1. Adult male (right) and adult female Komodo dragon, Varanus komodoensis. Sexual differences in body proportions
are clearly visible.

Dospély samec (vpravo) a samice varana komodského, Varanus komodoensis. Pohlavni rozdily v télesnych proporcich
jsou dobre patrné. Foto/Photo by Petr Velensky
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From our experience, the common methodology for identifying sex used in many species of squamate
reptiles, i.e. cloacal probing for the presence or absence of inverted hemipenes, is a problem in Komodo
dragons (as pointed out already by Auffenberg, 1981). One reason is that quite often the presence of
strong cloacal opening sphincters prevents proper probe insertion. Also, females have hemiclitoreal
sacs at approximately the same position as the male hemipenes, and therefore sex can be easily misc-
lassified. The associated handling which requires the longer immobilization of an individual can also
be problematic when dealing with larger lizards.

The other sexing method, the hemipenal eversion by palpation, is not reliable and not easily ap-
plicable for adults (Halverson et Spelman, 2002). Although this method has been used successfully
for hatchlings and juveniles of many squamate reptiles, especially in many snake species, it was not
applied for the juvenile Komodo dragons bred in Prague Zoo so as to avoid any physical harm to the
lizard young. Similarly as Auffenberg (1981), we rejected an alternative method to evert hemipenes
by caudal injection of sterile water as impractical and potentially harmful.

Auffenberg (1981) noted that in males of all sizes there are two small rosettes of scales located in
the second to third scale rows anterior to the vent, each on either side of the midline. Halverson et
Spelman (2002) drew attention to the fact that these rosettes are not present in all males. Sulandari et
al. (2014) mentioned these differences between the sexes in the arrangement of a specific part of the
precloacal scales as well, but pointed out that the scale pattern is not always clearly identifiable.

Several other methods can be used to determine sex in Komodo dragons (Halverson et Spelman,
2002; Sulandari et al., 2014). A direct but invasive method is the inspection of the gonads by means of
an endoscope. Radiography of the cloacal region can be used to visualize the presence of the bones
associated with the hemipenes in males. Other techniques are based on the detection of high levels
of circulating testosterone in the blood plasma of males. The other option is the assessment of the pre-
sence of ovarian follicles or even testes by ultrasound. Although relatively accurate, these techniques
do not give consistent results in young animals, and their employment is sometimes hampered by the
requirement of specialized equipment.

According to Auffenberg (1981), none of the usual reptilian secondary sex characteristics is devel-
oped in Komodo dragons, and it is impossible to sex these animals from any distance . Also Sulandari
et al. (2014) mentioned that Komodo dragons have no obvious morphological differences between
sexes (although males tend to grow bulkier and bigger than females). However, in contrast to these
published claims, we use differences in external morphology, as well as in colouration and ethological
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2. Juveniles of Komodo dragon, Varanus komodoensis, aged two months. External sexual differences are not developed.
Dvoumési¢ni mladata varana komodského, Varanus komodoensis. \néjsi pohlavni rozdily nejsou vyvinuty.
Foto/Photo by Petr Velensky

characters, for sexing of Komodo dragons, as well as other monitor lizards, in Prague Zoo as a standard
sexing method for years (cf. Rehdk et Velensky, 1997; Velensky et al., 2011). Prague Zoo has recently
become an important breeder of Komodo dragons and now serves as a source of specimens of this
species for emerging breeding centres in other zoos, particularly for partners in the Komodo dragon
European Endangered Species Programme (EEP) supported by the European Association of
Zoos and Aquaria (EAZA). The main advantages of sexing by phenotypic traits are its non-invasive-
ness, particularly as there is no need to handle the animals, and also low cost as there are no require-
ments for specialised equipment. However, at the same time, it can be criticised as subjective and
needs further evaluation.

Itis therefore important to have an accurate, relatively easy and non-expensive technique available
for sexing the Komodo dragon, which is also applicable for hatchlings and juveniles. With regard to the
fact that similar to other varanids (e.g. Pokornd et Kratochvil, 2009), the Komodo dragons have geno-
typic sex determination, molecular sexing could be a good option. Fortunately, a DNA marker for sex
determination is available for Komodo dragons (Halverson et Spelman, 2002). Recently, Sulandari et al.
(2014) optimized the protocol by Halverson et Spelman (2002) and successfully determined the sexes
of the Komodo dragons kept in three Indonesian zoos. In our study, we used the same methodology
to molecularly determine the sexes of 17 Komodo dragons kept in Prague Zoo, with the goals being
to provide another test for the molecular sex determination methodology in Komodo dragons, and
to verify the concordance of our previous assessment based on morphology and ethology with mole-
cular sexing and/or with sexing based on medical equipment, post-mortem inspection of gonads and
cytogenetic analysis. Moreover, we tested a molecular sexing from alternative, less invasive or non-in-
vasive, sampling - buccal swabs, cloacal swabs, nails and skin tissue (cf. Lanzi et al., 2012).
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3. Male of Komodo dragon, Varanus komodoensis, aged one year. At this age sexual differences begin to be noticeable

- large dark head and broad shoulders indicate a male.

