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ABSTRACT - Authors summarized the results of the last three decades’ relevant literature examining
the temperature effects on the various growth, reproductive and carcass traits in pigs. The ideal period
of temperature measurement and the different methodologies characterizing temperature effects were
summarized. The aspects of genotype environment interaction for the measured traits under hot and
temperate conditions were also presented. Finally the possibilities of direct genetic selection for heat
tolerance and its possible selection criteria traits were also discussed.
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INTRODUCTION

Quantitative genetic methods have been applied by animal breeders for dec-
ades in order to improve certain traits. The realisation of this effort is visible
through the obtained genetic trends of the selected traits. By determining the
genetic parameters (heritability, genetic correlation coefficients) the most
suitable methods (e.g. self performance test, progeny test) also become obvi-
ous making possible maximising the genetic gain. As pointed out by Merks et
al. (2012) the definition of the overall breeding objective or breeding goal is
an essential step in any breeding program. The traits included in the breeding
goals should be specific, measurable attainable, realistic and timely (Merks et
al, 2012). Until recently some of the most frequent selection criteria traits of
the pig breeding sector were litter size (Hanenberg et al. 2001.; Krupa and
Wolf, 2013; Nagyné-Kiszlinger et al, 2013), average daily gain, lean meat per-
centage (Ibanez-Escriche et al, 2011; Nagyné-Kiszlinger et al., 2011; Gjerlaug-
Enger et al, 2012) and dressing out percentage (Ciobanu et al, 2011), respec-
tively. Recently robustness of pigs gained importance (Knapp, 2005), as the pig
sector is increasingly being effected by hot climate. The consequence of robust-
ness is that pigs can adapt to different stressors without stress (Merks et al,
2012). The different stressors can cause leg weakness, nutritional deficit dur-
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ing lactation, various diseases and lowered reproductive performance (Dour-
mad etal, 2010; Merks etal, 2012; Hermesch et al,, 2015). In pigs ambient tem-
perature one of the most important stressors as they have very limited ability
for thermo regulation through perspiration. Therefore extreme temperature
results in increased production difficulties and increased animal losses (Black
et al, 1993). As noted by Hayes et al. (2013) global warming is likely to lead to
hotter climates than in the recent past. Fortunately robustness can be imple-
mented as a breeding objective trait just like production traits, although it re-
quires substantial investment in data and technology (Knapp, 2005). The im-
portance of taking the temperature effects into account when evaluating per-
formance is inevitable. However, the relevant literature is not uniform describ-
ing how temperature measurement should be recorded and utilized. Therefore
the objective of this review paper was to summarize the relevant literature in
order to demonstrate how to take into account the temperature’s influence on
the pigs’ performances and how to quantify the effects of the increased tem-
perature on the pigs’ performance. Besides, further objectives of this study
were to describe the genetic differences among the various pig lines concern-
ing heat tolerance and to show the potential selection criteria traits that could
be utilized in the breeding programs making pigs more robust from the aspect
of heat tolerance.

MEASURING THE EFFECT OF HIGH TEMPERATURE ON THE REPRODUC-
TIVE, GROWTH AND CARCASS TRAITS OF THE PIGS

Data source

In pig breeding the possible effects of high temperature can only be quantified
after obtaining reliable temperature measurements. According to the relevant
literature no temperature measurements were taken in any pig farm directly
butin all studies the necessary temperature data were obtained from the near-
est meteorological station. The R package “WeatherData” (Narasimhan, 2014)
is worth mentioning as a collective device for such data. The distance between
the meteorology stations and the pig farms showed high variability (3 to 209
km) (Bloemhof et al., 2008, 2013; Zumbach et al., 2008a; Auvigne et al, 2010;
Lewis and Bunter, 2010, 2011; lida and Koketsu, 2014; Knecht et al,, 2015; Fra-
gomeni et al, 2016; Wegner et al, 2016). Nevertheless, in most cases the near-
est wheather station was located within 70 km from the farms. Besides, Freitas
etal (2006) reported high correlation (0.9) between on farm weather data and
weather station data 300 km away from the farms. It can thus be concluded
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that in the above mentioned studies the precision of the weather data was sat-
isfactory from the aspect of evaluating heat stress and heat tolerance.

Time and method of measurement

Another issue is that temperature can be measured continuously and the ef-
fects of this variable on the various traits has to be determined. From the dif-
ferent strategies the most simple one is to record and utilize the daily maxi-
mum temperature at a given day for example at the day of the insemination
(Bloemhof et al, 2008), or at the last day of the fattening period (Lewis and
Bunter, 2010). However, several authors utilized temperature records for a
given period both for reproductive (Bloemhofetal, 2013: 7 and 12 days before
and after the succesful insemination) and for carcass traits (Zumbach et al,
2008b: last 10 weeks of the fattening; Fragomeni et al, 2016: last 30-70 days
of the fattening). According to Wegner et al. (2016) temperature measure-
ments were taken during several days around insemination and farrowing. Af-
terwards, these measurements were used separately in order to determine the
most influential day. Wegner et al. (2016) found that the greatest negative ef-
fect occurred 4 days prior to breeding. Fragomeni et al. (2016) and Zumbach
etal (2008a) used another strategy which made possible to aggregate all tem-
perature measurements of a period into one number. According to Fragomeni
et al. (2016) temperature humidity index (THI) was calculated for each day
using the formula:

THI = (1.8 x t + 32) - [0.55 - (0.0055 x rh)] x (1.8 x t - 26),

where t = the observed maximum temperature in degrees Celsius, rh = the ob-
served minimum humidity on a 0 to 100 scale.

Then the heat load (HL) was calculated using the formula:
HL = maximum(0, THI - THIr),

where THI = temperature humidity index for a given day, THIr = a threshold
THI value (generally from 60 to 77) which can be interpreted as the maximum
range of the thermal neutral zone. After HL was determined for every day
mean HL within 30-70 day before slaughter was calculated taking into account
the cumulative effects of heat stress (Fragomeni et al, 2016). Zumbach et al
(2008a) also calculated heatload but in their case after calculating weekly heat
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load (as the mean THI exceeding threshold) the total heat load was the sum of
the heat loads over the last “n” weeks of life.

Evaluation method

The temperature effect on the various traits can be quantified using either lin-
ear regression (Bloemhof et al, 2008; lida and Koketsu, 2014; Wegner et al,
2016) or plateau-linear regression (Bloemhofetal., 2008,2013; Zumbach et al,
2008a; Lewis and Bunter, 2010; Fragomeni et al, 2016). In both types of anal-
yses prior to the regression the data has to be corrected for other influential
factors such as parity, service sire, herd-year etc. Generally a GLM procedure
can be applied (e.g. Bloemhof et al, 2008; Lewis and Bunter, 2010) taking into
account all the influential factors calculating the corrected phenotypes of the
examined traits. Then the effect of temperature can be determined by regress-
ing the corrected phenotypes on the temperature values. An important point
is that pigs are exposed to heat stress when temperature exceeds the upper
critical temperature (UCT) of the thermo-neutral zone (Bloemhofet al, 2008).
According to Black et al. (1993) the zones of comfort for the lactating sow and
for the piglets are between 12 and 22 °C and between 30 and 37 °C, respec-
tively. According to the plateau-linear model the increasing temperature has
no effect on the pigs’ performance until the temperature does not exceed the
UCT value the. On the contrary, if the temperature is higher than the UCT value
then a decrease can be observed which can be quantified by the regression co-
efficient.

Effects of temperature

In Table 1 the temperature effect on several performance traits are summa-
rized.

It can be seen that in some studies (Table 1) no UCT value could be deter-
mined (Bloemhof et al, 2008; lida and Koketsu, 2014). This means that certain
pig lines were not sensitive for heat stress and they showed no or only limited
performance decrease even at high temperatures (Table 1). Based on
Bloembhof et al. (2008) the Topigs I-line was originated from purebred Large
White sow line. Accodring to the the reports of this study the nucleus farms
were operated for more than 15 years in Spain. So probably the well perform-
ing families in hot environments were selected. On the other hand some breeds
could also show substantial decrease of performances based on the linear re-
gression. lida and Koketsu (2014) examined the performances of gilts and sows
serviced during the hot and humid season between June and September. Based
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on the results the exceeding preservice temperature resulted a larger decrease
in the sows compared to gilts. Stress during postservice was less pronounced
(-0.014 piglet / °C and -0.093 piglet / °C) for the gilts and for the sows, respec-
tively. Wegner et al. (2016) noted that number of piglets born alive was the
most sensitive reproductive trait affected by heat stress. Both Wegner et al.
(2016) and lida and Koketsu (2014) emphasized the necessity of improve-
ments in isolation and cooling systems (starting from the preservice periods)
in order to sustain the high productivity of gilts and sows limiting the negative
consequences of heat stress.

Table 1
The effect of temperature on the reproductive, growth and carcass traits of the
pigs
Author Breed/Line Traits UCT °C Effect
Bloemhofet al, 2008 Topigs FR 19.2 -1% /°C
D-line NBA 19.6 -0.05 piglet / °C
TNB 19.6 -0.13 piglet / °C
Bloemhofet al, 2008 Topigs FR - -
I-line NBA - -0.01 piglet / °C
TNB . -0.02 piglet / °C
Bloemhofetal, 2013 Topigs FR 20.9 -1% /°C
D-line TNB
20 -0.05 piglet / °C
Zumbach et al, 2008a Dux (LW x LR) BWSL -6 kg
(stress vs. no
stress)
Lewis and Bunter, 2010 LR ADGL 25.5 -0.38 kg /°C
LW 32.5 +0.82 kg / °C
BF 30.6 -0.028 mm / °C
lida and Koketsu, 2014 - TNB - -0.05 piglet / °C
-0.14 piglet / °C
Fragomeni et al, 2016 Du BW - -2kg /10 HL
+3kg /12 HL
HCW -7kg /12 HL
Wegner at al., 2016 LR x LW LS - -0.03 piglet / °C

LR: Landrace; LW: Large White; Du: Duroc; FR: farrowing rate; NBA: number of piglets born alive; TNB:
total number of born piglets; BWSL: body weight at slaughter; ADGL: lifetime average daily gain; HCW:
hot carcass weight; LS: litter size; UCT: upper critical temperature; HL: heat load

In several studies (Bloemhof et al, 2008, 2013; Lewis and Bunter, 2010; see
in Table 1) the deterioration of the pigs’ performance became substantial after
the temperature exceeded the UCT value. There are various reasons explaining
the existence of UCT temperatures but one of the most evident is the origin of
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the used breed or line. Bloemhof et al. (2008) reported that the Topigs D-line
was originated from purebred Dutch Yorkshire sow line. In the Netherlands
experiencing a heat stress is unlikely. Therefore it is not surprising that the
Topigs D line was not performing well during heat stress. From Table 1 it is
well recognisable that the UCT values are highly different among the different
traits. Related to reproductive traits the UCT values were around 20 °C while
UCT values were much higher for growth traits (Table 1). According to Lewis
and Bunter, (2010) the two sow lines differed from each other in heat toler-
ance. The same tendency was observed for average daily gain and backfat. The
positive change in backfat is surprising however, as noted by Gentry et al
(2002) fat levels can increase during times of heat stress as deposition of pro-
tein moves from proteins to lipids.

The study of Zumbach et al. (2008a) and Fragomeni et al. (2016) differed
from other studies as the effect of temperature was not measured on the orig-
inal temperature scale but on a heat load scale constructed from temperature
humidity index. The value of the threshold THI, the length of the evaluated pe-
riod and the different examined regions all influenced the results. The body
weight before slaughter gave discordant results in the different regions, alt-
hough the magnitude of the changes was not substantial. Using the coefficient
of determination the best data fitting was obtained with a 74 THI threshold
and 30 day long evaluating period (until slaughter) (Fragomeni et al, 2016).
Not quite in line with the previous study Zumbach et al. (2008a) observed the
highest coefficient of determinations when the evaluation monitored the last
10 weeks before slaughter.

GENOTYPE ENVIRONMENT INTERACTION

Bloemhof et al. (2008) noted that although the Topigs D-line had a higher re-
productive performance than the I-line under normal (temperate) conditions,
the I-line sows became superior when the temperature raised higher than 25
°C. This phenomenon was a clear indication of genotype environment interac-
tion (Bloemhoef et al, 2008). In pig breeding substantial difference between
the environment of the performance test and that of the production is often
encountered. The reason for these different environments is that during the
station test the most important objective is to determine the maximum perfor-
mance of the animals which needs optimal conditions. On the contrary in the
course of farm production the available environment is often substantially
worse than optimal, with a variety of challenges (diseases, feeding and man-
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agement related issues and climate). As noted by Zumbach et al. (2008b) nu-
cleus farms had 25% more space available for animals and operated free of
numerous disease challenges compared with their commercial counterparts.
Therefore in the nucleus farms accounting for genotype by environment inter-
action is very important (Mathur, 2018).

The observed differences between the performance tests and production
depend on the genes influencing the traits measured in the two environments.
When the trait equivalents are conrolled by the same genes then the ranking
of the breeding animals obtained in an optimal environment will not change in
farm conditions. On the contrary when the genetic architecture in different en-
vironments is not the same then the ranking of the breeding animals will be
different for the test and farm conditions, respectively (Nagy et al., 2003). Gen-
otype environment interaction can be determined in various ways. If the num-
ber of different environments is limited to two then the genotype environment
interaction can be considered as the genetic correlation between the same
traits measured in the different environments (Falconer, 1952). If the esti-
mated genetic correlation coefficient is high (>0.8) then the ranking of the
breeding animals will be independent from the different environmental con-
ditions (Bidanel and Ducos, 1995, 1996). On the contrary the estimated genetic
correlation between these trait equivalents is not high (<0.8) then the result
suggests that genotype environment interaction affects the measurements and
re-ranking would be observed between the different environments. If the ge-
netic correlation between the performance in two environment is lower that
0.4-0.6, then creating separate lines becomes necessary (Mulder and Bijma,
2006).

Studies analysing the genetic environmental interaction from climate as-
pects could be sorted to two types. In the first type the location was the same
and the different seasons were considered as the different environments
(Zumbach et al, 2008b; Lewis and Bunter, 2011; Bunz et al, 2019). In the sec-
ond type the temperate and hot climate was studied at different countries
(Loyau et al, 2017; Godinho et al, 2019). The estimated genetic correlations
for production, carcass and for the reproductive traits between different envi-
ronments are presented in Tables 2-3.

The various studies analyzing growth, carcass and reproductive traits gave
diverse results (Tables 2-3). Most estimates were high enough (>0.6) and not
indicating substantial genotype environment interaction. However Zumbach
et al. (2008b) and Loyau et al. (2017) reported quite low genetic correlation
(<0.50) between hot and temperate environments for growth and carcass
traits. Bunz et al. (2019) observed that when the temperature is high prior and
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post mating in one environment and low prior and post mating in the other
environment then the genetic environment interaction is apparent (Table 3).
Farrowing rate in these two environments were clearly separate traits which
must be included in breeding program independently. It also has to be noted
that when Godinho et al. (2019) examined the genetic correlation between
purebreds (measured in temperate climate) and crossbreds (measured tropi-
cal climate) the observed genetic correlations were much lower for all exam-
ined traits (0.22-0.25) compared to the estimates given in Table 2.

Table 2
Estimated genetic correlations between different environments for the growth
and carcass traits

Author Breed/Line Traits Ig
Zumbach et al, 2008a Dux (LW x LR) CWhs - CWhas 0.42
Lewis and Bunter, 2011 LR BFsummer - BFautumn 0.93
LW BFsummer — BFwinTeR 0.88
BFsummer - BFspring 0.91
BFautumn — BFwinTer 0.96
BFautumn — BFspring 0.95
BFwinter — BFspring 0.85
ADGsummer - ADGautumn 0.90
ADGsummer — ADGwiNTER 0.89
ADGsummer - ADGspring 0.85
ADGautumny — ADGwINTER 1.04
ADGautumn — ADGspring 0.89
ADGwinter — ADGspring 0.99
Godinho etal, 2019 Sire line ADGrrop — ADGrEmP 0.64
LDtrop — LDTEMP 0.97
PDrrop - PDremp 0.73
BFtrop — BFrEMP 0.98
MDrrop — MDr1emp 0.75
Loyau et al, 2017 LW x CR ADGrrop — ADGrEMP 0.60
BF1rop — BF1EMP 0.31
DFIrrop — DFItEmP 0.29
BWrrop — BWrEMP 0.63

LR: Landrace; LW: Large White; Du: Duroc; CR: Créole; CWhs: carcass weight during heat stress; ; CWhus:
carcass weight during non-heat stress; BF: backfat; ADG: average daily gain; LD: lipid deposition; PD:
protein deposition; MD: muscle depth; TROP: tropical environment; TEMP: temperate environment;
DFI: average daily feed intake; BW: body weight

This result signals that selection of purebred pigs in the nucleus farms has
to be based on the joint evaluation of the purebred and crossbred progeny data
(Wei and van der Werf, 1994; Nagyné-Kiszlinger et al, 2011, 2013). Concerning
the climatic effects, Zumbach et al. (2008b) concluded that selection under
temperate conditions could lead to increased sensitivity to heat stress. This
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conclusion was in accordance with the findings of Falconer (1990). Therefore
selection in heat-stress-affected areas should also evaluate performance under
heat stress conditions to reduce losses due to heat stress (Zumbach et al,
2008b). Godinho et al. (2019) however noted that the current datasets col-
lected by pig breeding programs make it difficult to obtain accurate estimates
of genetic correlations between pig performance in temperate and tropical cli-
mates.

Table 3
Estimated genetic correlations between different environments for the repro-
ductive traits

Author Breed/Line Traits Iy
Lewis and Bunter, 2011 LR TBsummer - TBautumn 1.17
LW TBsummer — TBwinteR 0.79
TBsummer - TBspriNG 0.80
TBautumny — TBwinteR 0.86
TBautumn — TBsprinG 0.65
TBwinter — TBsprinG 0.85
NBAsummer - NBAauTuMN 0.90
NBAsummer — NBAwinTER 0.86
NBAsummer - NBAsprinG 0.76
NBAautumn — NBAwINTER 0.72
NBAautumn — NBAsprinG 0.70
NBAwinTer — NBAspring 0.89
PBWsummeR - PBWauTumn 0.85
PBWsummer — PBWwinteR 0.93
PBWsummer - PBWspring 0.85
PBWaurumn - PBWwinter 1.08
PBWaurumn — PBWspring 0.80
PBWwinter — PBWspring 0.85
Bunzetal, 2019 Sire line FRi1 - FR3 0.82
FR1 - FRs4 0.85
FR1-FRs -0.10
FR3 - FR4 0.98
FR3 - FRs 0.79
FR4 - FRs 0.89

LR: Landrace; LW: Large White; Du: Duroc; TB: total piglet born; NBA: number of piglets born alive;
PBW: piglet weight at birth; FR: farrowing rate; 1: high temperature prior and post mating; 3: high
temperature prior and medium temperature post mating; 4: meadium temperature prior and post mat-
ing; 5: low temperature prior and post mating

POSSIBILITIES FOR DIRECT SELECTION ON HEAT RESISTANCE

The definition of a heat tolerant animal is not obvious. As mentioned by Cara-
bano et al. (2019) from the animal breeding aspect it means maintaining the
productive and reproductive levels under hot conditions. Carabano et al
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(2019) suggested several criteria traits in order to identify heat tolerant ani-
mals such as body temperature, respiration rate or heart rate. Body tempera-
ture and rectal temperature of pigs and production of lactating sows were an-
alyzed by Gourdine et al. (2017). Although the rectal and cutaneous tempera-
ture showed moderate heritabilities (0.34-0.35), the estimated genetic corre-
lation coefficients were not significantly different from zero between these
traits and the production traits (average daily feed intake, litter body weight
gain, change of the sow’s body weight during lactation). Bloemhof et al. (2012)
defined heat load index as the deviation of the maximum temperature on the
day of insemination from 19.3 °C, when maximum temperature at insemina-
tion day was higher than 19.3 °C. Otherwise the heat load index was set to 0.
Heat load index was then defined as relative change in farrowing rate per unit
change in heat load index. It was estimated through the slope of random re-
gression line considering farrowing rate as the dependent variable and the
heat load as the independent variable. For Topigs Dutch line and International
lines and for crosspbred pigs at 29.3 °C (i.e. heat load index of 10) the herita-
bility estimates for heat tolerance were low (0.04-0.05). Nevertheless,
Bloemhof et al. (2012) concluded that genetic variation for heat tolerance ex-
isted and there were possibilities for genetic improvement. It is important that
selection candidates have tested relatives both in temperate and in hot condi-
tions (Bloemhof et al, 2012).

