Univerzita Karlova
PS2rodovhRdecks8 fakulta

Studi j n2Biolpgieogr a m:
Studi jBidog®bor :

Petr Knotek

MechanismyadaptaceS ana g i r gradient salinity;
pSechodiyo Ssekziimk av ed mdm p rclnsdfyS e d 2 m

Adaptation mechanisms to wide salinity gradient in algae;
transitions between marine and freshwater environments in chrysophytes

Bakal §Ssk& prs§ce

Gkolddcee.l :RNDr. Yvonne NBRDmcovs§, Ph.

Praha 2020



Prohl 8§8gen?z:

Prohl aguji, ge jsem z8vDrelnou pr 8ci Zpraco\
i nformaln?2 zdroje a |iteraturu. Tato pr8ce

j i n®haod onteej n®ho akademi ck®ho titul u.

V Praze19. 5. 220
Podpis:



PodRNDkov§g8n?2:
Vprv@bgatdpodksovv@a gkol itel ce doo®PhBMBDKY NDY®o0nn
veden? ao® hprtSuceodpov?2dat ana onod auiEseessiaglr@ hd®ot a z
straryz e mDkD &Il @ . sdi2 kvye |zka® | o0 uzga@ tnrop fidé urtoiodsi hnaaja2 ¢ 2 p
vm®m pAanadakonec bych chtDl podBDkovatprmojm sk
celoudobubylanot i vowa lp@Slim@fAapat t ot o podRNkov§gn?2.



Abstrakt
PSechod z moSsk®ho do sladkovodn2ho prostSe

evoluci organismTJ. P&Secltwlgr2 hicsohl ¢gitokdp Seeha
vel kT ch gakhipimT @rodstoupila tuto uddkovwadn?i ni
prostSed?2 se |ig2 v mnoha aspektech, pSedevyg

mus2 organismgynpSekadaenvisalinity a pSizpT

potemci 81 u. Nemal ou r ol i v g a k ahlkonmpégtiée aipredace ot i ¢ Kk ¢
nov®m prostSed2. C2lem bakal §Ssk® p§ce je p
adaptacegnadigemtok$dal inity u Sas ob&srkid maazar

sladkovodn2m prost Sed2mevothciysopgrkovhrRkaer

Kl 2] ov:& hglyeswd yt a, Chrysophyceae, graditent s
sladkovodn?2 prost Sed?

Abstract

The transition from the marirte the freshwater environment and vice versa is a key event in
the evolution of organisms. Although these transitions are relatively rare from an evolutionary
point of view, most large groupd organisms have undergone this event at least once. The
marineand freshwater environment differs in maagpects, especially salinity. During the
transition between tisetwo environments, the organisrae forced tamvercome a significant
salinity gradent and adapt to changes in the osmotic potential. Howevéic faotors also

play an important role, especially competition and predation in the new environment. The aim
of the bachelor 'shesisis to provide comprehensive information on the mechanisms
adaptation to a wide gradient of salinity in algae in garend to focus ofreshwaterimarine
transitionsin chrysophytesthatoccurred repeatedly and relatively frequentlyha course of
evolution.

Key words: chrysophytes, Chrysophyceae, salinityadient, osmoregulation, marine

freshwater transition
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bvod
PSechody mezi moSskl m mSed satdadovatimai@nni 2smm Tp rj oesdt nS e

zk 1 2| ov 1 ¢ kieBuldz8n aomsviiFiejejRugvoluciZe v ol ul n2 tsidzefprd e di s k
pSedptSavwvnatkomde ireyn tKfen as 6t afbwfE ®. woSd yr okv n § n 2
nebere ypotaz njeSBak s| adk ov osgma&v p§joesrh Sleidg2 svEimi obe
c h e mi c ladtnostminatolik,  eesuchozemsk®m pieomad Skddadi by ch
paraleluVyt v8S2 tak meerj h$86Dbam$rddodairzicer e § 1§ 2

p Se c hioudTr no tch dsrt ke fp j navzdonjejich p o | Tertpopulaé mschopnosm

di sperze na vek kRigima ® IjEoydres etial. 2009)

Hi storie pSechod] mneaipoltdldnmd t @r @ r d ot Desd/ont e
pravdRpodobnhD na s adkedak osdzovate ssatikova m BvhitosBk yot b a r
sinice Gloeomargarita lithophora kt exre§ b e §@B2buznl recdefnt n2 c
(PonceToledo et al. 2017)a podob®h o v TvsIktygtiuny aglsd fuyptc, T jGd k o
pr av d RN pboadzo§h nMBchadplastid (ReyesPrieto and Bhattacharya 200D n e sy Sa's
najdeme \noj Nn®m zashowpendsivSe dicl de dokoncevIYkstkeyrt @ j 2
vgi rok®m gr adideendtrnu§ ssae i id ysouph @lsit SredmiBe $ w2 mk
sv ®mteomus chopn® ovl i v R tosyrtetickos akow ietgw,l atcior bu po
Yt viair T snerolagii. P Si | garegh ptt ace na ¢girokl grmadi ent
pSechod mezi moSskim k|l 3] ad®ovodn2m prost Sed
D2ky novIim fyl oganebip cnkobvmdraheeSi ThAl@akte® n § m

| asptoom§hajzk| ¢zbabhy mezi moSskT mi NgsbkbddRoypad
mTgemeylmgeneticklch stromT ¢ ko moulesttve s c ®n §
studovan® IR$ k| addbemBrebsod ydlat, ktemd mkaei v ®h:;
t ®t 0 bakalA§ k@ vogr €ced v Ninigd ops &dnrau hZe t sRIt aod Kk |
prost Seemveirohmane SVadoviden?2 mowich deUhT a
fylogenetick®a n ayl sewk Sz afjeeSs k § di skepmyed mmah e ®twOH g3 e
dS2pvSeedpoly gp8eéohodTm mezi moSem a sl adkou v
pr Tb Drglativi) atoa s



1Sl adk@amo8sk® prost Sed?2
Salinitajegdnamej d Tl egi t Nj p2ooh cdhow Emdvdostioyd ts it fEjRU | e
biotu. R 0 z d IV lowlakitatydodvouh | a vskdpioh t o nas | salma®dok @ r ost Se
jsou ovgem na Zemi zastPBupBiv§owDé&s vreagkre®m® veom
je sl an® 4 Pougleeg?2 vodhD sl ask®Jk ®SVvdoeyngj map
i ve fAdnmIdivewdahov§ sl adk&b wlOldad@ OV 6S Hey po o 5 é
tot o pzpohtl adiz ev onleul@rlz hamn®r i e

Jeden hl avm$ T hopdrn?gcenhs P T sroobzumii2dlonitu me z i VodnPnsy |
vel kT hydayKlowgs ckpSih BB nTm vody mezi svDt«
pevninou. D2 ky p Tessoeb eajd poaad hiadirg | <, e € Indendan i
zvyguj e iksdteenftoramD sr 8§gek pot ® de Sespgomabiopadn
hromad2 a post upcnel® Sasbdu@&EN PNt r aodp uwogd G ® s o
voce8medeckd al g2 mu n §.Ves tvd ssedeldigmittdynt o procesTm

bi ogenn2ch prvkT a sloulenin mezi obPDma pros
1.1MoSsk® prost Sed?2

Nejprvejed |l egi t ® si uvhDdomit, ge sl an8 voda nen:-
Oproti sl adkov ozdeprmung§p mé s tpSeodd2u kjcee | i mi t ov §neé

dus2ku nebo st ojedpellenio pa v gsedynalk wj)?E t zydoef AN ®

vEpenat &)i sret y otCd ve vodm2 wip atidc 2udh idrnadadmo
(CaCQ) , zat2imtydNa3 odd®t 8vaj2 rozpudvird@ vdn 2pmt uj
rozd2lem jeelslhypw@H&e kmNax esIsaonf® .vodN ml uv?2 me t
j esalhiavy gg2 neg 30 g rozpugthDnl cshmlsalizilL,sv@$i
oce§mun2 35 g r/&ARoegbtyldnol ctho nsup btzalke dvngzdcyh 600 mi
let jeho salinita csilovalavr 0 z me z2 maz ir 0¥ @ uayy§ (Beagdecah2086p | 2 / L

Tak®eonD pSevaguje pnrS&voypergealgi vhtmvane knu s e
g rozpugt.Nnddcthud od?t/@ i vot postupnh kol oni zc
pr os {Maréndet al. 2008) NasjveRdtlaumu tak® fakt ,tRg@2&bnc
tekutingch pmo9HW@INNEOS) akrvi stuje ovgem i al-t
kt er®m ¢givot poch8z2 ze sladkovodn@\ellmanpr ost S
and Strother 2015) Kol oni zace moSsklch habitatT pak mo

podm2nky na povrchu planety.



