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Souhrn

Ruzné druhy hlodavct se 1isi zpisobem Zivota, parovacimi systémy
a lis{ se i v morfologii spermii. U hlodavct se vyskytuji rdzné drovné
kompetice spermii. Obecné u Zivocichi se ma za to, Ze diky kompetici
spermii dochdzi k prodluZovani bi¢ikl spermii. Jak pfesné ptisobi kompetice
spermii u hlodavci? Druhové specificky sexudlni vybér miZe optimalizovat
morfologii spermii. Fyziologii, morfologii a kompetici spermii miiZou
ovlivilovat i environmentalni faktory.

Disertacni prace byla zaméfena na reprodukéni strategie hlodavel
na urovni spermii a to na zdkladé morfologickych a behaviordlnich
vlastnosti spermii. Prace obsahuje tfi publikace (vCetné jednoho odeslaného
rukopisu) a v pfiloze jeden ¢lanek, ktery okrajové souvisi s tématem prace.

Morfologie spermii u hlodavct hraje diileZitou roli v kompetici
spermii. Delsi bic¢iky a apikalni hacky jsou u druht s relativné vétsimi
varlaty a vyS$§im procentem ndsobného otcovstvi (multiple paternity), tedy u
druhi s vyssi mirou promiskuity a vy$$i mirou kompetice spermii. Jednim z
cilt bylo zjistit vztahy délky apikalnich hackt a biciktu spermif a variability
v téchto znacich s relativni hmotnosti varlat. Vysledky této prace ukézaly, Ze
prikazné delsi apikdlni hacky byly u druht s vyssi relativni hmotnosti varlat
(tzn. vy$si mirou kompetice spermii), coz poukdzalo na usméritujici vybér
na fenotyp spermii. ZvySend mira kompetice spermii vedla ke sniZeni
variability v délce apikdlnich hackd, coz nasvédcuje na stabilizujici vybér.

Dalsi studie byla zaméfena na zmény uhlti zahnuti apikdlnich
hackd spermii v zdvére¢né fazi spermiogeneze a ve fazi pred oplodnénim.
Pribéh zmén zahnuti byl opacny u mySic (Apodemus sylvaticus a A.
agrarius) v porovnani s mysi (Mus musculus). U mySic se zna¢né liSily dhly
u dormantnich a aktivnich spermii. U vSech druhi, ve vSech stadiich byl
zjisStén velky rozsah hodnot uhli zahnuti, z tohoto pohledu se jevi mefeni
uhla pro hodnoceni miry kompetice spermii méné vhodné nez méfeni délky
apikdlnich hackid. Rozsah hodnot thlt ukdzal na miru flexibility apikdlnich
hack.

Cilem dalsi studie bylo zjistit vliv u¢inku fluoridovych ionti a
fluorohlinitanovych komplexi u mysi na spermatogenezi in vivo a na
kapacitaci spermif in vitro. Zjistili jsme, Ze zvySend koncentrace iontl vedla
ke sniZeni drovné spermatogeneze, kvalitativnimu ovlivnéni morfologické
struktury tkdné varlat a ovlivnéni schopnosti spermii tspé$n€ podstoupit
kapacitaci.

Téma ¢lanku v piiloze bylo zaméfeno na proteiny, které se podileji
na pachové (chemické) komunikaci u hlodavcti a miizou ovliviiovat rizné

biologické procesy, véetné kompetice spermii.



1. Piisobeni kompetice spermii na variabilitu v délkach apikalnich
hacka a bicika

Sandera M., Albrecht T., Stopka P., 2011: Variation in apical hook length
reflects the intensity of post-copulatory sperm competition in murine
rodents. Submitted to Evolutionary Ecology.

Post-kopula¢ni  sexudlni  vybér  ovliviiuje  morfologii  spermii.
U promiskuitnich druhti se muZe projevovat usmérnujici i stabilizujici
selekce. Jednim z cild bylo zjistit vztahy délky apikalnich hackt a bicika
spermif a variability v téchto znacich s relativni hmotnosti varlat. Vysledky
této prace ukazaly, Ze prikazné del$i apikdlni hacky byly u druht s vyssi
relativni hmotnosti varlat (tzn. vyS$§i mirou kompetice spermif), coz
poukdzalo na usmériiujici vybér na fenotyp spermii. ZvySend mira
kompetice spermif vedla ke sniZeni variability v délce apikdlnich hackd, coz
nasvédCuje na stabilizujici vybér. Druhove specifické sexudlni vybér miize
optimalizovat morfologii spermii.

2. Zmény pozic zahnuti apikalnich ha¢ki spermii

Sandera M., Andrlikové P., Frolikovd M., Stopka P., 2011: Changes in the
curvature of sperm apical hooks in murine rodents. Biologia: in press.

