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Mechanismy urCovani pohlavi

- asexualni:

-obligatorni: zpravidla mladé linie (nékteré ryby, obojzivelnici
— gynogeneze Ci hybridogeneze; hadi, gekoni,
jestérky — thelytokie; vifnici ze skupiny Bdelloidea, pancifnici, Darwinulidae)
- thelytokie apomikticka (mitoticka)
- thelytokie automikticka (napf¥. premeiotické zdvojeni genomu v primarnich

oocytech)
(a) Species S A B (b)
Sequence 1 2 2 12 S1 82 A1 B1Y A2 B2

-1 Origin of asexuality

Meselson M (2004)

Trends in Ecology & Evolution .
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Existuji asexualni zivo€ichové?

Triploidni hybrid (3n = 42)
2x A. Jeffersonianum (Cervena)
1x A. laterale (Zluta)

Bogart et al.

L e

Massive Horizontal Gene Transfer in
Bdelloid Rotifers

Eugene A. Gladyshev,® Matthew Meselson, >** Irina R. Arkhipova® ™

30 MAY 2008 WOL 320 SCIENCE
Gene I, mame Contig ID  Introms Al ::: :m B:ilhl:' r::::m::\ Best hit, taxonomy Definition
AVI0027 XymB  Av212m v] 46l 63 0.00E+00 No hits Bacteria; Barteroidetes Avlosidasa/arabinosidase
AVIOOOI_NEPS  Awl110R 10 440 32 0.00E+00 No hits Bacteria; [Proteobacterial/  Nonribosomal peptide synthetase
Cyanobacterial
AVID134_PheAd  161E07 4] 400 61 100E-174  No hits  (Fungi: Bactema) Mano sxygenase, FILD dependent
AV E0002 _TreA Av110A Q rg 54 1.0DE-175 4.00E-11 Bacteria; Proteabactera Monomoygenase, NAD dependent
PRIODOZ MM L32F10 [¥] 327 67 1.00E-149 ZODE-D7  Bacteria; (Acidobacterial  Owidoreductase
Chlorol exi)
PRIODLD_DAP?  182F10 a 310 27 100E-140  LODE-0S Bacteria; [Acidobacterial  Prolyl oligopeptidase
Proteobacterial
AVIOIDE _Purd  MwiellB 1 243 <4 LODE-132  4.00E-27  Eikaryoty; Fung Urea active transparer
PRIOODLZ Raomd 18217 a 248 31 1.00E-107 No hits  (Bacteria; Fungi) o -Rhaminosidase
AVIO1Z1 NEPS 5907 4 237 30 1.00E-108 No hits Bacteria; Cyanobacteria Mo bosomal peptide symthetase
AVIO153_Xphd 21083 i} 212 50 1.00E-104 2.00E-16 Eukaryota; Fungi Endo-zylogzlzcturonan hydrolase
AVI00A2 _Memk  Av240B 1 199 56 2.00E-91 LODE-04  Bacteris; Proteabacteria  MemK-Bke methyltranderase
AV10092_f-Ga  AvTella 4] 153 33 1L.ODE-105 3.00E-39  Eukaryota; Virkfiplantae  [-o-Galactosidase
AVLIOO0H Alr Av240B 1 152 38 1.00E-67 No hits Bacteria; Batteroidetes Alanine racermase
AVIOOZS AMH  AwZl2A 1 150 52 B.00E-77 2.00E-11 Eukaryota; Fungi Amidohydrolzse
AVI0045_Ddl Pw240B 1 138 &0 1.00E-60 No hits Bacteria; Bacteroidetes p-Alanine-r-alanine fgase
AVIO180_P D 193E18 2 126 31 1.00E-55 No hits  Eukaryota; Fungi Phospholipase-D active site motif
protetn®
AVI001S FobG  Av212A i} 98 58 1.00E-74 B.ODE-32  Bacteria Short-chain dehydrogenase/reductase
AVIOL FobG  AvTellB o 92 57 4.00E-73 S.00E-33  Bacteria Shor-chain dehydrogenasesredu ctase®
AVIDOLL Folws  Aw212A 4] a8 54 b.00E-67 200E-28 Bacteria Short-c hain dehydrogenase/reductase
AVI00TL_HAL BvTalk A [&] 77 48 2.00E-61 L.ODE-27  Bacteria Histidine ammonia-lyase
AVI00_GINS  AvTelln 4] 59 35 2.00E-27 No hits  Bacterla: Protesbacterta GUNS-relsted M-acetyltransferase™™
AVIO1SS FabG  210B3 2 44 41 2.00E-2% 2.00E-19 Bacteria Shon-chain dehydrogenasesredu ctase




