheat genotypes cultivated in two growing seasons

(2010 and 2011) were used. Bread loaf volumes and specific volumes were determined

by VolScan profiler and results showed that the loaf volume ranged from 186.90 ml to

327.50 ml and from 160.10 ml to 228.10 ml in common and durum wheat bread

samples, respectively. The comparison of the bread volume of common and durum

wheat genotypes revealed that the bread volume of durum wheat genotypes with the best

performance was significantly lower than that of common wheat genotypes. Bread

samples made from common and durum wheat genotypes with the smallest specific

volume were distinguished by the highest bread crumb firmness and chewiness. The

firmness, chewiness, cohesiveness, resilience and springiness of bread crumbs were

instrumentally recorded on the TA.XTplus texture analyser. The smallest crumb firmness

was registered in the bread made from the genotype ZP Zemunska rosa (395.6 g) grown

in the rainy season, while the bread made from the same genotype cultivated during the

dry season had 5.4 fold firmer bread crumb. The smallest chewiness was detected in

bread samples made from the common wheat genotype ZP 87/I (213.3g) and the durum

wheat genotype DSP/01 (211.3g). Results of the sensory evaluation revealed that the

sensory properties shape, crumb pore uniformity and structure, varied greatly among the

investigated bread samples made from common and durum wheat genotypes. It can be

concluded that investigated common and durum genotypes have quite different physical

and sensory characteristics which could allow various possibilities of their use.

Keywords: Common and durum wheat, instrumental properties, sensory properties

INTRODUCTION

Wheat is one of the most important cereal crops worldwide in terms of production

and utilization and traditionally has been selected for its technological functionality resulting
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in the selection of common (Triticum aestivum L.) and durum (Triticum durum Desf.)

wheat varieties. Wheat grains can be ground into flour or semolina, which forms the

basic ingredients to prepare bread, pasta, chapati, noodles, cakes, pizzas, and doughnuts.

Basically, in one form or another, wherever we are in the world, we consume wheat at

every meal.

The differences between common wheat (a.k.a. bread wheat) and durum wheat can

be attributed largely to their gluten protein properties. Common wheat gluten proteins

upon hydration and mixing, form a strong, cohesive, viscoelastic network that allows the

wheat flour dough to retain yeast fermentation gases and to produce a light, aerated

baked product (VERAVERBEKE and DELCOUR, 2002). On the other hand, durum wheat

normally has weaker and less extensible gluten characteristics than common wheat

(EDWARDS et al., 2001). Durum wheat has found traditional use in flat breads and

specialty breads, particularly in the Mediterranean countries, but in the last 20 year it is

also experiencing an increasing application in the Mediterranean region for breads of all

types (PALUMBO et al., 2000).

The objectives of this work were to examine the differences in instrumental and

sensory properties of breads made from two common and two durum wheat genotypes.

MATERIAL AND METHODS

Two common wheat (Triticum aestivum L.) and two durum wheat (Triticum durum

Desf.) genotypes of different origin, pedigrees and a growth type were used in the study.

The genotypes were chosen on the basis of differences in agronomic traits such as yield

and its components. Grain samples of common and durum wheat were collected from

plants grown in a variety trial at the Maize Research Institute, Zemun Polje (MRIZP) in

2010 and 2011 growing season. Standard cropping practices were applied to provide

adequate nutrition and to keep the disease- and weed-free plots. Common and durum

wheat flours (<180 µm) were milled on the experimental mill (Laboratory mill, Bühler

MLU-202, Switzerland) with six grinding passages, three fluted roll break and three

smooth roll reduction passages. The characteristics of the obtained flour correspond to

those of flour with 0.45 to 0.55% of ash.

A basic bread formula, based on the flour weight, was used, as follows:

comprised flour (300g), yeast (7.5 g), salt (6.0 g), vegetable fat (3.0 g) and water. The

ingredients were mixed for 5 minutes in a laboratory Diosna mixer (Dierks & Söhne

maschinenfabrik, Osnabrück, Germany), and the dough was left for ripening (40 min) at

min 75% relative humidity and 30±1°C. Then, the dough was divided into 115±1 g

portions, manually rounded, rolled and put into tin pans (9.5 × 7.5 cm × 5.5 cm). The

final fermentation lasted 43 min. The breads were baked at 230°C for 20 min in a deck type

oven (Miwe condo, D-97450, Arnstein, Germany). All baking experiments were performed in
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four repetitions. Baked breads were chilled and stored at 24°C and relative humidity of

34% for 24 h and then bread quality was evaluated.

Bread loaf volumes (mL) and specific volumes (mL/g) were determined by the

VolScan profiler (Stable Microsystem, Surrey, UK). The hardness, chewiness,

cohesiveness, resilience and springiness of bread crumbs were instrumentally recorded

on the TA.XTplus texture analyser (Stable Micro Systems, England, UK) equipped with

a 36-mm cylindrical probe according to the AACC method 7410A modified as described

by FILIPČEV et al. (2010).