12Slak ovodn2 prost Sed?
S adk ®majedtinuni gg2 neg 0,5 g(svPtzewligtimrT @,r 1s2ogl /2

rozpugt Mnefich pr i sn&Ir 2ukcejeplriondi t ov&na pSev&§gahN dos:
pSev adgw§ p ®orayt(C2").0dv2 cem®@mBgemmShlo®ho prgakt Sed
odl i guj e hylsakou raiabiliton. G 0 g e n 2 sl adkovodhlgeh®p2 pr
mnohem jelockeRaop@timo Ss k ®mu po o s ttveStaad?d b y Rfaktory

jakojsouchemi ck® p hdee @ake@i ckkalitakakvantiesrt §, geplds,

dostupnostg i v i n mi Jejidhapl Tgs2o Ing ey évlivnit i salintua zast oupen? [
Nap S2ukvd cathz Nl es, kde pSevagujejek@sodretn? a cpe dzc
vRDt giny ovliivnhRDna sl ofjeah®map®dha RSedpkhagzdt
se védchypggdmbg&@Emdti tomu t pB2lcdien up YymSday g sjr 28
voda slogen2? iontT podobn® j ak oRonadd@0)mo Ss k §,

2 Baram®rzi sl adkovodn2m a moSsk
Pros$ Sedzd2 I nimi podm2nkami pro §¢Awsboztghtofi seb

tumezimo Ss kT m a sl adk gevadmime sm p8eo@arGbdtd 2 e pSi  p ¢
spojen® p6ed3hnDmishdmizd Kki§rhin Npoobdomi2 npkraars2t Sve d 2 ¢
vodmr2gani smy napS?lst f@yfhessagpceBelel9997F k OiépdSse c ho d T m
mezi tRNDmito prostSed2mi docah§zi2ch epr ovbeDnlia zzS
hl edi vsleadmji @g&8vno. NepSekvap? tedy, ¢ge moSsk
obvykle bl@®mcbkaptSebaen sdr mpSskT dlo adbki gdko
fylogere t i clkil (€akalierSmith 2009)

2.1 Salinita i 5

HI a vfny z i -kh&rhiak Dfaktor, k tt & obdS2r i ®r u me z i sl adkovodr
pr os tjSsaldifadne j 2 oxligRnjae metdb@id@pddhodyaz v y enejgeticl®

n 8 kyl naadmoregulaic(Oren 200L)Vd Ts | p d k praw8d N p o dwivbna Histribuci
aevolucitaxol, co¢g suwli€zsuj22 Bek§y®d zmhDny v druhov®
mi krobi 8l n2ch spolelenstvech v z8vi(Bouvesti na
2002)PodobnT ch v Eé&lIbeRKkem sleadpaasa pSoi r Bkiseesledovala

zmNDna dr uh omi@khrooHwmssl fobghetrd2e $81 vV vox ®vizalagsai i nit
vody, kterou byl (€acibesa. 2®3F)Vipsalmitpha §dr uhoby® sl og.
pozor ov@mr ottaiks@&. n 2RR$? kil iardozaimky mb h @ ha skSefmyi tl i t T mi
strukturamiu  kt er T cdr osspt coluecl2n 1B gejichchri u lowerdkal 8O ek a v §



et al. 2016; Underwoodt al.1998) L ze t edy sbogdnt, mgkpolbi §lsh nheé
s pol eloevd s tv R u jsadinitay mikiolivtéptotanebo pH(Lozupone and Knight 2007)

22 Ek ol ofgktotyk ® , , )
PSi p Sdeoc hmmaw®h o prost Sed? syeovnatoejels p s8¢ hok i
fyziologickimitaplb®m?2 skidnmeumeatjailge adarptm2vsatnn2 m
organiTsomTaw g § e dmernj2ed ReocgniNat 2, ge ®olpf#oadap
organismyj sou ve sw®mRompkitt atnd vIihodhR oproti Ve
NovhD pS2céenainedr wigyp DSE c® v & m2 p s rmoasvt cBagal@ Ao s |
pashosta® Obvykle vymnaboSadukl ch agdkud es& ak olyh1
podm2nky opRDt mee vkit8d rr® djoe haodarptVemweandDugdley| i c h f
2000) Ji nT mi olr gaynepsomipdochodu do meakle hkw®hoh |
tedy i neschoAtakfoatlz ek aump édtcihc papdSenitieomTz,@ Akbtne r ®
prostzYmadizakt,ilvne o]l ek8&vat, pgeowatl §dnou ¢k oan a
pTvodn2ymi dr uh

Vel kT viiv m&BechwgdlTd dksh eV @ g e n 2 m2 st n2ho S
Zekol ogickl chv8st ugdei 2 s psoyypgllg & n sd iavaevnizth @ Jotue m
specializoyanlcl?deurea@aod nET vpordoetm jokeszepdSte d e v § 2
viinygnognT ch ekolmgitmkRindi? miriak de vipa hp® o | viDtgi
pSechtmd$sk®ho do sl adkovodn 2dokdyporvols t S22 k apjr
sl adkovonhléda t ddtl iecshalchiodgizonmuo kv azwnt2a ldikdifpozici

vel k® mmd dakecoh? o gi ¢Mermeijland Dudley 2000)

3 MorfologlekBthompS$edhRody iv n
PSi zkpoen@mékdpiny ogani smT | a kna ¢ srogyotalvajejich ,

znmolir Tz n o rdoed o deto.mplyfyletickou skupiru zegh r nunjrlociko nep S2 buzr
t axmpS2 | cel T m yesutk@nzaymetziic k $ans osv TmE | ®z 8 s tjupk
morfologicky | e d njoeddircdh®u n N| nt@&k imm gla o b wesHt| GIEK o u , kter
svou mor f ol ogiodkng ¢s2l no gridd sptsliantE mrmor f ol agi c k §
jej?2 dTsdakdkyosnaj & S&IMBgno pr oetpde dpiomis®at nl

vliv.



31Jednod g g2 morfol pGieehodypNgnNj g?2
Zhl edi ska nkomplexity lze grgani&n®z 8§ kinDa o z d Ninnm © h embauan ND| n ®

protista.P Sio r o v n § nt2 N c ki trod rof@ YeEgl] PnpPpi§e ethdd e vychsgzet
obecpdntB ns§auor g&spNgn® kol onpSiascpSegep gk &k d?2
kol oni z8tor T a s c(Mantipyrebat 2006)Ae jpir cBitistadpnesp @ tr g ien N
mn o h o b emolX| gnalnd issnpT@oh @jt H Nj § 2 mi (Waseep2008)aue mi§ z e

r o z nyhgae nwlxtdgg?l @alkoveski et al. 2008t a k ®&chkjemno §(&iovannoni

and Stingl 2005)N e retlydivu, igmmohobunBknbBam&§gn2 Seéougp S&v §
jednobuniNl ng stadia jimpodghmehy, t spoeti clklyst
nav2c podpo,r uge mmykgrl cenik8ud jv§ g geetickoa divernit§Mes a
2008)Genot ppbdal g2 i nvavzintzg 2l idgnaeg @mBnvgl ackh k ombi né
po vystaven?2 novl mk@geohondms ppdm2gkeomta na no
pSisphNje tak .Ko %genNgjned niobwadlil n® @we gamios By :
enviroment 8l n2 bari ®ry javygwpyruloijzk | B hogane®ss p Dgn’
etal. (2009) kt er T o8 probleroajike d an

3.2 Problematika lmgeografie protist ,

To, sj akou | ehbkporsott?i sm@a zdol S8vat ap8ivievdsebmt 81 n
rozdz2plodind maHr8de&®kda vTbRcNaWij eakBac2lim®d Jij 2 c:
protijséjJimclw kosmopOlzioapovDBb@mR Pe@topnkmsk Il
mikrobiolog Lourens Baas Becking k mae rzI§ k v Agd®dz or njvissei | , ge ve
jezerech pdijcxprdisteagaptdlaila t ot o ext T®Mo 2z pir s
ho oku 1934dovedlo kvyslove nfPy p g:tA®7Z) e c h n o, j el ev gplrdiemi Sejd2 c 2 .
(De Wit and Bouvier 2006)P r v n 2 ohot® st k vti t n 2 hlwogeogmiie protist
poukazujend akt , (nee hbraarji2®rvy r oz gi So yaStmjak vimd K§,lorb2Tm z ¢
tak gl ob8lhatmo miySpdtkait. i c kyp Siemdeaved eSiudims per :
tTkTn8zmopBsk@®P@®avetdpndhyly os2dleny prakticky
(Hahn 2006)