Mechanismy urCovani pohlavi

- asexualni:

- obligatorni

- cyklicka partenogeneze: msice, nékteri korysi (Daphnia)

- fakultativni partenogeneze (Thamnophis, Crotalus, Acrochordus,
Varanus — potomci jsou homozygotni samci: terminalni fuze (splyva
jadro sekundarniho oocytu + 2. polarniho téliska); vs. Python —
potomci jsou samice geneticky identiCti s matkou, mechanismus
neznamy: Heredity 2003)

Parthenogenesis in Komodo dragons
Nature 444, 1021-1022 (21 December 20006)



Mechanismy urCovani pohlavi

Hermafroditismus:

- simultanni hermafroditi
- samooplozeni — z obratlovcu jen jeden halancik

- androdioecie Caenorhabditis elegans

- gynodioecie — sasanka Epiactis prolifera (malé samice, velké
hermafroditi)

- sekvenéni hermafroditi:
protogynie, protandrie (Gobiidae,Muraenidae)

Size and growth modification in clownfish

Sex change is not the only way these fish achieve dominance — they grow into the role.

MATURE|VOL 424 |10 JULY 2003

Amphiprion percula




Mechanismy urcovani pohlavi

Gonochoristi

Beneath the surface

You might think that once evolution has found one way to get something done, it will stick withiit.
But similar physical forms can hide radically different wiring, finds Tanguy Chouard.

30 APRIL 2010 VOL 328 SCIENCE




Mechanismy urCovani pohlavi

Gonochoristi

Haplodiploidie: (Hymenoptera, Thysanoptera, Homoptera, roztoc€i, virnici)

- arrhenotokie:
- samci z neoplozenych a samice z oplozenych vajicek

- mechanismem:

a) komplementarni determinace pohlavi (CSD)
- diploidni heterozygoti samice, homozygoti samci

- jeden lokus (csd u Apis mellifera)
- multilokusova CSD

b) epigenetické urceni pohlavi (maternalni imprinting u Nasonia)

Maternal Control of Haplodiploid Sex

o o Determination in the Wasp Nasonia
= ellmlnace paternamlhO genOmU Eveline C. Verhulst, Leo W. Beukeboom, Louis van de Zande*

30 APRIL 2010 WOL 328 SCIENCE



Mechanismy urcovani pohlavi:

Gonochoristi:

- environmentalné urCené pohlavi

- socialné urcené pohlavi (Bonellia)

- pohlavi urCené mnozstvim potravy (hlisti, ryby?)

- teplotné urcené pohlavi (néktefi plazi, ryby?)

- genotypicky urCené pohlavi

Jak odlisit?

Rapid growth and out-crossing promote female
development in zebrafish (Danio rerio)

Christian Lawrence - John P. Ebersole -
Richard V, Kesseli

Environ Biol Fish (2008) 81:239-246

% Male

Eublepharis macularius

01

Incubation Temperature (° C)

Viets et al. J.Exp.Zool. 1993



PATTERN

MECHANISM

A. Sex chromosomes
known

No

B. Incubation at wide
range of temperatures

/

Sex ratio 50:50@

Sex ratio not 50:50

B | — Yes r/
y

-

————

e

—

e

C. Differential embryo mortality
(resorntion/abortion)? 2
v
(Y] [No]
v

Definice

Environmental sex-

determination

= absence of sex-specific
genotypes

— dichotomy GSD vs. ESD

_'_‘_,_;—'—"'_'_ —,
TSD
OR

H&R(:QEE) + Environmental ef_fﬂefc_tj

Valenzuela, Adams, Janzen Am. Nat. 2003

( D. Differential fertilization?>*

‘, :
g I ERSSEN -y [No |

A 4

E. Sex reversal?®

Environmental sex-
determination

= environmentally-dependent sex
ratio

— continuum GSD < ESD

f

|

v
CGSD@ + Environmental effect :>

...recent reports have expanded
TSD to viviparous and
oviparous species with both
XXIXY and ZZ/ZW sex-