The sensory properties included the crumb elasticity and appearance of crumb

pores (structure and uniformity, Dallman pores), as well as bread shape, smell, taste,

aroma and chewiness. Twenty-four hours post baking, the breads were sliced and

evaluated on a 5 point intensity scale by a 6-member panel with members trained in the

sensory evaluation. Sensory properties of bread samples were evaluated by the 5-point

category scale with end-points labelled from 1 to 5 as described by FILIPČEV et al. (2010).

The results were statistically analysed using Statistica software version 5.0

(StatSoft Co., Tulsa, OK, USA). Significance of differences between samples was

analysed by the Tukey's test (HSD). Differences with p<0.05 were considered significant.

RESULTS AND DISCUSSION

Usually good baking quality refers to high loaf volumes, fine crumb structure

with a large number of small sizes, thin-walled cells and soft texture. The relationship

between crumb structure and crumb appearance may be self-evident, but this same

crumb structure is also a determinant of the loaf volume, the resilience of the loaf, the

crumb firmness, cohesiveness, chewiness and springiness. The results of the texture

analysis of common and durum wheat breads are presented in Table 1. These results

indicate statistically significant differences between the bread samples made from

common and durum wheat genotypes in terms of their volume, specific volume,

firmness and chewiness. The results obtained by the TPA analysis indicate better textural

characteristics of the bread samples made from common and durum wheat grown in the

2010 season than of those grown in the following year. The loaf volume of the durum

breads ranged from 189.5 to 228.1 ml and 160.1 to 165.1 ml in the 2010 and 2011

growing season, respectively. The loaf volumes of durum wheat bread samples with the

best performance were significantly lower than the loaf volume of common wheat

genotypes. These results are in agreement with results previously gained by other

authors (EDWARDS et al., 2001; RAO et al., 2001).

Specific loaf volumes of bread samples made from common wheat genotypes

cultivated in the 2010 season ranged from 3.3 to 3.5 ml/g, while specific the loaf volume

were decreased by 36.4 and 45.7% during the following season (Table 1). Quite similar values
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Table1. Texture properties of common and durum wheat bread samples

Means followed by the same letter within the same row are not significantly different (p > 0.05). Letters

correspond to ranking of groups after the Tukey's test.

A bread made from the genotype ZP Zemunska rosa grown in the 2010 season

had the smallest crumb firmness (395.6 g), while the bread made from the same

genotype cultivated during 2011 had 5.4 fold firmer bread crumb. Soft crumb firmness

caused the crumb structure of breads to have only few big pores of an irregular shape,

uniformly distributed pores and the smooth crumb (Picture 1).

The texture profile analysis showed that the resilience and cohesiveness of

common wheat genotypes during two years were not significantly different. However,

resilience and cohesiveness were 1.4-fold higher in durum wheat genotypes cultivated in

the 2010 season than in the second year.

of specific volumes of breads made from spelt wheat flour (2.34-3.24 ml/g) and from

rice flour (3.86 ml/g) were reported by FILIPČEV et al. (2013) and TSAI et al. (2012),

respectively. Breads prepared from durum flours exhibited a significantly lower specific

loaf volume. These results were expected since durum wheat is traditionally used in flat

breads and specialty breads. Since the bread volume directly influences the firmness of

bread, bread samples made from bread and durum wheat genotypes cultivated in the

2011 season with the lowest specific loaf volume had the highest bread crumb firmness

and chewiness. Generally, the high bread crumb firmness was exhibited by all wheat

genotypes during the first year, but significantly worsened during the second year.

Bread wheat Durum wheat

Sample ZP 87/I ZP Zemunska rosa Cimmyt 7817 ZP DSP/01

2010 2011 2010 2011 2010 2011 2010 2011

Volume(ml) 305,0b 201,2d 327,5a 186,9e 228,1c 160,1f 189,5e 165,1f

Specific 

volume (ml/g)
3,3b 2,1d 3,5a 1,9e 2,4c 1,7f 2,1d 1,7f

Firmness(g) 538,3d
1492,6

b
395,6d

2132,6
a

1171,6
c

2230,4a 1015,9c 2083,3a

Resilience 0,934ab 0,922ab 0,947a 0,902b 0,768d 0,927ab 0,542e 0,820c

Cohesiveness 0,528bc 0,512cd 0,549b 0,477de 0,463e 0,603a 0,385f 0,518bc

Chewiness(g) 265,7de 705,2c 213,3e 919,9b 416,0d 1244,8a 211,3e 883,5b

Springiness 

(%)
0,206de 0,236c 0,217e 0,222b 0,168d 0,304a 0,133e 0,222b
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Springiness is associated with a fresh and elastic product (McCARTHY DF et al.,

2005). Therefore, bread made from the durum genotype Cimmyt 7817 with the highest

springiness value can be rated as high quality bread. However, bread samples of the

durum genotype ZP DSP/01 had the lowest springiness, which, according to McCARTHY

DF et al. (2005) is indicative of brittleness that reflects the tendency of the bread to

crumble when sliced. TPA results showed that the 2011 common wheat genotypes

exhibited a tendency towards the better crumb springiness by 1 and 12%, whereas durum

wheat genotypes gave 40% and 45% better crumb springiness (Table 1, Picture 1).