Av gl | avsinzRyami2gSge¢ mnoho protistn2chTaor uhT m
zj i Giteflod p o BamgBeckingp vu my,dlpe mksit Seldemi t ujgxcSemPpr v
mi kr atbalk ®st el nND odpovNDdn® za pr disetziyr, o vaovuj aka r
popadrraijh2ou | §st Ay @d oh hy (Cloan@Weje 2000)Kompromisem
jerecemtrrel e mmMubi kv,i tktzepndodglc@gge v Nt gina p
kosmopolitnd8veézhibeskaujjedlve s 0 e tnBiny2nav | i v

j ejichaex»idetlySgerhtd nsd enfdi ¢ KF@issder 1999)y

10



4 MoSsvk$| adkpomMae osyntetickTl ct
Chcemd i se zabimeati pmdSeho dy sl & dk Toraiy nkagat a mik T c &

mus2me se nejdS?pue sy @ledgintiki®®okudrj|i esnt?d mé& ® m

pr osmaSe?d ¢ dodaneme § ziempdin ® o/t Skk®@r Mo spSechepdy s
mezi sl adkovodn?2m Zejmmangjsakk @ pprr sstit Se@dd?A Bb. yald a p t
jejich p&Se@mks mNDpouwpteahhnéotdial t Dmi t o prost Sed2m
Obecnh sed§8pSeie ok das ymdlrin-hreer i d ¢@@ydnabacteripa

spol empBsedcrh Ted &\Virid@iplantae) | e r(Rhedopbyta) a gl aukofyt
(Glaucophyt linie ( R o d r-Ezpgele® 2t al. 2005A gp o t ®plabtigp Sen§gen pomo
sekumd8 ag kompbiexny eadosymat rejArchibald @09 nt et i
Nej s ptémy takdlo gzhrabap S€d 0 0 andionPl€&t0 Odhady S§xé sl ioE2 iv
pougdgi tT chl imertoozddg2clhnf@il i(QavalerSmith €209 dMcFadden 2014)
ViakTch fyzikg§l m®chd poéjemé&igct mgleegsilzele ®.
odvodit zbl gHpp r o z k oaurmBanri Is2nefc e chptS2ub ukktndr Pecd§ ko st i
dogl o

4.1 P T v ohtediskaplastidu

Sinice Cyanobacteripja k 0 jgdin®z n §pn8o k ar yot a s dlod prsanegjenx®@zdyat i
z 8§ s apdnZdmPDmii d yh e mi mka® pd (gdkeayskDet al. 2008) a |l dalyt a k ®
vzniknout chloroplastKeeling 2010)Nejenzt Dcht o @dd e b defveoplau | n2 hi st
sinic st Ngej obj apsmadhA2 mak ,ktezhickl a a di ver zi fi
fotosyntetizy c2 eukaryot a.

NejvdjSe pot Se,wjpak &mz pmpatpsdtvSoedd Bsiaica StudieDagan et al.
(2013)sep Si hl ed8&n2 odpovRdi z&a®Sy | mormav nfSnt2o sg
vybranl pakdsdapkd § zorpr, o gezni k fotosynt®ey vyu
pravdRNpodobnhD nut n%adks Vv adukpolwootda b @ pVT R dlduj e st
prov&fdydljdgeénet i cnkTo uk - anbmality (Blznk 2043 Uk a z uejgeny praj

synt ®zu jsauc hsairn-izcy, apSeé $tem§l sy nt ®z a srafcshtaerm z y
vpr odan*ez kou Kabmii tt@h.o ¢gedcal oo IsiytnTt ®zwt nT ¢
pSegmd $skv®m a hyper 6abhpBn2gygrplukebgkdsdyl gl yc
trimethylglycin bylypr avdDpodoba® mA sk & vVBupsg? znideDpdiaz §t v
faktvpogevdfergkemeplydbtaa i salinita prekambric

11



(Huston et al. 2010&4j ej i ch pr ost Seal?§ pdiidtpa njRintb2006at g2 n
Navz2c ¢p S@E00@EHE80 niliony letby |l y @aa&mydpodobnhD anoxi
obsahovalypouzen 2 z k ou k o n c éJohnstoa et &l. 2009)s | 2 k u

PSi hsliendi§nee nej pS2buznNpkfByldh@egmeétmz pk &dn 8 ITha
t Siceti rozd21l nTch nasi nsiicnoivclocvho u t asxkounpei cnhu (
s| adkbtveda@ymachocyl®@kmo S s k ®(Trithrodesnyium(Ochoa De Alda et

al. 2014) Av g ake rtenk?s 8ah | e PanéeToledo etdhli(2017)u r | jakbrae j b1 i g g 2
kultivovatepnbm§p$2 SibicGideamsryarite lifhophoraTento druh
paki®eéds§vno soibnidaioevo®® g2 Sen® v eni kIr @ d bidilmect tzc h
Ekol ogi ck§ di tedypodpbrujecney | te@tkpareil m&irine2 emrdolsiyhmba -
ve sl adkovodmazm gl wjs& Skelde ®podjmd haBcmokl o doj

@ Freshwaterherrestial Shosomis LA ibogice: Unicellular 5
Marine Filamentous @
Hetaracystous filamentous @

Obr §xBayesovskl fylogenetickT stirnolm kz adl oovjae

nebo jejich sivVDctoenmi pbomot oggn® pravdDpc

tel kou, pSilemg tato pravdDhDpodaob nsiGlbéon@mgait
a

lithophora Ve s tieSeadtuo si ni ce n u mN | £k ennabbveal ce’k hiE

mikroskopp. Zo br 8z ku Inodologig | 3¢ B nikvieg ®M oz &3 PodlePence
Toledo et al. (2017)

12



4.2 P T v ohtkdiska hostitele
Eukaryotn? Ysbagtangreittugsnal s ynbgliv-ezl i c e pravdDpo

spd e | piSra d Arehaeplastid R o d r-Ezpele® et al. 20053 ¢ &igtorieb a z iBol n 2

v Dand ®t 0 s u pzertsekrecplaz myg @ackson and Reyd¥ieto 2014)1 pSes to
sea bm3nB b ov agGlaupphytaa tonejenzd Tvodu pr i mi tjeichn 2 mo r
p | a gReyedPTieto and Bhattacharya 200Z)faktu, §ge z 8st u p/sik ytt@tj Iti®m
vihradnhD ve s(laeksok ktcah 20459nd §@lme u z o vapto,d op@ ®h o
prost Sed? poch§&PeH o liakIBe postipovhati uplSendieek . | er venT ¢
(Rhodophyta, u zB & eih @ $Kupiny(Cyanidaleyo b T \nark®gramelysrTz no u
salinitoua ¢ hemiodkdn®omb ,| eferen§ plrianvided ppa® b § 42 z
extr ®mmé hmBemdds v Ddtlou,j egeiomiaj dsobartn2m volnh ¢
skupizm&meBbBukovaiuetgpe2005)) z b1 v a [Viidiplantdeiv rj ia &

PpSi hjlehdtgEd n2n asktuPv HBWhe@nl @MmpoSeudc e1 200 ag 800
let)s e t otz d¥p hadidh | alinie:ehlorof y a2 r e p (Ladiden et al2012) Ob N

line st ej nD&8gtakpchiazj§dskupichg adlomi noapal wi ch .prost S
Chlorophytavmo Ss k ®m a Streptophyeraeptos.DNE@8®thads tdndn
Glaucophy ruduch, kter® majp?opjtce@mpodptapwSsFOom
nelzed o mT ¢ | eptr of sgekS®Viidiplantaep Tv o d n 2

Vg gedynayy NDd [tomue ge prvn?2 fotosyntetizuj 2c? e uk
pros.Aggidek o p Saen@ssvt8a vs | albden ame jsut Taz n aproniNga yg wme nt T
pSe dSdosk Igeo bub, n2 g byl pr idaStronv28 n a ncchoysbymbyi - 2t § |
sl adk distapglni2 bi ol ogi | t2 v&ksgSnebohaperspp8en8q
do| asoiland k o wd chm2oMejstagt2i z n § m§ jjakajer ap Sajek&taakdy
Bajkal(st ar ® ZI5e nSielkliao (Fsitnakre§ 350 smiul isd g TRaattSR | i g
abyvni ch mohl a t at oColmargtalo2608; Haimrest alA00H) Smado g n T m
vysvDnDtl eweélmanandéStraheri(2015), kda®v@ltz a p aguwedicthzemi ckT c |
mo devenik pr i m8&r n2 tperoedsutkrciec kvi £ hdgop oodbpuoebé#2§ 8h a g 2
miliardami let | 2 mp¢Si ip methno sti,g ¢nahlaexigtovataerotee s t rbio@ k §
zajuij@Besun prvn2ch sSaasd kmevza b reldlmgimiespn® etdaskt® v i t
g éyto organismyz alyla b jvnylkigmo wiz ni ksd jaddk2ovodn? Ypobdssed:
pS etehdyi nt e n z iUWn 12 jggBReutkidjanian et al. 2006)T e nt 0o  pdS ercchw®h o
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pr osby$ edrilb Timpulsemproe v ol ul nizkte®d § yyéaprtidkou radiaci