Rocni samec varana komodského Varanus komodoensis. U ro¢nich mladat zacinaji byt pohlavni rozdily patrné - Siroka
tmava hlava a rozlozitd ramena znaci samce. Foto/Photo by Petr Velensky

4. Female of Komodo dragon, Varanus komodoensis, aged one year (sister to the previous male). Narrower head and

a curious glance indicate a female.

Roc¢ni samice (sestra predchoziho samce) varana komodského Varanus komodoensis. Uzsi hlava a zvidavy pohled napo-
vidaji, ze jde o samici. Foto/Photo by Petr Velensky
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The most significant morphological differences between males and females are the following: males, if
compared to females, have more massive heads and scapular girdles, stronger front legs, rougher skin
texture, and flatter bellies (abdomens in females are more rounded). Males tend to have also darker
heads and crowns of the head (almost to black). Concerning behaviour, females are more active; they
tend to have a closer contact with keepers and are quieter. The sight of female is sparkling, lively, while
male’s sight is deep, expressionless, ,bull-like".

The above mentioned differences are not developed in hatchlings and juveniles until approximately
one year of age. At this age, animals in Prague Zoo reach usually 100-120 cm of total length and the
differences between sexes in body length and mass start to develop (Velensky et al., 2011). Thus, it
seems to us that accurate sexing based on these phenotypic traits is not possible before this age. In
individuals around one year of age, these sexual differences start to develop and the sex is possible
to be determined, however, with a high uncertainty. In two-year old animals, sex identification can be
done with a higher accuracy and in animals aged three or four years, it is almost certain. In fully grown
older healthy adults, according to our observation, the sexing is easy: big males reach about 70 kg,
while big females only about 30 kg and the specimens over 50 kg are exclusively males; healthy fully
grown specimens under 25 kg are exclusively females.

According to our observations, the two small rosettes of scales located anterior to the vent in males
of all sizes mentioned by Auffenberg (1981) may not be well developed or are totally lacking in some
males. Moreover, a manipulation necessary to examine the cloacal region of living Komodo dragons
is very difficult in bigger animals. Thus, we have rejected these characteristics as being useful for easy
and reliable sexing.

Regarding other methods of phenotypic sexing, we have a good experience with using ultrasound
to detect ovarian follicles in adult females. For the post-mortem sexing, we used the dissection allowing
direct examination of gonads. The quick option for reliable sexing is the eversion of hemipenis (hemi-
penes), the male intromittent organ(s), in dead males by palpation. Hemipenal bones can be eventu-
ally visualized radiographically in adult males Komodo dragon - alive or dead.

The heparinised blood or tissue (muscle in dead animals) samples were collected from 17 Komodo
dragons previously identified based on phenotype as 4 females (internal identification/ARKS: F2/
240331, F3/270086, F19/100267, F-1/unrecorded) and 13 males (M1/240330, M4/270087, M13/100103,
M34/110066, M36/110304, M41/120160, M42/120340, M44/120342, M45/120343, M46/120344, M50/
120097, M-1/unrecorded, M-2/unrecorded). The sex of five of these individuals was absolutely sure.
The female F2 is a mother of all juveniles bred in Prague Zoo up to now, her daughter F3 laid eggs in
Barcelona, the males M1 and M13 were dissected post mortem (M1 was a father of Prague offspring),
and the male M4 is a proven breeder from Colchester Zoo.. The sex of the other 12 animals was detert
mined a priori before molecular sexing based on phenotypic characteristics described above. The sam-
ples for molecular sexing were stored at-18 °C or in ethanol. Total DNA was extracted from the samples
using the DNeasy Blood and Tissue Kit (Qiagen, Valencia, CA), according to the manufacturer’s standard
protocol. Subsequently, sex-specific DNA fragments were amplified by PCR with the primers Ksex 1for
(5'-TGT CCA TGC CAC GCG GGC AA-3') and Ksex3rev (5'-TGT CCA TGC CAA TAA ACT TAA-3') according
to the protocol of Sulandari et al. (2014). The PCR reaction was performed in 50 pl of the final volume,
including 0.5 pl of DNA (20-80 ng/pl), 1 pl of each primer (10 pmol/pl), 5 pl of 10x PCR buffer (Bioline),
2.5 plMgCl (50mM), 1 pl dNTPs mix (dATP, dCTP, dGTP, dTTP 10mM each), 0.5 pl BioTaq DNA polymerase
(5U/ul, Biofine) and 38.5 pl of PCR-grade water. The PCR amplification conditions were: 95 °C for 3 min,
followed by 35 cycles of 30 s at 95 °C, 30 s at 57 °C, 60 s at 72 °C, and a final extension step of 5 min at
72 °C.The PCR products were visualized in 0.8% agaroze gel, stained with GelRed (Biotium).

For testing less invasive sampling of DNA, we collected buccal swabs, cloacal swabs and nail/skin
tissue from the individuals M38/110306, M39/110307, M40/110308. The samples were stored imme-
diately in -20 °C. DNA was isolated following the procedure described above. We tested the quality of
DNA by PCR using two primer pairs, one for amplification of the mtDNA control region (primers KCRL
forward: 5'-GCGCCTATTTTCTCCTATTCCT-3' and KCRL reverse: 5-GGGAGGGTTCTTGTAGTTGAAG-3;
Arida, 2011) and the second for molecular sexing.
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Cytogenetically identifiable sex chromosomes were reported in several species of monitor lizards (King et
King, 1975; Matsubara et al., 2014). Therefore, we used the examination of metaphase chromosomal spreads
prepared from short-term cultivation of leucocytes of Komodo dragons as well (details will be described
in the upcoming paper). We examined four individuals with a priori determined sex based on phenotypic
characteristics, namely the animals F25/100273, M38/110306, M39/110307 and M50/140097.

