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Pfemysleli jste nékdy nad tim, co jsou
masozravé rostliny, nikoli ve smyslu spek-
takularnich pasti, pro které jsou znamy,
ale ve smyslu jejich vymezeni viéi ,,nor-
malnim“, nemasoZravym rostlinAm? Kniha
Carnivorous Plants s podtitulem Physio-
logy, Ecology, and Evolution neukazuje
libivé fotografie a nenabizi ndvody pro
péstitele. Sestasedesat autort na vice ne%
500 stranach pfedstavuje kompendium
vétsiny probadanych aspekti védeckého
vyzkumu rostlinnych druht, které spliu-
ji nasledujici podminky — polapi, usmrti
a stravi kofist, kterou vstiebaji a vyuziji z ni
uvolnéné latky.

Kniha je koncipovana jako soubor vice-
méneé nezavislych kapitol, v podstaté od-
bornych ¢lankt, tematicky sdruzenych
do péti ¢asti. Logickym zacatkem je jiz
zminéné vymezeni masoZravosti u rostlin,
v soucasnosti jde asi o 800 rozeznavanych
druht. Pfiloha uvadi i jejich seznam, kte-
ry navzdory tomu, Ze nevyhnutelné brzy
zastard, muze poslouzit dal3im autorim
jako taxonomicka reference.

Myslenka, podle niZ se masoZravost jako
unikétni adaptace vyvinula u rostlin pouze
jednou a v8echny jsou si pfibuzné, vzala
definitivné zasvé s nastupem systematiky
zaloZené na metodach molekuldrni biologie.
Je jisté, Ze k jeji evoluci doslo opakované
v nékolika fadech, ale stejné tak se z ptivod-
né masozravych rostlin mohou v pribéhu
vyvoje stavat rostliny nemasozravé.

Druha ¢ast knihy podrobné charakteri-
zuje jednotlivé rody a jejich evoluéni vzta-
hy. Pravé taxonomie uvnitt nékterych roda
byla v poslednich letech problematick4,

CX

Carnivorous Plants

Physiology, Ecology, and Evolution

nebot fylogenetické stromy opakované uka-
zovaly jiné vztahy, nez jaké predpokladal
systém zaloZeny na tradi¢néjsich znacich,
¢asto obtizné uchopitelnych v disledku
nezvyklych adaptaci spojenych s maso-
7ravosti. Regeni, nebo alespoti jeho zacé-
tek, hodnotim jako velmi cenny pfispévek
této publikace.

Na z&vér druhé casti editofi zaradili ka-
pitolu o genomech masozravych rostlin.
Nenf to jen velkou popularitou téchto rost-
lin mezi laiky i odborniky, pro intenzivni
vyzkum jejich genomi existuji objektiv-
ni divody. Jsou jimi specidlni adaptace,
které nezbytné museji mit zédklad praveé

v genomu, ale i velikost — pfedevsim celed
bublinatkovitych (Lentibulariaceae) je zné-
ma piitomnosti nejmensich genomt mezi
krytosemennymi rostlinami vibec (viz
také Ziva 2015, 6: 286—288; 2016, 2: 61-63
a 3: 104—106). Vétsina této kapitoly se viak
vénuje piekotné se rozvijejicimu sméru
modern{ biologie, sekvenovéani dlouhych
tsekt nebo rovnou celych genom a tran-
skriptomt. Nemohu se ubrénit dojmu, Ze
rozsah vénovany této tematice je nedmeér-
ny prezentovanym vysledkim, nebot zatim
tento pfistup nepredklada tolik pfesvédci-
vych odpovédi, kolik otevird novych ota-
zek. Je to snad zptisobeno stéle jesté pomér-
né omezenym mnozstvim dostupnych dat
(zejména ve smyslu poc¢tu prozkoumanych
druht), takZe 1ze mluvit o $tésti nebo prozi-
ravém vybéru, pokud autofi porovnavaji
druhy alespori ze stejného fadu.