Chewiness is the most indicative characteristic of bread. It is calculated by

multiplying hardness, cohesiveness and springiness (ABDELGHAFOR et al., 2011). Bread

crumb chewiness had 2.7 and 4.3-fold and 3 and 4.2-fold higher values in the second

experimental year for common and durum wheat genotypes, respectively. Bread samples

made from the common wheat genotype ZP 87/I (213.3g) and the durum wheat genotype

DSP/01 (211.3g) had a smallest chewiness, whereas bread samples made from the

durum genotype Cimmyt 7817 (season 2011) had the greatest chewiness (1244.8 g).

Picture 1. Cross-section of common and durum wheat bread samples
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Sensory properties of bread and durum wheat breads

Consumers have been increasingly demanding bread of high quality, with

prolonged freshness, nutritional and sensory properties, but sensory perception still plays

the most important role in consumer's preference and purchase of bread. Sensory

properties of breads were determined 24 h after baking and results are shown in Graph 1

a and b.

Graph 1. Spider web diagram of the sensory evaluation of breads:

a) common wheat (2010 and 2011),  b) durum wheat (2010 and 2011).

Results of the sensory evaluation (Graph 1) revealed that the sensory properties

(shape, crumb pore uniformity and structure, smell, taste, aroma and chewiness) of

tested breads made from common and durum wheat genotypes cultivated in the 2010

season were overall better than that breads made from same wheat genotypes cultivated

in the 2011 season.

Having in mind the individual sensory properties of the tested breads obtained

from the common and durum wheat genotypes, it was noticeable that the greatest

differences were expressed in terms of the bread shape, pore uniformity and the

structure. This was expected since common wheat and durum wheat genotypes have

quite different gluten protein properties. Bread samples made from common wheat

genotypes grown in 2010 had uniform and quite uniform pores, while bread samples

made from durum wheat genotypes cultivated in the same year had quite non-uniformly

102



and non-uniformly distributed pores, with the exception of the genotype ZP DSP/01 that

had uniform pores. These results might be explained by the fact that the weak gluten

matrix in durum wheat resulted in a discontinuous gluten structure and a low amount of

gas generation in the dough. Therefore, the bread crumb could not keep sufficient gas

during bread making, which affected the appearance of poorer texture properties of

bread with non-uniform crumb pores.

Aroma is a sensory property that plays an important role in consumer's

preference and purchase of bakery products. The formation of aroma compounds in

bread crumb is highly influenced by the fermentation temperature, fermentation time

and the yeast level (BIRCH et al., 2013). In the crust, the volatile fraction is formed by

thermal reactions occurring during baking, such as the non-enzymatic Maillard reactions

(including Strecker degradation of carbonyl compounds) and caramelisation of sugars

(BIANCHI et al., 2008; CHO and PETERSON, 2010).

Bread samples made from common (ZP 87/I) and durum (ZP DSP/01) wheat

genotypes grown in 2011 had the best smell, taste and aroma, while the lowest score for

aroma was established in the bread sample made from the wheat genotype ZP DSP/01

grown in 2010.

The sensory evaluation showed the greatest bread crumb chewiness for durum

bread sample Cimmyt 7817 cultivated in 2010 (5), while chewiness significantly

decreased (3.1) in 2011 (Graph 1b). The results of the texture analysis showed that the

bread made from this genotype cultivated in 2010 had a low chewiness (416.0 g) and a

high loaf volume (228.1 ml). On the other hand, the loaf volume showed reduction of

29.8% for the same genotype grown in 2011, while resistance to chewiness was higher

by 300%. The comparison of the results gained by the texture analysis (Table 1) with the

results obtained by the sensory analysis (Graph 1) shows that the sensory analysis did

not correlate with the instrumental parameters.

CONCLUSION

Results of the sensory evaluation revealed that the sensory properties (shape,

crumb pore uniformity and structure) varied greatly among the investigated bread

samples made from common and durum wheat genotypes. All results show that the

sensory evaluation of bread was a very difficult and sensitive task, often with

contradictory results, even with the highly experienced and trained sensory panel. It can

be concluded that investigated common and durum genotypes have quite different

physical and sensory characteristics which could allow various possibilities of their use.