The sexing based on phenotypic and genetic (molecular and cytogenetic) characteristics was con-
cordant in 100% of cases. In accordance with Sulandari et al. (2014), the molecular sexing was allowed
by a consistent sex-specific pattern in the gel image (fig. 15). Females showed a strong band at appro-
ximately 800-900 bp and a faint band at 350-400 bp. On the contrary, males show a strong band at
900-1000 bp and a faint band at 350 bp. In all 17 cases (4 females, 13 males), there was a concordance
between the results of the a priori phenotypic and subsequent molecular sexing. The cytogenetic anal-
ysis revealed the W chromosome in the individual F25/100273, which was a priori determined as a fe-
male in phenotypic sexing, but not in three individuals (M38/110306, M39/110307 and M50/120097)
a priori phenotypically determined as males. The cytogenetic results of sexing in the male M50/120097
was also concordant with the molecular sexing applied in this individual as well.

In testing less invasive sampling of DNA, all isolations gave DNA of concentration 6-64 ng/ul, which
is comparable to the concentrations of DNA from blood (20-300 ng/pl). With the exception of the nail/
skin sample from a single individual (M38/110306), DNA fragmentss were successfully amplified with
both primer pairs in all samples. The amplification of the mtDNA control region resulted in a single PCR
product of approximately 1000bp. The primer pair for molecular sexing gave the two standard bands,
one around 900bp and the second around 400bp long, but also other faint bands, which reflect prob-
ably low quality/highly fragmented DNA and might be confusing for identification of male- versus fe-
male-specific bands. Out of the three tested sampling procedures, the buccal swabs seem to have the
highest quality of DNA for molecular sexing based on PCR, while nail/skin tissue the poorest.

We can conclude that molecular sexing of Komodo dragons in Prague Zoo from blood or tissue sam-
ples using the protocol described by Sulandari et al. (2014) was successful. This technique is relatively
cheap and requires only the basic equipment available in molecular laboratories. The tested less invan
sive sampling techniques seem to be a good source of mtDNA, but for molecular sexing, blood sam-
ples gave higher quality DNA and more reliable results. We suggest that molecular sexing from the
alternative DNA sampling approaches from the pattern on gel should be used with caution and only
when tissue/blood material is not available.

Despite Quinn et al. (2009) reported that the same primers can be used for molecular sexing in Va-
ranus rosenbergi, we did not find any sex-specific differences in the tested samples of Varanus exanthe-
maticus (results not shown), which suggests that this technique is not in fact widely applicable across
varanids. It is questionable why this protocol gives specific male and female bands in the gel in V. ko-
modoensis (see fig. 15). According to our cytogenetic examination (unpublished data) that the Komodo
dragon has the ZZ/ZW system of sex chromosomes as other varanids (King et King, 1975; Matsubara
et al., 2014) and relatively closely related helodermatids (Johnson Pokornd et al., 2014). Therefore, we
should expect the presence of only a female specific band. On the other hand, the pattern observed
in the molecular sexing is not concordant with the XX/XY sex chromosomes either, as no female-spe-
cific band should occur under this system of sex chromosomes. The reason for this pattern from this
protocol is not clear to us; we can only speculate that Sulandari et al. (2014) identified the specific PCR
conditions under which the primers predominantly amplify the sex-specific allele of the heterogametic
sex. Nevertheless, better cytogenetic and genomic characterization of the sex chromosomes in Va-
ranus komodoensis in future studies is necessary and might lead to the development of a more widely
applicable molecular sexing method.

97



5. Adult male (M39/110307) Komodo dragon, Varanus komodoensis. Cloacal region: Small rosettes of scales anterior to
the vent developed almost imperceptibly (scale irregularities marked by arrows).
Kloakalni oblast dospélého samce (M39/110307) varana komodského, Varanus komodoensis. Malé rizice Stitk(i pred
kloakalnim otvorem jsou vyvinuty jen sotva znatelné (nepravidelnosti v odupeni oznacené Sipkami).

Foto/Photo by Petr Velensky

Our results also showed that it is possible to sex Komodo dragons non-destructively based on the
cytogenetic examination of metaphase chromosomes derived from cell cultures. However, although
highly reliable, this technique is relatively expensive, laborious, it requires laboratory equipped for cell
cultivation and a lot of specialized training.

Our observation of the sexual morphological differences in V. komodoensis is similar to the sexual
dimorphism described for V. indicus (Frydlova et al., 2011). The total accordance between phenotypic
and molecular and cytogenetic sexing reported here documents that it is possible to sex adult indi-
viduals (and with some uncertainity even adolescents) of Komodo dragons based on morphological
and behavioural phenotypes. Nevertheless, weaknesses of phenotypic determination are evident: the
observed sexual differences are mostly relative, and thus problematic in the case of sexing Komodo
dragons kept individually or in monosexual groups. Moreover, the personal skills, ability and experi-
ence of the evaluator are of prominent importance, and not easy to share. It seems to us that in prac-
tice, only well trained persons with high empathy with Komodo dragons are really able to sex this spe-
cies based on phenotype. Also, as mentioned earlier, this method is not available to hatchlings and
younger individuals.