S -'ENVIRONMENTAL EFFECT

[No | _
TSD \ .

determining systems (2009)

David Crews




Co neni pohlavi urCené prostfedim podle def. 1:

Temperature-dependent

sex ratioin a bird stage |
i e 1992 17
e 1,2% . 3 < 1 n
Ann Goth "~ and David T. Booth =
D
= 80 -
=
g 60 -
E
E
=40 1
5
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2 ¢!
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incubation temperature (°C)
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Genotypicky ur€ené pohlavi: oo mrs e s sy or meia

DO 101554 e netics.107.072140

A Polygenic Hypothesis for Sex Determination in the European Sea Bass

- polygenni vzacné Dicentrarchus labrax

Marc Vandeputte,* ' Mathilde Dupont-Nivet,* Hervé Chavanne® and Béatrice Chatain'

- heterogameticCti samci nebo samice

- geny urcujici pohlavinaW a'Y, ”K “x n“ KK nn ““ ”X

é' na X a Z 1A 1B 2A 2B 3A 3B 4A 4B B5A 5B 6A BB TA TB

XX XX XK XX xx xx xa

BA 8B 9A 9B 10A10B MA MME 12A 12B 13A 13B 14A14B

X% Af aa aa_ K"

154 15B 164 168 17A 17TB 184 1 194 198

- dva typy spermii - dva typy vajiCek pohlavni
(X, Y) (Z, W) chromozomy



TSD: uloha pohlavnich hormonu pfi determinaci pohlavi nebo diferenciaci?

pohlavné nediferencovana gonada

ESTROGENY

Taromataza
ANDROGENY
(ne DHT)

vajecnik varle

fadrozol

Pieau & Dorizzi, J. Endocrinol. 2004
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Determinuji pohlavi u TSD druhd primarné maternalni pohlavni
hormony nebo teplotné-zavisla exprese néjakého genu Ci
teplotné-zavisla aktivita enzymu?

0 5 10 15 20 25 130

cestradiol:testosterone ratio 8 9 10 11 12 13 14 15| 16 17 18 19 20 21 22

Developmental Stage
—4—25°C (Male) —&— 30°C (Female)

- gRT-PCR:
Sox9, aromataza, Wt1, Dmrt1...
Valenzuela Evolution 2007

Bowden et al. Proc. R. Soc. Lond. B 2000



Fylogeneze urCovani pohlavi u amniot

Multiple copies of SRY on the large Y chromosome
. of the Okinawa spiny rat, Tokudaia muenninki
Savci
Chie Murata - Fumio Yamada -
Norihiro Kawauchi » Yoichi Matsuda -
Asato Kuroiwa

Chromosome Besesarch (200107 18:623-634

- vétSina XX/XY

- pohlavi determinujici gen Sry

GENES IN CONFLICT

Tadte 1.2 Tawonowic disribution of redents with unisual sex chroznosome anid sex-determining
SysUFLLS

Femrale Male
S [genn) Sorma (zema)

Cinder Rendentia

Vamily Murricias

Sulfno‘ty Arvicolinae {Microsinaz) T. m uenninki h Od n e S ry ko pi I n a Y

Divrusbianyx forguaiss WE, AN XY XY
ticakar LR KOYITRT) =Y o o 7 7
s oo X0 X0, - T. osimensis X0/X0 — ztrata Y, nema Sry,

Subin peominse - - ale ostatni geny z Y na autozomech
) A%{a.’fr.ll};' azAT, A weifis, A varta XX MY RY v s
g o (XX+Sry mys samec, ale neplodny)