Also, there is considerable interest in developing durum wheat suited to more general

use for bread-making. Durum wheat with good baking quality is a desirable goal

because such cultivars would have alternative markets in years of high production, by

being used instead of common wheat, either singly or in blends with common wheat flour.
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ABSTRACT

Bacteriophages are the most numerous biological entities on the planet, occupying every

habitat on Earth. Although they induce high mortality on bacterial realm, phages are

seen as the driving forces of bacterial evolution and diversification. As natural killers of

bacteria, their potential in treating bacterial infections was acknowledged immediately

after their discovery a century ago. However, with the lack of understanding of phage

biology and the emergence of antibiotics, the “phage therapy” was abandoned in the

West. The perception changed with modern day rise of antibiotic resistance. Advantages

of phage therapy include its potency against bacterial biofilms, structures underlining

much of the reported resistance to antibiotics. Biofilm matrix consists of extracellular

polymeric substances (EPS) which provide many advantages to bacterial cells especially

in terms of resistance to various agents. But as with every other bacterial adaptation,

phages evolved ways to subvert it and developed enzymes that degrade EPS

polysaccharides, allowing them access to surface receptors. These enzymes,

depolymerases, are phage-encoded and usually located on tail fibers of phage particles,

but can also be released from bursting bacterial cells as soluble enzymes.

We isolated several phages active against multidrug-resistant Acinetobacter baumannii,

Klebsiella pneumoniae and Pseudomonas aeruginosa, three members of WHO list of

bacteria for which new antibiotics are urgently needed. Phages were isolated from

Belgrade wastewaters, purified, screened for host range against laboratory collection and

characterized based on plaque morphology. A. baumannii phages NOVI and ISTD

produced halos around plaques on majority of sensitive strains, indicating presence of

potent depolymerase(s).

Keywords: bacteriophages, depolymerases, multi-drug resistance, Acinetobacter baumannii, 

Klebsiella pneumoniae, Pseudomonas aeruginosa

INTRODUCTION

Drug-resistance in microbes and its associated mortality is heavily affecting

global health security. For example, in 2019 more than 2.8 million antibiotic-resistant

infections occurred in the United States, and more than 35,000 people died as a result.
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Both numbers are considerably higher than the ones reported in 2013, triggering

the U.S. Centers for Disease Control and Prevention (CDC) to declare entering the

“post-antibiotic” era, and to prioritize bacteria regarding the level of concern (CDC

report, 2019). Strategies for fighting this threat are mostly based on raising awareness of

overuse and misuse of antibiotics, prevention of the spread of resistant infections,

enhancing surveillance, early detection etc. However, no matter how extremely

important the prevention and containment strategies are, morbidities and mortalities of

multidrug-resistant bacterial infections dictate the need for therapeutics. The lack of new

and efficient antibiotics revived the consideration of using bacteriophages, the natural

predators of bacteria, as alternatives or adjuncts to antibiotic therapy. Bacteriophages

were discovered and used to treat bacterial infections in the “pre-antibiotic” era, with

first reports of human phage therapy as early as in 1917.

Among the most dangerous pathogens, that CDC prioritized as “urgent”, are

carbapenem-resistant Acinetobacter and Enterobacteriaceae. Genus Acinetobacter

comprises several human pathogens, among which A. baumannii is the most important

and clinically relevant species. It is characterized with great genome plasticity, which

provides the host with the ability to easily acquire resistance determinants (HARDING et

al., 2018). Carbapenem-resistant Enterobacteriaceae is a group of microorganisms

notorious as “nightmare bacteria”, since these pathogens present a major concern for

patients in healthcare facilities (PEREZ et al., 2016). The group encompasses several

genera including Klebsiella which, alongside E. coli, is responsible for most deaths

claimed by the group.

In comparison with previously mentioned pathogens, Pseudomonas aeruginosa

is the most studied and extensively reviewed species (LISTER et al., 2009; MORADALI et

al., 2017). It is one of the pathogens burdening healthcare system for decades, and still

presents one of the most serious threats (LAMBERT et al., 2011; CDC report 2019). Apart

from being the leading nosocomial pathogen affecting hospitalized patients, it is also the

main cause of morbidity and mortality in cystic fibrosis patients (MORADALI et al., 2017).

All mentioned pathogens can cause pneumonia as well as wound, bloodstream,

and urinary tract infections. These infections tend to occur in patients in intensive care

units, or with weakened immune systems. Further obstacle in combating all the

mentioned bacteria is their biofilm forming ability. Biofilms are aggregates of bacteria

immersed in self-produced extracellular polymeric substance (EPS) matrix consisting

mostly of carbohydrates, but also of proteins, DNA and lipids. They aid bacteria in

evasion of host immune system and antibiotic treatment, but also preserve bacteria in the

environment, helping surface colonization, resistance to UV radiation, desiccation, etc.

Capsular polysaccharides, that are anchored or otherwise linked to bacterial cells, can

have an important role in biofilm formation (WANG et al., 2015), but may serve as target
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molecules for bacteriophage attachment. Adsorption of some phages to capsules is

mediated by enzymatic cleavage of exopolysaccharides that compose the capsule layers

(SILVA et al., 2016). This activity is carried by depolymerases, enzymes usually located

on phage tail fibers, but that can also be released from lysed cells as soluble proteins

(PIRES et al., 2016).