Regarding the two small rosettes of scales located according to Auffenberg (1981) anterior to the
vent in males of all sizes, our results fully support findings of Halverson et Spelman (2002) and Sulan-
dari et al. (2014) that these rosettes are not present in all males or are not clearly identifiable. Thus, this
characteristics has only a supportive value, and it is not suitable as the only determination character
for a proper sexing in Komodo dragons. We would want to draw attention to the fact that Auffenberg
(1981) based his conclusions on the specimens from Komodo island, while Komodo dragons examined
by us as well as those examined by Halverson et Spelman (2002) and Sulandari et al. (2014) originated
most likely from Flores/Rinca population. We cannot exclude that the arrangement of scales exhibits
interpopulation/geographic variability.

In conclusion, we suggest that molecular sexing is reliable and currently the most superior tech-
nique for sexing Komodo dragons.
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6. Adult male (M38/110306) Komodo dragon, Varanus komodoensis. Cloacal region: Small rosettes of scales anterior to
the vent undeveloped.

Kloakalni oblast dospélého samce (M38/110306) varana komodského, Varanus komodoensis. Malé rizice stitk(i pred
kloakélnim otvorem nejsou vibec vyvinuty. Foto/Photo by Petr Velensky

7. Adult male (M40/110308) Komodo dragon, Varanus komodoensis. Cloacal region: Small rosettes of scales anterior to
the vent undeveloped.

Kloakalni oblast dospélého samce (M40/110308) varana komodského, Varanus komodoensis. Malé rizice stitk( pred
kloakalnim otvorem nejsou vyvinuty. Photo Foto/Photo by Petr Velensky
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Uvod

Bézna metoda pro identifikaci pohlavi u mnoha druh( Supinatych plaz( - zjisténi pfitomnosti nebo
nepfitomnosti hemipenisu(U) kloakalnim sondovénim - je u varan(i komodskych problematické (jak
uvadi jiz Auffenberg, 1981) . Jednim z dlivodi je, Ze pomérné casto pritomnost silnych kloakalnich
svéracl brani spravnému zasunuti sondy. Samice zase maji hemiklitorisové vaky v pfiblizné stejné po-
loze jako samci hemipenisy, a proto m(ize byt pohlavi snadno uréeno chybné. Také nezbytna mani-
pulace s tim spojend, ktera vyzaduje delsi imobilizaci jedince, mUze byt problematicka pfi praci s vét-
$imi varany.

Ani druhd metoda urcovani pohlavi - everze hemipenisu palpaci - neni spolehliva a snadno pou-
Zitelnd u dospélych varan(i komodskych (Halverson et Spelman, 2002). | kdyz tato metoda je Uspésné
uzivana u mladat a mladych jedinct mnoha Supinatych plazd, zvlasté u mnoha druhd hadd, v Zoo Praha
jsme ji u juvenilnich varant komodskych z obav z jejich fyzického poskozeni nezkouseli. Obdobné jako
Auffenberg (1981) jsme plné zavrhli alternativni metodu everze hemipenisu injekci sterilni vody jako
nepraktickou a pro zkoumaného jedince potencialné skodlivou.

Auffenberg (1981) uvadi, ze u samct viech velikosti jsou dvé malé rzice stitk(i nachazejicich se
v druhé az tieti fadé pred kloakalnim otvorem, kazda na jedné strané podélné osy. Halverson et Spelman
(2002) upozornili, Ze tyto rizice se nenachdzeji u viech samcd. Také Sulandari et al. (2014) zminuji tyto
rozdily mezi pohlavimi v usporadani prekloakalnich stitkd, ale rovnéz poukazuji, Ze tento znak v osu-
peni nemusi byt vzdy jasné zietelny.

8. Sonographic examination of ovarias in adult
female Komodo dragon, Varanus komodoensis.
Vysetieni vajecniki dospélé samice varana ko-
modského Varanus komodoensis, pomoci ultra-
zvuku. Foto/Photo by Roman Vodicka

9. Sonographic visualization of well developed
follicles in adult female Komodo dragon, Va-
ranus komodoensis. Detail of ovary. Black oval
structures are follicles.

Sonograficky snimek dobfe vyvinutych folikult
dospélé samice varana komodského Varanus ko-
modoensis. Detail vajecniku. Cerné otvory jsou
folikuly. Foto/Photo by Roman Vodicka
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10. Testicle (yellow) and kidney (dark) of adult male (M1/240330) Komodo dragon, Varanus komodoensis, aged 8 years.
Varle (zluté) a ledvina (tmava) u dospélého osmiletého samce (M1/240330). Foto/Photo by Roman Vodicka

11. Ovaria and oviducts of young female Komodo dragon, Varanus komodoensis.
Vajecniky a vejcovody mladé samice samice varana komodského Varanus komodoensis. ~ Foto/Photo by Roman Vodicka
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12. Testicles in old adult male (M13/100103) Komodo dragon, Varanus komodoensis. Lower testicle underwent a cystic
degeneration, it is enlarged and with the fistula.