Apikdlni hacky spermii hlodavci hraji diilezitou roli v kompetici spermii.
Apikdlni hacky jsou vice zahnuté a del$i u druhd s vy$s$i mirou kompetice
spermii. Spermie mohou tvofit shluky ,,vlacky*, které se mohou pohybovat
rychleji nez jednotlivé spermie, a tim dosdhnout vajicka dfive. Apikdlni
hacek je dulezity pro zapojovani se do vlacku. Tato studie byla zaméfena na
zmény v délce a v zahnuti apikédlnich hackd v zdvérecné fazi spermiogeneze
a fazi pred oplodnénim. Délky apikalnich hackl zustavaji mezi jednotlivymi
stddii bez vyraznych zmén. Prib¢h zmén zahnuti byl opacny u mySic
(Apodemus sylvaticus a A. agrarius) v porovnani s mySi (Mus musculus).
U mysSic se znacné liSily dhly u dormantnich a aktivnich spermii. U vSech
druhti, ve vSech stadiich byl zjistén velky rozsah hodnot dhld zahnuti,
z tohoto pohledu se jevi méfeni Ghlt pro hodnoceni miry kompetice spermii
méné vhodné nez meéfeni délky apikalnich hacki. Rozsah hodnot tdhlt
ukdzal na miru flexibility apikalnich hackda.
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Sandera M., Jefabkova L., Kugera Z., 2008: Rana arvalis in the
Czech Republic: Recent occurrence and surveillance problems. In:
Glandt D., Jehle R. (Hrsg.): Der Moorfrosch/The Moor Frog.
Zeitschrift fir Feldherpetologie, Supplement 13: 249 — 254,

Roéek Z., Sandera M., 2008: Distribution of Rana arvalis in Europe:

a historical perspective. In: Glandt D., Jehle R. (Hrsg.): Der
Moorfrosch/The Moor Frog. Zeitschrift flir Feldherpetologie,
Supplement 13: 135 — 150.

Sandera M., Starostova Z., 2009: A record of Asian agama of the
genus Calotes Cuvier, 1817 (Squamata: Agamidae) in Kenya.
Bonner zoologische Beitréage 56 (4): 225 — 228.

Brejcha J., Miller V., Jetabkova L., Sandera M., 2009: Vyskyt
Trachemys scripta na Gzemi Ceské republiky (Distribution of pond
slider (Trachemys scripta) in the Czech Republic — English
summary). Herpetologické informace 8: 14 — 29.

3. Vliv fluoridii na kapacitaci mysich spermii

Dvorakova-Hortova K., Sandera M., Jursova M., Vasinova J., Péknicova J.,
2008: The influence of fluorides on mouse sperm capacitation. Animal
Reproduction Science 108 (1-2): 157 — 170.

Zvysujici se neplodnost v dusledku patologickych zmén spermii je ¢im dal
tim Cast&jSi. Eko-toxikologické tcinky fluoridi mohou byt zvySeny
v piitomnosti iontti hliniku tim, Ze vytvoii fluorohlinitanové komplexy,
které narusuji ¢innost G-proteinii a P-ATPaz, které jsou soucdsti nekterych
signdlnich drah béhem maturace a kapacitace spermii (procest dileZitych
pro fertiliza¢ni schopnost spermif). Tato prace byla zaméfena na zjiStovani
pusobeni fluoridovych ionti a iontd hliniku na spermatogenezi a na kvalitu
spermii savct (laboratornich mys{). Zmifiované ionty se vyskytuji v latkdch
pfitomnych v Zivotnim prostiedi. Po tfimésicnim pusobeni fluoridi
v koncentracich 0, 1, 10 a 100 ppm a paralelnim synergickém pusobeni
s hlinikovymi ionty v ddvce 10 ppm nebyly zjistény Zaddné dhyny a viditelné
ovlivnéni kondice. Koncentrace fluoridd 10 a 100 ppm se projevily ve
sniZen{ spermatogeneze in vivo a sniZeni fertilizanich schopnosti spermii in
vitro. Zvysené davky fluoridl predstavuji potencidlni riziko tim, Ze ovliviiuji
spermatogenezi a fyziologii spermii, a tim mohou pfispét k rostouci
neplodnosti.
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angle values point to a level of flexibility of the apical hooks. The
lengths of sperm hooks in individual species do not change during
particular stages. The length and flexibility of the sperm apical hooks
are important for the formation of sperm aggregations, thus these
sperm characters indicate the risk of sperm competition and the
sperm strategies in murine rodents.

3. Dvorakova-Hortova K., Sandera M., Jursova M., Vaginova J.,
Péknicova J., 2008: The influence of fluorides on mouse sperm
capacitation. Animal Reproduction Science 108 (1-2): 157 — 170.