CONCLUSIONS

In the light of the recent climate change, developing heat tolerant animals is
gaining importance. Based on the literature genetic improvement for heat tol-
erance is possible using different strategies. One of the alternatives is using the
concept of genotype environment interaction collecting measurements from
the progenies of the breeding candidates kept under hot and temperate condi-
tions. Thus selection will improve traits which are generally used in the pig
breeding programs. The other possibility is to define traits directly related to
heat tolerance. Pig breeding programmes can be extended with these traits in-
creasing heat tolerance.
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The entire inheritance of living organisms is contained in its genomic DNA, the sequence of which can
be determined by various DNA sequencing methods. Researchers have long used clone-based methods
for this purpose, but today the first, second (next-generation sequencing, NGS) and third-generation
sequencing procedures are preferred. With the most widespread next-generation sequencing methods,
a mammal's entire DNA can be read within hours. The single read sequences (reads) are only a few
hundred basepairs, but summing up their lengths, they could cover the whole genome several times.
The reads are assembled to longer sequences by using bioinformatics programs. The goal is to regain
the sequence of the original DNA. First, contiguous sequences can be created from matching and
overlapping reads, they are called contigs and contigs become settled for scaffolds. The sequences in
the scaffolds are incomplete, there remain gaps, which are undetermined segments in the sequence.
The most important farm animals have at least scaffold-level online genome assemblies. The most
complete genome assemblies are ordered according to the pseudochromosomes. In the construction of
pseudochromosomes, scaffolds are mapped to the genetic map of the organism in question, which was
determined by genetic markers of known DNA sequences. In double-reference-guided assembling, de
novo scaffolds are mapped/probed to the known genome of a closely related species and to the genetic
map of the living entity targeted. The scaffolds are assorted and ordered following the colinearities and
syntenies. This method is useful for completely new genomes. The annotation process describes the
locations, structures, functions of the genes and other genomic structures along the reference genome
resulted. The annotated reference genomes can be used in many ways, e.g. in animal breeding and
husbandry, in the game management, in population genetics studies or in forensic cases/wildlife
programs.

Keywords: Genomics, Next-generation sequencing, Double-reference-guided genome assembling

BEVEZETES

A genom egy szervezet teljes 6rokit6 informaci6ja, amelyet a DNS kddol (egyes
virusokban az RNS), a géneket és a nem kddolé szekvenciakat is magaban fog-
lalja. A genomika a genommal foglalkozé multidiszciplindris tudomanyag,
amely a gének és a nem kodolé régiok kolcsonhatasait, a genomok szerkezetét,
a gének elhelyezkedését vizsgalja és feltarja az egyes él6lények genomja ko-
z6tti kiilonbségeket. Az él6lények genomjaban rejlé informaciok kiillonbozd
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bioinformatika eszkozok segitségével valnak értelmezhetévé a kutatdk sza-
mara.

A DNS szekvenalas soran meghatarozzuk egy DNS molekula nukleotid sor-
rendjét. Az Ujj generacids szekvenal6 laborok nagy mennyiségii szekvencia ada-
tokat produkalnak, amelyek feldolgozasaval a bioinformatika foglalkozik. A
bioinformatika targykorébe tartozik a szekvencia illesztés, a statisztikai anali-
zis (gén hosszusag, CG ardny), a genom annotaci6 (ORF, gén predikcio,
promoéter analizis), szekvencia adatbazisok hasznalata, szekvencia keresés,
makromolekuldak haromdimenziés modellezése és a fehérjék kozotti kapcsola-
tok feltarasa. A Next-generation sequencing (NGS, Uj-generaciés szekvenalas
modszereknek koszonhetéen napjainkban elegendd csupan nyolc munkadra
és kortulbeliil 1000-1500 USA $ egy emlds teljes genomjanak a
szekvenalasahoz. A leolvasott és Osszerakott szekvencidkat a
bioinformatikusok igyekeznek nemzetkozileg elismert, online elérhet6 adat-
bazisokba feltolteni. Az egyik ilyen jelentds publikacids és szekvencia adatba-
zis az NCBI (National Center for Biotechnology Information), ahol a feltdltott
genomok szama folyamatos novekedést mutat.

2018. januar 23.-an a svajci Davos varosaban tartott talalkozon a Vilaggaz-
dasagi Férum tébb fontos genomikai intézettel 1épett szovetségre. A konferen-
cian megfogalmaztdk a negyedik ipari forradalmat megalapoz6 Fold Bio-
Genome Project (EBP) célkitlizéseit, amely lényegében a vildag minden
eukaridta él6lényének (6sszes novény, allat és egysejtli szervezet) a teljes ge-
nom szekvendaladsa és egy fenntarthat6 biogazdasag létrehozasa. Ezek az intéz-
kedések fontos szerepet jatszhatnak mintegy 20000 veszélyeztetett faj meg-
mentésében. A projekt el6relathatéan 10 évet és 4,7 millidrd dollart fog
igénybe venni (Lewin és mtsai., 2018).

Régen kimagasl6 eredménynek szamitott egy-egy gén teljes szekvenciija-
nak leirdsa, manapsag azonban az él6lények teljes genomjanak ismertetésére
ugynevezett WGS (Whole Genome Sequencing) projektek megvalésitasara to-
rekszenek a kutatok vilagszerte. Napjainkban a genetikai modell allatokon ki-
viil, tobb mezdgazdasagban kiemelked6 novény és allatfaj teljes genom szek-
vencidja is elkésziilt példaul hazi sertés, szarvasmarha, juh, rizs, btiza, kukorica
stb.

Magyarorszagon a gimszarvas genomprogram keretében megval6sult Ma-
gyarorszag elsd igazi, nemzetkozileg elismert genomprogramja, amelynek
kapcsan létrehoztuk a vilag elsé szarvas genom programjat (CerElal.0), amely
kromoszémakba rendezve, valamint a centromeron poziciékhoz orientalva
készitettiink el (Bana és mtsai., 2018).
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TELJES REFERENCIA GENOM OSSZEALLITAS MENETE

Laboratoriumi munka

A bioinformatikai analiziseket szinte minden esetben megel6zi a laboratori-
umi munka. A teljes genomi DNS kinyerése és a mintavételezés meg kell felel-
jen a human etikai vonatkozasoknak, vagy az allat jéléti torvényeknek. A min-
tak tarolasa és a DNS izolalasi protokoltdl és a késébbi felhasznalastdl fiigg. Az
izolalas eredményeképpen kapott DNS tisztasagat és mennyiségét nanodrop
fotométeren ellendrzik le. A gimszarvas genomprogram esetében a DNS mintat
a Kaposvari Egyetem Vadgazdalkodasi Tajkozpont Bészénfai Szarvas farmjan,
természet kozeli korilmények kozott é16, 7 éves, kapitalis gimszarvasbika (fiil-
szama: Crot. N.o. 3016) 10 ml vére szolgaltatta, amelyet a mintavétel utan
EDTA pufferben taroltunk.

DNS konyvtarak

A virusok és baktériumok szekvenalasa laboratériumi, klén alapti médszerrel
kezdddott el. A klon alapt, hierarchikus szekvenalds soran a genomi DNS-t
restrikciés enzimekkel vagy kiilonb6z6 mechanikai eljardsokkal véletlensze-
rlien apro, 40-150 kbp-os, atfed6 darabokra tordelik szét. Ezek a darabok na-
gyon gyakran STS-eket (Sequence-Tagged Sites), az adott genomi poziciora jel-
lemz6 rovid, egyedi szekvencia részeket is tartalmaznak. A kis DNS fragmen-
tumokat plazmid vektorba klénozzak be és a recipiens baktérium sejtekben,
altalaban Escherichia coli-ban szaporitjak fel. Ezt az eljarast nevezziik moleku-
laris klénozasnak, az igy létrejott a faj teljes genomjat tartalmazé BAC
(Bacterial Artificial Chromosome) gytijteményt pedig BAC konyvtaraknak hiv-
jak. Az egyedi BAC DNS darabokbol tovabbi tordeléssel mégkisebb (szub) frag-
mentumokat hoznak létre, és ezek Gijabb felszaporitassal szubklén kényvtara-
kat konstrualnak. A fragmentumok els6é 500 bp-jat leolvassak (read szekven-
cia). A hosszabb szekvencia részeket, a contigokat és a szupercontigokat az at-
fed6 DNS-régiok alapjan elektronikus titon allitjak 6ssze példaul PHRAP szoft-
ver segitségével (de la Bastide és McCombie, 2007). A contig szdé 6sszefliggd,
ismert bazissorrendd, hosszabb nukleotid sorozatot jel6l. A Haemophilus
infuenzae baktérium teljes genomjanak a feltarasa ,shotgun” eljarassal ment
végbe (Fleischmann és mtsai., 1995). Az egész genom véletlenszerti ,shotgun”
feldarabolasa ugy torténik, hogy a DNS-t atpasszirozzak egy vékony cs6von és
az igy kapott 2-10 kbp -os a darabokat szekvendljak meg a végeir6l indulva a
kozepe felé. Emiatt a leolvasott DNS darabkak tébbszorosen fedik le a teljes
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genomot, ami a contigok kozotti hézagok szamanak nagymértékli csokkenésé-
hez vezet. A contigok k6zotti részeket PCR segitségével hatarozzak meg. A WGS
(Whole genome shotgun) contigok szamitégépes 6sszeszereléséhez (assembly
készités) legel6szor TIGR Assembler szamitogépes szoftvert alkalmaztak
(Sutton és mtsai., 1995).

Els6, mdsodik és harmadik generdciés szekvendlds

Az 1970-es évek végén valtak elérhet6vé az ugynevezett els§ generacids
szekvendlasi technikadk. Ezen klasszikus mddszerek k6zé sorolhaté a Sanger és
Coulson nevével fémijelzett +/- szekvenalds amellyel, el6szor olvastak le egy
virus, a phi X174 bakteriofag teljes genomjat (Sanger és Coulson, 1975).

Hagyomanyos kémiai médszereket hasznal fel a Maxam- és Gilbert-féle ké-
miai hasitds (Maxam és Gilbert, 1977). llyenkor a DNS cukor-foszfat gerince
mentén torténik meg a specifikus hasitas (A+G, G, C+T, C bazisok utan). Az el-
tér6 méreti méretdi DNS darabokat denaturdlé poliakrilamid
gélelektroforézissel valasztjak el és autoradiografidval detektaljak. A végered-
mény a ,DNS fragmentek létraja”, amelybdl leolvashaté a szekvencia.

A legismertebb els6 generaciés eljaras a Sanger-féle lancterminacids
szekvendlas (Sanger és mtsai, 1977). Az egyszalusitott templat DNS-hez
szekvenald primereket hibridizdlnak, majd DNS polimerazt, azonos mennyi-
ségli négyféle dezoxinukleotid-trifoszfatot (ANTP) és négyféle fluoreszcens
festékkel (fluoroflérral) jelolt didezoxinukleotid-trifoszfat (ddNTP) molekulat
kevernek a PCR reakcié kozegbe. A DNS polimerizaci6 alatt, vagy a komple-
menter dNTP vagy ddNTP épiilhet be az 4j szalba, a nukleotidok koncentraci-
Ojanak aranyatol fliggéen. Amikor dNTP illeszt6dik be a szalba a szintézis to-
vabb folytatodik, mert a ANTP 3’ végén -H csoport taldlhat6. Amikor ddNTP
keriil be akkor a dNTP 3’ végén 1évé reaktiv -OH csoport miatt a szintézis leall.
Ennek a folyamatnak a neve a lancterminacios reakci6. Az 4j DNS szalak szét-
valasztasara kapillaris gél elektroforézist hasznalnak (Dovichi és Zhang, 2000).
Az automata fluoreszcens szekvenalas nagy elénye, hogy a DNS amplifikalasa
PCR eljarassal valdsithaté meg.

A masodik generacids vagy Uj generacids szekvenalasi (next-generation
sequencing, ,NGS”) technolégidknal a DNS amplifikdciéja mindig valamilyen
PCR reakciéval torténik meg, és az utols6 (szekvenald) PCR soran leolvasott
szekvencidkat, a readeket nagyteljesitményd szamitégépek kezelik és dolgoz-
zak fel. Az NGS-nél tobb millié szekvenalasi reakcid zajlik egyid6ben, ami gyor-
sabba és olcsobba teszi ezt az eljarast. Egy emlés teljes genom szekvenalasa
csupan par 6rat vesz igénybe és napjainkban kortilbeliil 300.000 Ft-ba kertil.
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A leolvasott readek hossza 50-700 nukleotid k6zott van. Amennyiben csak a
DNS fragmentumok egyik végét szekvendljdk meg, Ugy single end
sequencingrél beszéliink. Paired-end szekvenaldskor viszont a DNS szekven-
cidk mindkét végét meghatarozzadk. A szekvencia leolvasasa nagyfelbontasu
CCD kamera segitségével torténik. Az NGS technol6gidkrdl altaldban elmond-
hat6, hogy nagy atereszt6képességii (high-throughput, ,HTP”) mddszerek is
egyben, hiszen tobb minta leolvasasa parhuzamosan, egyid6ben zajlik le. A leg-
ismertebb madsodik generaciés szekvenaldsok kozé tartoznak az Illumina
(Solexa) sequencing, a SOLiD (Sequencing by Oligonucleotid Ligation and
Detection) sequencing, a Pyrosequencing (454) és az lon Torrent sequencing.
Az lluminanal a DNS lanc éptilése szintézissel zajlik és DNS szalak tigynevezett
hidamplifikacidéval sokszorozdédnak fel. Az eltért DNS szalak egy szilard
szekvenald lemezhez rogzitett oligonukleotidhoz kapcsolédnak hozz4, majd a
polimerizaci6 soran a DNS templatrdl atirt szalak a denaturacios szakasz utan
lehajlanak egy masik rogzitett primerhez, azzal hibridizalnak és az elongaciés
folyamat révén duplikalédnak. A keletkezd PCR termékek ,klaszterekbe” ren-
dezbédnek. A feldisult DNS fragmentumok leolvasasa szekvenalé primerek és
eltérd szind fluorescens festékkel jelolt ANTP-kel torténik meg. Amikor beépiil
egy nukleotid annak fluorescens villanasat észleli és rogziti a kamera. A paired-
end szekvenalas egy specifikus tipusa a mate pair parok 1étrehozasa, amelynél
a DNS-t el6szo6r 2-5 Kbp nagysagu darabokra torik, végiiket biotinilaljak majd
a DNS szalakat cirkularizaljak és végiil még kisebbre fragmentaljak. Az 4j frag-
mentumok koziil néhany tartalmazza mindkét biotinilalt mate pair szegmenst.
A tovabbiakban a paired-end szekvenalasra jellemz6 metddika alapjan jarnak
el (Bentley és mtsai.,, 2008). A gimszarvas genom program készitésekor 4
paired-end és 2 mate pair nyers read szekvencia konyvtarat hoztunk létre. A
SOLiD és Pyroszekvenalas kozos eleme, hogy az ,,emulziés” PCR reakcié soran
a templatokat szilardfazist polisztirén gyongyokhoz kotik hozza. A SOLiD
eljarasnal a szekvenalas az oligonukleotid probak ligalasaval torténik meg, mig
a Pyroszekvenalaskor DNS szintézis segitségével. Ez utébbinal dNTP-khez ko-
tott pirofoszfat a nukleotid szalba épiilésekor levalik és a szulfurildz enzimhez
kapcsolodik, amely ATP-t allit el6. Az ATP-bdl pedig luciferin jelenlétében
oxiluciferint jon létre és ez a reakcid fényvillanassal jar (kemilumineszcencia)

(Pevsner, 2015). Az lontorrent esetében a nukleotid DNS szalba épiilése
hidrogénion kilépéssel jar, amelyet félvezetd chip-en sok, apré pH méro érzé-
kel, amit egy szamitégépnek tovabbit igy kémiai jel alakul at digitalis jellé
(Rusk, 2011).

A harmadik generaciés nanoporus szekvenalas val6s id6ben (real-time)
megy végbe, 6nall6 DNS darabokon. Emiatt nincs sziikség PCR amplifikalasra.
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A DNSlancot elektroforézisel 1 nanométer atmérdéjii membranpoéruson hiizzak
at, ami bazisonként valtoztatja meg a membran elektromos potencialjat. A val-
tozast mutatd jelet nagy érzékenységli detektor észleli és kiildi tovabb a
szekvendtor késziilékhez (Niedringhaus és mtsai., 2011).

A szekvendlas eredményeként a read szekvencidkat és a rajuk jellemzé tu-
lajdonsagokat tartalmazé fastq kiterjesztési fajlok jonnek létre. A leolvasott
readek mindségét példaul a FastQC programmal ellendrizhetjiik le (Andrews,
2010). A szekvenalaskor leolvasott nukleotidok mindségi mutatoja a Phred
score, ami egy logaritmusos érték. Azt mutatja meg, hogy mekkora az esélye
annak, hogy egy bazist helyteleniil hataroztuk meg. A trimming soradn a rossz
mindségi readeket eldobjuk, mivel zavarhatjak a genom analizis tovabbi 1épé-
seit.

Contig és Scaffold generdlas

A legtobb Uj-generacios szekvendlds sordn kapott read méret 100-150 bp ko-
riili, viszont a késébbi genom analizisekhez nélkiil6zhetetlen a hosszabb, 6sz-
szefiiggd DNS szekvencidk elemzése. Amennyiben mar ismert referencia ge-
nomu faj egyedébdl szadrmazott a DNS minta, abban az esetben re-
szekvendlasrol beszéliink. A referencia genomot tobb szekvencia kozos, 0ssze-
illeszkedd részei alapjan in silico generaltdk. A referencia genom mindig
haploid genom, amely a jelent&sebb bioinformatikai, genomikai portalokrol el-
érhet0 és letolthetd. A re-szekvendlasndl a readeket példdul bwa-mem prog-
rammal illeszthetjlik fel a mar 1étez6 referencidhoz (Li, 2013). Ilyenkor azon-
ban csak a kisebb eltérések, példaul a mikroszatellitak (egymas utéan elhelyez-
kedé, 1-6 bazispar hosszisagu ismétlédésekbdl allo DNS szekvenciak), indelek
(néhany bazisparnyi inszercidk vagy delécidk) és az SNP-ek (Single Nucleotide
Polymorphism, vagyis egyetlen bazispart érint6 nukleotid-polimorfizmus) lo-
kalizalasanak van értelme. Ugyanis az illesztd programok nem veszik figye-
lembe a nagyobb genomi atrendezédéseket. Eppen ezért sem célszerti a refe-
rencia genom nélkiili fajoknal sem, hogy a readeket egyszeriien csak egy rokon
faj genomjahoz illessziik fel, hiszen nagyon sokszor még kromoszéma szam te-
kintetében sem egyezik meg a két faj egymassal. A j6 min6ségii, nagy atlagos
lefedettségii readek 6nmagukban is elegend6k hosszabb 6sszefiiggd szekven-
ciak ugynevezett contigok ,de novo” 1étrehozasara. A DNS-szekvenalas lefe-
dettsége (vagy mélysége) azoknak az egyedi readeknek a szamat jel6li, ame-
lyek egy adott nukleotidot tartalmaznak, és atfednek a rekonstrualt szekven-
ciaban.
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Az assembler szoftverek egy része ,mohé vagy greedy” algoritmus alapjan
miikddik. Az algoritmus minden lehetséges read paronkénti illesztést figye-
lembe vesz a szekvencia egyezés alapjan. Ezutan a két legjobban atfed6 readet
kivalasztja és 6sszevonja (a miivelet bioinformatikai elnevezése a ,merge”).
Ezt a 1épést addig ismétli, amig el nem fogynak a readek. Ez a megoldas rend-
kiviil gyors, amde a tévedéseit nem korrigalja. A tobbi illeszté program a De
Bruijn graf elvet haszndlja, vagyis a readeket kisebb, ,k” nukleotid hosszisagu
részekre bontja (ezek lesznek a k-merek, amelyek a graf csticsait adjak) és két
csucsot akkor kot Ossze egy irdnyitott éllel, ha az els6 cstcs utolsé k-1 betiije
megegyezik a masodik cstcs elsé k-1 betlijével. Ezek a k-merek hosszabb szek-
venciakka fizik 6ssze a readeket. Problémat okozhatnak az illeszt6 programok
szamara az ismétl6d6 DNS szakaszok, és a rossz helyre, illetve rossz orientaci-
6ban elhelyezett readek. Néhany fontosabb assembler program: SPAdes, Ray,
ABySS, Trinity, HGAP, Falcon, Canu, Hinge, Assemblathon, Racon, Celera WGA,
Edna, Euler, MIRA, Newbler, SOAPdenovo, ALLPATHS-LG, Discover. A progra-
mok nevét a google keresébe beirva részletes leirdsokat taladlunk.