Tradi¢néjsi oblasti vyzkumu genomu
bohuZel nejsou tak podrobné zpracovany, at
uz jde o studie chromozomii (kterych bylo
od vydéni posledniho podobného kompen-
dia, Juniper a kol. 1989, publikovano ne-
malé mnozstvi), nebo o velikosti genomu
jako celku. V knize zcela chybi zminka
o pomérné dobfe probddanych chromo-
zomech rosnatek (Drosera), u nichZ jsou jiz
dlouho zndmy chromozomy holokinetické
(Rothfels a Heimburg 1968, Sheikh a kol.
1995), coZ ma nezanedbatelné evolu¢ni do-
pady. Tento typ chromozom, vyskytujici
se napf. u ostfic (Carex), motylt (Lepido-
ptera) nebo jiZ zminénych rosnatek, totiz
nema lokalizovanou centromeru a délici
vieténko se béhem bunéeného délent upi-
né po celé délce chromozomu. Diky tomu
se do dalsich generaci pfenaseji i odlo-
mené fragmenty chromozomi (vice viz
napft. Bure$ a kol. 2013).

Procesem masoZzravosti u rostlin se za-
byva tfeti ¢ast, nazvana Physiology, form,
and function. Od nalakani kotisti do spe-
cializovaného organu (pasti) ptes jeji po-
lapeni, usmrceni a straveni az po vyuZiti
ziskanych zivin popisuji autofi makro-
skopické, mikroskopické i biochemické
mechanismy, s jakymi rtizné typy pasti
pracuji. Kromé& procesu zpracovani kofisti,
ktery je velice riznorody a z¢asti ho ptibli-
zuji uz kapitoly o jednotlivych rodech, se
tato ¢ast zabyva i podstatou masozravos-
ti. Pro¢ je masozravych rostlin tak mélo,
jaké nevyhody omezuji jejich evoluci?
Cost/benefit model (model ndkladi a vyno-
st) byl pro masozravé rostliny zpracovan
jiz vr. 1984 (Givnish a kol. 1984) a vysvét-
luje, proc¢ je karnivorie vyhodna pouze za
urcitych podminek, pfedevsim na chudych,
vodou i svétlem dostatecné zdsobenych
mistech. Je totiZ nutné vzit v ivahu nejen
zisk v podobé doplitkovych Zivin, ale i na-
klady na tvorbu a provoz specializovanych
pasti. Specifickou skupinu tvofi vodni
masozraveé rostliny, jejichz fyziologii inten-
zivné zkouma jeden z editord a pfednich
odbornikt na tuto problematiku (Lubomir
Adamec) i u nés. Posledn{ kapitola mé
osobné vsak trochu prekvapila, ackoli do
knihy bezpochyby patii. Ne kazdy o maso-

1 Naérodni pfirodni pamétka Swamp

na Kokofinsku — typicky biotop masozra-
vych rostlin, kde je hojnost vody i svétla,
rist rostlin je v8ak limitovan nedostat-
kem zivin. Foto A. Veleba
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zravych rostlinach uvazuje jako o zdroji
biotechnologické inspirace, ale vyuziti
nékterych druhi ve farmacii je dobie zna-
mo a biomimetické materialy (napf. ex-
trémné kluzké a hydrofobni povrchy zalo-
zené na kluzkych zénéch lacek lackovek —
Nepenthes) maji pfed sebou nejspis slibnou
budoucnost.

Co podstatného jesté nebylo feceno?
Ctvrty oddil rozebira interakce masoZra-
vych rostlin s vnéj$im prostiedim a dalsi-
mi organismy — tedy ekologii. Kromé kla-
sickych vztaht mezi rostlinami navzajem
a rostlinami a Zivocichy v8ak u masozra-
vek najdeme i méné obvyklé vztahy, typic-
ké spise pro Zivocichy — objevuji se po-
travn{ paraziti, komenzéalové i symbionti.
Téch i onéch maji hlavné pasti, néjakym
zptisobem nabizejici maly uzavieny eko-
systém, nemalé mnozstvi. Diverzita jeho
obyvatel pak mtZe zahrnovat pouze mi-
kroskopické nebo i makroskopické orga-
nismy a dava védctim vzacnou piileZitost
k ekologickym studiim. Zejména $pirlice
nachova (Sarracenia purpurea) s rozsah-
lym aredlem napti¢ Severni Amerikou je
v tomto sméru hojné vyuzivana. Zajima-
vym aspektem masoZravosti je také kon-
flikt mezi ldkanim kofisti a opylovaci.
Rostliny ho Fe$i nékolika moznymi zptiso-
by — oddélenim kvétu a pasti (v prostoru
nebo ¢ase) nebo odlisenim signélti, které
hmyzu vysilaji.

