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Abstrakt

V této dizertacni préci jsem se vénovala prevaziné tématu ochrany vzacnych druht a to
ve tfech projektech realizovanych ve spolupraci se ZOO Praha. Dalsi dva dil¢i projekty, které
jsou soucdsti této dizertacni prace, se vénuji tématu analyzy genetické diverzity v ptirodé a
vznikly ve spoluprici s institucemi v Indonésii a Arménii. VSechny tyto projekty jsem fesila
pomoci obdobné laboratorni a vypocetni metodiky, ackoliv kazdy projekt fesil odlisné
problémy. Ve stéZejnim, a asi i nejdllezitéjSim projektu jsem zabyvala scinky rodu Tiliqua
Zijicimi na Molukach, Nové Guinei (Irian Jaya) a ptilehlych ostrovech. Analyzou
mitochondridlnich a jadernych znakl jsem fesila jejich vzajemné fylogenetické a populacni
vztahy. Druhad prace byla zamérena na studium ex situ populace Mauremys annamensis
v Evropskych chovech, urcovala jsem haplotypovou diverzitu a detekovala F1 hybridy
v populaci. Ve tfeti praci jsem zkoumala genetickou variabilitu pro potfeby organizace ex situ
chovil Orlitia borneensis u jedincli chovanych v Evropskych zoologickych zahradach. Ctvrta
prace se zabyvala vyzkumem genetické variability populace Chilabothrus angulifer v Evropskych
chovech, zabyvala se otazkou dlouhodobého preZiti této populace. V posledni paté praci jsem
za poutziti genetickych metod identifikovala druhy, sekvenéni a haplotypou diverzitu

sympatrickych druh( z rodu Apodemus (Sylvaemus) v Arménii.

Ve vSech pracich pouzivdm hlavné mtDNA, kterd byla jesté v minulém tisicileti pouzivdna
jako univerzalni marker. Na pouZitych prikladech ukazuji, Ze mtDNA je stale vyuzitelnd zpravidla
v kombinaci s dalSimi znaky (v mém ptipadé sekvencemi vybranych jadernych gena). Ackoliv
jsem pouzila podobné molekularni a analytické postupy, kazda z dil¢ich studii si vzhledem
k odliSné povaze problému a zjisténé genetické variability, vyzadala vyrazné odliSnou
interpretaci vysledk(. Proto je tato prace i prikladem vyuziti rozdilnych interpretacnich

schémat.



Abstract

In this dissertation thesis, | focused mainly on the topic of endangered species
conservation in three projects, which were realized in cooperation with Prague ZOO. The other
two subprojects, which are part of this dissertation, deal with the topic of genetic diversity
analysis in nature and were realized in cooperation with institutions in Indonesia and Armenia.
In all these projects | used a similar laboratory and computational methodology, although each
project addressed different problems. In the main and probably the most important project, |
studied the skinks of genus Tiliqua living in the Moluccas, New Guinea (Irian Jaya) and adjacent
islands. | analyzed mitochondrial and nuclear markers to reveal the phylogenetic and
population relationships. In the second project, | focused on the study of ex situ population of
Mauremys annamensis in European captive breeding. The goal was to determine the haplotype
diversity and detect the F1 hybrids in population. In the third project, | examined the genetic
variability of Orlitia borneensis in European zoological gardens for the purposes of ex situ
breeding program organization. The fourth project is focused on examination of genetic
variability of Chilabothrus angulifer population, which is kept in European breeding. | studied
possible long-term survival of this population. In the last fifth project, | used the genetic
methods to identify the species, examine the sequence and haplotype diversity of sympatric

species from genus Apodemus (Sylvaemus) in Armenia.

In all projects, | mainly use the mtDNA, which was considered as a universal marker in
the last millennium. In the projects was confirmed, that using of mtDNA is still useful, especially
in the combination with other markers (in my works with nuclear genes sequences). Although |
used similar molecular and analytical approaches, each of the sub-studies interprets the results
in a significantly different way, considering the diversity of studied problems and genetic

variability. Therefore, this thesis is an example of the use of different interpretation schemes.