A gimszarvas genom program esetében az ALLPATHS-LG illeszt6 progra-
mot hasznaltuk, amelyet [llumina szekvenaldsbol szarmazé 100 bp-os vagy an-
nal nagyobb hosszusagu readek kezelésére fejlesztettek ki (Gnerre és mtsai.,
2011). Miikodési feltétele, hogy a szekvenalasbdl legalabb két, paros read
konyvtar alljon rendelkezésre, amelyekbdl az egyik Paired-end, a masik Mate
pair legyen, és mindkét konyvtarra minimum 45-szoros atlagos lefedettség le-
gyen jellemzd. Eredményként megkapjuk az assemblyt (efasta és fasta kiter-
jesztéssel), illetve egy riport fajt (,ALLPATH report”), ami a legfontosabb sta-
tisztikakat irja le. A riportban az assembly min&ségére vonatkozé informacio-
kat is lathatjuk, ilyen példdul az N50-es mérdszadm contigokra vagy
scaffoldokra vonatkoztatott értéke, ami egy sulyozott median érték. Azt a
scaffold hosszlisagot adja meg, aminél hosszabb scaffoldok az 6sszes assembly
felét teszik ki.

Maga az assembly tehat allhat contigokbdl és scaffoldokbdl is. A contigok
szinte nukleotid bazisokbol felépiil6 hosszu szekvencidk, amelyek a readek at-
fedései révén jonnek létre. Azonban ahol a program nem talalt atfed6 readeket,
ottaz egymastol 2-5 Kbp tavolsagra talalhaté mate pair read parok tagjait hivja
segitséglil, amelyek szekvencia vazakka flizik fel a contigokat. Az igy 6sszefii-
z6tt contigokbdl kialakulé szekvencia elemeket scaffoldoknak nevezziik. A
contigok kozotti ismeretlen bazisokat altalaban N-nel jeloljiik, és gap régiok-
nak nevezziik. A scaffoldok tehidt mate pair read parokkal felftizott,
contigokbdl allnak (1. dbra).
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1. abra

A contig, scaffold, assembly de novo 1étrehozasanak sematikus rajza.
Figure 1. Schematic drawing of the de novo.creation of contig, scaffold, assembly.

Genom annotdcio

A szekvenalt, contigokka és scaffoldokka dsszerakott és leolvasott DNS lanc
hosszt nukleotidbazis betlisorozata 6nmagaban nem informativ, ezért van
szlikség példaul a kddolo régiok megkeresésére és elnevezésére. A gének elne-
vezése a muiltban empirikus médon tértént, ami ahhoz vezetett, hogy egy gén
tobbféle alternativ nevet is kaphatott. Emiatt a név nagyon sokszor nem speci-
fikus, kivéve a human géneket, ahol a HUGO (Human Genome Organisation)
gene nomenclatura committee igyekezett egységesiteni a kiilonb6z6 elnevezé-
seket. Az annotalt, k6dolé régiok szekvenciai tobbnyire elérhet6k olyan online
genom adatbazisokbol, mint példaul az NCBI, az Ensembl, Mouse Genome
Informatics, FlyBase, és a WormBase. Ezekben az adatbazisokban minden
szekvencidhoz tartozik egy egyedi azonosité szam, ami csupan egy entitast ha-
taroz meg, Minden adatbazisnak megvan a maga szekvencia azonosit6 forma-
tuma, ami betlik és szamok kombinaci6jabol all. A kiilonbo6zé adatbazisok
gyakran atjarhatok, kereszthivatkozhaték egymassal.

A gének azonositasakor, az annotalasi eljaras soran megkeresik a genom-
ban a relevans DNS szekvencidkat és kiilonb6z8 biolégiai informaciékat ren-
delnek hozzajuk. A folyamat harom {6 1épésre oszthato:
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1. A nem fehérje kddolo régidk azonositidsa a genomban
2. Gén predikci6, vagyis a l1ényeges genomikai elemek identifikacioja

3. Biolodgiai informaciék csatoldsa ezen genomikai elemekhez (Stein,
2001).

A biolégiai informacié szempontjabdl megkiilonboztetjiik egymastol struk-
turdlis és funkciondlis jellegli annotaciot. Strukturalis adatnak szadmit a kromo-
sz6man valo lokaliz4cio, a pontos génszerkezet, vagyis az exon-intron hatarok,
UTR, promoter régiok megkeresése és a szabalyozé régiok leirasa. A funkcio-
nalis annotacié kapcsdn meghatarozzak az adott gének vagy DNS szakaszok
biokémiai, kiilonb6z6 bioldgiai, reguldcids, expresszids és interakcios tulaj-
donsagait. A folyamatban egyarant hasznalhatnak kisérletes adatokat és sza-
mitégépes vizsgalatokat is.

Az automatikus annotéiciondl ezeket a lépéseket kizardlag szamitogépes
elemzéssel végzik el ellentétben az emberi szakértelemmel jar6 kézi annotaci-
oval. Idedlis esetben ezeket a modszereket egyiittesen alkalmazzak. Az auto-
matikus annotaladsndl gyakran hasznalnak genetikai homolo6giat keres6 eszko-
z0ket, példaul a BLAST illeszt6programcsomagot. Ilyenkor a kiillonb6z6 adat-
bazisokbol és akar mas fajokbol is szarmazo gén, cDNS, EST, RNA-seq, protein,
mRNS szekvencidkat illesztik fel a teljes genomra, ezutan a kiilonb6z6 szek-
vencia talalatok atfedd részeibdl klasztereket képeznek, majd meghatarozzak
ezek pontos genomi helyzetét. Mivel ezekben az esetekben valés keresé szek-
vencidk segitségével taldljak meg a k6dold részeket a genomban, ezért ezt a
modszert bizonyiték alapt gén predikciénak nevezziik. Ezzel ellentétben az ab
initio gén predikcidnal nincs sziikség kiils6 keres6 szekvenciakra, az annotalé
program példaul a promoéter régiokra, transzkripcids starthelyekre, exon-
intron hatarokra, poliadenilacids helyekre utalé specidlis szekvencia jelek és
jellemzé statisztikus tulajdonsagaik alapjan jeloli ki ezek helyét az ismeretlen
genomban. A legtobb nemzetkdzi online genomikai adatbazis sajat annotacios
projektekkel és pipeline-nal rendelkezik, ilyen példaul DNS-elemek enciklopé-
dia (ENCODE), Entrez Gene, Ensembl, GENCODE, Gén ontoldgiai konzorcium,
GeneRIF, RefSeq, Uniprot. A gén predikcios eszk6zokbdl is elég sok all rendel-
kezésre, amelyekbdl az adott genomnak megfelel6t érdemes kivalasztani, ime
néhany program: FusionSeq, GAAP, GENSCAN, GENEID, GENEMARK, JIGSAW,
Artemis, AUGUSTUS, EuGene, MAKER, MAKER2, OmicX, PseudoPipe, TAIR.

ACTA AGRARIA KAPOSVARIENSIS 2020(24)1
22



BANA

Kromoszéomdba rendezés

Egy faj teljes genom szekvendlasabol els6ként elkésziilt scaffold és contig DNS
szekvencidk dsszesége vagyis a de novo assembly csak korlatozott mértékben
hasznalhat6 genomikai analizisekre, mivel a gének miikodését befolyasold ele-
mek egymastol egészen nagy tavolsagokra helyezkedhetnek el a DNS lancon.
A legmegbizhatébb eredményeket a lehet6 leghosszabb tgynevezett szuper
scaffold létrehozasaval és vizsgalataval érhetjiik el, ami nem mas, mint a faj egy
kromoszomajanak teljes nukleotid sorrendje. Sok él61ény DNS szekvencia 6sz-
szerakdsa csupan a scaffold assembly szintig jut el, mert nem all rendelkezésre
megfeleld géntérkép. A géntérképek morgan vagy centimorgan egységben ad-
jak meg a gének vagy a markerek, azaz ismert DNS szekvencidk egymastdl valo
tavolsagat és kromoszdémalis elhelyezkedését. 1 Morgan (M), annak a két pont-
nak/génnek a tavolsaga, amelyek kozott 1, a crossing-overek atlagos gyakori-
saga, 1 centimorgan (cM) tavolsag pedig 1% atlagos crossing-over gyakorisag-
nak felel meg. A genetikai térképeken 1 cM egy genetikai térképegységet jelent.
Géntérkép hianyaban, ha nagyobb szekvencia egységekre van sziikség, megol-
dast jelenthet egy kozel rokon faj teljes referencia genom szekvencija. A tytk-
idomu nyirfajd genom 6sszeszerelésénél a generalt scaffoldokat a csirke refe-
rencia 28 autoszémajara és Z kromoszémadjara illesztették, hogy fel tudjak
tarni a homolég gének kozotti 6sszefliggéseket (Wang és mtsai., 2014). A gén-
térkép nélkiili kromoszémakba rendezéshez szerencsés esetben is csak bo-
nyolult citolégiai eljarasokkal juthatunk (jel6lt scaffoldok in situ hibridizalasa
kromoszéma preparatumhoz, multicolor in situ hibridizacio).

Amikor azonban nem elérhet6 valamely rokon faj genomja elméletileg at-
fed6 BAC vagy shotgun klénokbdl fel lehet épiteni egy teljes genomot, de a va-
l6sagban mindig sziikség volt citoldgiai referenciakra, példaul savozott kromo-
széma preparatumokra és in situ hibridizalasokra, géntérképekre.

Szerencsésebb helyzetekben az adott faj rendelkezik sajat géntérképpel,
amelyek markereivel kdnnyen kihaldszhatok és térképre illeszthet6k a marker
szekvenciat tartalmazé de novo scaffoldok (Shulaev és mtsai., 2011). Ertelem-
szerlen ilyenkor minél siir(ibb géntérképre, és minél nagyobb scaffoldokra
van sziikség.

A gimszarvas esetében lehet6ség nyilt a kettds referencia vezérelt genom
Osszerakasra, mivel egyarant rendelkezésre allt egy kozel rokon faj, a szarvas-
marha jél annotalt referencia genomja és egy rekombinans gimszarvas géntér-
kép is. A de novo létrehozott scaffoldok szavatoltik, hogy a gimszarvasra jel-
lemz6 sajatos szekvencia részek megmaradjanak. E scaffoldok gimszarvas gén-
térképre és szarvasmarha genomra illesztése sordn pedig megkaptuk a
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scaffoldok és a rajtuk elhelyezkedd fontos genetikai struktirak (gének) egy-
mas utani sorrendjét. A kozel rokon fajok kozil azért a szarvasmarhat valasz-
tottuk, mert jol annotalt, és a szarvasmarha genom konzervativ régiéi 92%-
98% hasonlésagot mutatnak a gimszarvas cDNS-sel (Gyurjdn és mtsai., 2007,
Stéger és mtsai., 2010). A gimszarvas géntérkép annyiban is kiilénleges, hogy
nem hasznalhattak haziasitott gimszarvas fajtakat a 1étrehozasara, helyette az
un. ,interspecifikus back-cross” moédszert alkalmaztdk, mivel a szarvasfélék
kozeli fajai keresztezhet6k egymassal, és fertilis fajhibrideket hoznak létre.
Ezt lathatjuk a milu (Elaphurus davidianus) és a gimszarvas (Cervus elaphus)
interspecifikus keresztezésénél, ahol a Haldane szabdllyal (Az emlds
fajhibridek himjei, XY, a ,heterogamétas szex”, ltalaban sterilek, a néi egyedek
XX, a ,homogamétas szex” ugyanakkor fertilisek) ellentétben nemcsak a n6-
ivary, hanem a him és n6i ivadékok egyarant termékenyek. Tovabba a genom-
jukban nagyszamu fajspecifikus genetikai variacio6 taldlhatd, ami jellemezi az
adott 16kuszt. E markerek allélikus variacioi jol kimutathaték DNS diagnoszti-
kai eljarasokkal, ha az allélok hossza kiillonbozik (példaul az elektroforetikus
vandorlasi sebesség alapjan, azaz PAGE vizsgalattokkal) és felhasznalhaték a
rekombindciés gyakorisdgok meghatarozasahoz és a géntérképezéshez. A tér-
képezo6 populacié létrehozasa két dj-zélandi szarvasfarmon tortént, ahol az F1
nemzedék milu és gimszarvas hibrid szarvasbikdkat kereszteztek gimszarvas
tinével, amelynek eredményeképpen 351 back-cross utdd sziiletett. A mester-
séges megtermékenyitésbol sziiletett (F2) szarvasborjak adtik a térképez6 po-
pulaciot a géntérkép elkészitéséhez. Meghataroztak a DNS marker variaciok
kozott a rekombindaciok gyakorisagait, ebb6l cM tavolsagokat szamoltak és igy
tudtdk megszerkeszteni a gimszarvas autoszomak géntérképét. A
rekombinans kromoszédmak a meidzis profazisanak I szakaszaban johetnek
létre oly m6don, hogy a homoldg kromoszémapar karjai kozott atkeresztezé-
dés (crossing-over) és kromoszémalis szakasz csere torténik (,,torés-djraegye-
siilés modell”). Igy tehét wj allélkombinéciéjt (R, rekombinans) kromoszémak
keletkeznek a parentdlis (P) azaz nem rekombinans, eredeti allékombinaciot
hordozé kromoszémak mellett. A rekombinaciés gyakorisagot (r) ugy kapjuk
meg, hogy a rekombinans gamétak 0sszességét osztjuk az dsszes gaméta sza-
maval, azaz r= R/P+R. A rekombinacids gyakorisag (r) kimutatasa iranyitott
keresztezésekkel torténhet, ahol az utédokbdl kovetkeztethetiink vissza a
parentalis és rekombindns gamétdk gyakorisdgara (tesztel6 keresztezés,
Jteszt-cross” segitségével). A gének és markerek a genetikai tavolsagon kiviil,
egyéb tulajdonsagaikban, példaul a sorrendjiikben is dsszefiiggést mutatnak a
rekombindciés gyakorisdgokon alapulé kapcsoltsagi térképeken és a
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szekvendlas eredményeképpen Osszeallitott fizikai térképeken, vagyis a gén-
térképi pontok és kromoszédman taldlhaté l6kuszok egymassal megfeleltethe-
t6k, azonos sorrendben kovetik egymast. Ezt a jelenséget géntérkép és kromo-
szoma ko-linearitdsdnak nevezziik. A gimszarvas géntérkép 621 marker
pontja 34 kapcsoltsagi csoportba rendezédik és 2532 ¢cM hosszusagot ad (Slate
és mtsai., 20024, 2. dbra).

Gimszarvas 1. kromoszéma 2.abra
C.e. Linkage group 1,78,1cM  Gimszarvas 1. kapcsoltsagi csoportja. Slate és

Btal5, Oarl5, Hsall mtsai., 2002a. alapjan

59 s Figure 2. Red deer Linkage Group 1., based on Slate et al., 2002a.

—— E022-M086-110 ) ) )
A fejlécben a szarvasmarha, a juh és az emberi megfelel6 ortolég
CM126 kromoszéma (szamjelzés szerinti) olvashaté le, tovabba a
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1.2 — linkage group/kapcsoltsagi csoport cM hossz értéke. A balolda-
L JAB1 lon1évé szamok az egyes markerek kozotti cM-ban megadott ta-
g'g |—— HSPA-8 volsagok. A kiilonboz8 szinek a markerek tipusait kiilonitik el

578 (kék-AFLP, piros-mikroszatellita, zold-EST, fekete-RFLV/gén,
i s barna-protein). Az als6 boxban feltiintetett markerekrél csak
26

| F033M0863270 azt tudni, hogy szomszédosak, vagyis nem lehet megmondani a
66 FSHB pontos pozicidjukat a géntérképen, csupan az egyik szomszédos
|| Wit FSHD markert6l valé tavolsagukat adtak meg
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COBCMOSE TS The eader contains the appropriate orthologous chromosome
6.5 CAT (numerical) for cattle, sheep and human, and the cM length value
[ RMm4 for the linkage group (blue AFLP, red microsatellite, green EST,
103 black RFLV/gene, brown protein). The markers in the bottom box
only know that they are adjacent, that is, their exact position on
16 i::z:z»moaezoo the gene map is not known, only their distance from one of the
6.1 neighboring markers is given.
—— ANXJike2
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2243

A gimszarvas genom 0sszeallitasa folyaman a szekvencia tartalmuk alapjan
rangsoroltuk a scaffoldokat. A kromoszémaba rendezéshez el6szor a kapcsolt-
sagi géntérkép markerpontjait illesztettiik a de novo scaffoldokhoz, igy kaptuk
meg a DNS/marker szekvenciat tartalmazé mapmarker vagyis térképpont”
scaffoldokat (MMSc). Ezaltal a géntérképi pontok kiterjedt (scaffoldnyi) szek-
vencia kornyezetbe kertiltek. A kovetkez6 1épésben a gimszarvas térkép pon-
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tok megfeleldit (ortologjait) azonositottuk a szarvasmarha teljes genom szek-
vencidban. Azaz az 0sszehasonlitd géntérképezési elvet haszndltunk a gim-
szarvas adatok fel6l szarvasmarha megfelel6k felé. A géntérképre ,feltlizott”
gimszarvas DNS szekvencidkat (DNS markereket, térképpontokat) illeszteni
lehetett a szarvasmarha teljes genom szekvencidjara. A gimszarvas géntérkép
pontjai hosszu szakaszokon azonos sorrendben, ko-linedrisan helyezkedtek el
a szarvasmarha genomban is, azaz kiterjedt szinténidkat, lokalis kapcsoltsago-
kat tapasztaltunk. A kovetkez6 1épésben az 6sszehasonlité géntérképezési el-
vet alkalmaztunk forditott irdnyban: a szarvasmarha feldl a gimszarvas felé. A
gimszarvas DNS szekvencia scaffoldokat a szarvasmarha genom azon térkép-
kozeihez, szegmenseihez illesztettiik, amelyeket az ortoloég gimszarvas és szar-
vasmarha marker szekvencidk (azaz térképpontok) egyarant meghataroztak,
mivel a gimszarvas referencia térképi pontok szekvenciaja csaknem megegye-
zik a két fajban, tovabba ezen pontok sorrendje azonos a két fajban, valamint
a térkozok/térkép szegmensek hosszai is aranyosak, valamint az egyes
ortolog gének szekvenciai csaknem azonosak, ezért ezeket az ortoldg szarvas-
marha géneket hasznaltuk a gimszarvas scaffoldok haldszatra a tovabbiak-
ban, vagyis az 06sszehasonlité géntérképezési elvet alkalmaztunk a szarvas-
marha fel6l-gimszarvas felé. Az ilyen mdédon kihal4szott scaffoldokat reference
gene containing scaffolds-nak (RGSc) neveztiik el. Ezutan felillesztettiik a nem
referencia géneket, rRNS, tRNS, miRNS géneket tartalmazé scaffoldokat vagyis
az ugynevezett inter reference genes scaffolds-okat (IRGSc). Majd legvégiil a
megmaradt helyeket feltoltottiik a kimaradt 1999 bp feletti scaffoldokkal (gap
filling scaffolds). Minden egyes 1épésnél a szarvasmarha genomra illesztett
gimszarvas scaffoldokat azonos sorrendben attoltottiik a gimszarvas géntér-
kép megfeleld térképi szegmenseibe. Hosszabb DNS szekvencidk illesztésénél
a kovetkez6 programokat ajanlatos hasznalni: MegaBLAST, BWA (MEM),
MUMmer, NUCmer, LASTZ.