Increasing infertility, due to pathological changes on sperm, has
become a serious issue. Eco-toxicological effect of rising
concentration of fluorides can be enhanced in the presence of
aluminium ions by forming fluorometallic complexes, analogues of
phosphate groups that interfere with the activity of G-proteins and P-
typeATPases, which are part of several signalling pathways during
sperm maturation. In order for sperm to gain fertilizing ability, they
must undergo in the female reproductive tract, capacitation that
includes  tyrosine  phosphorylation and consequent actin
polymerization. The present paper reports the findings of 3-month
oral toxicity in mice of fluorides at the concentrations 0, 1, 10, and
100 ppm and their synergic action with aluminium at dose of 10 ppm.
There were no mortalities, clinical signs of discomfort or body weight
loss during the experiment. The analysis revealed, for the
concentrations of 10 and 100 ppm, abnormalities of spermatogenesis
and ability of epididymal spermatozoa to capacitate in vitro, as the
result of decreased sperm head tyrosine phosphorylation and actin
polymerization. The enhancing overload caused by fluorides
represents a potential factor, having an impact on function of sperm,
hence contributing to a growing infertility in the human population.



1. Sandera M., Albrecht T., Stopka P., 2011: Variation in apical hook
length reflects the intensity of post-copulatory sperm competition in
murine rodents. Submitted to Evolutionary Ecology.

Post-copulatory sexual selection has been shown to shape
morphology of male gametes. Both directional and stabilizing
selection on sperm phenotype have been documented in vertebrates
in response to sexual promiscuity. Here we investigated the degree
of variance in apical hook length and tail length in six taxa of murine
rodents. Tail sperm length and apical hook length were positively
associated with relative testis mass, our proxy for levels of sperm
competition, thus indicating directional post-copulatory selection on
sperm phenotypes. Moreover, our study shows that increased levels
of sperm competition lead to the reduction of variance in the hook
length, indicating stabilizing selection. Hence, the higher risk of
sperm competition affects increasing hook length together with
decreasing variance in the hook length. Species-specific post-
copulatory sexual selection likely optimizes sperm morphology.

2. Sandera M., Andrlikova P., Frolikova M., Stopka P., 2011:
Changes in the curvature of sperm apical hooks in murine rodents.
Biologia: in press.

Sperm apical hooks in murine rodents play an important role in
sperm competition. Apical hooks are more curved and longer in
species with relatively larger testes, that is in species with a higher
risk of sperm competition. The sperm can form aggregations, ’trains’,
that can move faster than individual sperm, thus reaching the egg
earlier as was observed in Apodemus sylvaticus. The apical hook
plays an important role for train formation. This study focuses on the
changes in the curvature of sperm apical hooks during the final
stages of spermiogenesis and stages before fertilization (sperm-life
span). Apical hook curvatures of field mice (A. agrarius and A.
sylvaticus) vary significantly between dormant and active sperm. In
contrast, there are no significant differences among the stages in the
eastern house mouse. Since there are high ranges of angle values in
all stages, the mean angles of apical hook curvature are not
appropriate for evaluating risk of sperm competiton. The ranges of
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Summary

Rodents exhibit diverse biology, mating systems and diverse
sperm morphology. Different levels of sperm competition have
therefore been found in this group. Generally, it is accepted that
sperm competition in animals causes the prolongation of sperm tails.
However, what other sperm morphological adaptations in rodents are
affected by sperm competition? Species-specific sexual selection
likely optimizes sperm morphology. Sperm physiology, morphology
and competition may be influenced, ultimately, by environmental
factors.

This Ph.D. thesis focuses on sperm competition in murine
rodents. The thesis contains three research articles (including one as
a submitted manuscript). In addition, another published article,
partialy related to the topic of this thesis, is represented in the
Appendix.

The sperm morphology in rodents plays an important role in
sperm competition. Longer tails and apical hooks are usually found in
the species with relatively larger testes and with higher percentage of
multiple paternity (i.e. rate of promiscuity), that is in species with the
higher risk of sperm competition. The goal of the first study was to
investigate the relationships between relative testis weight and sperm
traits (apical hook and tail lengths and variance in this traits). The
apical hook length was positively associated with relative testis mass
thus indicating directional post-copulatory selection on sperm
phenotypes. Moreover, our study shows that increased levels of
sperm competition lead to the reduction of variance in the hook
length, indicating stabilizing selection.

The second study focused on the changes in the curvature of
sperm apical hooks during the final stages of spermiogenesis and
stages before fertilization. Apical hook curvatures of field mice
(Apodemus agrarius and A. sylvaticus) varied significantly between
dormant and active sperm. In contrast, there was no significant
difference among the stages in the eastern house mouse (Mus
musculus). Since there are high ranges of angle values in all stages,
the mean angles of apical hook curvature are not appropriate for
evaluating the risk of sperm competition, though the ranges of angle
values point to the level of flexibility of the apical hooks.

The objective of third study was to investigate the in vivo
effect of fluoride and aluminium ions in mice on spermatogenesis and
on capacitation in vitro. We found that the exposure of mice to an

increased concentration of ions resulted in a decreased level of
spermatogenesis, qualitatively affected the morphological structure of
the testicular tissue and modified the ability of mouse sperm to
successfully undergo capacitation.

The paper in the Appendix is related to proteins that are
involved in chemical communication in rodents and may have some
impact on biological processes, including sperm competition.