Archaeplastid.
Plantae sensu fato or Archaeplastida

Chierodendrophyceas

Trebouxiophyceae

Chicrophyceae

Phagotraphic
Buknaryote. Viridiplantae

or Chloroplastida

Cyanobacteria

o8 _

Primary
Endasymbiosis

Prirmary
Mastid

Archasplastida

eomon ancestor Rhﬂdﬂplﬂl‘ltﬂﬂ

or Rhodophyta

Glaucophyta or
Glaucocystophyta

ticklT strom z @ghaaplask

Obr §z8kemai ckT fylogene

Nal evo je vyobrazenl pSedpokl §danl dAdwbmai
kterT zachytil fotosyntetizuj 2cz2busniminc® a
ud8l osti daly vzni knout pri m8r n?2 nuchapplastidRodle

Jackson et a(2015

5 Addaptace na ¢girokIl gradient s
PSi p SepcrhoosdtuSeddd?zalisibojue Sas a o0k aospotick@mstegs t aven

kt ew8T p S2 ml j dbpupnai cwdpme?t e nnc§ s§Ne tamk ®r ugen2 homeo:
i ormp TTs o ejemn@a dbyt el nT nz tprS&KisoULPO8) M rebktinad yt o z mRDny
potd®c?k®ar ugenhmeannaothd!| i ¢ kT cmi dpeo o € & p d@ QY r@ts 2t
organismu(Martins et al. 1999)E x i svtguaddptacas mdgc Zast§ynt o n§hl ® z m
vs al iprSietk/@ardekonce wovi ch podm2nka&8cHhnNIMgdEey® r Tst
adaptace umo g Rujr2ock2®nmp Sea tptdi Bem$t nB e gataod | s pplIgtn T
pSechos! arelzmi a s | Bw kuirmpih aokgardsenyhi§ mr ost Sedni ct
a d a p thaxpenirhenT poskyu jp? d s infarmac@®ejeno f ungovgnPku pot Se
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adapt aad2pom8 la&kj@s teandanisp r o clersd[j 2 cp? Pib e edhmdbi
sladkovodnz2proga&Semd®Sms kT m

51Genetick8 adaptace )

Aby organi zmisn u p Saad iidnuit myB] z pmEvews fyziolbginov I m
podm2 Akn&im drog 2btyftkndino |l ogi c kT m z d@rk&m,z Mmdnss2m n
genetiTgklomzmNDny | ze r ¢grevePEi,biph%iz froipeSedgetolid d hv§
z mi@ msekvenceDNA ai nduk ¢ven@®@rui Bt enf ppouzakpoh B1DA Nn 2
genov ® (lashppelleesak2015)

511Konstitutivn?2 genetick® zmDny
Mezi hlavn2 mechanismy, kter® d§vaj2paSznikn

pSedev g2 movvwltcvhg Sgeenrte t | g SilohHnkwanzhibn o Gae? §n2 a n
pTsoben?2 s e(LachHapelesdt 41.801%) Bealkeuk | it epg $2axni vkEch podr
tag®sob2 na r eduddeil A\ §dP knysdro tt PeSterb 9 t ged €l ¢ h

o tona2xles!| ednpmo jf evmwpdngdlichwld y®i gaehel i ck® kon
(Foflonker et al. 2018)0d | i gnT méyh a reijzded usdd ®gu Picochlorum u

kter @otsver di e egfaych tpolograrmsth!| pnok 8r yot p
hori zont §l| ntahsteru(Goflomken eé® alo2018)Sdal g2 m mogni m pS?
genetick® ada lpt@de Cabellofy&ésgahdaRodrigue¥alera (2019) kter$§
porovnala slogen?a pilad&komwdwn?2mhSsSklsoivT ch | in
pSerozdnl en? i zoelektricklch bodT zjistila,
sladkovodn2mi dSrluahdyk owlordan2 n il r luih @2 .ma £ Pcdoigye lolftzeeo
vysviDtlitmenépS2ukplnaods t 2 s oed 2 kloa d kv o sorfgioeTd 2 v
ireverzibiln2njegnenei SuPadhe mNDolyer ovanT ch hodnc
r o z gplaSticitu #anskriptomy  k tt& to8vi@ior ever zi bi g @ad o w@siDayp v
(Lachapelleet al.2015).

512l ndukovan® genetick® zmBDny
P Sridukovah cdenetick chAimBrdco ch §k  mo ddroteonk Bezz2mid sagnoti®

genetick®informaceT 2 jau ma@m@ma apt i vn N zomPpnoy 2pdged tinmez k e d i n
au mo ¢ Radyjp2Sekosst it utddvanRg 2genidey tacc 2z prdieomu jsou

u euryhalinsethbhbpo®goal aersosvisnmédhdysod hodnosil taybéty®

po mo @ithnoetal. 2012)PSi adapt al n2 ctavexp adgkéamml kete € h ®
zprobnNDpBechsowds[§1l e reverzibiln2, pjSekd od t om
EctocarpusaUlvad o s | ad k o v o dDittarhi @t alp 2012sI¢thifarat &l.2011) U
moSsk® a sl adEdocaplgickonderiebylazej irgotdina rozd2 1 n§ g
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vmo Ss k ® nDitta@®ikiau2012Z mNngx presi ek gak® rozl i git |
kter® odpowvsdaij i c&pjrogedli mah odkdtbe®r ® mbekpteses v Tj v
poladghodi aod¥glst aven?2 r ozd?2 lsep® ehak ®nm i a pbRlemmanl8&rh e
jefichzvT1 gen§ elpestunoit(@hiharaet al.2011) r §v®esp tyto dl ouh
koordi geman® wedgjednaarest ke vznikuad apt asiwe3z pnfas oben T
zv 1 gen o u(Fdlanker enhal. 2048)

52Fyziologick® adaptace

Jakbwlyjo zm2nRno vI1ge, fgyezniealiocgki® kiiymbadapdasepet daocu? T
umo g Ryjpyap o s al i anovushnogemk w s mot i ck€naa § wInit owv@s tr
fotos,sma ®zyuvias adj@adgBlhy it & ®opgpcesyk ®
5.2.1 Osmoregulace
Je wogedgsatk2 ,znovu dos8hnou osmpoi ckm®nB saht
vokol n2m fpa oyt Bajdlaaptuldjzitij 2yciénow atkkuanh sTpabo t @r
syntl ®z degradace kompatibiln2ch solutT.
Pul zuj 2 c2n avcahk8uze?l av Tsher adn N (CawllerSnith 00D a2 T pr
Welem je ouogpoivamu zpSebytel noruozwaudsu n® o@p a
Permeabilita jej? membp®ny zimddnDNajoisgmodn a ké g
t ® nmrid ¢ N EKémsicBuchmannet al.2014) PSi  zvyguj 2c?2 osewnpak c k ®
zkracuje interval j&j ckho nt meoktet2a k ® ] 2 ¢ e | k(Crongite et all 10K s t
S| adkovotdynt2o Szand}niyv ivt Nk o g vyruagk®pviragr??p SvapJsb be
noviommot ipokdimd mkh®me m 1 ezm Dy cytosolick® osmolarit) nebo
propustnostplazma t i ¢ k ® fKemskc-Bughmanret al.2014)
Dalzqn®d gn,g 8k 2 z n o v uo sdnoost 8 hcnko®Jjgt oenep8&hy i ont T ski
membr §nu iz anod cerkpuchp§ rre2nstp or t.PSIT| @atgoalmeSrialnce v T
sal ijrei t NP \Sieddleda 2 mp Tegutatetir an s p o mtewa oidd ritigi o s
z a st o(Begby 2015) Mez i hlavn2 ionty, kter® spatz@&doju
K*, Na', Cla C&" (Kirst 1990; Wegrann 1986)P o mi¥rnyi t r obma Bt o®penz t DN
i ontvE 8§8vé s| ostab Tnvaaha@shic ma [t MO mo§& kT ch | ini2 |
zvi gemi®& robunhD| n®, kpaotmt @aa & @gaubdeprSedrev g2z m vy
koncentrac&™,aleta k ® T i ts T 8ntingkyselimamoniakuDittamietal. 2012)Z mNDn y
koncentrac? t Dgbtwwd i vemt T nyemDm®t bsuen DIlvnT ¢ h
kompartmetech jakojsab un Dl n 8 st Nna, ma(Moktaedet ah1996) cyt opl a
Makase$ mohou vyug2vat [ t zv. kuelrd ® kitod) som@mcoht §i
bl 2zkosti BjRdjhimp t hag@ldkkuy®.do mnPntyygwSedp g2 m
16



nastol en?2 p $2jzenizvnl ocvhu(Gessmsmahcidemkinér 1968)o d obn N mT g e
naT sittkoncentrace amoniakuo k oa2k r 0 Sas 1Sé gshdeU aPSBr a z ov ®m

s n 22§afinity (Kamer and Fong2000v § R e jddpgcem?2 oprodukt pSi
(Sfriso et al.1987)