Centromeron poziciok meghatdrozdsa

Az eukariota sejt sejtmagjaban taldlhaté DNS kromoszémakba rendezédik a
sejt osztodasi ciklusdban. A kromoszémakon megfigyelhet6 els6dleges befiiz6-
dés a centromeron helye, amely egy révidebb (p kar) és egy hosszabb (q kar)
részre osztja a kromoszomat. A centromeronhoz tapadnak az osztédasi orsé
huzoéfonalai, amelyek szétvalasztjdk egymastdél a testvér kromatidakat, ill. a
kromoszomakat a mitoézis illetve a meidzis anafazisa soran. Hidnya ossze-

egyeztethetetlen a sejt életével. A centromeron helyzete alapjan kiilonboz6
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morfolégidji kromoszémak jonnek létre. Amikor a centromeron a kromo-
széma kozépen taldlhaté metacentrikus (M kromoszéma) kromoszémarol be-
sz€élink. Amennyiben a kromoszéma valamelyik végéhez esik kozel a
centromeron a kromoszéma akrocentrikus (A kromoszéma). Az extrém végal-
l4st centromeronok helyzetét telocentrikusnak (T kromoszéma) nevezziik. A
kiilonb6z6 kromoszéma-savfestési eljarasok beszamolnak az aktivan mikodé
kromoszoma részekrdél és informdacioval szolgadlnak az egyes gének helyzeté-
rél. A Giemsa festéssel példaul alazabb szerkezetli kromatinon (DNS és fehérje
komplex) a folyamatosan atir6dé gének régioi nem, vagy gyengén festédnek
(R savok). A tomorebb kromoszémalis részek, amelyekre nem, vagy csak kor-
latozott mértékben jellemz6 a gén expresszid er6sen fest6do, sotét savokat ad-
nak a Giemsa festéssel. A centromeronok kompakt szerkezetliek, s emiatt a so-
tét szegmensként jelennek meg a kromoszémakon. A DNS szekvenciak orien-
talasat nagyban eldsegitik a kromoszoma festési eljarasokkal eléallitott citol6-
giai képek, amelyek megmutatjik, hogy akrocentrikus vagy metacentrikus
kromoszémardl van-e szd.

A gimszarvas esetében késziilt ugyan citologiai kép a kromoszomakrdl, de
a centromeronoknak A DNS szekvenciajahoz és a gének helyéhez valé viszonya
ez idaig feltaratlan volt. Amiben biztosak voltunk a kariogramok alapjan, azaz,
hogy a szarvasmarha és a gimszarvas -kromoszémak csaknem mindegyike
akrocentrikus. A gimszarvas evollciés vonalan azonban 7-9 millié évvel ez-
el6tt kialakult a 2n=68 kariotipusu 8s, amely két akrocentrikus kromoszéma
fazidéjanak (un. robertsonialis transzlokacid) koszénhet6en egy metacentrikus
kromoszomapart hozott létre az akrocentrikusak mellett a diploid sejtben. A
gimszarvasban ez a metacentrikus 5. kromoszéma. A szarvasok Y kromosz6-
maja 6siikhoz hasonléan szubmetacentrikus maradt (Fontana és Rubini, 1990).
A gimszarvas esetében tehat fogddzkodot jelentett a szarvasmarha és a szar-
vas ugynevezett ,savosra festett” kromoszédmairdl késziilt mikroszképi ké-
pek dsszehasonlitasa, vagyis a gimszarvas versus szarvasmarha savozott kro-
moszomak megfeleltetése. Szerencsés kortilmény, hogy a gimszarvas
metacentrikus (5.) kromoszéma két karja megfeleltethet§ a szarvasmarha
két akrocentrikus (17., 19.) kromoszémajaval. A szikaszarvas (amely a gim-
szarvas egy alfajanak is tekinthetd) és a szarvasmarha Giemsa festéssel nyert
savmintazatat vizsgald, citogenetikai komparativ elemzések (Bonnet és mtsai.,
2001) alapjan a két faj teljes kromoszémalis homol6giat mutat. A szarvasmar-
hanal korabbi kromoszéma citolégiai vizsgalatok jelezték centromeron
pozicidjat. A kés6bbiekben festéssel és in situ DNS hibridizaciék alapjan meg-
hatdroztdk a centromeronok és a hozzajuk kozel es6 gének helyzetét (Ma és
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mtsai., 1996). E géneket mar azonositani tudtuk a szarvasmarha genom szek-
venciaban, ortoldgjaikat pedig gimszarvas genom szekvencidban, CerElal.0-
ban. A két faj ortolog génjeinek szinténiai és a citogenetikai felvételek (a sorba
rendezett metafazisos kromoszémak sdvmintazatai, (Bonnet és mtsai., 2001)
komparativ elemzésével sikertilt meghatarozni a centromeronok lehetséges
helyzetét a géntérképi pontokhoz igazitva mind a 34 gimszarvas kapcsoltsagi
csoportban. A genetikai térképek segitségével készitett pszeudo-kromoszéma-
kon be tudtuk hatarolni a centromeronok helyét. A centromeronok segitségé-
vel megallapitottuk, hogy 6 szarvasmarha kromoszéma kettéhasitasaval meg-
feleltethetd 12 gimszarvas kromoszéma. Kozlilok az egyik az akrocentrikus 19.
gimszarvas kromoszoma, az 1. szarvasmarha kromoszoma disztdlis felével fe-
leltethetd meg, mig a proximalis szakasszal a 31. gimszarvas kromoszéma. To-
vabb bonyolitja a helyzetet, hogy 19. szarvas kromoszdéma 6sében egy torés és
egy transzlokacio (az alsé és a felsé szegmens helyet cserélt) is lejatszédott az
evoluci6 soran. Feltartunk még egy paracentrikus inverziét is a 28. gimszarvas
kromoszémaban és két olyan esetet, amikor egy gimszarvas kromoszéma két
szarvasmarha kromoszéma tandem illlesztésével magyardzhaté, azaz
minthatha az akrocentrikus gimszarvas kromoszémat kettétornénk két
akrocentrikus szarvasmarha kromoszémava. Az 5. gimszarvas kromoszéma
metacentrikussagat citolégiai és genomikai bizonyitékok egyarant igazoltak
(Bonnet és mtsai., 2001). A 15. gimszarvas akrocentrikus kromoszama pedig a
28. és a 26. akrocentrikus szarvasmarha kromoszéma fuzidjanak (un.
Robertsonialis fuzio) feleltethetd meg (Bonnet és mtsai., 2001).

A GENOM PROGRAMOK JELENTOSEGE AZ ALLATTARTASBAN ES AZ
ALLATTENYESZTESBEN

Az él6lények teljes genetikai informacioéjanak megismerése sokoldalil haszno-
sitasi lehet6séget rejt magaban. A genom projektek altal megismerhetévé val-
nak az egyes fajok evolucids, régészeti és populacidgenetikai viszonyai (Frank
és mtsai., 2017). Az I tipusd (magaért a kitlintetett tulajdonsagért felel6s gén)
és a Il tipusu (a génhez kothetd, azzal egytitt 6roklodo specialis DNS szakasz)
markerek fejlesztését nagyban megkonnyitik a rendelkezésiinkre all6 teljes
genom szekvenciak.

A modern vadgazdalkodasban fontos szerepet tolt be az egyedazonositas,
az apai és anyai vonalak nyomon kovetése, amely példaul a szarvasfélék ese-
tében mikroszatellitidkkal (Zsolnai és mtsai., 2009, Szabolcsi és mtsai., 2014),
illetve mitokondrialis markerekkel torténik meg. A 10 gimszarvas
autoszomalis tetranukleotid mikroszatellita lokuszra épiilé6 ,parentage
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controll kit”, a DeerPlex azonosité ereje 1 a 30 trilliéban (10-16 nagysagrend)
(Szabolcsi és mtsai., 2014). A DeerPlex alkalmazasa lehet6vé teszi a forenzikus,
bliniigyi, vadorzasi, régészeti, természetvédelmi és vadgazdalkodasi felhasz-
nalast is. A gazdasagilag fontos, mennyiségi és mindségi tulajdonsagaikat meg-
hatdrozé gének, genetikai struktirak azonositasa is egyszer{(ibbé valik az elér-
het6 teljes genomoknak kdszonhetéen. A DNS szinti markerek j61 hasznosit-
hatdék szarmazas igazolasara, ellendérzése (tenyészbikak, versenylovak, kutya-
tenyésztés).

Az Allati termékek el6allitasanal a kornyezeti és takarmanyozasi tényezo-
kon kiviil nagy szerepet kaphatnak a mindséget és mennyiséget befolyasold,
orokithetd, poligénes vagy csupan egyetlen génnel 0sszefliggd genetikai adott-
sagok. Az egyetlen gén altal meghatarozott tulajdonsagok esetében nincs sziik-
ség a teljes genom szekvencia ismeretére a markerfejlesztéshez. llyenkor ele-
gend6 az adott lokuszhoz tartozo strukturalis eltérések feltarasa. A juhok ovu-
lacids ratajat a 6. kromoszéman elhelyezked6 FecB vagy bmpr-1b (booroola)
egyetlen gén pontmuticiéja (a koédolé 746-os pozicibban bekovetkezett
adenin-guanin csere) befolyasolja, amely szuperovulaciét, ezaltal nagyobb
utédszamot eredményez (Souza és mtsai., 2001). A hustermel§-képesség kap-
csan ismert a belga-kék és a piemonti szarvasmarhak culard jellegét (duplafa-
rusag, tulizmoltsag) okozé myostatin (MSTN) gén mutacidja, amelyet a gén 3.
exonjaban bekovetkezo6 11 bazis kiesés (delécié és frameshift), vagy a guanin-
adenin illetve cisztein-tirozin cseréje (pontmutacié) idéz el6 (Kambadur és
mtsai., 1997).

Az egygénes tulajdonsagokkal ellentétben a poligénes, kvalitativ és kvanti-
tativ jellegek esetében nagyon el6nyos lehet a teljes genom szekvencia vizsga-
lata. A tej minGségét tobb komponens hatarozza meg. A tejfehérje dsszetételt,
a tejmennyiséget és a jol 6rokithet6séget mutato tejzsirszazalékot tobbek ko-
z0tt olyan nagyhatasu gének befolyasoljak, mint példaul a béta-laktoglobulint,
kappa-kazeint kddolé gének, dgat1, opn, és abcgZ2. Bioinformatikai médszerek-
kel lehetdség ad6dik ezen génekhez kapcsolddo egypontos nukleotid polimor-
fizmusok (SNP) feltarasara és ezaltal iranyitott tenyésztéssel a tejhozam és mi-
ndség fokozasara (Raschia és mtsai., 2018).

A godolléi NAIK-Mezbégazdasagi Biotechnoldgia Kutatdintézetben is foly-
nak genomikai jellegli kutatdsok, amelyek 1j-generacids szekvenalasi adato-
kat, teljes genom szekvencidkat hasznalnak fel, illetve hoznak létre de novo. Itt
hasonlitottak dssze az 6shonos mangalica fajtak teljes genomjat lefed6 read
szekvencidkat mas sertés genomokkal. Illy médon sikeriilt a mangalica fajtajel-
legeket meghataroz6 specifikus szerkezeti kiilonbségeket és SNP-ket azonosi-
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tani. Az SNP adatbazisok nagyban segithetik a mangalica histermékek kvalita-
tiv és kvantitativ PCR modszerekkel torténd eredetigazolasat (Molndr és
mtsai., 2014). Szintén Godoll6n zajlanak a magyarorszagi mézel6 méh popula-
ci6 (pannon méh) (Apis mellifera carnica pannonica) teljes genomjat feltaré
vizsgalatok, amelyeknek célja a varroa szenzitiv higiénikus viselkedésért
(VSH) felelés QTL régidkhoz kotott mikroszatellita markerek kifejlesztése. A
Varroa destructor atka altal terjesztett méhvirusok a larvakat tamadjak meg. A
VSH-t mutaté méhek eltavolitjdk ezeket az atkaval fert6zott larvakat a 1épsej-
tekbdl, ezaltal megel6zik a virus tovabb terjedését. A krajnai méh populacié
csupan 2%-ban fordul eld ez a fajta viselkedés (Spdtter és mtsai., 2016). A VSH-
t meghataroz6 genetikai markerek detektaldsa és fejlesztése hozzajarulhat a
VSH-t mutaté populéciok fenntartdsahoz és szaporitasidhoz.

Az 1998-ban indul6 gimszarvas genom projekt a godolldi Mezégazdasagi
Biotechnolégiai Kézpont a Kaposvari Egyetem Allattenyésztési, a Bészenfai
Szarvasfarm, az ELTE Genetikai, és a SOTE 1. Belgy. Klinika MSc és PhD prog-
ramjai 0sszefogasaval jott 1étre. A programtervet Orosz Laszld dolgozta ki, az
allattenyésztési és vadgazdalkodasi hasznositast Horn Péter, a klinikai iranyt
Lakatos Péter jegyezte. Ez Magyarorszag els6 eml&s genom programja, amely-
nek keretében elkésziilt a vilag elsé kromoszémakba rendezett szarvas refe-
rencia genomja, amely online is elérhetd (Bana és mtsai., 2018; valamint az
NCBI genom adattardban a MKHE00000000 azonositészdmmal megadva,
Link). A gimszarvas teljes genom szekvencia ismerete szdmtalan lehet§séget
rejt magaban. Egy ezek koziil a kapitalis agancs genetikai hatterének feltarasa,
ami nem csupan vadgazdalkodasi és vadaszati szempontbo6l lehet érdekes, ha-
nem orvosbiologiai néz6pontbdl is. A gimszarvas agancs egyediilallo szerv,
amely az éves agancs ciklus sordn lehullik, és Gjra épiil, ezzel az él6vilag legna-
gyobb mértékii csontndvekedését produkalja, mikézben a gimszarvas bika fi-
ziologids oszteoporoézist szenved el. A vazcsont dsvanyi anyag vesztését a nyari
d6hérség alatt potolja vissza az allat ugy, hogy 6szre, a b6gés idejére jé kondi-
ciéba keriil, és tekintélyes agancsot rak fel, amely a vaz csontozat 25-30%-val
megegyezd csonttomeget jelent. A csontfejlédésben szerepet jatszé gének
promoéter régidinak vizsgalata soran azt talalta kutatécsoportunk, hogy bizo-
nyos gének (példaul col141) 1 és 5 kilobazisparos prométer régidjaban tobb
runx2 transzkripcids faktor kotéhely taldlhaté a gimszarvasban, mint az em-
berben vagy a szarvasmarhdban, s talan emiatt is, ezek a gének aktivabban mii-
kodnek a gimszarvasban (Stéger és mtsai., 2010). A teljes genom szekvencidk
nagy elénye, hogy az él61ény 6sszes genetikai informacidjat helyes sorrendben
tartalmazzak, ezaltal megkonnyitik a laboratériumi munkat, a kutatas-fejlesz-
tést és nem utolsé sorban az allattenyésztést. Az online elérhet6 haszondllat
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referencia genom adatbazisokbdl megtudhatjuk az adott genomra vonatkozo
legfontosabb informacidkat és le is tolthetjiik azokat

1. tablazat
Néhany fontosabb haszonadllat teljes referencia genom adatai. (NCBI alapjan;
Link)
> . Kr Szekvenalasi : - Genom | Fehérje
Név Fajta Nem i (n) technika Legfrissebb verzio hores | Lidate
i PacBio; 454
Hig macskm | e coin 9 18+X+MT Titanium; | Felis catus 9.0 (2017) | 2,52 | 19748
(Felis catus)
1llumina; Sanger
Kutya
Canis lupus Boxer 2 38+N+MT Sanger CanFam3.1 (2011 2,41 20039
P 8
Sfamiliaris)
Sicrienahes PacBio; lllumina
Hereford e 29+X+MT NextSe ARS-UCD1.2 (2018 272 21039
(Bos taurus) q
500/HiSeq/Gall
Juh g HiSeq X Ten; Oar_rambouillet v1.0 :
(Ovis aries) Rambouillet 2 26+X+MT PacBio RS II (2017) 2,87 21160
L0 Sanger; [Hlumina
(Equus Telivér 5 31+X+MT 188k 3 EquCab3.0 (2018) 2,51 21129
cabaling] HiSeq; PacBio
Sertés ;
(S ) Duroc Q 18+X/Y+MT PacBio Sscrofall.l (2017) 2.5 2079
Nyl
(Owcz'ol}agm Thorbecke | 9 214X+MT ABI OryCun2.0 (2009) 274 | 20547
Fotomu Bankivatylk | o | 32,5 M7 Faoth GRCg6a (2018) 1,07 | 17477
(Gallus gallus) | (UCD001) Biosciences RSII £ '
Ponty common carp genome
F) D S50+MT (2014) 1,71 49579
Méh PacBio; 10X
Apis DH4 g 16+MT Chromium; Amel HAv3.1 (2018 0,23 9935
p
mellifera) Bionano

Table 1. Complete reference genome data for some major livestock. based on NCBI; Link

KOVETKEZTETESEK

A genomika és a bioinformatika nagy hatast gyakorol az orvostudomanyra, a
mezbgazdasagra és a kornyezetvédelemre egyarant. Az él6lények teljes gene-
tikai informaciéjanak a megismerése a genom szekvenalasi médszereknek ko-
szonhetden lehetségessé valik. A haszondllatok teljes referencia genomjanak
Osszedllitashoz sziikséges mddszertani ismeretek megkonnyitik a célnak meg-
felel6 bioinformatikai programok kivalasztasat és paraméterezését. A mar rég-
o6ta rendelkezésre allé és az Gjonnan Osszedllitott, annotalt referencia geno-
mokban szintén bioinformatikai programok felhasznalasaval lehet6ség nyilik
az egyedi vagy a fajtara jellemzd genetikai struktirak azonositasara, a meny-
nyiségi és mindségi tulajdonsagokat meghatarozé lokuszok megkeresésére, és
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a kiillonbozé betegségekkel vagy éppen a veliik szembeni rezisztenciaval kap-
csolatba hozhaté genomi részek megtaldldsara. Az ilyen médon megismert
DNS markerek szekvencidira primereket, azonositd kiteket lehet fejleszteni a
laboratériumi munka soran. A markerekre kifejlesztett kiteket alkalmazhatjak
a blinligyben, a természetvédelemben, a vadgazdalkodasban, az allattenyész-
tésben és az élelmiszeriparban is.
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in aquaculture: a review
Csaba Hancz *

Kaposvar University, Faculty of Agricultural and Environmental Sciences, H-7400 Kaposvar,
Guba S. 40.

ABSTRACT - Ameliorating of feed efficiency always was and will remain the key element of aquaculture
in which minimalizing losses during feed intake play an important role. Decreasing feed losses im-
portant not only from the economic point of view but also from an environmental standpoint. Feeding
stimulants are often used additives in complete aquaculture feeds. Better knowledge of the food-sens-
ing of cultured species is essential in the development of adequate feeding stimulants. The present pa-
per aims to overview the nutrient-sensing of aquatic animals and the use of the wide variety of feeding
attractants and stimulants.

Keywords: feeding, feed efficiency, food sensing, attractants, stimulants

INTRODUCTION

Global aquaculture production showed impressive growth in the last decades.
According to FAO statistics it reached 110.2 million tons in 2016 that included
80.0 million tons of food fish and 30.1 million tons of aquatic plants. Based on
the assumption of higher demand and technological improvements, total
world fish production (capture plus aquaculture, excluding aquatic plants) is
expected to continue to expand over the course of the projection period to
reach 201 million tons in 2030. The major growth in production is expected to
originate from aquaculture, which is projected to reach 109 million tons in
2030. Capture fisheries production (inland and marine) is stagnating around
90 million tons since 2011 while farm-raised fish and shrimp will account for
nearly two-thirds of seafood consumption worldwide by 2030 (FAO, 2018).
Since sustainability continues to be a concern, development in aquaculture
must adopt a holistic philosophy such it appears in the ecosystem approach to
aquaculture (EAA) that may play an important role in the future “blue growth”
(Brugere etal, 2018).