Varlata starého samce (M13/100103) varana komodského Varanus komodoensis. Spodni varle je cysticky degenerované,
zvétsené, s pistéli. Foto/Photo by Roman Vodicka

K uréeni pohlavi varani komodskych mohou byt pouzity nékteré dalsi metody (Halverson et
Spelman, 2002; Sulandari et al, 2014). Pfimou, ale invazni metodou je inspekce pohlavnich Zlaz po-
moci endoskopu. Radiografie kloakélni oblasti mize byt pouZita pro zjisténi pfitomnosti kosti hemipe-
nist samcd. Dal3i techniky jsou zaloZeny na detekci vysoké hladiny cirkulujiciho testosteronu v krevni
plasmé samc(. Jinou mozZnosti je posouzeni pfitomnosti vajecnikovych folikuld, nebo dokonce varlat
ultrazvukem. I kdyz jsou tyto techniky pomérné presné, neposkytuji konzistentni vysledky u mladych
zvitat, a jejich vyuziti nékdy brani i nutnost speciélniho technického vybaveni.

Podle Auffenberga (1981) neni u varan(i komodskych vyvinut Zadny z obvyklych plazich druhot-
nych pohlavnich znakl a je nemozné ur¢it z jakékoliv vzdalenosti jejich pohlavi. Také Sulandari et al.
(2014) uvadéji, ze varani komodsti nemaji viditelné morfologické rozdily mezi pohlavimi (i kdyz samci
maji tendenci byt v dospélosti objemné;jsi a vétsi nez samice). Nicméné, na rozdil od téchto uverejné-
nych nazord, vyuzivame rozdily v externi morfologii, stejné jako v zabarveni a etologii u varan(i ko-
modskych, jakoz i dalSich varand, v prazské zoo jako standardni metodu k urcovani pohlavijiz léta (cf.
Rehak et Velensky, 1997; Velensky et al, 2011). Zoo Praha je v sou¢asnosti vyznamnym chovatelem to-
hoto druhu a slouzi jako zdroj jedincti pro vznikajici chovna centra v jinych zoo, zejména pro partnery
v EAZA EEP pro varana komodského. Mezi hlavni vyhody urceni pohlavi podle fenotypovych znak( patfi
jeho neinvaznost, zejména proto, Ze neni tieba se zvitaty manipulovat, a také nizké naklady, protoze
k tomu neni potieba specializovana zafizeni. Nicméné, mlize byt kritizovano jako subjektivni a potfe-
buje dalsi zhodnoceni.

Pro ur¢ovéni pohlavi varan(i komodskych se tedy ukazuje jako velmi potfebné mit po ruce presnou,
pomérné jednoduchou a neptilis drahou techniku, pouZitelnou také pro mladata a juvenilni jedince.
Vzhledem k tomu, Ze podobné jako jini varanoviti (napf. Pokorna et Kratochvil, 2009), varani komodsti
maji genotypové urceni pohlavi, nabizi se molekularni ur¢ovani pohlavi jako dobrd volba. Nastésti je
pro varany komodské k dispozici marker DNA pro stanoveni pohlavi (Halverson et Spelman, 2002).V po-
sledni dobé, Sulandari et al. (2014) optimalizovali postup Halversona et Spelmana (2002) a Uspésné ur-
Cili pohlavi varand komodskych chovanych ve trech indonéskych zoologickych zahradach. V nasi studii
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jsme pouzili stejnou metodiku pro molekularni uréeni pohlavi 17 varant komodskych chovanych v Zoo
Praha, abychom provedli dalsi test molekularni metodiky urceni pohlavi varand komodskych a ovéfili
soulad nadeho piedchoziho ur¢eni pohlavi na zékladé morfologie a etologie s molekularnim uréenim
pohlavi a/nebo uréenim pohlavi na zakladé |ékarskych zafizeni, posmrtnou inspekci gonad a cytoge-
netickou analyzou. Déle jsme testovali moznosti molekularniho urcovani pohlavi s vyuZitim alternativ-
nich, méné invazivnich nebo neinvazivnich, odbérl vzorkl - bukalni stéry, vytéry z kloak, odstfizené
dréapy a kozni tkan (cf Lanzi et al., 2012).

Nejvyznamnéjsimi morfologickymi rozdily mezi samci a samicemi jsou nasledujici: samci, ve srovnani
turu klze a plossi bricho (bficho samic je zaoblenéjsi). Samci mivaji také tmavsi hlavy a temeno hlavy
(téméf cernd). Pokud jde o chovéni, samice jsou oproti samclim samclm aktivné;jsi; maji tendenci mit
blizsi kontakt s chovatelem a jsou mirnéjsi. Pohled samice je jiskFivy, zivy, zatimco samci pohled je hlu-
boky, bez vyrazu (jakoby byci).