Tl vae pronwiet genoty pe aillers lioan th

CA0melic gensdype, s give i zacentheses wlerwenls, T-om
Trvdua (19943



Savci

- vétSina XX/XY
- pohlavi determinujici gen Sry

- Sry chybi u ptakoftitnych

The multiple sex chromosomes of platypus and echidna are not
completely identical and several share homology with the avian Z
Willem Rens®, Patricia CM O'Brien®, Frank Gritzner®, Oliver Clarke®,
Daria Graphodatskaya®, Enkhjargal Tsend-Ayush?, Vladimir A Trifonov™,
Helen Skelton®, Mary C Wallis®, Steve Johnston$, Frederic Veyrunes®,
Jennifer AM Graves? and Malcolm A Ferguson-Smith*
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Sex determination and SRY: down to a
wink and a nudge?

Ryohei Sekido and Robin Lovell-Badge

Division of Davelopmental Genetizs, Medical Raseasch Counc | National Institues for Madical Fesezrch, The Ridgeway, Mill Hill,

London NWT 144, UK

@

(a)

Soxd expression

105 1.5 {dpc)
()
E10.5
C-terminal
SF1 domai
“
TES Zn-finger
domaln
Upregulation Fioical
- — SAY inferaction?
HMG b -
Autoregulation
e,
% on o°
1 e 1
E12.5

Figure 2. & model for Soxd transcriplional ragulation in e gonasd Gonadal Soxd transcriptionsl regulalion consisk of thras phasss: initistion, wpregulation and
maintenancs. (8l SF1 sensifzs Soxd, initiating & low level of axpression in the ganital ridge of both sees &t 10.5d8pe. In the male, 5F1 |probably with other factors such as
WT1™™} slso scfivates Sry sxpression. Soxd sxprassion is upragulsed by the sction of SAY logether with SF1, whersas it is downregulsed in the female. This
downregulation is unlikely ko be passive, implying the pressnce of oneor mons curmently unknown represso re, After the transient exprassion of Seyhas ceasad, high lavels
of S0X3 aremaintained byits direct avtorsgulation and via FGF3 signaling. (b} SF1 binds to SF1-85s igresn] in TES via its Zn-finger do main {whie dotted fine] ol 10.5 dpc.
When SRY is axpressed, il binds to SRY-BSs [yalow) via its HMG-box {black dotted line) and cooparates with SF1 0 upnagulate Soxd expréssion. In hrn, S0X8, aleo
together with SF1. maintins its own expression. 5 0X9 binds dirsctly 1o the enhancer, replacing SAY ot some sites, but becawss the S0X8 HMG bow can physically interact

with the SF1 C-erminal domain, the two proteins aso recruit sach other to additional binding sites.
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Archosaufi (ptaci a krokodyli)

- krokodyli: u 12 druht pohlavi uréené teplotou

- ptaci:
- konzervativné ZZ/ZW:
- Dmrt1 - u ptaka na Z, podeziely z
determinace pohlavi

- ZZZ sterilni samci gusk: ot
- ZZW intersex I .
- Z0 neznami (letalni?)

Peismqnhos wawse  The avian Z-linked gene DMRTT is required for male
| - sex determination in the chicken

I I Craig A. Smith’, Kelly N. Roeszler!, Thomas Ohnesorg’, David M. Cummins’, Peter G. Farlie!, Timothy J. Dorar’

& Andrew H. Sinclair'

Vol 461/10 September 2009 | doi:10.1038/nature0 8298

Frole-Z  Froge-W

TRERNS in Fosloar & Fushaion




1 1AV T

S RIA Nl

il Iy rJVI I Avi A1 VWi

{ ARETII P ET:
'}

LA 4 l.vr;

Proportion of Males

S Ree PR e
O o b o LA O =] 00 MDD e
{ I E-SNS U S L S, S LS L 1 A

NS WS A

Constant Temperature Equivalent (°C)