In this work three clinical carbapenem-resistant strains of A. baumannii, K.

pneumoniae and P. aeruginosa were used for phage isolation from Belgrade

wastewaters, and total of six phages (two per strain) were isolated. All three bacterial

strains were isolated from tertiary healthcare facilities and characterized earlier

(NOVOVIC et al., 2015, NOVOVIC et al., 2017, JOVCIC et al., 2013). Phage plaque

morphology, as well as host range against laboratory collection of clinical isolates was

analyzed. Also, A. baumannii phage depolymerizing activity was investigated in more

detail.

MATERIALS AND METHODS

Phage isolation and purification

Phages were isolated from two samples of Belgrade wastewaters by standard

enrichment protocol and plaque assay (CLOKIE and KROPINSKI, 2009), using A.

baumannii 6077/12, K. pneumoniae NI9 and P. aeruginosa MMA83 as host strains.

After 4 rounds of plaque purification, single plaques were collected and further

manipulated. Working phage suspensions were made by inoculation of single plaque into

10 ml of mid-exponential-phase culture of adequate host strains followed by overnight

incubation. Obtained lysate was centrifuged and supernatant filtrated through 0.45 µm

filters. For purification of phages from bacterial debris, CsCl density gradient

ultracentrifugation was performed. Cultures of the appropriate hosts were grown to mid-

exponential-phase in a volume of 500 ml and were infected with 1 ml of previously

obtained phage suspension (titer 109 plaque forming units / ml) and incubated overnight.

The obtained lysate was centrifuged, and supernatant collected and filtrated as

previously described and treated with DNaseI and RNase A (Thermo Fisher) for 2 h at

37℃. Afterwards, NaCl and polyethylene glycol (PEG 8000, Sigma) were added (to

obtain 1 M and 10% final concentrations, respectively), stirred and incubated overnight

at +4°C to precipitate the phages. The precipitate was centrifuged at 13689.2 x g for 30

min at +4°C (Sorvall RC3B centrifuge, rotor GS3) and the pellet was resuspended in 4

ml of SM buffer. CsCl was added to reach 0.75 g/ml density. The samples were

ultracentrifuged at 131980.8 x g for 24 h in Beckman Coulter Optima L-80 XP

ultracentrifuge in rotor SW55 Ti, after which the distinct phage-containing bluish band

was visible at the mid-point of the tube. The phages were extracted from tube by using a

22G needle and dialyzed overnight against 2 l of SM buffer at +4°C. Purified phages

were filtered through 0.22 µm filters (Filtropur S 0.45, Sarstedt, Germany) and used in

subsequent experiments.
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Host range and depolymerase analysis

To determine the host range of isolated phages, as well as their possible

depolymerase activity, phages were screened against bacteria from our laboratory

collection. Total of 103 A. baumannii, 140 K. pneumoniae, and 32 P. aeruginosa strains

were analyzed. All isolates were propagated in Luria-Bertani (LB) broth at 37°C with

aeration (180 rpm), while stocks were made in LB supplemented with 15% (v/v)

glycerol and kept at -80°C. The activity of phages and present depolymerases on the

isolates from collection was tested using soft agar overlay spot assay. Briefly, 10 µl of

overnight culture of each isolate was inoculated into 10 ml of melted soft agar. After

vortexing, soft agar containing bacteria was overlaid on LB agar in Petri dish. Upon

solidifying, 10 µl of phage suspension was spotted on top of the agar. After 24 h of

incubation at 37°C, plates were inspected for appearance of clear growth inhibition

zones surrounded by turbid halos. Isolates that were sensitive to phages were

additionally inspected after 48, 72 and 96 h incubation at room temperature for detecting

and tracking depolymerase activity.

The ability of phages to form halos on pre-grown bacteria was also analyzed.

Bacteria were added to melted soft agar, poured over LB agar plates, and grown

overnight. The following day, 10 µl of phage suspension was dropped on the surface of

the lawn, the plate was incubated at 37°for additional 24 h, after which the plates were

inspected for zone or halo formation.

RESULTS AND DISCUSSION

Plaque morphology

All phages were isolated upon forming clear translucent plaques inside lawns of

susceptible bacteria. Phages NOVI and ISTD were isolated using A. baumannii 6077/12,

phages LASTA and SJM3using K. pneumoniae NI9, while PLST and PSJM were active

on P. aeruginosa MMA83 strain. Both Acinetobacter phages produced small (~1 mm

diameter) plaques, which was also the case with both Klebsiella phages and

Pseudomonas phage PSJM. On the contrary, phage PLST produced large, bulky plaques

of up to 5 mm in diameter, suggesting highly efficient lytic nature of the phage, such as

short and effective adsorption, short latent period and large burst size (Figure 1).
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Figure 1. Plaque morphology. I Long shot and II close-up of: A) Phage NOVI, B) Phage ISTD,

C) Phage LASTA, D) Phage SAJAM, E) Phage PLST, F) Phage PSJM. Note the large halos

around plaques of NOVI and ISTD and small halos around plaques of LASTA.