Vyse uvedené rozdily nejsou vyvinuty u mladat a juvenilnich jedincd pfiblizné do jednoho roku
véku.V tomto véku varani komodsti v Zoo Praha dosahuji obvykle 100 az 120 cm celkové délky a rozdily
mezi pohlavimi v délce téla a hmotnosti zacinaji byt patrné (Velensky et al., 2011). Podle nasich pozoro-
vani neni presné urc¢eni pohlavi na zakladé uvedenych fenotypovych znakd pred timto vékem mozné.
U jedinc( kolem jednoho roku véku se tyto pohlavni rozdily za¢inaji rozvijet a pohlavi je mozné urcit,
avéak s vysokou mirou nejistoty. U dvouletych zvifat mlze byt identifikace pohlavi provedena s vy3si
pfesnosti, a u zvifat ve véku tfi nebo Ctyfi roky, je uréeni pohlavi téméf jisté. U plné vzrostlych starsich
zdravych dospélych jedincl je podle naseho pozorovani uréeni pohlavi snadné: velci samci dosahuji
okoloi 70 kg, zatimco samice pouze okolo 30 kg velké a jedinci nad 50 kg jsou vyhradné samci; zdravi
plné dospéli jedinci do 25 kg jsou vyhradné samice.

Dvé malé rdzice stitkd pred kloakalnim otvorem u samct viech velikosti uvddéné Auffenbergem
(1981), nemusi byt podle nasich pozorovéani dobfe vyvinuté, nebo u nékterych samci zcela chybi.
Navic manipulace nezbytna k prozkoumani kloakalni oblasti Zivého varana komodského je u vétsich
zvifat velmi obtiznd. Proto jsme tento znak zamitli jako nevhodny pro snadné a spolehlivé urceni po-
hlavi varand komodskych.

Co se tyce jinych metod fenotypového urceni pohlavi, mame dobrou zkusenost s detekci vaje¢ni-
kovych folikul(i u dospélych samic pomoci ultrazvuku. Pro posmrtné urceni pohlavi pouzivame piimé
zjisténi pohlavnich zlaz pitvou. Rychlou volbou pro spolehlivé uréeni pohlavi mrtvého samce je everze
hemipenisu palpaci. Hemipenisové kosti Ize pfipadné vizualizovat radiograficky u dospélych samcli
varana komodského - zivych ¢i mrtvych.

Vzorky heparinizované krve nebo jinych tkani (sval) byly odebrany ze 17 varan(, ktefi byli predtim ur-
¢eni jako 4 samice (interni oznaceni/ARKS: F2/240331, F3/270086, F19/100267, F-1/neregistovéna) a 13
samcl (M1/240330, M4/270087, M13/100103, M34/110066, M36/110304, M41/120160, M42/120340,
M44/120342, M45/120343, M46/120344, M50/120097, M-1/neregistrovan, M-2/neregistrovan). Po-
hlavi péti z téchto zvifat bylo znamo zcela jednoznacné: samice F1 je matkou viech v prazské zoo
dosud odchovanych varand, jeji dcera F3 uz kladla v Barceloné vejce, samci M1 a M13 byli pitvani po
smrti (M1 byl v Praze otcem nékolika mlddat) a samec M4 byl potvrzen jako otec mlddat v zoologické
zahradé v Colchesteru. Pohlavi ostatnich 12 zvitat bylo ur¢eno a priori pred molekularnimi analyzami
na zékladé vyse uvedenych fenotypovych znakd. Vzorky pro molekuldrni analyzy byly uchovény v eta-
nolu nebo zamrazeny pfi teploté -18 °C. DNA byla ze vzork( izolovana pomoci kitu DNeasy Blood and
Tissue Kit (Qiagen, Valencia, CA) podle standardniho protokolu vyrobce. Pohlavné specifické frag-
menty DNA byly amplifikovdny pomoci PCR za pouziti primerd Ksex 1for (5'-TGT CCA TGC CAC GCG
GGC AA-3') a Ksex3rev (5-TGT CCATGC CAATAA ACT TAA-3') podle protokolu uvedeném v dfive pub-
likované praci (Sulandari et al., 2014). PCR probihala v 50 pl celkového objemu, z ¢ehoz tvofila DNA 0.5
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13. Everted hemipenis of adult male (M1/240330) Ko- 14. Everted hemipenis of old adult male (M13/100103) Ko-

modo dragon, Varanus komodoensis, aged 8 years. modo dragon, Varanus komodoensis, with well developed
Vysunuty hemipenis dospélého osmiletého samce (M1/ hemipenal bones.
240330) varana komodského Varanus komodoensis. Vysunuty hemipenis dospélého samce (M13/100103) va-

Foto/Photo by Petr Velensky.  rana komodského Varanus komodoensis, s dobfe vyvinu-
tymi hemipenisovymi k{istkami.
Foto/Photo by Roman Vodicka

ul (v koncentraci 20-80 ng/pl), kazdy primer 1 pl (10 pmol/pl), 10x PCR pufr (Bioline) 5 pl, déle roztok
obsahoval 2.5 pl MgCl, (50mM), 1 ul dNTPs smési (dATP, dCTP, dGTP, dTTP 10mM each), 0.5 pl BioTaq
DNA polymerdzy (5 U/pl, Bioline) a 38.5 pl vody v kvalité vhodné pro PCR. Amplifika¢ni podminky PCR
zahrnovaly 3 minuty v 95 °C nasledované 35 cykly 30 sekund pfi 95 °C, 30 sekund v 57 °C, 60 sekund
v 72 °C, konecny krok trval 5 minut pfi 72 °C. Produkty PCR byly vizualizovény na agar6zovém gelu
(0.8%) pfi barveni GelRed (Biotium).