Uvod

V predloZené dizertacni praci se vénuji prevazné genetickym aspektlim tématu ochrany
vzacnych druh(. Je to vyzkumny program, ktery se poprvé prosadil v roce 1982 (Schonewald-
Cox et al. 1982, pro prehled viz Avise 2014). Od té doby jeho vyznam progresivné rostl a fada
jeho vysledkd je rutinné uplatfiovana v druhové ochrané (Frankham et al. 2002, 2010). Dle
Frankhama (2010) je ochranarska genetika uzZitou védou, ktera nardzi na postatny rozpor mezi
tim, co je technologicky mozné a tim, co je v redlné situaci z financnich a praktickych divodu
skutecné proveditelné. Pro ex situ projekty se alespori omezené zapojeni genetickych pristupl

stalo nezbytnosti (Witzenberger a Hochkirch 2011).

Tti z péti dilcich projektl této disertace jsou zaloZzeny na projektech, které vznikly ve
spolupraci se ZOO Praha. Vyzkumné cile vznikly na zakladé poZadavk( a moZnosti této instituce.
Pro potrebu ex situ projektll mezinarodné koordinovanych pracovniky zoo, které zaroven
zajistily potrebny genetické vzorky z evropskych zoologickych zahrad. Tyto projekty se tykaly
dvou kriticky ohrozenych druh, Zelv anndmskych (Mauremys annamensis), orlicii bornejskych
(Orlitia borneensis), jako i ohrozeného druhu hroznySovce kubanského (Chilabothrus angulifer).
Zbylé dva projekty, tykajici se scinkd rodu Tiliqua a mysic rodu Apodemus, vyplynuly ze
spoluprace s institucemi v Indonésii a Arménii. Jsou zaméreny spiSe na analyzu genetické
diversity v pfirodé. V prvnim ptipadé mohou vysledky poslouzit zejména vymezeni
ochranarskych jednotek (conservation units) druh(, které byly v minulosti do Evropy ¢asto ve
velkych poctech importovany, ale ex situ programy i z ddvodu nejasné taxonomie a populacni

struktury zatim nevznikly.

Cile prace

1) Vymezeni druh, populaci (ochranaiskych jednotek) a jejich vzajemnych fylogenetickych
a populacénich vztahl mezi scinky z rodu Tiliqua Zijicimi na Molukach, Nové Guinei (Irian
Jaya) a pfilehlych ostrovech.

2) Detekovani F1 hybrid( a urceni haplotypové diverzity ex situ populace Mauremys

annamensis v Evropskych chovech.



3) Je ex situ populace Orlitia borneensis v Evropskych chovech geneticky homogenni?

4) Je geneticka variabilita ex situ populace Chilabothrus angulifer v Evropskych chovech
dostatecna pro dlouhodobé preziti populace? A neni az prilis velka?

5) Identifikace druh, sekvencni a haplotypové diverzity sympatrickych druht z rodu

Apodemus (Sylvaemus) v Arménii.

Material a metodiky

Ve vsech dil¢ich pracich jsem feSila studovany problem pomoci analyzy sekvenci mtDNA,
nebo kombinaci sekvenci mtDNA a nuklearni DNA. Dle zkoumané situace jsem ziskand data
vyhodnocovala pomoci vypoctu p-distanci, haplotypovych siti, fylogenetickych stromi a

demografickych charakteristik.

Zavéry

1) Pomoci kombinace mitochondridlniho a jaderného znaku jsme dokazali vymezit druhy,
populace a jejich vzajemné fylogenetické a populacnich vztahy mezi scinky z rodu Tiliqua
Zijicimi na Molukdch, Nové Guinei (Irian Jaya) a pfilehlych ostrovech.

2) Za pouziti kombinace mitochondialniho a jaderného znaku jsme detekovali F1 hybridy,
urcili jsme haplotypovou diverzitu ex situ populace Mauremys annamensis v Evropskych
chovech. Potvrdili jsme vyskyt dvou vzdalenych mitochondridlnich linii v rdémci druhu M.
annamensis.

3) Poutzili jsme kombinaci mitochondridlniho a jaderného znaku ke zkoumani genetické
variability populace Orlitia borneensis chované v Evropskych chovech. V populaci jsme
odhalili pomérné vysokou haplotypovou diverzitu a souéasné relativné nizkou
nukleotidovou diverzitu (méné nez 1.5 % u cytochromu b). Z ¢ehoz mizZeme soudit, Ze

populace je dostatecné geneticky variabilni a dlouhodoby chov je u ni mozny. Zaroven

jsme doporucili chovat celou populaci jako jednu ochranarskou jednotku.



4)

5)

Ke zjisténi genetické variability ex situ populace Chilabothrus angulifer v Evropskych
chovech jsme pouzili mitochondridlni znaky cyt b a ND4. Zjistili jsme, Ze geneticka
variabilita je velmi vyrazna, dostatecna pro dlouhodobé udrzeni této populace v lidské
péci.