Innumerable studies aimed to give information about the feed utilization
were carried on for fish and other cultured species in the last decades because
of the simple fact that feed and feeding comprise determining part of produc-
tion costs in aquaculture. There are numerous ways of achieving a better feed
efficiency, a key element of the impressive growth of aquaculture achieved in
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the last decades. Extensive development of compound feeds based on more
sophisticated knowledge of nutrient requirements of more and more aquacul-
ture species (Webster and Lim, 2002) certainly played an important role in this
process as well as detailed and accurate theoretical models of fish metabolism
(Braaten, 1979; Smith, 1980; Kaushik and de Olivia-Teles, 1985; Tytler and
Calow, 1985; Kaushik, 1986; Johnston and Dunn, 1987; Dietz et al, 2013; Jobling,
1998; Clarke and Johnston, 1999; Bureau et al, 2002; Stadtlander et al., 2013).
The great majority of the literature on feed efficiency discusses traditionally
the simplest indicators, that is feed conversion ratio (FCR) or its inverse, feed
efficiency ratio (FER) calculated as the simple ratio of input and output or vice
versa, where the feed is the input and the output is the weight gain. Better di-
gestibility of nutrients means lower FCR so a determination of apparent digest-
ibility coefficient (ADC) makes part of nowadays’ feeding studies (Grisdale-Hel-
land et al., 2013; Heinitz et al., 2015). Although the determination of ADC
doesn’t have a generally used, standardized method till now, it has many ad-
vantages over measuring correctly the metabolizable energy of nutrients of
fish foods or industrial feeds (Lovell, 1989). Based on these theoretical
grounds, continuously tested in the practice, very intense development of the
feed industry has emerged. Up-to-date complete feeds have to satisfy all phys-
iological requirements of the targeted age-group of the cultured species and
also the special demands of the technology version applied. To meet these goal
feed additives are used in feed formulation from the beginnings of the modern
aquaculture industry. According to Tacon (1987) feed additives are substances
which are added in trace amounts to a diet or feed ingredient with the follow-
ing purposes: 1) to preserve its nutritional characteristics prior to feeding (an-
tioxidants and mold inhibitors), 2) to facilitate ingredient dispersion or feed
pelleting (emulsifiers, stabilizers, and binders), 3) to foster growth (growth
promoters, including antibiotics and hormones), 4) to facilitate feed ingestion
and consumer acceptance of the product (feeding stimulants and food color-
ants), or 5) to supply essential nutrients in purified form (vitamins, minerals,
amino acids, cholesterol, and phospholipids). Although some criticism may be
justified about the logic of the above classification, it summarizes quite well
the feed additives and their purposes. The choice of feed additives has changed
a lot in the last decades as accompanying the goal of long-term profitability,
environmental, economic and social sustainability started to gain more and
more emphasis. Natural feed additives proved to be efficient, reducing the
need for medicated treatments, decrease metabolic waste production and im-
prove fillet quality (Gongalves and Santos, 2017). Pre- and probiotics became
routinely used as well as special feed additives like exogenous enzymes
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(Hardy, 2000; Cerezuela et al, 2011; Kazerani and Shahsavani, 2011; Ganguly
etal, 2013; Carnevali et al,, 2017) or phytic acid (Liu et al, 2017). Application
of phytochemicals that can affect fish health, growth and feed utilization is also
spreading as extensive use of antibiotics has encouraged the evolution of re-
sistant bacteria (Chakraborty and Hancz, 2011; Chakraborty et al., 2013). En-
carnagdo (2016) gives an up-to-date summary of feed additives and introduces
a new category of feeds called functional feeds for compound aquaculture
feeds made with additives for ameliorating the animals' performance and im-
proving intestinal health, stress, and disease resistance.

The goal of the present paper was to overview the nutrient-sensing of
aquatic animals and the use of feeding attractants and stimulants, a somewhat
neglected group of feed additives.

FEED EFFICIENCY, FOOD INTAKE, AND NUTRIENT SENSING
Feed efficiency

For optimizing feed efficiency qualitative and quantitative nutrient require-
ments of the producing organisms have to be met parallelly. However devel-
oping the most economically producible feed that satisfies the nutritional re-
quirements of a given age-group of the cultured species continues to be among
the primary goals of the aquaculture industry, other aspects of decreasing
feeding costs - related to certain details of feeding technology - also are im-
portant.

Minimizing feeding loss, which from a broader point of view contains the
indigestible part as well as all metabolic losses, is crucial but we must not for-
get the simple fact that one, not a negligible fraction of the offered feed is un-
eaten. Uneaten part of the feed is varying a lot but can be estimated at about
10% on average (Craig, 2009). Experimental determination of the not ingested
feed can be tried with the help of some indicator as it was done by Park et al.
(2019) using the added 17 B-estradiol in feed for American eel in recirculating
aquaculture system (RAS) where uneaten part of feed ranged between 7-13%.
The feed that is not consumed within a reasonable time represents an eco-
nomic loss and also deteriorate water quality, so feed ration, feeding method,
and water stability of the feed have to be considered. Commercial feed pellets
have to remain intact in water until being consumed which is especially im-
portant for slow feeding aquaculture species such as shrimp (Lovell, 1991). Use
of binders as feed additives to ensure water stability is a basic practice for a
long time (Tacon, 1987) but does not solve all problems of feed loss. Find ap-
propriate feeding frequency is the most efficient way in decreasing not only
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this direct loss but also in lowering FCR so published feeding rate tables are
available for most commonly cultured species (Craig, 2009). Nowadays a great
variety of automatic feeders are obtainable for programmed feed delivery in
cages, raceways, ponds, and RAS operations, to ensure optimal feeding. Infor-
mation about the actual feed loss and so optimizing the feeding regime can
greatly be facilitated by using monitoring systems in the future, like the one
experimented by Parra et al. (2018) who describe a sophisticated sensory sys-
tem for adjusting the feed supply. Adequate feeding schedule, aiming to mini-
mize feed losses is the base of every technological version applied in aquacul-
ture, however, developing it needs many-sided problem-solving. Problems
start with the precise determination of feed intake. Houlihan et al. (2001) ed-
ited a whole book of 415 pages discussing in 14 chapters the different aspects
of food intake in fish from feed composition to management of feeding.
Knowledge of factors influencing the ingestion of feed certainly can lead to im-
proved growth performance and feed utilization by decreasing the amount of
waste per unit of fish produced. Difficulties related to determining the exact
amount of consumed feed is treated, among many others, by Lovell (1991), Job-
ling (1998) and Sayer (1998). The palatability of feed is remaining a key ques-
tion in aquaculture which is discussed among others by Glencross et al. (2007)
who point out that fish must be given the opportunity to refuse feed, in exper-
iments aiming to determine ADC. This aspect is especially important in a much
broader aspect since the use of alternatives of fish meal (FM) and fish oil (FO),
having unfavorable organoleptic and/or antinutritive properties, became a
general practice. Although the number of alternative protein sources of animal
origin is also increasing (Pucher et al, 2006; Wei et al., 2015; NOAA/USDA,
2011; Magalhdes et al.,, 2017) the plant origin group predominated by soybean
products remain pivotal. Alternatives of soybean are also heavily investigated
nowadays (Hien et al,, 2016; Teuling et al,, 2017) and this trend certainly will
continue in the future.

Chemoreception and food sensing

Neuro-hormonal control of chemoreception of teleost fish is well studied
(Vahl, 1979; Hara, 1992; Hara, 1994; Michel, 2006; Volkoff, 2016; Conde-Sieira
and Soengas, 2017; Delgado et al, 2017; Morais, 2017; Rgnnestadt et al., 2017)
which cannot be declared about lower taxa involved in aquaculture (Lindstedt,
1971). In farming two concepts of chemosensory aspects of food and their po-
tential effects on feeding behavior have to be taken into account: chemical at-
traction and feeding stimulation. Both affect aquaculture productivity but in
different ways.
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The basic steps of feeding behavior are illustrated in Figure 1.

: . Tasting Ingestion Termination
Orientation (Start of (Feeding)

feeding) of feeding

Chemical attraction Feeding stimulation

Figure 1. Basic steps of feeding behavior (Modified after Lindstedt, 1971)

Attractants in feed lead to faster feeding and a reduction in feed wastage,
improving water quality and eventually reducing feeding costs. Feeding stim-
ulants affect satiation and therefore modulate the total amount of ingested
food. Multiple sensorial stimuli are involved in feeding but evidence suggests
that tasting plays a more important role than olfaction in the feeding behavior
of fish (Morais, 2017). Fish use olfaction and gustation to distinguish between
similar types of food and evolved multiple sets of feeding behaviors (Jones,
1992; Valentinci¢, 2005). Olfaction and gustation detect overlapping sets of
somewhat common metabolic products from which amino acids are the most
important. Crustaceans use antennular chemoreception to identify food
(Derby 2000; Derby et al., 2001) locating it from a distance in which amino ac-
ids and nucleotides are two major sets of molecules that they use. While olfac-
tion is organized to adaptively integrate information associated with a wide
range of chemical stimuli for various functions (reproduction, migration,
schooling) gustation is specialized for sensitivity and localization of food
source (Derby and Sorensen, 2008). There is a paucity in studies like made by
Kasumyan and Tinkova (2013) who examined the taste attractiveness of dif-
ferent hydrobionts for three different fish species or by Olsén and Lundh,
(2016) who tested the reception of agar pellets prepared with extracts of mus-
sel meat, koi carp feed and a commercial cyprinid bait on crucian carp. How-
ever, some excellent behavioral studies were made for intensively produced
species testing various, broadly applied feeding stimulants as betaine and tau-
rine (Carlberg et al, 2015; Lim et al,2016 (a, b). Miyasaki and Harada (2002)
carried out a sophisticated estimation of feeding stimulation activity of sugars
and nucleic acid-related compounds on four fish and one mollusk species. Alves
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et al. (2020) investigated the attractiveness and palatability of liquid protein
hydrolysates for Nile tilapia. Five experimental diets were formulated contain-
ing 5% inclusion of fishmeal (FPE; positive control), 5% inclusion of liquid pro-
tein hydrolysate of porcine mucosa (PHM), 5% inclusion of liquid protein hy-
drolysate of poultry (PHF), 5% inclusion of liquid fish oil (OPE) and a diet with-
out fishmeal (negative control). The same amount of pellets was offered and
the following feeding behaviors were evaluated with the aid of three-minute
footages per feeding. All diets presented negative palatability indexes in com-
parison to FPE.

The attraction of fish has major importance also in angling, a worldwide
popular hobby sustaining an enormous and very lucrative industry offering,
among others, a great variety of baits and bait flavorings. For example, a firm
(Cathedralbaits.com) offers more than sixty varieties of flavorings from lemon
to tuna for common carp baits that are all of plant or animal origin. This seems
to be an exaggerated number, notwithstanding the common carp is a highly
adaptive omnivorous fish and might be attracted by many feeding stimuli.
However, as it will be seen later, the number of scientifically tested feed aroma
materials of natural origin is significantly less.

FEEDING STIMULANTS

Knowledge of the feeding behavior of the fish or shrimp is essential in maxim-
izing the ingestion of the offered feed. The diet presented must have a suitable
appearance in size, shape, color, texture, density (buoyancy) and attractive-
ness (smell or taste) for eliciting an optimal feeding response. Of course, the
relative importance of these traits depends on whether the given fish or
shrimp species is mainly a visual or a chemosensory feeder, as Tacon (1987)
summarizes the basic principles about feeding stimulants. Maximal intake of
the offered feed is generally of major importance in all kinds of aquaculture
practice, however, in special cases, the use of feed attractants and diet palata-
bility are particularly critical. Lower palatability of high plant-based diets al-
ready was mentioned but medicated feed formulation is also an area where
the use of attractants is essential (Toften and Jobling, 1997) as well as the
weaning of fish larvae from a living to a non-living diet. Smoltification depres-
sion of salmon is also an example of special cases (Clarke et al,, 1994; Toften et
al, 2003).

Potential and already routinely applied attractants and stimulants cannot
be classified into distinct groups according to olfaction and gustation because
these subsequent phases of feeding behavior and their role differs by species.

ACTA AGRARIA KAPOSVARIENSIS 2020(24)1
40



HANCZ

Classification of feeding stimulants, differentiating natural and artificial origin,
used by Tacon (1987) seemed to be acceptable, although it has to be stressed
that in the great majority of studies discussed here materials of both classes
were jointly tested. (References in Tacon (1987) will not be discussed here).

Feeding stimulants from natural ingredient sources

Feed ingredients with specific attractant properties for shrimp and marine fish
are squid meal, mussel flesh, shrimp meal and waste, clam flesh, marine poly-
chaete worms, certain terrestrial oligochaete worms, marine fish oils, fish
meal, fish solubles, fish protein hydrolysates, and soybean protein hydroly-
sates (Tacon, 1987). As it was already mentioned the replacement of dietary
fish meal with plant protein is along-lasting trend in aquaculture that certainly
will be continued as FM resources are limited. Consequently, lower feed intake
and reduced growth caused by reducing the dietary FM level remains a prob-
lem to cope with. Some decades ago, it was a professional commonplace that
FM contains an unknown growth factor (UGF) which is acting on fish Andrews
and Page (1974) and also on poultry Bjgrnstad et al. (1974); Opstvedt and Gjef-
sen (1975). Since that time lots of “unknows” of this factor became “knowns”.
Takakuwa et al. (2019) found that feeding stimulatory effect of jack mackerel
muscle extract on greater amberjack depended mainly on inosine monophos-
phate (IMP) while inosine, adenosine monophosphate (AMP), adenosine di-
phosphate (ADP), and adenosine triphosphate (ATP) less affected relative feed
intake (RFI). Senzui et al. (2020) studied the mRNA expression response of
neuropeptide Y (NPY), an orexigenic hormone to the detection of a fish meal
soluble fraction (FMS), including smell and/or taste of FM, through the sensory
organs (olfaction and gustation) in yellowtail Seriola quinqueradiata and found
that smell and/or taste of FM might regulate brain NPY mRNA expression in
the short term. Products made of fish flesh and fish processing by-products
with putative attractant effect are frequently used feed additives. Oliveira and
Cyrino (2004) tested six levels of fish silage and soluble fish protein together
with Fisharon™, a feeding stimulant containing 12% of cod liver oil and 87% of
corn oil on largemouth bass fed on plant protein-based feed. They found no
significant effect of these stimulants on the main performance traits, moreo-
ver, not any interpretable trend of the attractant dosages was observed. Hirt-
Chabbert et al. (2011) found that incorporations of yeast-based and marine-
based feedings stimulants into a pelleted diet had a beneficial effect on the
overall performance of European glass eels and elvers. Moreover, in glass eels,
60 g kg1 marine-based stimulant promoted the maturation of the digestive
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function during the weaning process but had no effects on growth perfor-
mance in elvers. The use of feed ingredients made of invertebrates has also a
long history and their stimulant effect was evaluated many times. Kader et al.
(2010) investigated the effects of fish soluble (FS), krill meal (KM), squid meal
(SM) and crystalline amino acids (CAA) mixed to feeds in which 60% FM pro-
tein was substituted by soybean protein. It was concluded that that supple-
mentation of FS, KM, and SM is as effective as CAA to maintain amino acid bal-
ance and can act as attractants in high soybean protein concentrate (SPC)
based diets for maintaining normal feeding behavior, growth performance,
health and welfare of juvenile red sea bream. Attractant effect of krill meal in-
corporated in different feeds for pacific white shrimp was evaluated by
Sanchez et al. (2005) who found that attraction depended on the ratio of krill
meal and also on the type of other protein sources in the feeds. Chatzifotis et
al. (2009) investigated the effect of dietary additives on growth and feed effi-
ciency of sea bream (Sparus aurata) fry fed a fishmeal-based diet. The addi-
tives (protorsan - (Sopropeche®), hydrolyzed fish protein, squid meal, krill
meal, and betaine + inosine-5'- monophosphate) were added to the diets at the
expense of fishmeal. (Protorsan is a bacterial protein concentrate generated as
a byproduct of the production of L-glutamic acid.) Significant differences in fi-
nal body weight and SGR rate were detected only between the protorsan and
control groups and the squid additive group, in favor of the squid meal, while
no significant differences were observed in FCR. Kim and Cho (2019) tested the
effects of 5% of replacement in the control diet (Con) 55% anchovy meal con-
tent by jack mackerel, sardine, Pollack, squid, and shrimp meals referred to as
the JM, SM, PM, SQM and SHM diets, respectively on the growth, feed utiliza-
tion, condition factor (CF) and whole-body composition of rockfish. They
found that the greatest weight gain, amount of feed supply and CF of rockfish
were obtained in the JM diet, followed by the SM, PM, SQM, SHM and Con diets,
in order, while feed efficiency, protein efficiency ratio and protein retention
was not affected by the experimental diets, as well as proximate composition
of the whole body of fish, except for ash content. Toften et al. (2003) found that
squid extract is a feeding stimulant for salmonids, and added to feed at 5 g kg-
! improves the performance of salmon in the parr-smolt transformation pe-
riod. Squid extract was also tested by Xue et al. (2004) on gibel carp and was
expected to enhance the palatability and feeding rate of diets with or without
meat and bone meal but its effect was not found significant. Sea clam (ocean
quahog Arctica islandica) processing by-products and betaine were tested as
feeding stimulants on sunshine bass fed on fishmeal and soy-based diets. It
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was found that the addition of betaine did not improve diet acceptance or in-
take. However, the inclusion of sea clam by-products, particularly dried clam
fines, improved the intake of the reduced fish meal formulation appear to be
effective feeding stimulants in soy-based feeds for juvenile sunshine bass
(Barry etal, 2016).

Algae, especially microalgae, inter alia, are commercially viable raw mate-
rial sources for aquaculture (Slaski and Franklin, 2011) containing valuable nu-
trients and also bioactive compounds (Holdt and Kraan, 2011). However, their
feeding stimulant effects were little studied and only on invertebrate species.
Angell et al. (2012) carried out a very thorough study on the feeding prefer-
ences and the nutritional value of tropical algae for the abalone Haliotis asinine.
According to their findings, preference based on nutrition is not a paradigm
for all abalone but the overriding factors influencing the feeding preferences
are the physical and chemical defenses of algae, both of which can be dimin-
ished through the use of carrageenan bound diets. Moreover, mixed algal diets
may only reach an optimal amino acid profile if methionine and by histidine is
supplemented in diet formulation. Palatability of diets improved by incorpo-
rating feeding stimulants from marine plants was investigated on sea urchin T.
gratilla by Dworjanyn et al. (2007) who found that total protein or energy in
the plants did not account for preference. When three artificial diets were
made by incorporating dried Ecklonia radiata, Sargassum linearifolium and
Ulva lactuca at 5% sea urchins ate more than twice as much the artificial diet
containing S. linearifolium compared to the control diet containing no algae in
a choice feeding experiment. In a no-choice feeding experiment, they con-
sumed significantly more of the Ecklonia and the Sargassum diets than the con-
trol diet despite each of the diets containing approximately the same protein
and energy levels. Eventually, it was concluded that the small amounts of pal-
atable seaweed added to the artificial diets act as feeding stimulants, increas-
ing the acceptability of artificial diets, boosting the protein and energy con-
sumption, and significantly increasing the growth of sea urchin.

Purified or synthetic substances as feeding stimulants

Widespread application of feeding stimulants belonging to this category is
based on a vast number of studies that clarified the basics of olfaction and gus-
tation of aquatic (and non-aquatic) animals, aspects soundly discussed by Mo-
rais (2017). Although feeding stimulants for herbivorous and carnivorous fish
are generally different (Adams and Johnsen, 1986) amino acids (AAs) play a key
role in food sensing in both groups. Carr et al. (1996) determined the main
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components in extracts of tissues of 10 species of marine fishes and 20 species
of mollusks and crustaceans concluding that two of the major tissue compo-
nents (Gly and Ala) in these groups are also the two most frequently cited feed-
ing stimulants in 35 teleost species. Mollusks and crustaceans contain high
concentrations of five of the most frequently cited stimulants in carnivorous
fish (Gly, Ala, Pro, Arg, and betaine). On the other hand, for the herbivorous
Tilapia zillii, the major stimulatory AAs (Glu, Asp, Ser, Lys, and Ala) are also
particularly abundant in romaine lettuce, a plant which they normally con-
sume (Adams et al., 1988).