Pro testovani méné invazivniho ziskani vzork( DNA jsme pouzili bukalni a kloakalni vytéry a material
zkoncli drap ¢i sloupané kize jedinct M38, M39, M40.Vzorky byly po odebrani ihned zamrazeny pfi
teploté -20 °C. DNA byla pozdéji izolovana vyse uvedenym postupem. Kvalitu takto ziskané DNA jsme
testovali pomoci PCR za pouZiti dvou pér( primerd, jednoho pro amplifikaci mitochondridini kontrolni
oblasti (primer KCRL forward: 5-GCGCCTATTTTCTCCTATTCCT-3" a KCRL reverse: 5-GGGAGGGTTCTTG-
TAGTTGAAG-3"; Arida, 2011) a druhého pro molekularni ur¢eni pohlavi uvedeného vyse.

Urceni pohlavi na zakladé cytogenetiky

Dobre diferencované pohlavni chromozomy jsou znamy u nékolika druh( varant (King et King, 1975;
Matsubara et al., 2014). Proto jsme i u varana komodského pouzili vysetieni inspekci preparovanych
metafaznich chromozomd pfipravenych pomoci kratkodobé kultivace leukocytll (podrobnosti jsou
popsany v pfipravovaném rukopise). Cytogeneticky byli vysetieni Ctyfi jedinci, u kterych bylo pfedem
urceno pohlavi dle fenotypovych znakl (konkrétné zvifata F25/100273, M38/110306, M39/110307
a M50/140097).

Vysledky

Urceni pohlavi dle fenotypu a pomoci genetickych (molekularnich a cytogenetickych) metod se sho-
dovalo ve vsech pfipadech. Ve shodé s pfedchozi praci (Sulandari et al., 2014) se pohlavi varant lisila
ve vzoru na gelu (fig. 15). U samic byl pfitomen silny pruh velikosti odpovidajici p¥iblizné 800-900
partim bazi (bp) a slaby pruh kolem 350-400 bp, zatimco samci vykazovali silny pruh kolem 900-1000
bp a shodné se samicemi slaby pruh kolem 350 bp. U viech 17 jedinct (4 samice, 13 samc0) se vysledky
mezi fenotypovou determinaci pohlavi a molekularni metodou shodovaly. Pi cytogenetickém vyset-
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15. Image of agarose gel electrophoresis of PCR amplification for molecular sexing of Varanus komodoensis. Males al-
ways demonstrate a prominent, higher molecular weight band of 900-1000 bp, in comparison to females, which show
a strong, but relative lower molecular weight band of 800-900 bp. Both sexes show an secondary, faint band of 350-400
bp. 100bp DNA ladder was used to identify the molecular weight of the PCR products. The internal identification codes

2

of both female (9) and male () Komodo dragons are illustrated.

Foto agar6zového gelu ukazuji vysledky elektroforézy produktl PCR amplifikace. Samci maji vyrazny pruh kolem 900-

1000 bp, samice kolem 800-900 bp. Obé pohlavi maji slabsi, sekundarni pruh v oblasti 350-400 bp. Pro identifikaci mole-

kuldrnich hmotnosti PCR produktt byl pouzit DNA,Zebiik” po 100bp. Na obrazku jsou jedinci oznaceni internimi kody.
Foto/Photo by Michail Rovatsos

feni byl identifikovan chromozom W u jedince F25, ktery byl a priori uréen dle fenotypu jako samice,
W chromozom chybél u tfi jedinc(i (M38, M39 a M50) a priori uréenych jako samci. Cytogenetické i mo-
lekuldrni vysetieni shodné urcila jedince M50 jako samce.

Izolace DNA z méné invazivnich vzork( vedla k ziskani DNA o koncentraci 6-64 ng/ul, coz je srov-
natelné s koncentraci DNA izolované z krve (20-300 ng/pl). S vyjimkou vzorku z drapti/kize u jednoho
jedince (M38) byly DNA fragment Uspésné amplifikovany obéma pary primerd. Amplifikace mtDNA
kontrolniho useku vedla k ziskani jediného PCR produktu odpovidajiciho zhruba 1000bp. Pér primert
pro molekuldrni urceni pohlavi ved| ke standardnim dvéma produkttim (kolem 900bp a 400bp), ale na
gelu jsme tZ pozorovali dalsi, | kdyz slabsi pruhy, coz patrné odrazi nizkou kvalitu ¢i vysokou fragmen-
taci DNA. Tyto sekundarni produkty by mohly vést k horSimu rozpoznéni sam¢iho a samiciho specific-
kého pruhu. Z testovanych tfi vzorkd vedl k nejlepsim vysledklm bukalni stér, naopak vzork z drapli
¢i kaize byl nejhorsi.

K molekularnimu uréeni pohlavi varand komodskych v Zoo Praha z krevnich vzorkd byl ispésné pouzit
publikovany protokol (Sulandari et al., 2014). Tato metoda je relativné levna a vyzaduje pouze bézné
vybavenou molekuldrni laboratof. Testované méné invazivné odebrané vzorky se ukazaly jako velmi
vhodné pro ziskani mtDNA, ale pro molekularni urceni pohlavi vedly krevni vzorky k lepsi kvalité izo-
lované DNA a spolehlivéjsim vysledkdm. K vysledkim molekularniho uréeni pohlavi z alternativnich
vzork( na zakladé vzoru na gelu by se mélo pfistupovat obezretnéji a jen kdyz material z krve ¢i bi-
opsie neni dostupny.