Nicola J. Nelson

*e %N ¢ *
* * *
*
*
*
I* H T T T T 1
19 21 22 23 24 25

26



v

Supinati plazi

gleydacoyouiiyy

MWETE

ANNY

o[
o N

1z} 051 ucpousyds
(F) M7 ZEPIUEIR) & —
I

(z31) M7 sejusdisg o

AN RIDLERZD S0
A UBIA D BUIPCIAAT
A Wouodno cueisseg

AX SI[BJ0B| )220 0%
e e T N i e O i a

056 usine elosobn )

Ax 2inogew 2AngEy)

Ax Uaaads elowaonasy —

Ax 55 51 oudoIdwe) Emmm—"

() AW smoUInSColEn) mmy
m_cnwmn_m_r_a_t.q_ — W2 ST seiy e

IPE MZ SERIpaneT XA R —

Scincidae

A

Ax subn snuoycopiuau)
(59 sLeled|in SNIOYCOp|WeU?) -
(1577 SMBILOUN STUAUSORIWLSUT)
[¢) ax sepweduuwln

A oyoal oyyen)

Teiidae

Q5L snoodel ofyan
AX snaLodel oye s
135 SNIETA S20OIEUD D)
AW SRIITSD B3D0JEUDD
ANZ S0 BN0UISIS Y monrey

w2 sunnbing snpfpepomda o

OSL BIGNT ELNS|SY: e—
51 epneoine ewns|ayd e
(15| ElBaU| BLNS|YA ®
Q5L BOgYE ewns|ayy

55 BEqpune Blns|ayy M
131 spuest sisusuedssebecel ewunsayy )
A3 1 ssualeasehecel Blunsoud ™
€151 uauuen? ewung|ay, | L
(59 eve paden wLwnsEyd
Q51 nesquind ewnsjayy
S5 BIELID ELUNS|AUY
ASS BEINTYEW SNAIDEDILSH ——— —

Gekkota

MF EELUBLIBUIRIA SNADEDILBH

(B} iz snidpepofyg

S

A BlEWwou| m:..mn_

A sluoung sien Q
(5) Q2L sficepovEgy *
J5L smEraew susydajgng
51 STEUIRNED KALONE iRy )

(%) ASD KALOEID L]
{ge) A snuodojpag
(b} Ax mn
AM CIEUICU BLWn (]

€] AX SURILN + 8oy
A BwW el sIunieLfuy

fal-Tagh's >
aso m__am.Jv SN _._mmen_n_
asa sug|oo snphydeionn
AN BMILDE 0
OS] SIBIZE BNy
HE S RLE R

AS] UOAPLIRLE aajERITRD

lguanidae sensu lato

MZ BENUEN LOIPOTAREIG
051 1BU SrinesopALIEYT)
a5l sy snueubuygdoy

Chamaeleonidae

Q&1 megh sn_peubioydo
as D SUIOU STUN0G Yewy
Q51 SMEMINL SN0 Yowy
030 =eau __r m‘_or_ _‘_2___

gs. steindwsy snoenBogdo
iz} aga sudiscuedwil
al=1a) g euofod ﬂ_ ~
55 Jouw euotiod HLNLF
Wz sdzoms eunfiog smemeead) ’
Q51 spEwo stuoydousg) —

Agamidas

051 1sausap snioydousi)
QST o) snioydoustd U‘l—.
31 smod snoldousld r

s sadudys sianpsuiy T
ASE InpNEan SAnRD)

O3 1 nnensa) snuyeubisiyg

PAF NECZUE|S 37 EUdancUANS =
(¥) 051 cweby )

Pokorna a Kratochvil, Zool. J. Linn. Soc. 2009



_é_é‘ &

Hadi &

2| 0P| RLFE
D | LOCS0693 .
3 | RAB3R"
v vs 2| P‘ |CTNNBL T |
*néktefi ZZ2/ZW 2| gl | e
w