Vysok§ vnit SKiZeulean yamti aandé vk ntesfinalisl ast o nut n &
kudgen2 metabolick® aKRitchie and yarkam 198 Kandentrge k ol 2 s
ostatn2eevgiakntbDhem oswmbt &z kD o iNNGERK Tnhibici

dT1! eceintzlydd] v Dt gi mdbdephSdingpaod Tr ype &1 @poh koncentrace
pSich8z2 ryc holsTmop cekflwdnsk [can 2joesjRiréiahg h&ke®pat i bi | n
soluty (Kirst 1990;Kakinumaet al.2004)

Kompati bijsouno®s mod li wtkryy? zakkotmovine2k ul §r nizavslo& il lcédni n
k onceneb v b ic BidRheiniél®reakce W u RVegmann 1986) p Sh Nk t®§ maj 2
pozi tiinastabilulmakvomolekyKirst1990)D2 ky jejich synhfg®ze | i
buRka upray mo tpitoct e Tji Satsetmk svsymootvinckT m stresem.
Nej |l astBDj g2 mi kompati bil n?2 mi soluty jsou pol
gl y c erpakprolind 8rl ez n @satharitym a o ly anra-nalagy k rAldi kdy g | s ol
vgecwsnge 1 0zpindsdvigso’k T ch hedih o tn§ djdjichdat ¢t alkn?2 mu
limitu. KvTli takovl mtovy®$§ komajaém Mkidkltiekra® kSoanspya t i
s o | (KitstTL990Q (viz. tabulkal).

Zchemi ck®honéj edinphai belSmdéh meghitugpPdyobyphat G
na u bBejich loncentrace s®@ bvykl e zvygrug set osupc?l ed amlNicwsgt o u
vz8visl osti A avlivR ejjé cnh§ ssedgén pomhRDr cel kov®h
v organismu.Zpravidla p | a¢t epolyoly a sacharidyse h o j n/I¥jsik wmo B3 kal ¢ h

halofi | nl2icnhi 2 cdaminokyasdiy ma moni apkSeav InEidaj§2tohh sl adkov
(Dittami et al. 2012)Z mNrcwe | k oprd®rhidr u dtvidaih t pze slédgdvat ip Si
aklimatizacina z mRDnu es alihai i(Reedtle8s; Difamiset al. 201)b dob n N

s e uChBmysigmonas reinhardiii $i&istu salinityzv Til@lie x p r e s¥e| agsetnnT2 ¢ 2 ¢ h
met abol i smu hlakoye2 ghkrodc¢c hasmi(afgrejaz2018p gl uk - z a
Exisuj 2 ale i dafgs8s8§tBt ak8wiks legn®Bni§ ema sswtii ni ty.
Ichiharaetal. @009)b y | o zj i gUuiv@limoejcavjee sSlaasdak o v o proddkae pr o st
mn o h e mlectirtlike @roteiru n en® Se b ® ms.tJBopdS2e s n §  Aleiznaktczem j e
ne z n SpeRuluje se g e ohbyg z mt uhl ohydr 8§t pTsob& c?2 | a
ng§slednh jej Spdovuak molvpom§ lrdem $é a c | osmoti ck:
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Dalvyi2znarmrmdk odumgtehy !l sul f @MSPYpyYy ®lpy to usj§rocl2e | &

sdal g2 mi

viDtgin

pouzedd |l ouhodobl m
ovgem.Ur vz giivmekky §i j 2 c2 chSip o sypruatbaS{@odd) m |

S e

k o mp auninboi hlan 2 md S @kt |1980) ySvacsa k

DMSP se

N p $S2 pkard§Tt knoedgodbd@tnipiSk @ m Tasj cebheon 2h | adi na s ¢
0 s nEdwardetiall 1888; Dicksoees ab. 1882) Najdou

ed

aed z mDn

narostlahladimv ni t r ob un Nlo B3R apipD VISP hodi n8ch
salinazbipppeDMAIRP i aongem
stlaoku®j i jt a k o

mT g e

nemus?2

na2tti bpi o unzzZeh of usnokl c
kantipxadpnt ame pbahepnd SHga®gi t1

prekurzordimethylsulfidu (DMS)(Lyon et al. 2011; Burde#t al.2015)

Rhodophyceae Prasinophyceae

Iridophycus flaccidum Floridosid Asteromonas gracilis Glycerol
Porphyridium purpureum  Pr ol i n + dal ¢| Platymoras suecica Mannitol
Porphyra perforata Floridosid + Isofloridosid Platymonas Mannitol

subcordiformis

Corallina officinalis Floridosid + Isofloridosid Pyramimonas sp. Mannitol
Rhodymena foliifera Floridosid + Isofloridosid Bacillariophyceae

Chrysophyceae Cyclotella cryptica Prolin + GI u-
Poterioochromonas danica Isofloridosid C. meneghiniana Prolin
Poterioochromonas Isofloridosid Navicula sp. Prolin
malhamensis

Monochrysis lutheri D(+)-1,4/2,5 Phaeodactylum Prolin

Cyclohexanetetrol tricornutum

Eustigmatophyceae Cylindrotheca fusiformis | Man - z a
Monallantus salina Mannitol + Prolin Chlorophyceae

Phaeophyceae Dunaliella parva Glycerol
Ascophyllum nodosum Mannitol Dunaliella tertiolecta Glycerol

Fucus serratus Mannitol Dunaliella viridis Glycerol

Fucus vesiculosus Prolin + dal g| Chlorellaemersonii Prolin + Sac
Pilayella littoralis Mannitol Chlorella salina Prolin
Colpomenia sinuosa Mannitol Stichococcus bacillaris | Sorbitol + Prolin
Dictyota dichotoma Mannitol Stichococas chloranthus | Sorbitol + Prolin
Ecklonia radiata Mannitol Chlamydomonas sp. Glycerol
Tabulkal: L&stelnl pSehled organickTich

u r Tznl c BkuphaPodieWlegntann (1986)
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S22Fotogntet i ck§ aktivita
Z mIysalinity uS apedstatido v | i2v &k ® st r u ktourows yhoapal ti kL &i® g

ve vDtgivreldep KgpegdiPcthe f20t o s(Kinsttla9@) H lc & ®ad@WkToidv i t y
jenar aem®iomeop 68z es mot jkie®veda knadprodekeluy s |1 2 kov T ¢ h
radk 8§ IRDS)vc hl or opl ast ov®m ed ehkitr oo R8O & § amis®m o r
zpTs’pmwygjkozen2 | ipidT, uhl ohydr 8t T, b2l kovin
stestnebo pS2padn® pr o g, rapgno Reai@auletah ZDLAND ses mr t i
zamezi |l o twwnulxS atalostiRy®dSD, r asnyns@ t@noy Peenzga t imeak T
enzymais Iddd. HI avn?2 mi neenzymat ivek Tvhoid RS | roogzkpaum
gluthathion aa s k o rab &tey v o d N®kareencidyapiokofenol Mezi enzymy fle
pSedeowsgwpner oxi dktdeshu@Serh@d2 kt @861 pdnhN odstr
a s k o r bperoxaBsaoaigluthathion reckt ®wvgluthathiona s k or b 8t dNo@mm cvy k |
and Foyer 1998)Do k | § d § t etudimSingiSet kl(2618)sS a s &morococcum

humicolaa Chlorella vulgarisu ~ k t eerakticitv gech zmann Dmixdehlhaly mZc h
zvy g wwallaerlonsit osuc?2 kotny em® o ida dmudgdoli i $a dlya