Posledni ¢ast knihy je vaZnym zamysle-
nim nad budoucnosti masoZravych rostlin
ve svété pozménéném clovékem. Autoii
se pokouseji odhadnout dopad globalnich
zmén klimatu nebo pfeziti jednotlivych
druht ve stale se zmen3ujicich aredlech
naru$enych lidskou ¢innosti. U nékterych
druhi vsak k vyhubeni pfirodnich popu-
laci bohaté staci nelegalni sbér rostlin
v pfirodé. Jediné, co mé v této ¢asti oprav-
du zarazilo, je tvrzeni, Ze dostate¢né data
o ochrané masozravych rostlin jsou dostup-
né pouze pro USA, jihozdpadni Australii,
a rod lackovek. Véfim, Ze pfinejmensim
u nas v Evropé je toto téma také dostatec-
né probadané.

Co fici zdvérem? Kniha ma bezesporu
vysokou odbornou hodnotu. Oba jeji edito-
i, A. M. Ellison a L. Adamec, patii ke své-
tové zndmym odbornikdm s mnohaletymi
zkuSenostmi. Autorské tymy jednotlivych
kapitol také skryvaji zvu¢né jména védca,
kteti se tispésné vénuji nékterému z aspek-
til vyzkumu masoZravych rostlin. Ctena-
Ii se zdjmem o odborngjsi uchopeni téma-
tu se dovédi vice, nez oc¢ekévali. MtiZe jit
o poucené laiky i studenty specializova-
nych odbornych kurz, véfim vsak, Ze rov-
néz odbornici v knize v pifipadé potieby
najdou jak ptibliZzeni tématu, v némz se
tfeba obvykle nepohybuji, tak mnozstvi
cennych odkazt na dalsi literaturu. Ob-
rovské plus tohoto dila spatiuji ve srozu-

Lubomir Adamec ZAUJALO NAS

Masozrava mucholapka podivna vyuziva
k respiraci aminokyseliny z koristi

Masozravé rostliny ziskavaji z rozloze-
nych Zivoc¢isnych tél mineralni i organic-
ké latky a vyuzivaji je ke svému ristu.
Vsechny masozravé rostliny fotosynteti-
zuji, a i proto je uz pres 100 let pfijimana
tzv. mineralni teorie masozravosti. Podle
ni tyto rostliny osidlujici mineralné chu-
da stanovisté ziskavaji z kotisti pro rtst
limitujici a nezbytné minerdlni ziviny
(pfedevsim dusik — N a fosfor — P) jakoz-
to hlavni ekologicky p¥inos (benefit), za-
timco pfipadny pfijem organickych latek
(uhliku — C) se povazuje za ekologicky
nevyznamny. Z minerdlnich latek obsa-
zenych v téle zivocisné kofisti (nejcastéji
hmyzu) mohou masozravé rostliny jedno-
znacné ziskat nejvice dusiku, protoze ko-
Fist obsahuje v téle, pfepoc¢teno na susi-
nu, pfibliZzné 10 % N, to je asi 5—12x vice
oproti hodnotdm v su$iné prytid téchto
rostlin. Dusik se v kofisti vyskytuje ve tfech
hlavnich forméach — v proteinech, nukleo-
vych kyselinach a chitinu. Zatimco velmi
uc¢inny piijem N z proteint a v malé mife
i z chitinu byl jiZ prokazéan, paradoxné
predpokladané Gc¢inné vyuzivani N z nuk-
leovych kyselin nebylo dosud nikdy sle-
dovéno. U raznych druht masozravych
rostlin a rtizné hmyzi kofisti byla ve skle-
nikovych pokusech zjisténa celkova ticin-
nost pfijmu N z kotisti 40-83 %. Z poku-
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st provadénych jiz v 60. letech 20. stol.
pomoci znaceni tézkym izotopem 5N se
spolehlivé vi, Ze pasti masoZravych rost-
lin G¢inné pfijimaji organické dusikaté
latky — aminokyseliny (pfipadné oligo-
peptidy a mocovinu) — a také amonné ion-
ty. Masozravé rostliny tedy z kofisti zis-
kavaji vétsinu dusiku v organické formé,
ale ekologicky ani fyziologicky vyznam
prijmu organického uhliku z ko¥isti nebyl
nikdy sledovan a s vyjimkou u vodnich
druhti je zfejmé maly. Pionyrska prace na
§pirlici nachové (Sarracenia purpurea)
s aplikaci dvojité znacenych aminokyselin
(*3C a 15N v jedné molekule) aromatického
fenylalaninu a jednoduchého glycinu do
pasti prokazala, ze molekulu fenylalani-
nu rostliny pfijimaji celou, kdezto rychle
metabolizovatelny glycin je p¥i pfjmu jiz
rozlozen (Karagatzides a kol. 2009; viz
Ziva 2010, 2: XXVIII).