Mackie and Mitchell (1983) tested the effects of feeding stimulants on juve-
nile European eels, Anguilla anguilla and found that mixtures of L-amino acids
were stimulatory, while neither the corresponding D-amino acids nor the non-
amino acid components were effective. Synergistic effects were also observed
both between L-amino acids and between L-amino acids and non-amino acid
constituents. Takeda et al. (1984) compared the feeding stimulant effect of a
synthetic extract, based on the composition of the marine worm Perinereis
brevicirrus with, AAs, nucleotides and other compounds (including taurine, be-
taine, maltose among others) for juvenile eel, Angilla japonica. Fish showed a
marked preference for a diet flavored with the synthetic extract over an unfla-
vored diet and the extract showed that the fraction of the amino acid was most
stimulatory, followed by the "other compounds", while the nucleotides frac-
tion including adenosine-5' -monophosphate was inactive or repellent. The ac-
tive constituent in the amino acid fraction was identified as the fraction gly-
cine, alanine, proline plus histidine whose activity was found to be comparable
to that of the complete synthetic extract. A similar methodology was used by
Takaoka et al. (1995) who studied feeding stimulants for the tiger puffer Tak-
ifugu rubripes testing synthetic extract of clam Tapes japonicus. The amino acid
fraction showed remarkably higher feeding stimulant activity than those of nu-
cleotide and other chemical fractions in the extract. Among 18 chemicals in the
amino acid fraction, L-serine, L-aspartic acid, glycine, and L-alanine showed
slightly higher activity than deionized water, but lower than the amino acid
fraction. The mixture of the above four amino acids plus betaine showed a
markedly higher feeding stimulant activity than that of the synthetic extract,
indicating the synergistic effect. The positive supplement level of the four
amino acids plus betaine was found to be that corresponding to 100 g of clam
muscle per 100 g of casein diet. L-arginine is considered efficacious when used
as a flavoring compound in animal nutrition in general (EFSA, 2018). Chen et
al. (2016) investigated the effects of dietary arginine levels on growth perfor-
mance, body composition, serum biochemical indices and resistance ability
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against ammonia-nitrogen stress in juvenile yellow catfish (Pelteobagrus ful-
vidraco). The results suggested that dietary arginine level at 2.81% could opti-
mize the anti-ammonia-nitrogen stress ability of juvenile fish, while perfor-
mance traits were also at 3.23% arginine level that seemed to depress the
growth performance and also their tolerance to the ammonia-nitrogen stress.
Supplementation of feeds with AAs is of the primary importance of shrimp and
fish feeds that was surveyed by Nunes et al. (2014) from point of view of nutri-
ent requirements. The major conclusion of this review is that the appropriate
supplementation of crystalline AAs in feeds for fish and shrimp gives an op-
portunity to reduce formulation costs, a concern that certainly has precedence
over attractiveness. Several different types of substances, besides free AAs,
have been recognized as attractive to fish including quaternary amines such as
betaine (glycine betaine, trimethylglycine). Application of betaine in aquacul-
ture feeds has a long history and vast literature. Mackie and Mitchell (1982)
found that the feeding stimulant requirement of the Dover sole was very spe-
cific and only betaine and dimethylthetin proved to be effective. Yesilayer and
Kaymak (2020) investigated the effect of partial replacement of dietary fish
meal by soybean meal with betaine attractant supplementation on juvenile
rainbow trout and concluded that 1% betaine supplementation with dietary
incorporation of soybean meal at 25% level positively influenced growth per-
formance, feed utilization and fatty acid profiles of rainbow trout juveniles.
The last two studies mentioned above are indicating that that the prosperous
era of betaine commencing in the eighties of the last century is continuing until
these days. This era also would be named after FinnStim, a trademarked prod-
uct consisting of 97% betaine supplemented with 3% protein hydrolysate. A
quick Google Scholar search resulted in more than 150 scores on FinnStim that
may give an idea about the vastness of the related literature, which, obviously,
cannot be overviewed here. Some studies were aimed to find alternatives for
betaine as for example that of Zou et al. (2017) who evaluated the effects of
four feeding stimulants on feed intake (FI), growth performance, body compo-
sition, serum biochemical parameters, digestive enzyme activities and appe-
tite-related gene expression for juvenile genetically improved farmed tilapia
tilapia. Five experimental high plant-based diets (with 0, 0.4 g kg-! dimethyl-
B-propiothetin (DMPT), 0.6 g kg-! dimethylthetin (DMT), 1.8 g kg-! tryptophan
(Trp) and 6 g kg-1betaine (Bet), respectively supplemented) were fed to juve-
nile GIFT tilapia (Oreochromis sp.). The results showed that FI was significantly
increased by Trp and DMT. The highest specific growth rate (SGR) and protein
efficiency ratio (PER) was observed for fish fed Bet diet, followed by DMT. The
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neuropeptide Y (NPY) mRNA expression in the brain was significantly im-
proved by Trp, and ghrelin mRNA expression in the stomach was significantly
increased by DMT. It is concluded that the supplementation of Trp or DMT
could act as an effective feeding that might be associated with the relatively
higher orexigenic (NPY or ghrelin) gene expression. Supplementation of Bet
could improve SGR, PER and reduce feed conversion ratio (FCR). Betaine has
been the most effective substance by far, for all the species studied and espe-
cially for soleids but at too high a cost, so Reig et al. (2003) evaluated by an
ethological methodology the use of a bivalve commercial flavor as an alterna-
tive to betaine in sole diets and found that it may be considered a viable alter-
native to betaine.

Li and Gatlin (2006) gave a sound overview of the roles of nucleotides and
metabolites in fish diets. It was stressed that possible involvement in diet pal-
atability, fish feeding behavior and biosynthesis of non-essential amino acids,
exogenous nucleotides have shown promise most recently as dietary supple-
ments to enhance immunity and disease resistance of fish produced in aqua-
culture. However, there are numerous gaps in existing knowledge about exog-
enous nucleotide application to fish including various aspects of digestion, ab-
sorption, metabolism, and influences on various physiological responses espe-
cially the expression of immunogenes and modulation of immunoglobulin pro-
duction. Ringg et al. (2012) in their thorough review don’t even mention feed-
ing stimulation in relation to nucleotides. Lim et al. (2016b) evaluated the po-
tential of betaine, taurine, inosine (INO), inosine 5’-monophosphate disodium
(IMP-Na2), and guanosine 5'-monophosphate disodium (GMP-Na2) as a feed-
ing stimulant for juvenile marble goby (Oxyeleotris marmoratus) through be-
havioural assays using agar gel pellets. The pure agar gel pellet was totally re-
jected by the fish (0 % ingestion rate). Of all the chemical substances tested at
0.1 M concentration, the ingestion rates of both INO and IMP-Na2 were the
highest (both 100 %) and were significantly higher than those of the other
chemical substances tested. However, INO was identified as the most potent
feeding stimulant as it could function perfectly (100 %) even at the lower con-
centrations tested (0.01 and 0.001 M). Taurine was not a feeding stimulant,
and betaine was neither a feeding stimulant nor feed enhancer for the juvenile
0. marmoratus. Xia et al. (2019) studied the influence of different proportions
of 5'-inosine monophosphate (IMP) and 5’-guanosine monophosphate (GMP)
on growth, feed digestibility and activity of digestive enzymes of turbot Scoph-
thalmus maximus. Weight gain and daily feed intake were significantly higher
in fish fed with IMP or GMP, in comparison with fish fed with neither IMP nor
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GMP. The growth of 0.05% IMP + 0.05% GMP group was the best, and the in-
testinal digestive function was improved. The addition of IMP and GMP to fish
diets significantly increased the apparent feed digestibility of dry matter and
protein, as well as intestinal protease activity. The optimal level of dietary IMP
was 1 g/kg, which is in line with most of the growth performance and feed di-
gestibility.

The most important studies on feeding stimulants are summarized in Table
1.

CONCLUSIONS

Improving feed efficiency is an evergreen topic in aquaculture research and
practice. Balanced complete feeds are available for more and more cultured
species satisfying requirements in different developmental phases. Complet-
ing feeds also include supplementation with feed additives from which feeding
stimulants are must-have.

Better knowledge of food sensing of aquatic animals helps to find the ap-
propriate attractants and stimulants for increasing feed’s palatability. Better
palatability means more efficient feed intake. Diminishing feed losses is pivotal
both from an economic and environmental protection point of view.

Traditional feeding stimulants are the natural ingredients that have an at-
tractive effect and improve the palatability of feeds. The use of fish processing
by-products, squid meal, mussel flesh, shrimp meal and waste, clam flesh, etc.
is a viable option in developing palatable feeds economically.

Purified or synthetic substances as feeding stimulants were developed on
the basis of intense research for identifying the compounds responsible for the
attractive effects of the above-mentioned ingredients of natural origin. Use of
crystalline AAs is an everyday practice in feed manufacturing to ensure the ad-
equate biological value of the protein content however special mixtures of se-
lected AAs can serve as an effective attractant.

Betain is keeping its important role among feeding stimulants even if the
era of FinnStim seems to be ended. Using of nucletoids in aquaculture feeds is
a very promising possibility however their stimulant function is questionable.
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Restrictions on the use of antibiotics in Regulation (EC) No 1831/2003 of the European Parliament and
of the Council have increased the need for preventive measures in animal nutrition. The positive dietary
effects of inulin have been documented since the early 1900s. This compound is a carbohydrate which
has prebiotics effect. On its role in animal nutrition, about the performance-enhancing properties,
today's literature gives different results. The aim of our summary work is to acquaint the structure of
inulin, its effect on the body and its practical use with out the need for completeness. The mostly effects
of inulin is the ability to change the composition of the hind gut microbiome. Increased microbial
fermentation increases the volatile fatty acid concentration and decreases the intestinal pH, which
inhibits the growth of pathogens in the digestive tract. It affects the intestinal morphology, the body's
immune system, and its clinical chemical parameters. The measurable changes depend on the structure
of inulin, the species, age, health and nutritional status of the animal. Observations in piglets have
shown a reduction in feed efficiency and nitrogen metabolism at certain doses. In the light of scientific
results, the practical role of inulin as a dietary supplement to improve health is well established, but
the precise study of upper limits and the structure of efficiently functioning fructan is still a challenge
for science.

Keywords: prebiotics, inulin, intestinal microflora, immunology

BEVEZETES

Az allattenyésztés els6dleges célja az egészséges élelmiszer el6allitas az embe-
riség szamara ugy, hogy figyelembe vegye az allatok jollétét és a kornyezet vé-
delmét (Gaggia és mtsai, 2010). Az1831/2003/EK eurdpai parlamenti és tana-
csi rendeletben a Tudomanyos Operativ Bizottsag Dbetiltotta az
antibiotikumokhozamfokoz6 céllal torténd felhasznalasat a takarmanyokban.
A dontés utanintenziv kutatas indult az antibiotikum kivaltasara szolgalo,
egészségmeglrz6, betegség megel6z6 hatdssal biré készitményekkel
kapcsolatbanaz élelmiszer- és a takarmanyiparban egyarant. A rendelet 6riasi
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nyomast gyakorolt az dllattarté gazdasagokra, és egyik f6 kovetkezménye a te-
rapias antibiotikumok hasznalatanak ndévekedése lett (Casewell és mtsai,
2013). Ez a trend arra 6sztonozte a kutatékat, hogy 4j, biztonsagosabb alter-
nativat keressenek az allatok egészségének megdvasa érdekében (Verdonk és
mtsai,2005; Verstegen és Williams, 2002). A bél mikrofléraja és a szervezet
egészsége kozti 0sszefiiggés mar Ilja Mecsnyikov 19. szazadi kutatémunkaja-
bdl ismert és azdta is szamos értekezés jelent meg,amely segit jobban megis-
merni ezt a szervezeten beliili 6sszetett rendszert. A probiotikum szét mai ér-
telmében vett kifejezésként el6szor R. B. Parker hasznalta (Parker, 1974). A
legtijabb kutatasi eredmények szerint, a bélnyalkahartya felszinén é16 bélflora
az alabbi élettani funkciékban nélkiilozhetetlen: taplalék emésztése,a taplalod-
anyagok felszivodasa, patogénekkel szembeni kiizdelem, méregtelenités, im-
munrendszer miikddése, enzimek, vitaminok és neurotranszmitterek terme-
l1ése, endokrin rendszerre kifejtett hatds, gyulladasos folyamatok mérséklése
(Loveren és mtsai, 2012; Hill és mtsai, 2014; Perlmutter, 2017). Habar a bél
mikrobiéta komplex rendszer és a gazdaszervezet szdmara hasznos tulajdon-
saggal bir6 baktériumok szabdlyozasa nem tisztazott, a Lactobacillus és
Bifidobacterium torzsek képesek védelmet nyujtani az emésztdszervi fert6zé-
sekkel szemben (Gaggia és mtsai, 2010). A prebiotikumok olyan nem emészt-
het6 adalékanyagok, amelyek jotékonyan befolyadsoljdk a gazdaszervezet
egészségét azaltal, hogy szelektiven stimulaljak bizonyos vastagbélben talal-
hat6 baktériumok szaporodasat és aktivitasat (Gibson és Roberfroid, 1995). Ott
szolgaltatnak energiat a baktériumok szdmara, ahol a gliik6z, mint energiafor-
ras mar nincs jelen (Adebola és mtsai, 2014 ). A legismertebb prebiotikumok a
nem keményit6 eredeti névényi szénhidratok és oligoszacharidok, amelyek
kiilonféle molekularis struktiraban hasznalatosak ataplalkozasban, illetve az
allatok takarmanyozasaban. Ennek a legtobbet kutatott csoportjai a
fruktooligoszacharidok (FOS, oligofrukt6zés inulin), galaktooligoszacharidok
(GOS), transzgalakto-oligoszacharidok (TOS) és a laktuléz (Gaggia és
mtsai,2010).

Jelen cikk segit megismerni az inulin, mint prebiotikus tulajdonsaggal ren-
delkezé fruktan hatdsmechanizmusat és szerepét a human taplalkozasban és
a gazdasagi allatok takarmanyozasaban.

AZ INULIN ELOFORDULASA, SZERKEZETI FELEPITESE

Az inulin kiilénb6z6 lanchosszusagy, (2,1) linedris kotési fruktanok gytijts-
neve, amely tobb mint 36 000 névényfajban megtalalhatéugy, mint sparga, pd-
réhagyma, vordshagyma, bandn, buzafokhagyma, cikdéria és articsoka
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(Metzler-Zebeli és mtsai, 2017). A vegyliletnek a névényekben energiatarol6
funkcidja van és altaldban a gyokérben vagy a rizémakban halmozédik fel.
Azok a novények, amelyek inulint raktaroznak, altaldban nem, vagy kisebb
aranyban tartalmaznak keményit6t. Nevét az 6rménygyokér (Inulahelenium)
latin nemzetségneve utan kapta. Az inulin tipust fruktanok f (1< 2) kotéssel
kapcsolodé fruktozil és frukt6z monomerekbdl 4ll6 linedris vegyiiletek (Gibson
és Roberfroid, 2008). A kereskedelmi forgalomban kaphat6 inulint vagy a ciké-
ria novény gyokerébdl nyerik, vagy szachardzbdl szintetikus uton allitjak el
(Niness, 1999). A cikoéria (Cichoriumintybus) gyokere 15-20%inulint és 5-10%
egyéb oligofruktézt tartalmaz. A fruktanok jellemzésére 2 mértékegység szol-
gdl. Egyik a DP (Degree of Polymerization) ami a vegyiiletben szerepld fruktan
monomerek hossziisagadnak tartomanyat mutatja meg. A DPav (Average
Degree of Polymerization) pedig azt, hogy a fruktan atlagosan milyen hosszu-
sadgl monomereket tartalmaz (Gibson és Roberfroid, 2008).A lanchosszlisag
alapjan megkiilonboztetiink relativ rovid (2-4), kozepes (5-10) és relativ nagy
(11-60) lanchosszisagu fruktanokat. A nomenklatira nem teljesen egyezik a
tudomanyban. Vogt és mtsai. (2015) az inulin tipusu vegyiiletek nevezéktana-
nak valtozasarol igy nyilatkoztak: eleinte a szachar6zbdl szarmaztatott DP 3-5
hosszisagu anyagot nevezték FOS-nak (Fruktooligoszaccharid), majd a DP 3-
10 tartomanyba esé inulin vegyiileteket OF-nek, azaz oligofruktéznak. Késébb
ezeket egymas szinonimdajaként hasznaltak és esetleg a ,révid/hosszu lancd”
el6taggal pontositottak a leirast. Az inulin elnevezést altaldban a DP>10 hosz-
szusagu vegyliletekre hasznaljak, holott a nevezéktan szerint minden  (2-1)
tipust fruktan, ldnchosszisagtdl fiiggetleniil, ebbe a csoportba tartozik. DP<10
értékkel rendelkez6 fruktanok jol oldédnak, gyorsan fermentalhatéak és sze-
lektiv interakcidra képesek a bél mikrofléraval (Van Loo, 2007). Az ennél hosz-
szabb lancu fruktanok lassabban, a kés6ébbi bélszakaszokban fermentalddnak,
ami igy kisebb mértékben hat a bélfléra dsszetételére. Ez a tulajdonsag nagyon
fontos meghatarozoja lehet egy kisérletben kapott eredmény értékelésének,
ugyanis mar McKellar és mtsai. (1993) ravilagitottak arra, hogy a Lactobacillus
tobbnyire a bélrendszer proximalis részén, mig a Bifidobaktérium a vastagbél-
ben kolonizal6édnak eredményesebben. A cikéria-kivonatbol késziilt inulin 30-
50%-ban DP<10 hosszusagu fruktanokat tartalmaz. A fennmaradé rész a hosz-
szabb lancu alkot6ké. Belval 1927-ben mar leirta az inulin kinyerésének meto-
dikajat. Az eljaras hasonlatos a cukorgyartas folyamatahoz. A cikériat a cukor-
répahoz hasonléan szeletelik, majd mossdk. A mosast kovetéen az
inulintmelegvizes diffiziés eljarassal nyerik ki. Ennek eredményeként DP 2-60
lanchosszisagu oligofrukt6z nyerheté (DPav =10-12). A nagy tisztasagu inulin
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gyartasahoz a rovid lancd molekulakat eltavolitjak, igy DPav érték 25-re emel-
kedik, amiben a monomerek hossza 11 és 60 kozott valtozik (DP=11-60)
(Niness, 1999). A hosszu lancnak készonhet6en nehezebben oldddik, mint az
egyéb oligofruktdzok. Tejjel vagy vizzel mikrokristalyokat alkot, amely el6nyos
az élelmiszeripar szadmadara, bizonyos termékek (tdltelékek, tejtermékek,
dresszingek) kedvezd allaganak eléréséhez. Niness (1999) értekezésében be-
szamol az inulin élelmiszeriparban betdltott szerepérdél, mely szerint a hozza-
adott rosttartalom noveléséhez széles korben haszndlt anyag, ugyanis mas
rosttokkal ellentétben nincs mellékize, nem befolyasolja a viszkozitast.