TUBS1 |
GH1 |
| MysT2

27| 19q

*nesyntenni s ptaky

*nesyntenni se savci

*nekteri homomorfni pohlavni chromosomy

F——— BamHI B4 -BamHI B4 | BamHI B4
4 —sra
| ——mysTz | |mysT2 =|‘3H-l
b——6H1 — GH1 | roBG1
F——ruBe1 — ] TUBG1
| AMEH AMPH
_| CA.MPHI|__ o sy 1
S - P s
l‘\- TAX1BP1—" TAX1BP1 hmcs 0693
LOCI06593 |LOCS0653 Feap2
ﬁ.ﬁ IKLI;G ELF&
s — e -
z w Zz w z w
Python molurus Elaphe quadrivirgata Trimeresurus flavoviridis

(Matsubara et al., PNAS 2006)



[ L
O=
—
@<
M=
O=
M@=
O=
O==
[J=
(0=
1=
@
[
=

5
DMATI D D DMATT
1 - .
— 5 —
- \ ] D
us - uls N .
4 4 & % A "
X3 i SRY
SW"‘H . S0 . H S0K3 I I 50%3 l soxsl

Reptiles and birds Monotremes Marsupials Placentals

1

Gekko hokouensis
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The ZW sex chromosomes of Gekko hokouensis
(Gekkonidae, Squamata) represent highly conserved
homology with those of avian species
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Hierophis viridiflavus (Colubridae)

Elaphe quadrivirgata (Colubridae)

Stegonotus cucullatus (Colubridae)

Notechis scutatus (Elapidae)

Protobothrops flavoviridis (Viperidae)

Varanus acanthurus (Varanidae)

Pogona vitticeps (Agamidae)

Eremias velox (Lacertidae)

Scincus scincus (Scincidae)

Gekko hokouensis (Gekkonidae)

Lialis burtonis (Pygopodidae)

Coleonyx elegans (Eublepharidae)
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Obojzivelnici:

- GSD

A W-linked DM-domain gene, DM-W, participates
in primary ovary development in Xenopus laevis

Shin Yoshimoto*, Ema Okada*, Hirohito Umemoto*, Kei Tamura*, Yoshinobu Uno?, Chizuko Nishida-Umehara®,

Yoichi Matsuda®, Nobuhike Takamatsu*®, Tadayoshi Shiba*, and Michihiko lto**

PNAS | February 19, 2008 | wol 105 | no. 7

An Evolutionary Witness: the Frog Rana rugosa
Underwent Change of Heterogametic Sex from
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Oryzias:
- pohlavni revertanti (hormony, teplota) plodni
- YY Zzivotaschopni a fertilni

photo Web

Dmy (= Dmrt1bY) Oryzias latipes
- paralog Dmrt1 (ten na autozomech u O. latipes)

- jediny funkéni gen v Y-specifické oblasti
- mutace -> samice
- transgenni XX jedinci s Dmy samci

- XY embrya revertovana estrogenem exprimuji Dmy jako
samci, ale jsou to samice -> Dmy nahore kaskady
diferenciace pohlavi

- Dmy novou funkci nebo jen zvysSuje davku DMRT1?

Matsuda et al. Proc. Nat. Acad. Sci USA 2007
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Governing Sex Determination in Fish:
Regulatory Putsches and Ephemeral
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mammalian G50

Gonadogenesis

reptilian TS0

Molekularni mechanismus urceni pohlavi obratlovcu

Urngenital
riclpe is
foxrrmed

AVATY

Review
Analyzing the coordinated gene network underlying temperature-dependent
sex determination in reptiles™

Christina M. Shoemaker, David Crews*

Seminars im Cell & Developmental Biology 20 (2009) 293-303



Zmeéna zpusobu uréovani pohlavi

- vznik novych genu urcujicich pohlavi, které prebiji starsi geny?

- vznik zménou DMRTT:




definice jednotlivych zptsobl ur€ovani pohlavi se liSi, zde zduraznéna
definice, kde environmentalné urCené pohlavi odpovida polyfénii

zpusoby urcovani pohlavi jsou v nékterych liniich velmi variabilni, jinde
velmi fylogeneticky konzervativni

dokonce i u obratlovcl (amniot) se vi malo o homologii zptsobu uréovani
pohlavi

geny urcujici pohlavi vznikaji pravdépodobné zménou funkce nebo zménou
genové davky genu pohlavné-diferenciacni kaskady
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