Lukas Fasbender se spolupracovniky
z univerzit ve Freiburgu a Wiirzburgu v Né-
mecku provedli na masozravé mucho-
lapce podivné (Dionaea muscipula) kom-
plexni pokus, pfi némz do pasti rostlin ve
skleniku aplikovali kapi¢ku dvojité zna-
¢ené (13C a ®N) koncentrované diamino-
kyseliny glutaminu (Gln) spolu s praskem
z mletého hmyzu, a po 46 hod. traveni této
umélé kotisti provedli celkové metabolic-

mitelném zpracovani, stejné jako v mezi-
oborové provazanosti informaci v jednot-
livych kapitolach. Zajimavy je rovnéz na-
zodpovézeni (Future research na konci
kazdé kapitoly).

Na druhou stranu je v knize viditelna
snaha o jistou nezévislost kapitol, jez vy-
ustila v nékolikandsobné opakovani né-
kterych informaci. Neustdle se opakujici
popisy zkoumanych druhti jsem pfiblizné
v poloviné knihy zacal pfeskakovat. Reduk-
ci téchto odstavci na odkazy do ivodnich
kapitol by se text zkratil bez ztraty vypo-
védni hodnoty, chapu vsak, Ze by pak bylo
le. Stejné tak nékolik kapitol (napt. o vlivu
zmén klimatu) obsahuje zbyte¢n& mnoho
metodickych informaci, které s tématem
pfimo nesouviseji, a v jinych kapitolach
byly feSeny spise odkazy na ptislusnou lite-
raturu (v jiZ zminéné kapitole jde o popis
metodiky modelovéni klimatu a reakce jed-
notlivych druhti na jeho zmény). Odborné
nedostatky ve smyslu chybéjicich nebo mir-
né zavadéjicich informaci jsou pouhymi
vyjimkami (viz pt¥iklady uvedené vyse).

Oxford University Press, 2018, 510 str.
Cena v internetovych knihkupectvich
kolem 107 Euro / 95 britskych liber

PouZit4 literatura uvedena na webu Zivy.

ké, proteomické a transkriptomické vyhod-
noceni biomasy rostlin. Vyménu oxidu
uhli¢itého (celkovy CO, i *CO,) na svétle
a ve tmé sledovali pribézné. Z nizké kore-
lace soutasného p¥jmu *3C a *N rostli-
nami se dalo odvodit, Ze dusik z moleku-
ly glutaminu byl uz v travici tekuting pasti
¢astetné odstépen pied pi{jmem do rost-
liny. Vét§ina znaceného C a N z glutami-
nu pfijatého rostlinami byla lokalizovana
v krmenych pastech. Z ostatnich organa
rostlin se ukézaly nekrmené pasti silnéj-
§im tlozistém (sinkem) zejména pro *C
z Gln, naopak v kofenech se ukladalo rela-
tivné vice 1°N. Prtikazné mnozstvi 13C
z Gln bylo uvolnéno respiraci rostliny ve
formé CO,, pficemz se zvysila hladina me-
tabolitt respira¢niho rozkladu Gln a re-
spira¢nich enzymu. Transkripéni analyza
odhalila v pastech trvalou (konstitutivni)
aktivitu gent pro enzymy zahrnuté v me-
tabolismu Gln — glutamin aminohydrola-
zy, asparagin syntetdzy a také glutamat
dehydrogendzy. Ta posledni dodava oxo-
glutarat do Krebsova cyklu, ktery fadou
reakci uvolniuje redukéni latky pozdéji
pouzité pii oxidativni fosforylaci k syntéze
adenosintrifosfatu (ATP) — hlavniho ener-
getického zdroje buriky.