limnetica, u detpor @ Sesunu do s | azdvkiagkivilangeruopro pr o s t
chl oroplastovou édchikaoareb 8lt 201)p) eE xoi xsi tdu§jz2u ov gem
zpTsobrhry p Sed oxi dal Stadim Li et al.e20@8)nprovedn §na Sa s e
Haematococus pluvialis n a p S 2ukkl §azda | $13 selingjneje vznik ROS z v T @ue n

bi osgurste® und§r n2 h astakamthincatte nd s kp D¥ehbhkm®no gst v 2

mol ekul 8run2 ho kysl 2Kk

P Szi mhch Salinityd o ¢ ht8azkk® ke zmRDnSomosentsetriukRydISe apa
zmNDny ve struktuSe se tTkaj2 pSev§gnhD fotos)
jako nejng&chyl nhRj g2 (Maetak2ad0d? s BB? szdli ina it @y dp rsm
od t hyl ak oipdoteihy komplexiprr rdyu k ki y § (K& da@and Miyao 1985

sni guj 2a kstei vpeodl kthyn 2 (Xia et @l2008)&JmNted cdr udchdlc hi Bez 2
zvhDtgen?2 ef skidtbilomTvelbi®noytivsS2 v Pémeiouexci t ¢
et al. 2007)Ve studiiDemetriou et al(2007)s e u k § 3 @ Besmodegnaus commupisS i

zv] genBu niftok mPk g mpenzovaz? sekgpoyEmuydiojen ap S2 k1 ad
putrescin Vb u Rk §ch t ak ® 92azset pdiesud ¢ m § enkymusuperoxid

di s muk t8eryl pahk®d22 ma mezuj ROStToo M@ a n8§sl edek
pogkozen? sv Nt | os ol rorslylqBul®dmangar et alT 2010) Toto

ut l um@erkoskit ronT npra?vdB8pmidmmbial@hm gn@mknn2 ch
geozlog?2 pTsoben2 ROS (saohatal9B3)f ot osyntetickl

19



523Pohlmemhogov §8n?2
Enviroment §lan?2t esityr eis @ v ISgenosh as apl $2ppoatpgetas h

pohlhavmZmnogow8sitvemineni st ent n2(krdnkelsttal®014)2 zy go
Sn2 gen2v gspahtesipohlavn2ho r ozamezag§ebn&di ¥ 0,8 p o § e
tomutakjemT ge zbhme z &m e ,g akmaemdESs kel ch virswic $dag | i v
osmoti ck®@Dab dm¥ p K brhmdcimanismp | ok ov § nélyspermig i ku p
kt eru® moeSs k Tscpho |d®@huahj T2 *, n &z apt $2nmscwon uN as [fumglkna v o d n 2 «
principu odtoku Cl Protoseumnohad r u$als, kye$ @c lpdrabaphr orsit $@2d 2 s
salintoupohl avn2 rvoEhmewysgoeB §2 &amamfhbtal ti ck§ popu
chaluhyFucus vesiculosuJ atarenkov et al. 2005%) i r uBdngia d&trepurpurea o st ouc? v
s ever oa meerlikelkcl he (§heath and €atei98M v § ark 0o 71 chP. Vesiauldsus

bylo u B. atropurpureap o h | av n 2 raammadgav @8mPploakb ov at or n2
podm? nld&8giuln et al. 2000)Podolbhm®i bi | nyly ¢/d 2 mikgywsg n
tetrasporofytue u r y h rmduchyHetérosiphonia japonicsktefl b 1 gpmoBukuje tetraspory

p Sia |l i3hpsyang @ Bii § @3 nedtpdd( v | ed&dN)® ne par sdwl awsalhd
se uzvilil a fsrtaRg megylPtr kee and . Bhbc ok B as2PeBrid@

s a | paastavenatvorbapluriiokm2 ch sporangi 2 a uvol Rovgnz2 |
| i ni 2 cEbocarpas@ittami et al. 2012)U b e n t rozsikkArdissonea crystallina
vwskytujte?t n®e dokoriez vd ¢ e n §b Is2ag 2icn?i tsae moliES Xk ® & on
proj epjochl avn2 rozmnogtaviiineér ® S$ eyskitlje(DavEtvitHete \
al.2016)Lze tedy umhoSaes &t eypiRepantio@dyn Pl n® adapt ov §
na nov® pr®sd Sepdé cpaslyl nsywamea @O &ERHi2 st udi u ad:
na sl adpkosm®PBed pospdusttd ibea§i t T c(RavendadP r ma c 2

53 Mor f ol adgptacek ® ,

Zv1 gen?2 galinity sal 2ada do? 8vgs a monorfodgi e ur yhal i ni@dsxc h dr
Nap Sauklzed eDutdliefhsadinavedez v T §saliniakezv Nt gen?2 ofFpemu bt
etal. 2014) zat2mcaki cklzcals mankkrgoe$ha8s sal inita pTsob
spol elvn Blamin m@Ami vjejich morfologii (Kalvas and Kautsky 1998)Vliv
osmotick®ho tl akgamiasnmworihyl ogak® | asto st uc
Skeletonema U t NDchto euryhalinn2ch rozsivek zpTsoc
odlignlilitmAnuvards§l enosti merzTmpPrSi®redhlpgolit bu
v | 8§ KPaaschest al. 1975; Balzancet al. 2011) A al koliv se vgechny
modi fi kace =zdaj?2 owl®t riyehj§ejisisdi® achaprtTisvtin2 v ]
pSedmnht e (Raadchetat 1975
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53.1Sulfat ovan® p o lbyusnarx|hna® isdtyn nvi)
PozmDnNnouva®vif ol @yt id | mz8znamerali Dittant dédal.(2012)p S i

por ov rs§wa8rk? ao dnmeébé k éhaldly roduEctocarpusSl adk ov o,dan2 | i n
rozdeDmwSs kviycthv § 8e b i a d k ® ahegp a v Sa(iziobGmaln 3
Tyto zmDny idoprzad®8 né8l agenopw8§ ue kK pt e ssalfa@ 2y 8§ n g c |
tedyenzyny zamjen®do sulfatace aesulfataces a ¢ h ab u o [T| ~v.@ytossulféd roly a n ®
polysacharidys e vy § lkaktou jh?2 aentr asd olgki Eg ene h Tmm@ s k i

v y ghgostlin bez ohledu na jejich fylogenetickou pozici z at 2 mc o s | aethktod odn?
zS§stijgpThreepr o dRopperjeal. 2011 ze tedy pSsupokag@at ,
sacharidy bunpnDup®smbOeykPokk pozorovan® stru
organijsmB®@pt i v r(kloareglahdQuatyano 1988 Ser ugen?2 yeej i ch
sladk®&asodil zm2 nhNn® s | EcdapuswrdaGuwdud hbeh’t oldu a
| epkavTl c,h KhirdGa@nems gen2 (Oitasnyetgh 2062) d e m

(a) MS (32 ppt) FWS (32 ppt) FWS (1.6 ppt)
& .
. N -
, . "8
5 - oy
§ . . ) ‘
L J ‘i'- - '
e -
* g p
':
(b) 1.6 ppt y {C) {d] E
i
_* ,‘ ’
* ,?r

3 mm 12 68ys 3 mm W‘M

Obr §zeMor3 ol ogi ck® z mIFWS) s laa drkodSvsokddn 2 ( Ecoparpl
vm®di ¥ dlz nenilou. ¥ all $aklzeipozorovat morfologi MYym®d i u s e32 pme
FWSvm®di u se s alGppzievadoprd/@. Spqtd)uak azuj 2 zmBDny
po pS2 m@m gSesalinioB2pzmptm@ 0 mediléGppseZmBhiynj so
ihned (b)po12dnech (capol8dnech ( d) o dDittanSetal(281R). Podl e
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532Pamd | oi dnzedtefdich Sas
U zel enmid yha$ aChlanfydodnasreinhardtii a Dunaliella salinaje adaptace na

nepS2zniv® osmot i ¢k ® yptovdongannkfyenl || aosi tdiu Rdfpgoi jset nad |
vstupu do tohots t &zdti rb8 cly2zeks gvoub u n ND|tnfonur sadukuj 2 zvi gen®
exopolysachNM8sIldgon(NE®SJY NIze[ns2t § lyshlic P kvehsep o e | n
mat e Ss k® b unatidzBSP(SkettyBtal2019)ZOk | ahoms kT ch Vel kT ¢
pl§8 n Buchheim et al.(2010) dokonce izoloval linii z rodu Dunaliella, ktvver v ®

pal mel |l oi dok g sh eeérus avl i nn 2scthe jpnold nme ontkBec hj ak o
v o dAddobrEp a|l me IsltoSiddina2 p $ @ @ge2xwitBr @mn 2 ¢ h i Puoatiela n k § c h
atacamensis 0 s tnoau cpa v ul i n § qto biSjed e khgad (i Aticgma( A z-Y.a