AZ INULIN SZERVEZETRE GYAKOROLT HATASA
Az inulin hatdsmechanizmusa a bél mikrobiom szabalyozasaban

Az elmult évtizedben nétt az olyan étrendi 6sszetevdk iranti igény, mint a pre-
és probiotikumok, amelyek képesek a bélmikrofléra stabilitdsat javitani. A
prebiotikumok emészthetetlen étrendi alkotdék, amelyek tapanyagul szolgal-
nak a probiotikumok névekedéséhez a szervezetben (Huebner és mtsai, 2007).
Az emlbsokben a f6 taplalékforrastol fliggden valtozik a bélben talalhatd
mikrobiom Osszetétele és mennyisége is. A novényevok mikrobiomjanak
szama jelentdsebb, dsszetétele valtozatosabb, mig a ragadozéké kevésbé 6sz-
szetett és jelentSs (Gaggia és mtsai, 2010). Ezen feliil természetesen befolya-
sol6 tényez6 az életkor és az altalanos egészségiigyi allapot, kornyezeti pato-
gén terhelés mértéke is. Mivel ez a mikrobidlis populacié nagyon dsszetett és
akar tobb szaz fajt tartalmazhat, dltaldban két csoportra osztja a szakirodalom,
a pontos meghatarozas helyett. Elkiilonithet6ek az emésztést, gazdaszervezet
egészségét kedvezben befolydsold alkotdk és a patogének. El6bbi esetében 2
f6 nemzetségre fékuszdlnak a kutatdsok, a Lactobacillusokra és a
Bifidobacteriumokra. A Lactobacillus nemzetség széles és heterogén taxono-
miai egység, amely tobb szaz kiilonb6zd tejsavtermeld baktériumfajbdl all
(Gaggia és mtsai, 2010). A Bifidobacterium nagyszamu el6fordulasa a gazda-
szervezet jo egészségére utal. Segitenek a bélrendszer megfelel6 mikrobi6ta
egyensulyanak fenntartasaban azzal, hogy csokkentik a kérokozok megtelepe-
désének esélyeit (Gaggia és mtsai, 2010). Ahogyan azt Halas és mtsai. (2009) is
megfogalmaztak, az inulin hatdsara bekovetkezd bakteridlis szaporodas ga-
tolja az enterotoxikus Escherichia coli felszaporodasat, és igy csokkenti a has-
menés kockazatat. Niness (1999) szerint az inulin legismertebb taplaléanya-
gokra vonatkozé hatdsa az a stimuldns aktivitds, amit a bélben a
Bifidobacteriumra fejt ki. Az 1990-es években szamtalan humankisérlet bizo-
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nyitotta 5-20 g/nap inulin-kiegészités jotékony hatdsat a Bifidobacterium sza-
porodasara (Niness, 1999). Az inulin tipusu fruktanok ellenallnak a hidrolizalé
enzimeknek a vékonybélben és konnyen fermentalhatéak a szacharolitikus
baktériumok szamara (Metzler-Zebeli és mtsai, 2017). McKellar és mtsai. 1993-
ban in vitro vizsgaltak kiilonféle Bifidobacterium torzsek szaporodasi képessé-
gét inulinnal (DP=15) dusitott kozegben és ugy talaltdk, hogy a B.
thermophilum B. minimum és B. cuniculi torzsek novekedésének kedvezett a
fruktan-kiegészités. Adebola és mtsai. (2014) szintén in vitro kdrnyezetben
mérték az inulin, mint prebiotikum hatasat Lactobacillus torzsekre. A L.
acidophilus NCFM szamat kis mértékben novelte 0,5-2,5%-os inulin-kiegészi-
tés. Huebner és mtsai. (2017) in vitro vizsgalatai soran az inulin taptalaj nagy-
mértékben (P<0,05) segitette a Lactobacillus paracasei szaporodasat, mig
csokkentette az E. coli-ét, azonban a Bifidobacterium bifidum esetében az inulin
gyenge taptalajnak bizonyult. Verdonk és Leeuwen (2004) ileumkantillel ella-
tott borjakban végzett vizsgalatban kovették nyomon az inulin Gtjat az emész-
tétraktusban. Méréseik szerint az inulin tipusu fruktdnok 70%-a emésztetle-
niil keriil a vastagbélbe, azonban a bélsar nem tartalmazza ezeket az anyago-
kat. Ez a megfigyelés egyetértésben van Bosscher és mtsai. (2006) allitasaval,
miszerint az emlsok nem emésztik az inulint és oligofruktézt, igy érintetlentil
érik el a vastagbelet, ahol a mikrofléra, kiillonosen az endogén tejsavtermeld
baktériumok, a Bifidobacterium és a Lactobacillus fermentaljakazt. Ezzel szem-
ben Branner és mtsai. (2004) valamint Béhmer és mtsai. (2005) malacokon vég-
zett vizsgalataik sordn ugy tapasztaltak, hogy a béltartalom a jejunumban és az
ileumban ugyan még tartalmaz inulint, azonban a vakbél- és vastagbéltartalom
mar nem. Bar a fermentacios tevékenység pontos helyében nem, de abban
egyetértenek a kutatasok, hogy az inulin hatassal van a vastagbél és bélsar bak-
tériumtartalmara. Van Loo és mtsai. (2006) fisztuldzott lovakon figyelték meg
2% inulin-kiegészités vakbél-fermentdciét stimuldl6 hatasat. A szelektiv fer-
mentacié és ezzel egyiitt a bifidogenikus hatds a Bifidobacterium béta-
fruktozidaz enzimének koszonhetden jon 1étre (Krdl, 2011). Ez az enzim bontja
le az inulinban és az oligofruktézban a [(2-1)glikozid kotéseket.
ABifidobacterium fermentacios termékei a rovid szénlancu ill6zsirsavak (short
chain fatty acids, SCFA), amelyek hatasara csokken a béltartalom pH-ja, ami igy
gatolja a patogén baktériumok szaporodasat (Van Loo 2007; Krél 2011;
Adebola és mtsai, 2014). Ezt aldtdmasztja SooBo 2005-ben sertéseken végzett
tanulmanya is, ahol megallapitotta, hogy a fokozott bakterialis tevékenység-
nek koszonhet6en né az illdzsirsavakmennyisége. Adebola és mtsai. (2014)
szerint az igy fellép6 pH csokkenés a kulcsmechanizmus a patogének vissza-
szoritasaban, azonban meg kell emliteni azt is, hogy a prebiotikumok bizonyos
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koncentracié folott képesek 5 ala csokkenteni a vastagbéltartalom pH-jat, ami
mar gatolja a probiotikumok szaporodasat. Ez magyarazatot adhat Metzler-
Zebeli és mtsai. (2017) allitasara, miszerint az inulin-kiegészités nagyobb
adagja csokkentette a Bifidobacterium és az Enterobacterium szamat a vastag-
bélben. Adebola és mtsai. (2014) szerint egyes prebiotikumok képesek a
Lactobacillust megvédeni az epesavak karositd hatasaitdl, ezzel is kedvezve
azok szaporodasanak. Ez szintén fontos megallapitas a tekintetben, hogy meg-
értsiik mennyire 6sszetett folyamat a bél mikrobiom dsszetételének szabalyo-
zasa.

Csekély szamu kutatas foglalkozik felnétt kérédzék takarmanyanak inulin-
kiegészitésével. Ennek oka lehet, hogy a bend6ben €16 hatalmas mennyiségii
és fajgazdagsagl baktériumtomeg teljes mértékben fermentalja a kiegészités-
ként adott inulint és egyéb fruktanokat. A prebiotikumoknak igy nincs esélytik
elérni a tdpcsatorna hatsé szakaszaiba ahol pozitiv hatasukat valéban kifejt-
hetnék (van Loo, 2007). Hall és Weimer (2016)in vitro vizsgalata azt igazolta,
hogy az inulin a bendében mas fruktanoknal lassabban bomlik le,a gliik6zhoz
képest 20%-kal javitja a baktériumok N-felhasznalasat, noveli a bendéfolya-
dék ecetsavtartalmat és a biomassza tomegét. A mikrobiom zO6mét a
Bacteroides és Firmicutes torzsekhez tartozé fajok adjak, azok koziil is legf6-
képpen a Clostridiumok és Lactobacillusok vannak jelen. Samanta és mtsai.
(2013) megfigyelték, hogy juhok és holstein tehenek bend6jében prebiotikus-
kiegészités hatdsara csokkent az ammdnia-termeld baktériumok szama és
ezaltalkisebb lett az ammdnianitrogén koncentraciéja a bendéfolyadékban.

Az immunmodulacié és az inulin-Kiegészités osszefiiggése

Krdél (2011) szerint a prebiotikumok potencialis gyakorlati lehet6sége a beteg-
ségekkel szembeni nem specifikus immunvalaszban rejlik. Az immunoldgiai
vizsgalatok laborallatokon a legcélravezetdbbek, hiszen sokkal kontrollaltabb
kornyezetben vizsgalhatéak, mint a gazdasagi haszondllatok, igy ebben a té-
maban féleg ragcsalokon és kutyakon tapasztalt valtozasokat irnak le (Lomax
és Calder, 2009). A kétezres években szamos kutatas foglalkozott az inulin ti-
pusu fruktanok kozvetlen immunstimulal6 hatasaval (Vogt és mtsai, 2015). Az
immunrendszerrel 6sszefligg6 hatas sok tényezé6t foglal magaban, az eredmé-
nyek két f6 csoportra oszthaték, a GALT-ban (gut associated limfoid tissue) és
a szisztémas immunrendszerben bekovetkezett valtozdsokra (Lomax és
Calder,2009). A GALT a bélnyalkahartyaval tarsult nyirokrendszer, amely a bél
szoveteiben a ham és nyalkaréteg alatt helyezkedik el. Az itt talalhaté M sejtek
allitjak el6 és juttatjak el az antigéneket a bél lumentd6l a peyerplakkokhoz ahol
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az antigén a limfocitdkkal taldlkozik és aktivalodik. Ezt kovetéen ezek a
limfocitak a nyirokrendszeren keresztiil eljutnak az egész szervezetbe és a bél-
csatorna mas részeibe is. Vogt és mtsai. (2015) szerint, az inulin direkt hatassal
van a fent emlitett élettani folyamatokra, ami igy befolyasolja a gazdaszervezet
egészségét. Itt kell megemliteni, az inulin és a sejtmembran lipidjei k6zott fel-
1ép6 kapcsolatot is, amely dinamikusabb4 teszi a membrant és megkoénnyiti a
receptorok kapcsol6dasat és a jelatvitelt (Vogt és mtsai, 2015). Ez 6sszefiiggés-
ben allhat Masanetz és mtsai. (2011) megallapitdsaval, miszerint né a vastag-
bél PECAM1 (Platelet Endothel Cell Adhesion Molecule-1 = vérlemezke-
endotél sejtadhéziés molekula) el6forduldsa. Ez a molekula az immunglobulin
csalad tagja, amelynek segitségével a fehérvérsejt atjut az intercellularis térbe.
Az el6z6 fejezetben targyalt SCFA és egyéb fermentaciés termék koncentraci-
6ja inulin hatasara emelkedik, amely gyorsan felszivédva kozvetett hatast gya-
korol az immunsejtekre azdltal, hogy aktivalt G proteinekhez kapcsolédnak
(Vogt és mtsai, 2015; Huang és mtsai, 2015). A velesziiletett immunrendszert
érintd vizsgalatok sordn Lomax és Calder (2009) azt tapasztaltak, hogy a § 2-1
fruktanok kedvezéen hatnak a makrofagok szamara és funkcionalitasara. Rag-
csalokndl megfigyelték, hogy inulin-kiegészités esetén ndétt a peritonealis
makrofagok fagocitézis aktivitadsa, ahogy a nyirokcsomoék antigén szallité sejt-
jeik hisztokompatibilitasi komplex (MHC) II molekula expresszidja is, mig a
Jnaturalkiller” sejtek citotoxicitidsa nem valtozott a kutyakkal és patkanyokkal
végzett tanulmanyok szerint (Lomax és Calder, 2009). A kutatadsok zome besza-
novekedésérdl (Vogt és mtsai, 2015).Huang és mtsai. (2015) brojlercsirkék
élettani paramétereit vizsgaltak az els6 3 élethétben. Az altaluk mért értékek
szerint a vakbél IgA, és a jejunumm RNS szintje fokoz6dott, mikdzben csokkent
az interleukin-6 és interferon-y. Ezek az eredmények a kutatdk szerint azt jel-
zik, hogy a tapok 5-10 g/kg inulinnal torténd kiegészitése jotékony hatadssal
lehet a brojlercsirke intesztinalis immunfunkcidjanak fokozasara fiatal kor-
ban. Ezzel szemben Masanetz és mtsai. (2011) szerint a prebiotikum hatasara
né a gyulladascsokkentd IL10 molekulak el6forduldsa, ami a patogének szama-
nak visszaszoritdsaval egylitt az immunaktivitas csokkenésének oka lehet. Ito
és mtsai. (2011) szintén a vakbél IgA szintjének emelkedésérdl szamoltak be
patkanyoknak adott 60g/kg inulin-kiegészités soran. Malactapok 4%-os
inulin-kiegészitése fokoztdk a duodenum mucin és mRNS termelését (Tako és
mtsai, 2008). Az ellentmondé eredmények egyik oka, hogy az immunvalasz
nagymértékben fligg az adott él6lény koratdl és fajtajatol, egyéb paraméterei-
t6l. A masik lehetséges ok, hogy a fekalis IgA koncentracié nem a legjobb mé-
részama az immunrendszer miikodésének. Attdl fliggéen, hogy a prebiotikum
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a bélrendszer melyik szakaszaban stimuldlja a probiotikumok szaporodasat,
mas-mas eredményt kapunk az IgA koncentraciét illetéen (Lomax és Calder,
2009).

Az emésztorendszer morfolégidjaban, az anyagcserében és a teljesit-
ményben tapasztalt valtozasok

A The National Animal Health Monitoring Service szerint az amerikai allattarté
telepek 57,5%-a hasznalt antibiotikum tartalmu tejp6tlot 2007-ben (USDA,
2010). Ezek 49,5%-abanoxitetraciklin és neomicin kombinaciéjat alkalmaztak.
Ugyanez a szam 2002-ben még csak 25,6% volt. Az antibiotikumok kivaltasara
tobb lehet6ség is van, mint pl. az Aallati eredetdi szaritott vérplazma,
prebiotikumok, probiotikumok, aszkorbinsav és éleszt6sejtfal-alkotok (Kehoe
és Carlson, 2015). A fiatal allatokat érinté bélrendszeri fert6zések komoly
problémat jelentenek mind egészségligyi szempontb6l, mind pedig az lizem
nyereségessége tekintetében. Ezen allatoknal az inulin és oligofrukt6z a bél-
rendszerre gyakorolt kedvez6 hatdsa kovetkeztébenpozitivan befolyasolja az
egyes termelési paramétereket.A bélsar konzisztencia javulasa jél 1athato jele
az emésztérendszer egészségének, amire alapozva csokkenthetd az antibioti-
kumok haszndlata is. A prebiotikumok a mikrobiom 6sszetételén keresztiil ké-
pesek befolyasolni az emésztési folyamatokat. A keletkezett fermentacios ter-
mékek hatnak az anyagcserére, az allatok vérképére, immunrendszerére, az
emésztérendszer morfoldgidjara és persze mindezen keresztiil a haszonalla-
tok esetében a termelési mutatokra. Az inulin-kiegészitésnek koszénhet6 a na-
gyobb illézsirsav-koncentracio6 jotékony hatast gyakorol az anyagcserére, tap-
lalja a bélsejteket, noveli az epithel sejtek szamat a bélbolyhokban és noveli a
bélbolyhok hosszat (Gibson és Roberfroid, 1995). Verdonk és mtsai. (2005) va-
lamint VanLoo (2007) szerint sertésben az inulin-kiegészités hatasara a bél-
bolyhok meghosszabbodnak és ennek kdszonhet6en né az abszorpcios kapa-
citds, ami a termelési eredmények javulasahoz vezet. Brambillasca és mtsai.
(2015) ezzel szemben 3% inulin-kiegészités sordn nem talaltak valtozast az
emészt6késziilék morfologidjaban és miikodésében, sét, a kiegészités lagyi-
totta a bélsarat és rontotta az allatok takarmanyértékesitését, nitrogénreten-
ciojat. Metzler-Zebeli és mtsai. (2017) szintén a takarmanyértékesités romlasa-
rdl szamoltak be malacok inulin-kiegészitése kapcsan. Broilercsirkék esetében
Huang és mtsai. (2015) 5 g kiegészités esetén a takarmdanyfelvétel novekedését
tapasztaltdk, mig Verdonk és mtsai. (2005) a takarmanyértékesités és sulygya-
rapodas javulasarol, a tapcsatorna hosszanak névekedésérdl szamoltak be.
Broilerek esetén csokkent a vér koleszterinszintje és a zsir depozicié mértéke,
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mig tojotyukok esetén javult a Ca-anyagforgalom és a tojastermelés(Verdonk
és mtsai, 2005). Tejpo6tld tapszerek inulin-kiegészitésnek hatdsara az itatasos
borjak testtdmeg-gyarapodasa javul, akarcsak a bélsar konzisztenciaja
(Kaufhold és mtsai 2000; Verdonk és Van Leeuwen, 2004). Azokban a vizsgala-
tokban, ahol a bélsar allagaban nem tapasztaltak valtozast az inulin-kiegészit
és javara, ott teljesitményjavulasrol sem szamoltak be (Masanetz és mtsai,
2010,2011; Krél 2011; Kara és mtsai, 2012). Ennek oka lehet az allatok és kor-
nyezetiik patogén terheltségének alacsony mértéke, az allatok jo egészségligyi
allapota. Ettdl fliggetlentil, az idézett szerzdk vizsgalataiban is jelentkezett
élettani hatds, amely azt bizonyitja, hogy az inulin akkor is hat a szervezetre,
ha az teljesitményjavulasban nem mutatkozik. Krél (2011) vizsgalataiban 3 és
6 g/nap inulin-kiegészités hatdsara csokkent a karbamid- és koleszterinszint,
és nétt a vér hemoglobin- és fehérvérsejt-koncentraciéja. A nagyobb hemoglo-
bin-tartalmat és hematokrit értéket Masanetz és mtsai. (2011) a borjak jobb
vasforgalmaval magyarazzak, ami a teljes tejre alapozott borjinevelésben ki-
emelkedd jelent6séggel bir.Vizsgalatukban beszamolnak a borjak trombocita
és monocita koncentracidjanak csokkenésérdl. A sertésekben tapasztalt bél-
morfolégiat érintd valtozasokkal szemben Masanetz és mtsai. (2010) ugy talal-
tak, hogy itatdsos borjak tejpotléjanak 2% inulin-kiegészitésekor csokken az
ileumban a bélbolyhok hossza, a mucint termel6 kehelysejtek és a proliferativ
sejtek szama.

KOVETKEZTETESEK

A felsorolt tudomanyos eredmények alapjan elmondhatd, hogy az inulin, mint
prebiotikus fruktan hatasa a szervezet egészére mérhetd. Az allat egészségi al-
lapotat jelz6 pozitiv valtozasok nem minden esetben manifesztalédnak a telje-
sitmény novekedésében, de mindenképpen hozzajarulnak annak megfelel6 és
magas szinten tartdsahoz. Az antibiotikumtél mentes, illetve annak csokkenté-
sét célul kitliz6 takarmdanyozasi programok megfelel$ alkoto6ja lehet az inulin.
A tudomany szamara még sok lehetdséget kinal a kiillonb6z6 takarmanyozasi
és tartasi koriilményeknek megfelelé optimalis doézis, valamint a mas takar-
manyalkotékkal valé szinergens hatas feltérképezése.
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ABSTRACT - The experiment was started with 1,508 Rhode Island Red (RIR) and 1,820 Rhode Island
White (RIW) type non-beak-trimmed day-old pullets, which originated from 58 RIR and 70 RIW differ-
ent pedigree cocks, respectively. From all of the 128 cocks 26 half sibling offspring were tested. The
pure line pullets were raised up to 18 weeks of age in a closed building, in deep litter pens and moved
to the laying house and placed into three types of keeping systems [furnished cage, alternative pen
(litter and floor) and conventional cage] thereafter. The number of dead birds and the cause of mortal-
ity were recorded daily during the whole rearing and egg-laying period, up to 72 weeks of age. During
the rearing period the most frequent cause of mortality was wasting (due to feed intake refusal), which
accounted for nearly 36% of the total mortality. Aggression was responsible for 28.3% of the total mor-
tality. Depending on the type of the pullets (RIR or RIW), differences were observed in the frequency
of occurrence of mortality causes. For example, oedema and beak deformation occurred only in the RIR,
whereas technological injury and aggression only in the RIW pullets during the rearing period. During
the egg-laying period aggression was the most common cause of mortality. Its lowest occurrence was
observed in the alternative pens. In both of the examined types there were cocks, whose offspring died
exclusively by aggression, and cocks, whose offspring did not show any loss due to aggression. The ratio
of these cocks differed significantly (P<0.05) between the two types examined. Based on the results it
was established that the genetic background has significant effect on the mortality caused by aggres-
sion in non-beak-trimmed laying hens.