Both A. baumannii phages NOVI and ISTD produced plaques that were surrounded by

large (5-6 mm) halos (Figure 1A). With prolonged incubation at room temperature halos

produced by phage ISTD were constantly enlarging 2-3 mm per day (Figure 2); the

same results were obtained using phage NOVI (data not shown). Although more

transparent and faintly noticeable, K. pneumoniae phage LASTA also produced halo.

Unlike with NOVI and ISTD, it did not enlarge with time (data not shown), suggesting

lack of enzyme diffusion through the agar.

Figure 2. Spot assay of phage ISTD. A-D: 24, 48, 72 and 96 h after spotting the phages. Note

the “growing” of the halo with time.

Observed concentric “growth” of halos formed around the plaques presents a

visible manifestation of depolymerase-mediated cleavage of bacterial surface

polysaccharides (LATKA et al., 2017). To test whether depolymerases can yield the same

effect, without the paralleled phage-induced cell lysis and progeny release, similar test

was performed, but on pre-grown bacterial cells. Namely, phages were applied 24 h later

than in the first setting, giving bacteria time to reach stationary growth phase before the

interaction. The results, although less apparent and without growth inhibition zone

formation, were essentially the same as can be seen in Figure 3.
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Figure 3. Spot assay of phage ISTD over overgrown lawn of bacteria. A: Nontreated lawn

of bacteria, B-D: 24, 48 and 72 h after spotting the phages

Stationary phase bacteria are usually not susceptible to phage attack and

infection, given the lack of available nutrients and slower metabolic rate of the host.

Hence, only the enzymes already present in the phage suspension produced the

enlargement effect. These results corroborated the notion that depolymerases also

existed as free molecules in phage suspension. This suggests that depolymerase enzyme

molecules leave phage-infected bursting bacterial cells both as virion-attached and as

free molecules, capable of diffusing through the agar.

Host range analyses

To assess the applicative potential of isolated phages, we analyzed susceptibility

of all available isolates from our laboratory collection to the isolated phages. Results are

summed up in the Table 1.

Table 1. Host range of the isolated phages

Phage Bacterial host Host range Number of isolates 

analyzed

NOVI A. baumannii 36%
103

ISTD A. baumannii 22%

LASTA K. pneumoniae 3.5%
140

SJM K. pneumoniae 3.5%

PLST P. aeruginosa 81%
32

PSJM P. aeruginosa 90%

Although relatively high number of isolates was screened, determination of their

genetic relatedness is needed to determine how many strains they actually represent.

Still, given the number of isolates, especially in the cases of A. baumannii and

K. pneumoniae, as well as the fact that those isolates originate from various hospitals and
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have been collected for several years, it is reasonable to assume that obtained results

adequately reflect the host range of the analyzed phages. Taking all into account, results

presented suggest that A. baumannii phages NOVI and ISTD display moderately broad

host range, K. pneumoniae phages LASTA and SAJAM have a very narrow range, while

P. aeruginosa phages PLST and PSJM possess an exceptionally high host range, which

remains to be confirmed with future testing.

CONCLUSION

In conclusion, new approaches to treating bacterial infections are growingly

needed. Bacteriophages are one of the most promising solutions that may aid antibiotics

in combat against multi-drug resistant infections. Several recent case studies, where

phage application saved lives, moved phages into a scientific spotlight, as it became

clear that they represent promising candidates for future therapeutics. In addition to

lysing the bacterial cells, some phages are equipped with enzymes that can degrade

bacterial exopolysaccharides. These phages can provide the edge advantage in

overcoming biofilm infections, helping the action of antibiotics and immune system by

eliminating at least a portion of infecting bacteria and degrading the protective matrix.

Depolymerases of phages NOVI, ISTD and to lesser extent LASTA, demonstrated high

activity independent of phage-bacteria interaction, and will be the object of further

investigation.

One of the perspectives in phage therapy is forming and organizing phage banks,

i.e. cataloging and characterizing all available phages. The eventual phage therapy

approaches will rely on phage banks and phage cocktails. One of the main phage traits

in this sense is their host range – the broader the host range of a phage, the better

candidate it is for cocktail formulation and application. Phages described here,

especially those active on A. baumannii and P. aeruginosa, fit well in this perspective

and present good candidates for phage therapy.
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ABSTRACT

Gestational diabetes mellitus (GDM) is one of the most common pathological

conditions that can develop during pregnancy and is associated with high risk of health

complications and adverse outcomes for both the mother and the fetus. It is also well

known that gestational diabetes is characterized by increased inflammation. However,

the implication of inflammatory cytokines in GDM pathophysiology remains unclear.