Bustos et al. 2010)Tat o p al me lalnoihdomnu? tsatk8 gakgp adaptaocquraiii t
herbivorii (Lurling and Beekman 2006) jakoo d r a z o ekbroewdflusimn ohobun | nT ¢
d r u(Khpna et al. 2016)

Ob r § zz €Mamydomonas reinhardii ul t i vovgn pSi bRNRgnlch po
Mme®d({@l5® mMNaCl), kt er 8 vyvnoellalloa dtnvZocrhb &hetpgat al(2019. b )
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(b)
—o—
(c)
olonisation 1
Land
recent colonisation

-

— Marine
— Freshwater

Obr §zek BSi zjednoc
fylogenet i ckT ch st r omTak ze
pomoci znalost2z fylog
sl adkovodnéddwhodiitni $c G
me z i t Dmied® mipr o®r 8n
demonstruje rozlogen?
pSechody msladkou vodo& &lanpak
druh®m fylogeneti ck®r

stejnich pr osmdreafy |
skupin8ch, cog ukazt
pSechody Na posl edn
moSskou |l inii vnoSen:
zlehog je zSejm®, ge
moSsk®ho prostSed2. F
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6Sc®n&§Se pSechod]
D2 lsy 8l e emnatdkdB MmOj @k ul 8r n?

fylogenezean e u®mM@ b pi sovsg§n2z nov
dr ulmT g e mastavovat | 2 m d § | t 2 n
pS®s@m2obss&hl ej ®tronf.y | ogen
Pokud se pSi apmoXSi2emeu nma
rMTzn® m2rsazlm8 mi popsanl c
d adkovodn?2ch ad oko§gsekniec h
n 8 s | edhaddoutf r ek venci , nal a
al e i , senDrlyt edroflcchhl8 z el o
kp Sec hod Ttm) mriper i ¢ tmNa d

s ¢ h ® pedke Logares et al(2009) jsou

ns t 2 nIznek | taglire? lstc@®m® Smo h c
vdTsl edku Yas p Dgmav ®tkm | on
proshaSt@dér n® vRDtve na sc
vgdyng§zor Ruj 2 monbrg@sk ® a
sl adkovozZienl2e nl® ngiiep.ky pot G
me z i sl adkovoduyd miDt It Wjl & s
n8§slebdskyt doaeahdt amowi2gt
Tyto sc®nreBeeuwofgam dal §:
kol oni zajakap e cea fiz§ldck | ad
kmenT ve YWaedinkteterT ch se
razantnhD zmBDnila salinit.
Na prvn2m (@QplS2 &l awdaud Dt
fylogenet intokS&nk asd k @wnad n 2
druhy h o prédhr®2 ¢ h,abe® toho aby

tvoSezByi swlosti na oblvar
v Dtsgp?o Penlom o f y Iskluki tze ®

tedy saudsittudoywveaen® | inie
kpSechodTm mezi moSem a

par alredIndlt aa/tnd)



Naopaknad r u hf®&nm ogenet u (keRine nstmeoprat rn® mnogst v?2 K
druhT, kter® by obTltwartyo npesRd?2aldride vproafestkSee d 2 .
tendencshlukovatsed 0 monofyl etic@f§chaskabupe |jeadinl Y
t Dmito prostSedz2fikaci. a n§sl ednou diver zi

Na posl edndlnz @ SpPkd cardauv at sl ad kpSeodomiodd anh ipS3
svim vnoSen2zm mezi moSskmo3$e ndw ovlgaukkSs®@mjae on &
kromhR sl adkdv codrsrdnunrjae3 sikt@® mt o @leép?rpaavdd ppo d o b n N
zphNtnou kol oni zatDmimbo &sek Rindodyyp rzoj setve®d, 2 ge p okt
fylogenetick®,vkzteal®m & ep rkeystt@Jetd, U menveyvs | ogi t
ktep®mchody mezi prostSed2mi prob2haly.

7PSechody mezi moSskim a sl a
chrysofyt

Novodotbwdi e =zablvaj?2c? I|oeprotispll eesidddk 8l va ) ¥y imog@
zaj2mavich dakowodrzzak?2ammechi@Gez Bekkypi né 2zabl v.
pSecmedy tNDmit dedpuprad tSies® m3 ¢ h naz k w piprS @ihhooddnTo u
mezi moSem a sl adkT mike dnddoamid)l jagrozkoun@hodinis of yt a
Sr oz g?2j8evesladio v ochngk i mos& c biotopech a zahrnujet ale®r y hal i nn?2
z § s tjakpjsoah o jstuddbva® d r u HPgraphysotnanas

7.1 Obecr8 c har aétysfiyti st i k a
Chrysofytaj sou jednobunBlas®zhil kvl broiditi &remika nyt2rk2 m

endogenfs i | i f i k ov aystimiai psltaosntaitdoy o b saagch fukoXamttinmi ¢ h |
Povrch jejich bunmkgler pjl ¢ p&redkrpuytacvi Do rskpkesauil f i
kSemi|itl nfat §u fotosgracinij 2 StramenopilagOchrophyta)kt er § z2 s k a
plastdrud uc hov ®h o p Tewaddws yosnd&a kit It mgnti xwgalof n2 | i d

heterotrwfheemigdsie&kind8r n2 .7t a8 ijelentumgeiichi du
diverzity umiesSawng8rdh o ad&mph vod, skdid §sd Vv
j arn? ho afytpplakioriuin & h ejsogeaiePnamnohemn e o b v y km2 esft ge2cc h
jakonap S¥kTdld, na tldptvgami s khkNDAMo Sk @k(@emdas Nh u i
et al. 2020)

Vznik chrysofytd a t BuowwdaSorhannu$2010)n a z 8§ k | a d N Stchmenapih thif | kac e
doobdob?2 (pPSeerdW® miliony le) aa |l k oreizv popsani mitydruhy
sladkpopjvejdinéh pTvodrnepr aprddpim®&dzaniak usuzovat
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z paleontologic®h »p § z mamkt er T seorksfe mi 3 ky T ¢th stomat oc
dochovalNe j s ¢ lar g $ stdmptocysgjsou datova® do konce spodn? Kk
zJ i g n2 ho(RiauweGolmand Stumm 2006) ObdobnNmp®cki§zl I1zok al
vDt gina zbyhokathksBa2&ITn2m pEst @V @ Mkuping Ss k ®
Paraphysomonadidgao u k a zpur ja2v dngpnoodSosbknl T p T v ¢Tdppam h98G) s o f y t
72MoSsk§ chrysofyta

V minulostibylachrysoft a br 8na j akmopesdk®Rhat AE @dkupaminal .

| aswe v tiginhaammo Sstkax amT pba%nd wiwts amot nTjako t S2d
Phaeothamniophycea® i ct yoc hophy c e ae BolidBphyceaeppplipyscaend ec h | i
moSskT ch dr bhd chrgsphgptuade abgld. dlic m®Mm Pl ogeneti ck§ a
pr ov e&d emd8Campo a Massari2011)u k § z adruag\g digeezitachrysofytvmo S i
jemmhemv T r a zmmod jpgr2onné $aj§m2ch dat acbli@mld4ntowlIl&Shn al e z
r DNA sekwkget® moSskli mzkehegyBoigedghybe®ogenetic
stromup Si by lyyi ady,@vi®c lah bd a h Dj Mo Sk & ® jend kcellemc e a
12chr ysoKlydgasPoawh | i st D sl adkovodn?