Keywords: pullet, laying hen, feather pecking, aggression, cannibalism

INTRODUCTION

Animal breeders are sometimes encountered with binding regulations that
they find difficult to identify with, on the basis of their professional experience.
However, in order to stay sustainable and to remain competitive, they need to
adapt to these regulations.
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CAUSES OF MORTALITY IN NON-BEAK-TRIMMED PURE LINE LAYING HENS WITH REGARD TO AGGRESSION

One of these regulations is the EU Council Directive 99/74/EC of 19 July
(1999), which laid down the minimum standards for the protection of laying
hens, and prohibited the use of the conventional cage system in the European
Union member countries from the 1st of January 2012. According to the provi-
sions of the Annex to this Directive, the mutilation of animals in the EU is also
prohibited, butin order to prevent feather pecking and cannibalism, beak trim-
ming may be authorised by individual member states, if it is carried out by
trained personnel up to 10 days of age of the animals.

In spite of the circumstances mentioned above, Denmark, Finland, Sweden
and Germany from the EU member states have banned beak trimming simul-
taneously with the technological change, while the United Kingdom, France
and the Netherlands are considering the introduction of banning. However, the
application and spread of the alternative housing systems, as well as the con-
tinuously increasing rejection of beak trimming in Europe, raised serious ani-
mal welfare problems.

Despite the original intention of the breeders, the selection, for decades, in
cages, favoured the outstandingly productive, but aggressive individuals,
which are inclined to feather pecking, which can lead to massive cannibalism.
In small groups (4-5 hens/cages), this type of social stress was not significant,
or was possible to prevent effectively by beak trimming of the animals with
thermo-cautery, laser or infra-red light (Guesdon et al., 2006; Shinmura et al.,
2006; Dennis et al., 2009). However, in larger group numbers, in those housing
systems that enabled greater freedom (alternative, run-out, free/eco/organic
housing) for the hens, this can lead to constant hierarchy fights or conflicting
situations.

Since the cause of this phenomenon is breeding, it seems to be the most
effective method of prevention, when looking for the resolution of the problem
also from the side of the breeding. Selection methods, in which the genetic ef-
fect of an animal on the survival of its group members is taken into account,
have been shown to be very effective in reducing mortality due to feather peck-
ing and cannibalism in laying hens (Bolhuis et al., 2009).

In the current genetic constructions, neglecting beak trimming may result
in a 2 to 4-fold increase of mortality in laying houses. This animal welfare con-
cern and the simultaneous change in housing technology force breeders to
produce hybrids that can be successfully maintained without the need for
beak-trimming that meets the new animal welfare requirements and new
housing systems as well. Since the inheritance of behavioural patterns makes
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it possible to eliminate the aggressive individuals with abnormal social behav-
iour in breeding programs, a conscious selection may be a solution for the
problem.

For this reason, the main goal of the present study was to examine the oc-
currence of mortality caused by aggression in non-beak-trimmed laying hens
with different paternal origin, in order to detect aggressive and calm families
in the TETRA pedigree lines. The novelty and the uniqueness of this study was
the possibility of testing pure lines, which indicates the possibility of selection
for this unfavourable behaviour.

MATERIALS AND METHODS

The examination was started with 1,508 Rhode Island Red (RIR) and 1,820
Rhode Island White (RIW) type day-old pullets, which were originated from
58 RIR and 70 RIW different pedigree cocks, respectively. From all of the 128
cocks 26 half sibling offspring were tested.

The pullets were raised up to 18 weeks of age in a closed building, in pens,
at the Experimental Poultry Farm of the Kaposvar University, in Hungary. Off-
spring of five cocks (5x26) - belonging to the same type (RIR or RIW) - were
reared in each pen, using deep litter floor and 14 pullets/m2 stocking density.
During the rearing period commercially available starter, grower and finisher
diets were used for the ad libitum feeding of the animals (Table 1). Drinking
water was also continuously available from self-drinkers.

The number of dead birds and the cause of mortality were recorded daily
during the whole rearing period.

At 18 weeks of age animals were moved to the laying house of the Experi-
mental Poultry Farm of the Kaposvar University. In the laying house, both the
RIR and RIW hens were placed into three types of keeping systems (Table 2):

1. EU conform furnished cage (7560 cm? basic area; 10 hens/cage; 756
cm?/hen);

2. Alternative pen (5,52 m? basic area, floor and litter combination, 53
hens/pen; 1040 cm?2/hen);

3. Conventional cage (3780 cm?; 6 hens/cage; 630 cm?2/hen).

[Permissions: MAB 232.1/00412/0016/2011; SOI/312766-7/2016 (KA-
2044)]
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Table 1
Composition of the diets used in the rearing period
Diet
Component Starter [ Starter II Grower Finisher
(0-3 weeks)  (4-8weeks)  (9-16 weeks) (17-18 weeks)
Dry matter (%) 88.0 88.0 89.0 89.0
ME Poultry (M]/kg) 12.29 12.09 11.56 11.69
Crude protein (%) 20.0 18.0 15.5 17.5
Crude fat (%) 4.33 2.93 3.33 3.44
Crude fibre (%) 4.20 423 3.59 4.84
Crude ash (%) 6.68 6.40 5.40 10.35
Nitrogen-free extractives (%) 56.4 60.7 63.8 57.8
Sodium (%) 0.17 0.17 0.17 0.17
Lysine (%) 1.15 1.00 0.75 0.80
Methionine (%) 0.49 0.43 0.35 0.40
Methionine + cysteine (%) 0.84 0.74 0.61 0.70
Calcium (%) 1.00 1.03 0.92 2.50
Phosphorous (%) 0.68 0.65 0.72 0.42
Table 2

Number of cocks and their offspring examined in the laying house

Keeping system

Lines ?ugrfi(:?lf;)gr;ge Alternative pen Conventional cage fotal
Cocks Offspring Cocks Offspring Cocks Offspring Cocks Offspring
(m () (m  (n) () () m [
Rhode Island Red
Line 1 4 80 7 106 2 48 13 234
Line 2 20 400 9 157 6 143 35 700
Line 3 5 100 4 54 1 22 10 176
Total 29 580 20 317 9 213 58 1110
Rhode Island White
Line 1 19 380 8 106 2 48 29 534
Line 2 20 400 9 157 6 143 35 700
Line 3 2 40 3 53 1 24 6 117
Total 41 820 20 316 9 215 70 1351

Both in the case of the EU conform and conventional cages, only the half-
sibling offspring of one cock were placed into one cage. In the case of the alter-
native pens, offspring of 2 or 3 cocks were placed into one pen.

For the ad libitum feeding of the hens, commercial layer starter diet was
supplied until 20 weeks of age, followed by layer feed (Table 3). Drinking water
was continuously available from self-drinkers.
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The number of dead birds and the cause of mortality were recorded daily
during the whole egg-laying period, up to 72 weeks of age.

Statistical evaluation of the experimental data was performed by the Chi?-
test, using the 10.0 version of the SPSS statistical software package (SPSS for
Windows, 1999).

Table 3
Composition of the diets used in the egg-laying period
Diet
Component Layer starter Layer
(18-19 weeks) (20-72 weeks)
Dry matter (%) 89.0 89.0
ME Poultry (M]/kg) 11.69 11.40
Crude protein (%) 17.5 17.5
Crude fat (%) 3.44 4.72
Crude fibre (%) 4.84 3.61
Crude ash (%) 10.35 14.00
Nitrogen-free extractives (%) 57.8 54.9
Sodium (%) 0.17 0.17
Lysine (%) 0.80 0.85
Methionine (%) 0.40 0.42
Calcium (%) 2.50 3.80
Phosphorous (%) 0.42 0.40
RESULTS
Mortality during the rearing period

During the rearing period - till 18 weeks of age - the following causes of mor-
tality were recorded in the non-beak-trimmed pullet populations:

hatching disability,

wasting (due to feed intake refusal),

respiratory diseases (mainly upper respiratory disorders),

oedema,

foot disorders,

beak torsion,

technological injury (caused by the keeping systems and their equip-
ments),

feather pecking,

other.

The most frequent cause of mortality was wasting, which accounted for
nearly 36% of all mortality. In addition, feather pecking caused also a high pro-

portion

(28.3%) of the total mortality, while the other causes of mortality did
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not reach 10% of the total losses. The least cause of mortality was oedema,
which was registered only once during the rearing period.

Depending on the type of pullets (RIR or RIW), differences were observed
in the frequency of occurrence of mortality causes (Table 4).

Table 4

Frequency of different cause of mortality in non-beak-trimmed Rhode Island
Red and Rhode Island White laying hen pure lines during the rearing period
(0-18 weeks of age)

Ratio of mortality

Cause of mortality in the per cent of total mortality (%) Level of significance
Rhode Island Red Rhode Island White
Hatching disability 7.3 11.7 N.S.
Wasting 48.8 25.5 P<0.05
Respiratory diseases 14.6 2.0 P<0.05
Oedema 2.4 0.0 N.S.
Foot disorder 9.8 3.9 N.S.
Beak torsion 7.3 0.0 N.S.
Technological injury 0.0 3.9 N.S.
Feather pecking 0.0 51.0 P<0.001
Other 9.8 2.0 N.S.

N. S. = non significant (P>0.05)

While nearly half of the mortality was caused by wasting in the RIR pullets,
only one-quarter of the mortality occurred by the same reason in the RIW pop-
ulation. The difference in the ratio of mortality caused by wasting between the
two types of the hens was statistically proven at P<0.05 level.

Respiratory diseases were responsible for 14.6% of the total loss in the RIR,
while only for 2% in the RIW population. The difference between the two ex-
amined types was significant at P<0.05 level.

It was observed that certain causes of mortality occurred only in the RIR or
in the RIW population, respectively. For example, oedema and beak defor-
mation occurred only in the RIR, while technological injury and feather pecking
(aggression) only in the RIW pullets during the rearing period. While aggres-
sion was not observed in the RIR population, it accounted for more than the
half of the total mortality in the RIW population.

Mortality during the egg-laying period

During the egg-laying period - between 18 and 72 weeks of age - the following
causes of mortality were recorded in the non-beak-trimmed laying hen popu-
lations:

* aggression (feather pecking, cannibalism),
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¢ cloaca fissure,

e eggretention,

* wasting (due to feed intake refusal),

* pericarditis and pneumonia,

* technological injury (caused by the keeping systems and their equip-
ments),

* poultry mite.

The most common cause of mortality was aggression in both of the exam-
ined types. However, while the ratio of mortality caused by aggression did not
reach two-third of the total loss in the RIR hens, the rate of this was slightly
higher than three-quarters of the total loss in the RIW layers (Table 5).

Table 5

Frequency of different cause of mortality in non-beak-trimmed Rhode Island
Red and Rhode Island White laying hen pure lines during the egg-laying period
(18-72 weeks of age)

Ratio of mortality

Cause of mortality in the per cent of total mortality (%) Level of significance
Rhode Island Red  Rhode Island White

Aggression 64.4 76.8 P<0.001

Cloaca fission 1.1 0.0 N.S.

Egg retention 23.6 17.7 N.S.

Wasting 3.4 1.2 N.S.

Pericarditis and pneumonia 0.6 0.4 N.S.

Technological injury 4.6 0.4 P<0.001

Poultry mite 2.3 3.5 N.S.

N. S. = non significant (P>0.05)

The difference between the two types examined was statistically proven at
P<0.001 level.

The second most common cause of mortality was egg retention in both ex-
amined types. While it was responsible for nearly one quarter (23.6%) of the
total mortality in the RIR hens, it caused nearly one fifth (17.7%) of the total
mortality in the RIW population. However, the difference between the two
types examined was statistically not proven in this case (P>0.05).

The rate of any of the other causes of mortality did not reach 10% of the
total mortality in any of the tested types. Among these, technological injury
caused the greatest difference in the mortality between the two types exam-
ined. On the contrary to the growing period, 4.6% of the total mortality was
caused by technological injury in the RIR and only 0.4% of the total mortality
in the RIW hens. This difference between the examined types was statistically
proven at P<0.001 level.
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[t was interesting to see that the ratio of mortality caused by aggression
differed not only between the examined types, but also between the examined
lines within the tested types. In both examined types there was found a line
(Line 1 in the RIR and Line 3 in the RIW type), where the ratio of mortality
caused by aggression compared to the total mortality was significantly lower
than in the other two lines of the same type (Table 6). Among the observed
causes of mortality in laying hens, aggression caused less mortality in alterna-
tive pens than in cages (Table 7).

Table 6
Mortality in non-beak-trimmed Rhode Island Red and Rhode Island White lay-
ing hen pure lines during the egg-laying period (18-72 weeks of age)

Type of hens Line 1 Line 2 Line 3
Total mortality (%)
Rhode Island Red 141 17.0 12.0
Rhode Island White  31.8b 4142 37.62
Mortality caused by aggression (%)
Rhode Island Red 5.1b 11.42 8.4ab
Rhode Island White  24.5b 32.42 19.7b
Ratio of mortality caused by aggression in the per cent of total mortality (%)
Rhode Island Red 36.4> 67.22 70.02
Rhode Island White  77.12 78.32 52.3b

abDifferent letters in the same row indicate significant differences (P<0.05)

In alternative pens, mortality caused by aggression was significantly lower
(P<0.05) compared to conventional cages in both examined types. In the case
of the RIW laying hens, the difference was statistically proven also compared
to the furnished cages (P<0.001).

At the same time, the rate of the second most frequent cause of mortality,
egg retention, was lowest in the conventional cages in both of the examined
types. However, the effect of the housing system was statistically not proven
in this case (P>0.05).

Mortality caused by poultry mite occurred only in the alternative housing

system for both of the examined types. The rate of mortality caused by poultry
mite was more than twofold higher in the RIW than in the RIR hens (21.0%
and 9.3%, respectively). However, despite the great difference between the
two types, the difference observed was statistically not proven (P>0.05).
By the examination of the mortality caused by aggression it was established
that the paternal origin of the hens played a significant role in the appearance
of aggression in both of the examined types. The ratio of mortality caused by
aggression varied between 0 and 100 in the per cent of total mortality depend-
ing on the paternal origin of the hens in both types.
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Table 7

Frequency of different cause of mortality in non-beak-trimmed Rhode Island
Red and Rhode Island White laying hen pure lines during the egg-laying period
(18-72 weeks of age) in different keeping systems

Ratio of mortality
in the per cent of total mortality (%)

Cause of mortality Keeping system Rhode sland _ Rhode Island
Red White
EU cage* 64.9b4B 80.32A
Aggression Alternative pen 53.58 54.38
Conventional cage 75.7A 84.24
EU cage* 0.0 0.0
Cloaca fission Alternative pen 2.3 0.0
Conventional cage 2.7 0.0
EU cage* 28.72 18.4b
Egg retention Alternative pen 20.9 19.8
Conventional cage 13.5 13.9
EU cage* 4.3 1.3
Wasting Alternative pen 0.0 1.2
Conventional cage 5.4 1.0
. - EU cage* 0.0 0.0
gzss:g;?: L Alternative pen 2.3 2.5
Conventional cage 0.0 0.0
EU cage* 2.1aB 0.0b
Technological injury Alternative pen 11.624 1.2b
Conventional cage 2.748 1.0
EU cage* 0.08 0.08
Poultry mite Alternative pen 9.3A 21.04
Conventional cage 0.08 0.08

*EU conform furnished cage

abDifferent letters in the same row indicate significant differences between the types of hens (P<0.05)
ABCDjfferent letters in the same column (within one cause of mortality) indicate significant differences
between the keeping systems (P<0.05)

Both in the RIR and RIW type we have found cocks, whose offspring were
died exclusively by aggression. However, the ratio of these cocks was signifi-
cantly lower (P<0.05) in the RIR than in the RIW type (8.6% and 22.9%, re-
spectively). On the contrary, the ratio of cocks, whose offspring did not show
any loss due to aggression was 55.2% in the RIR and 15.7% in the RIW type.
The difference between the two types was significant also in this case
(P<0.001).

DISCUSSION

Aggressive behaviour (feather pecking and cannibalism) is a common problem
in the egg production. Although beak trimming in laying hens can prevent or
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reduce damages caused by these behavioural disorders, this procedure has al-
ready been banned in a few European countries (Spindler et al., 2016). There-
fore, feather pecking is becoming a substantial problem in the layer industry,
both from animal welfare and economic points of view (Sun et al., 2014), espe-
cially in non-cage laying flocks (Hartcher et al., 2015).

Because literature suggests that rearing is an important period for the de-
velopment of behaviours later in life, Hartcher et al. (2015) have examined,
whether behavioural tests during the rearing period could be predictive for
plumage damage in adulthood. Their results indicated that environmental en-
richment affected the birds’ behaviour during the rearing period, but it did not
affect the plumage damage due to severe feather-pecking later in life.

In the study of Shimmura et al. (2008) it was examined whether the hens in
different housing systems have the same time budget for different beak-re-
lated behaviours. It was found that the total frequency of beak use was almost
the same in the examined housing systems, but the breakdown of types of beak
use was different. For example, the proportion of hens performing severe
feather pecking was higher in large furnished cages and single-tiered aviary
than in free-range, and more in free-range than in small and large conventional
cages, and small furnished cages.

In the study of Morrissey et al. (2016) the authors tried to answer the ques-
tion, whether non-beak-trimmed hens can be kept in commercial furnished
cages. Examining the effects of breed and beak treatment on the mortality, be-
haviour and feather cover of the hens they have established that both of the
examined traits have significant effect on the injurious pecking related mortal-
ity. However, the non-beak-trimmed hens showed not only higher mortality
compared to their beak-trimmed counterparts, but also their feather cover
was significantly worse at most body sites, and it worsened more quickly with
age.

Bolhuis et al. (2009) have pointed out that selection could be very effective
in reducing mortality due to feather pecking and cannibalism in laying hens. In
their experiment hens from already the second generation of the low mortality
line showed less fear-related behaviour than hens in the control line.

The effectiveness of selection for hen-days without beak-inflicted injuries
was studied by Craig and Muir (1993). The base population was known to have
a high incidence of beak-inflicted injuries when pullets' beaks were intact. Af-
ter two generations, mean hen-days without beak-inflicted injuries from 16 to
40 weeks of age were 164.8 and 155.3 for selected and unselected stocks, re-
spectively, yielding a realized family heritability of 0.65+0.13 SE. However, se-
lection did not appear to alter the relative frequency of beak-inflicted injuries
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by body regions affected; about 30% of all injuries involved the vent-cloacal
area.

In a later study of these authors it was examined that selection on the basis
of family means for increased survival and hen-housed egg production, when
sisters with intact beaks were kept together in multiple-bird cages, would
cause adaptive changes in behaviour (Craig and Muir, 1996). Based on the re-
sults it was established that for cages with greater than or equal to 1 cannibal-
istic death, the commercial stock had twice and the control stock 1.6 times as
many with repeated losses as the selected stock in the seventh generation. The
selected stock had also better feather scores and body weights than either the
control or the commercial stock.

Similarly to the results of Morrissey et al. (2016) we have also established
that the genetic background significantly affects the presence and injury of
feather pecking in non-beak-trimmed laying hens. In our examination it was
observed that the differences in the mortality caused by feather pecking exist
not only between the types, but also between the lines in the examined types.
The examination of the paternal origin of the hens showed that - similarly to
the opinion of Craig and Muir (1993, 1996) and Bolhuis et al. (2009) - selection
seems be a possible way to reduce mortality due to feather pecking and canni-
balism in laying hens. Based on our results selection is suggested in both of the
examined types, but especially in the Rhode Island White, where significantly
more cocks had mortality due to aggression in their offspring population.

According to Spindler et al. (2016) optimal housing and management of pul-
lets and laying hens are also necessary if untrimmed flocks should be kept
without causing increased damages due to feather pecking and cannibalism.
From among the keeping systems examined the alternative pen seemed to be
the most favourable in our study from this point of view.

However, despite the optimal housing and flock management, the risk of
the occurrence of behavioural disorders, such as feather pecking and cannibal-
ism cannot be eliminated completely. In practice, the access to additional en-
vironmental enrichment materials, the supply of water- and feed additives as
well as the modulation of the lightning conditions in the barn, have proven ef-
fective to calm down the situation in affected flocks (Spindler et al., 2016).

CONCLUSIONS

Based on the results it was established that the genetic background has signif-
icant effect on the mortality caused by aggression in non-beak-trimmed laying
hens. It was also pointed out that the differences in the mortality caused by
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feather pecking and cannibalism exist not only between the types, but also be-
tween the lines in the examined types. Because the paternal origin of the hens
also showed differences in the mortality caused by aggression it was stated
that selection could be a possible way to reduce mortality due to feather peck-
ing and cannibalism in non-beak-trimmed laying hens.
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