Quinn et al. (2009) uvedli Gspésné pouziti stejnych primer( k molekuldrnimu urceni pohlavi i u ji-
ného druhu varana (Varanus rosenbergi), nam se ale zatim tato metoda neosvédcila pfi aplikaci u druhu
Varanus exanthematicus (nepublikované vysledky), coz naznacuje, ze metoda by nemusela byt Siroce
pouzitelnd u vsech varan(. Je otazkou, pro¢ pii pouZiti tohoto protokolu pozorujeme na gelu speci-
fické pruhy u obou pohlavi V. komodoensis (obr. 15). Nase cytogenetické vysetieni ukazalo, ze varan
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komodsky mé ZZ/ZW systém pohlavnich chromozomd stejné jako ostatni dosud v tomto ohledu stu-
dovani varani (King et King, 1975; Matsubara et al., 2014) a relativné blizce pfibuzny korovec (Johnson
Pokornd et al., 2014). Proto bychom ocekavali, Ze na gelu bude specificky pruh pouze u samic. Pozoro-
vany vzor na gelu ale neodpovidd ani XX/XY systému pohlavnich chromozomd, kde bychom ocekavali
pouze samci specificky pruh. Moznym, dosti spekulativnim, vysvétlenim by mohlo byt, Ze Sulandari
et al. (2014) identifikovali velice specifické podminky PCR, za kterych primery pfednostné amplifikuji
pohlavné specifickou alelu heterogametického pohlavi, tedy samice. Kazdopadné bude uzite¢na bu-
douci podrobnéjsi cytogeneticka a genomicka studie pohlavnich chromozom0 varana komodského
Varanus komodoensis, ktera mize vest i k popsani nové metody urcovani pohlavi pouzitelné u Sirsiho
spektra varan(.

Nase vysledky ukdazaly, Ze u varan(i komodskych Ize nedestruktivné urcit pohlavi cytogenetickym
vysetienim metafaznich chromozom pfipravenych z bunécnych kultur. Tato metoda je sice velmi
spolehliva, ale taky relativné nakladnd, pracna a vyzaduje vybaveni pro bunécnou kultivaci a zna¢né
specializované zkusenosti.

Nase pozorovani morfologickych pohlavnich rozdilG u V. komodoensis je podobné sexudlinimu di-
morfismu popsanému pro V. indicus (Frydlova et al,, 2011). Nami zjistény Gplny soulad mezi provedenym
fenotypovym, molekuldrnim a cytogenetickym uréenim pohlavi, ukazuje, Ze je mozné, urcit pohlavi
dospélych (a dokonce teprve dospivajicich) jedincl varana komodského na zakladé morfologickych
a behavioralnich znakl. Nicméné, nedostatky fenotypového uréovani pohlavi jsou ziejmé: pozorované
sexudlni rozdily jsou vétsinou relativni, a tedy problematické v ptipadé uréovani pohlavi varan(i komod-
skych chovanych jednotlivé nebo v unisexuéini skupiné. Pfitom maji zésadni ddlezitost osobni doved-
nosti, schopnosti a zkusenosti hodnotitele, které navic neni snadné sdilet. Dle nasich zkusenosti jsou
v praxi schopny urcit pohlavi varana komodského na zakladé fenotypu pouze dobfe vyskolené osoby
s vysokou mirou empatie k varanm komodskym. Rovnéz, jak bylo zminéno drive, tato metoda neni
pouzitelnd pro mladata a pfilis mladé jedince.

Pokud jde o dvé malé rdzice stitkG umisténych podle Auffenberga (1981) pred kloakalnim otvorem
samcU vsech velikosti, nase vysledky pIné podporuji zavéry Halversona et Spelmana (2002) a Sulanda-
riho et al. (2014), Ze tyto rozety nejsou piitomné u vsech samct nebo nejsou jasné identifikovatelné.
Tato charakteristika mé tedy pouze podpdrnou hodnotu a neni vhodné jako jediny znak pro spravné
urceni pohlavi u varana komodského. Chtéli bychom rovnéz upozornit na skutecnost, ze Auffenberg
(1981) ucinil své zavéry na zékladé varant z ostrova Komodo, zatimco varani komodsti, které jsme
zkoumali my, stejné jako ti, které zkoumali Halverson et Spelman (2002) a Sulandari et al. (2014) po-
chézeli s nejvétsi pravdépodobnosti z populace z ostrov( Flores a Rinca. Nem(zeme tedy ani vyloucit,
Ze uspofadani Supin vykazuje interpopulacni /geografickou variabilitu.

Zavérem doporucujeme molekularni uréeni pohlavi jako spolehlivou a v sou¢asnosti nejvyhodnéjsi
techniku urcovéni pohlavi varan komodskych.

16. Blood collection (from ventral caudal vein) in Komodo dragon, Varanus komodoensis.
Odbér krve (z ventralni ocasni zily) varana komodského, Varanus komodoensis. Foto/Photo by Roman Vodicka
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