Jedd mnichbyliklad A (Synurales)lu kt er ®h o byl ®p adwznee dsBlvandak awnc
drunys v T jnmkolui ka mg( MDD Mok cdstl tahla.c e2 0sle6 )ov §g e m
k dy ¢l nsdeong et al(2019)p o d a &kiolrce j w k ® novat dvam oVvSuslah®zrani
Mallomonas Jde oM. marinaaM. cuspis,j e j v z 8 Bealmanafylogeret i c k ®M st r o
naznadej avdDnploalpdnichiprovedl samos a tpnSe c hode Bdh enmo S
adaptal n2chseek®zal ane p thodnoacgirity prr§d n2® Pss € 0 ¢
dokazuie,ge oba djiriafl g pf o wm@dE® k ®a .pUrobos driiesde p &k ®
salinith ni(ydezmnBY vV &r kpdpwnoll §ma ®k o, lzoNittgli | a s

chrysolaminanplastlyd paédmdos$ @il do .fetiof anvma jgetk
z§sobn?2 v ak u ontogologipléstRluacrshlom¥ ni d opad i nRSiostat
sal i nia b5y GRsy kira@tily schonostr T,s bgp o | ukdzughhe j de o mo S:
druhye girokou valenc? VvTli salinithDb

PSi pohledu na nynRj gandgh Seplememi d APITEt ep @ ¢
jsoul i st Bdk oeband8&.k Ob d ¢ apd®rovatvee | kT pol et bl 2zce
l i ni 2, kdy | e chaopaksjlea drkopoSvsiokaign éa jder uho§nmu nap S2 k1 a
moSskilch z elbruopasJeony a d.L20199MTgemeé edg daymn2 vat ,
chrysof pod §d opd&neoc hodu doe s b edidAiikavi,p d y kpkre[rb@& g n N
a relatdovoc§dzaske® zpNtn® rekol oni zaci moSe.
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Ob r § z:eMallonsonas cuspig26-32) a Mallomonasmarina (3339 poS2 zen® p
mikroskoemv §dy po 7 dnech oddam®eus unnaltiznido um
zng8zor(Rmj ekt@tky oznaluj2 plastid (P), ch
salinity nk@dgida®nm oSsStdpkaua wzo Seavd2 0, 5, 10, 15, 20
psu (26,33) a5psu (27,38 u obou druhT sl edovat kul
chrysol aminaranovou vakuol ouJebongégtala20@er i f e

73Hy potSRezkar opl en2 Rubi konu
PSegmedi mo$Sk&d ko ao dnmjsounatolilovsi tzh@edéro | ul niz ud§l

g Mann (1999v e v Bokoncep Si alp8eachod rozsivek do sl ad
kpSechod@®svagpsvin§dy pSes \Bddkho ktRwhi kbned nhkec
podobnost 2, kter®aspo| UP929)Yyse ddéhodsal, ge
sladkouvodoji e j ednos mDpoEz @ WA§ poBledv hevadh P ®ve sn
zmo Se do ved ak k &uk® o e diverdfikaci.T& o p Secdleubdpov 2 d §
evolul n?2 h ekntacs 1t iz el MhekBgaresden al(2007) PSechody obrnhn
sl ad&®y prwbDtDdgivagmid&vo a t op Smezgzac®hakenozoick m
zved8§n¥yobé&®dubnyl y n8sl eddivae®z infoihkuatcn?o us | adk C
pSilemg pSi fylogeneticki®p®Onhall kel (blagbtpllaa ep oo
1987; Logares et al. 2007 adk ovodenedyshil mkej 2 do monofyl et
nejsou si ano Isnkiniemiobr nBhekE2eb.UEen®vgem Mvam@, bgst p)
fylogenetick® analllyz e ad d remMmeyk emavti 2rmo neenkt y§ | n 2
Od t®to pSedstavy shgoganetig@am apzAdzi? nrEu juzpco?u grt dv N
envirome nt 8§81 n 2, preveder®nean cneDk ol i ka pr ot i,styeet ¢ ®r @k meiz
slanou a sladkou vodaumo § Rechalyvp Bou s.id@Mé&d mpriod h skupin 2 ¢ h
jsoun avt2yct o pSekt abdyDokbnce iaumn ND® 1t e r Trazdiveklps in ichge j i
zkourmfohy povzikdags e ukazuj emegke m&Bemodys!| adkou
| ast ] 62 né&2(Mhersangtd. RO Yneposl edn2 SadhD tuto g
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svou pozic?2 na fmbBgk®eti uk®mcht ynsomfly tp,0 prseavnye
mo S sirkh® roduMallomonas(Jeong etal. 2019 chr ysof yt nav 2 cliniyT g e me
kt er &pBleicthiold pSeiyopa®@mbami @raphRtnN tak kol or
St §l emosg § exmpotaz §tye doySeneted sl adkou a sl anou vo
m2 r u s.gmavidlancfg euri@i 2, kter ® maj YPradentedn saligtg,t upc e
pozorovaf ¢ge jejichkhemPRadgawdikjsomsadmw? ozd? | od tDch
druhovPDLbehtaedy .usuzovat, ¢Jge slyathkonpodm@l i n
pSi | endgmndeTjvsop2 ge NvwWd & 2c eslak dvadli dd K @v ad nv2Thkoy vp/r
(Nakovet al.2019).
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AY651096 Spumella JBM06

AF 109324 Paraphysomonas imperforata
DQ310307 FV36 CIF11
52 AF174376 Paraphysomonas foraminifera

85 DQ310204 FV18 3A1

Clade G

| Cladel

Clade F1

AF109325
AB168053 Monas sp

AF 109322 Paraphysomonas bandaiensis
DQ103782 M4 18B07
AY851091 Spumella JBNZ40

72

AF123286 Chrysamoeba pyrenoidifera
EF185316 Chr

s

AF123292 Cyd. is annularis

AY 179989 CCI40
AF123296 F

thallosa

DQ310336 FV233A12
AY651080 Spumella JBC13
AJ236861 Spumella danicba
AYB51079 Spumella JBAS36
AY651081 Spumella JBC/S23

U42381 Ochromonas sp.

EF165139 Ochromonas sp.

EF185137 Ochromonas sp.

EF 165138 Ochromonas marina
EF165136 Ochromonas distigma
EF165135 Ochromonas sp.

DQ310261 FV23 1B
AF123302 Chrysoxys sp.
EF165124 Ochromonas aestuar

U42382 Ochromonas sp.

Mallomonas cuspis
EF165118 Mallomonas insignis
-‘Mallomonas marina

U73222 Synura uvella
EF165119 Tessellaria volvocina

3 ma[—_E.-.m 5001 CYSGNK8
AY520450 Oikomonas sp.

AB052273

is ocean

Obreékz7: Zj ednodugemét ifcykiTo
sekvence,
Modrou barvou®) j s ou
fylogenetick®m stromu |
napS2klad urlit |linie,
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omonas vestita

z
k

Clade F2

Clade B2

Clade E

Clade H

Clade D

Clade C
Clade A
| cladeJ
| clade B1

Upraveno podle Campo and Massana (2011)

S t Zeleron bazvbur () § s fowt .z v

dr uhyt elri® olyd ylséd @K owgheg? lze | i
naopak yawl rnzoid$EBkatypyrost IS e

pot® pSehl ednhji

e
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Z8vDr
Mo S®ak s | adk ov oskod’sebgvd snti Sed2d m2 nk ame , p Byteo hriekzd t

sebou vytué€pBhTHednmDAzradvdarr2Rd®@o b | ®my pSpcaithend® s
mezi tNDmitoaTgparpstBSedemipSeded?dfg2mvosmdr eg wlaad
fylogenegsi @dnihasgj sou WVjgigmkessuz.d2 1y, kter ® me
prost Sed,2omistpugniujeur ytkgleiom®n 2d 2 kry® thay® Tmrm awmipk a c
schopmt® Jgks8Il §ch usanlllkntietry ,@kk fdereugh2T hodpoty od
moSskouPrvSowddu tyto adaptace paowi KER]J my® a ¢ iS4
pSechodech mezi slad&ouy malsel ko ud dvipohdsl ub T t
mezistum Dmr ob2 haj 2 c2bhook | g8 a@¢ Bodiuoo mmaohsSt datdai ot?)
adaptal n2chp®kixtpeerriicthengég porovng§valpahlganwond¥&h
struktur | i mor fol ogi e me z i eumiyp ISa kil mn 2 mli |
sladkoyp®&d duminT mi

PSi z | frek@mev,§nhal asov §wnakl clhi domkirSeehodTm mez
sladkovodn2m a m¢ ®sknlen vp cEmonSseka@nmEayl ogenet |
anal® kKkgt ers®e dtzaevi t ftrgnymage ke touphtic@n igst ori e pSec
dard clinizVe dw® al §Ssk® pr §cinaghgysofyia sey t gkhk oj g @mniS
publikovanou fylogenezi chrysofytkt er 8§ kr omnD kultivovanTch
enviroment §dehCamps arkl Massanae2011l) Uk 8 zal o se,glgee u c
pr avdRNp oddSovbnn@dBiekc lkend 6cko sl adkovodn?2 hevoldr ost Se
mohutnou diferenciacd r u h TAvkgak g2 m p&ec h dpdr@niolAnmaly 2 ¢ |
relat i |veolPS | pohl edu na fylogenetickl strom | ze
mo S@hrysofyta s ehodmemogelovod skijptnokbel tstw di u pSecho
moSem a s luawdkke®u seo@most Sednictv2m eov§ndmen
proMyzjnN g@Pwsjued nepopsang§ moSsk§ druhov§ diver z
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