Identifikovali jsme druhy, sekvenéni a haplotypovou diverzitu sympatrickych druh( z
rodu Apodemus (Sylvaemus) v Arménii. Prokazali jsme pritomnost dvou druhd — A.
uralensis a A. witherbyi. Sekvencni i haplotypova variabilita byla v rdmci obou druh
vysoka, cozZ je v souladu s komplexitou prostredi a biogeografickym vyznamem

Zakavkazského prostoru.



Introduction

In this Ph.D. thesis, | deal mainly with genetic aspects of the topic of endangered species
conservation. It is a research program that was first introduced in 1982 (Schonewald-Cox et al.
1982, see Avis 2014 for an overview). Since then, its importance has progressively grown and
many of its results are routinely applied in species conservation (Frankham et al. 2002, 2010).
According to Frankham (2010), the conservation genetics is an applied science that encounters
a significant discrepancy between what is technologically possible and what is actually feasible
in a real situation with respect to financial and practical reasons. For ex situ projects, at least a
limited involvement of genetic approaches has become a necessity (Witzenberger and

Hochkirch 2011).

The three of the five sub-projects of this Ph.D. thesis are based on projects that were
created in cooperation with Prague ZOO. The research goals were created according to the
requirements and possibilities of this institution. For the need of ex situ projects, which are
internationally coordinated by zoo staff and which also provided the necessary genetic samples
from European zoos. These projects involved two critically endangered species, the Annam leaf
turtle (Mauremys annamensis), the Mylaysian Giant Turtle (Orlitia borneensis), as well as the
endangered Cuban boa (Chilabothrus angulifer). The remaining two projects, related to skinks
of genus Tiligua and mice of genus Apodemus, were results of collaborations with institutions in
Indonesia and Armenia. They are rather focused on the analysis of genetic diversity in nature. In
the first case, in particular the results may serve to define conservation units of species that
were often imported to Europe in large numbers in the past, but due to unclear taxonomy and

population structure the ex situ programs have not been established yet.

Aims of the study

1) The delimitation of species, populations (conservation units) and their
phylogenetic and interpopulation relationships between skinks of genus

Tiligua inhabiting Moluccas, New Guinea (Irian Jaya) and adjascent islands.



2) ldentification of F1 hybrids and haplotype diversity examination of ex situ

population of Mauremys annamensis in European breeding.

3) Is ex situ population of Orlitia borneensis in European breeding genetically

homogeneous?

4) |s genetic variability of ex situ population of Chilabothrus angulifer in European

breeding sufficient for long-term survival? And isn’t the variability too high?

5) Species delimitation, sequence and haplotype examination of sympatric

species in genus Apodemus (Sylvaemus) in Armenia.

Matherial and methods

| used the method of mtDNA sequences analysis or a combination of mtDNA and
nuclear DNA sequences. | evaluated all the data using calculation of p-distances, haplotype

networks, phylogenetic trees and demographic characteristics per specific situation.

Conclusion

1) Using the combination of mitochondrial and nuclear marker we succeed in delimitation
of species, population and their phylogenetic and population within skinks of genus
Tiliqgua inhabiting the Moluccas, New Guinea (Irian Jaya) and adjascent islands.

2) Using the combination of mitochondrial and nuclear marker we detected the F1 hybrids,
determined the haplotype diversity in ex situ population of Mauremys annamensis in
European breeding. We confirmed the presence of two mitochondrial lineages in
species M. annamensis.

3) We used the combination of mitochondrial and nuclear marker to examine the genetic
variability in population of Orlitia borneensis kept in European breeding. We discover
relatively high haplotype diversity and relatively low nucleotide diversity (less than 1.5 %

at cytochrom b). From this we can conclude, that the population is enough genetically



4)

5)

variable and the long-term breeding is possible. At the same time, we recommended to
capture the whole population as one conservation unit.

To determine the genetic variability of ex situ population of Chilabothrus angulifer in
European breeding we used the mitochondrial markers cyt b and ND4. We discovered
that the genetic variability is very significant, sufficient for long-term captive breeding of
this population.

We identified species, sequence and haplotype diversity of sympatric species from
genus Apodemus (Sylvaemus) in Armenia. We prove the presence of two species — A.
uralensis and A. wiitherbyi. Both sequence and haplotype variability within these two
species was high, which is accordance with complexity of the area and biogeographic

importance of Transcaucasus region.
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