The aim of the present study was to determine whether there are differences in the

expression on RNA level of proinflammatory cytokines: TNF-α, IL-1β, IL-6 and IL-17

between GDM and normal pregnancies. This pilot study included 15 GDM patients and

15 healthy pregnant women (control group, CG). RNA was extracted from leukocytes,

and real-time PCR was used to analyze relative gene expression of the examined

cytokines. The results showed a statistically significant increase of IL-6 and IL-17

expression in GDM compared to controls (p=0.016 and p=0.036, respectively). There

were no statistically significant differences between expression levels of TNF-α and IL-

1β in GDM and CG groups (p>0.05). Our study points to a possible role of IL-6 and IL-

17 in the pathophysiology of GDM. However, more research is needed for better

understanding of inflammatory mechanisms underlying GDM. This is of vital

importance for the development of preventive strategies and optimal management of

GDM.

Keywords: gestational diabetes mellitus, proinflammatory cytokines, IL-6, IL-17
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INTRODUCTION

Gestational diabetes mellitus (GDM) is one of the most common pregnancy

complications with a frequency of up to 14% in women with live births (International

Diabetes Federation, 2017). Even though it is present only during pregnancy and usually

retreats several weeks following delivery, it is associated with high risk of health

complications and adverse outcomes for both the mother and the fetus (VERMA et al,

2002; RETNAKARAN et al, 2010; OSTLUND et al, 2003; MITANCHEZ et al, 2015).

Previous studies have demonstrated that GDM is characterized by elevated

oxidative stress and increased low-grade inflammation. We have receantly shown that

GDM induces elevated oxidative stress and DNA damage (TOLJIC et al, 2017). Further,

some proinflammatory cytokines, such as TNF-α and IL-6, have been found to play a

role in insulin signaling pathways and GDM (BRIANA et al, 2009). Previous results have

also pointed to the link between IL-1β and both diabetes mellitus type 1 (DM1) and type

2 (DM2) (DONATH et al, 2003). IL-17 have been suggested to have a role in the

pathogenesis of pregnancy related complications such as gestational diabetes mellitus

and preeclampsia (PE) (CAO et al, 2018).

To date, association between proinflammatory cytokines and GDM have not

been fully elucidated. Therefore, the pathogenesis of GDM still remains unclear. The

inflammation and oxidative stress biomarkers could give additional information on

patient’s risk for developing complications later in their life, but also can be used as

potential therapy targets (OMU, 2013). To date, there is no screening test for GDM that

could be done before clinical symptoms onset. Better understanding of GDM

pathophysiology could have a crucial role in developing usefull screening test for early

detection of women at risk of having GDM.

The aim of this pilot study was to investigate weather gestational diabetes

mellitus is associated with elevated expression on RNA level of proinflammatory

cytokines: TNF-α, IL-1β, IL-6 and IL-17.

MATERIALS AND METHODS

This pilot study was conducted at the Gynecology and Obstetrics Clinic

“Narodni front” and included 30 pregnant women. According to their clinical features

they were assigned to 2 groups: (1) 15 patients with GDM, (2) 15 healthy pregnant

women with uncomplicated pregnancy (control group, CG). Diagnosis of GDM was

based on criteria given by the American Diabetes Association (2003).

All patients signed an informed consent before they were included in the study.

Peripheral blood samples, lifestyle information, medical and obstetrics details were

collected between the 24th and the 36th gestational weeks. Exclusion criteria were

multifetal pregnancy, fetal anomaly, fetal death, conditions that require termination of

pregnancy, maternal diabetes history, any chronic or systemic diseases of the mother,
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intolerance at <20 weeks of gestation and inability to give informed consent. The Ethic

Committee of the Gynecology and Obstetrics Clinic “Narodni front” approved the study.

Peripheral blood samples were collected in EDTA vials and immediately

centrifuged (3600 RPM) in order to separate buffy coat for RNA extraction and further

analysis. Leukocytes total RNA was extracted from buffy coat using TRIzol reagent

(Thermo Fisher Scientific, Waltham, MA, USA) as it was previously described by

manufacturer. Isolated RNA was stored at -80 °C. After that, 1.5 μg of total RNA and

oligo (dT) primers were used for cDNA synthesis (Thermo Scientific Revert Aid First

Strand cDNA Synthesis Kit, Thermo Fisher Scientific, Waltham, MA). IL‐1β, TNF‐α, IL‐6

and IL-17 corresponding cDNA were amplified using 5x HOT FIREPol® EvaGreen®

qPCR Mix Plus (Rox) (Solis BioDyne, Tartu, Estonia) kit and Line gene K fluorescence

quantitative PCR detection system (BIOER Technology Co, Hangzhou, China). All

experiments were done in duplicate. Quantitative PCR conditions included: initial DNA

denaturation (10 minutes at 95°C), 45 cycles (30 seconds at 95°C, 30 seconds at 60°C and

30 seconds at 72°C) and final extension (10 minutes at 72°C). Normalization was done

using glyceraldehyde 3‐phosphate dehydrogenase (GAPDH) as endogenous control.

Relative expression levels were calculated using the 2−ΔCt method. The results

were analyzed using IBM SPSS Statistics and presented as arithmetical means with

standard deviations (mean ± SD). Mann‐Whitney U test was used for comparison of the

results between groups. A p-value less than 0.05 was considered statistically significant.

RESULTS AND DISCUSSION

This pilot study included 30 pregnant women (15 GDM patients and 15 healthy

pregnant women). Figures 1 to 4 show average expression levels of proinflammatory

cytokines in the examined groups. As our results showed, women with GDM had

significantly higher expression of IL-6 compared to normal pregnancy women

(p=0.016). In addition, relative expression of IL-17 significantly differed between the

two groups, with higher expression in GDM patients (p=0.036). On the other hand, there

was no statistically significant difference between expression levels of TNF-α and IL-1β

in GDM and CG groups (p>0.05).

As one of the most common complications that can develop during pregnancy,

GDM draws a lot of attention. Multiple studies have investigated the GDM

pathophysiology, but exact mechanisms underlying this pregnancy complication remain

unclear. Our group already showed that GDM leads to the increase of not only oxidative

stress, but also DNA damage and chromosomal aberrations (TOLJIC et al, 2017.). This

pilot study attempted to shed light on another aspect of GDM in order to get a better

picture of GDM pathophysiology, which is of vital importance for a better

understanding of this pathological condition and for the optimization of its management.
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Figure 3. Average expression levels of 

TNF-α in CG and GDM group

Figure 4. Average expression levels of 

IL-17 in CG and GDM group

It is well known that inflammation plays a role in GDM pathology. Our results

indicate that pregnant women with GDM have higher IL-6 mRNA levels compared to

controls. This is in concordance with the results of some other studies. MORISSET and

his colleagues (2011) concluded that GDM is associated with higher IL-6 levels, both

during and after pregnancy and that IL-6 expression increase is independent of obesity

status. This group of authors gave two possible explanations on how IL-6 regulates

insulin resistance in GDM: either elevated IL-6 generates insulin resistance in liver cells

leading to global insulin resistance or (as shown by in vitro studies) IL-6 participates

in the negative regulation of insulin signaling and glucose metabolism in adipocytes.

Figure 2. Average expression levels of 

IL-6 in CG and GDM group

Figure 1. Average expression levels of 

IL-1β in CG and GDM group
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JOHNSON et al. (2002) demonstrated that preeclampsia (PE), another pregnancy-induced

complication, was also accompanied by the augmentation of IL-6 expression.

Interestingly, opposite to Johnson’s and our results, SLJIVANCANIN JAKOVLJEVIC et al.

(2019) reported that IL-1β and TNF-α were the main cytokines involved in the

pathogenesis of PE in Serbian women.

Contrary to TNF-α and IL-6, as literature search revealed, the role of IL-17 in

pregnancy complications has not been frequently investigated, yet. We showed that IL-

17 mRNA has also a significantly higher expression in women with GDM than in

healthy pregnant women. In line with our results, CAO and his group (2018) detected

elevated expression of IL-17 in GDM and PE patients, as well. They suggested that IL-

17/IL-35 imbalance could be involved in the development of endothelial dysfunction,

which would in turn lead to elevated blood pressure and proteinuria in PE. The exact

role of IL-17 in GDM pathophysiology still needs to be clarified.

Some studies proposed that IL-1β is correlated to DM1 and DM2 (DONATH et al,

2003) and MOJTABA and his colleagues (2011) assumed that higher levels of IL-1β are

associated with pancreatic beta-cell dysfunction and reduced insulin secretion.

However, our results showed no correlation between this cytokine and gestational

diabetes mellitus.

TNF-α has been suggested to exert an inhibitory effect on insulin secretion in

GDM, leading to further hyperglycemia (McLACHLAN et al, 2006). In the present study

higher levels of TNF-α have been registered in GDM compared to normal pregnancies,

but without reaching a statistically significant difference between the two groups,

probably due to the small sample size. This is in line with the results of GAO et al.

(2008) who also found increased levels of TNF-α in Chinese patients with GDM.

GOMES and his group (2013) previously pointed that new studies with well-

defined, more stringent methodological parameters and better selection criteria are

needed in this field. We agree that further research on larger case and control groups is

required for better understanding of the role of proinflammatory cytokines in GDM.

CONCLUSION

GDM can have long-term consequences for both the mother and her infant. To date,

GDM can be diagnosed only after the 20th gestational week, when clinical symptoms are

already present as a consequence of pregnancy-induced hyperglycemia. Development of

adequate screening tests that could be performed before clinical manifestation of GDM

would prevent its negative outcomes. Understanding GDM pathophysiology is a

prerequisite for the development of preventive strategies. Our study points to a possible

role of two cytokines, IL-6 and IL-17, in GDM. Hence, the possibility of using

cytokines as biomarker of pregnancy complications should be taken into consideration.
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