Zavérem lze tedy shrnout, Ze aminoky-
seliny pfijimané v pastech mucholapky
pfimo z kofisti jsou nejen stavebnimi dusi-
katymi latkami pro rtst rostliny, ale doda-
vaji pastem pfechodné energii jako respi-
ra¢ni substrat a také stimuluji hladinu
respiracénich enzymu a energeticky meta-
bolismus. Fyziologicky vyznam pfijmu
organického uhliku v pastech z kofisti by
tedy mohl byt mnohem vétsi, nez se dosud
predpokladalo.

[New Phytologist 2017, 214: 597-606]
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Adam Veleba. Review of Carnivorous Plants: Physiology, Ecology, and Evolution, edited by Aaron M. Ellison
and Lubomir Adamec. Ziva 4/2018: 110-111. (Translated from the Czech by the author; translation
edited by Aaron Ellison.)

Have you ever wondered what are carnivorous plants? Not in the sense of the spectacular traps for which
they are justly famous, but in the sense of their differences from “normal”, non-carnivorous plants? The
book Carnivorous Plants: Physiology, Ecology, and Evolution doesn't present showy photographs and
tutorials for growers. Rather, 66 authors present—in more than 500 pages—a review and synthesis of
current scientific research of those plant species—defined as those that trap, kill, and digest the prey from
which the plants absorb and use the nutrients released from their prey.

The book is a set of 30 more-or-less independent chapters—basically scientific papers—merged into five
thematic parts. Its logical beginning is the aforementioned definition of carnivory in plants. The book
closes with an appendix listing the currently recognized ~800 species that will serve others as a taxonomic
reference, although it inevitably will be outdated soon.

The idea that carnivory in plants originated as a single unique adaptation that led to a radiation of a
single lineage encompassing all carnivorous plants has been definitively refuted by taxonomic studies
based on molecular methods. Not only has carnivory evolved repeatedly in several plant orders, but
carnivory can be lost in related, evolutionarily derived groups. The second part of the book describes the
individual genera and their evolutionary relationships in detail. The taxonomy of some genera has
become more complex in recent years as new phylogenic trees consistently revealed relationships
different from those based on more traditional characteristics, which can be difficult to evaluate because
of the unusual adaptations associated with carnivory. I consider the solutions, or at least their beginnings,
to be a very valuable contribution of this book.

A chapter on carnivorous plant genomes completes the book’s second part. There are good reasons to
study their genomes intensively that go beyond the overall popularity of these plants. These reasons
include their unique adaptations, which are genetically based, and the remarkably small size of
carnivorous plant genomes, especially in the family Lentibulariaceae, which has some of the smallest
genomes among all Angiosperms (see also Adamec et al. 2015, Storchovéa 2016a, 2016b). Although most of
the chapter on genomes deals with rapidly developing research directions and sequencing of the long
sections or the entire genomes and transcriptomes, I cannot help but feel that it is too long relative to the
results presented and fewer studies are closed than new questions are opened. This feeling may be
caused by the limited amount of data available (especially in the sense of number of species analyzed), so
it is fortuitous that the authors compared species within the same order.

Unfortunately, there is less presentation of more traditional fields of genetic research such as studies of
the chromosomes (on which much has been published since the last similar compendium: Juniper et al.
1989) or studies of the genome as a whole. The book completely lacks any note about the well-studied
chromosomes of sundews (Drosera), which are known for their holokinetic chromosomes (Rothfels et
Heimburg 1968, Sheikh et al. 1995) that have notable evolutionary effects. This type of chromosome, also
known from sedges (Carex spp.) and butterflies doesn't have a localized centromere and the dividing
spindle attaches to the whole length of the chromosome during cell division. Thus, even broken
fragments of chromosomes are inherited (e.g., Bures et al. 2013).



The third part of the book, on physiology, form, and function, reviews the process of carnivory itself. The
chapters” authors describe the macroscopic, microscopic, and biochemical mechanisms used by different
types of specialized organs (“traps”) to lure capture, kill, and digest prey, and then use the acquired
nutrients. Apart from the processes of prey use and processing, which are very diverse and were outlined
earlier in chapters in part two on individual genera, this third part deals with the essence of carnivory:
“why are carnivorous plants so few and what disadvantages limit their evolution?” A cost/benefit model
for carnivorous plants was presented more than thirty years ago (Givnish et al. 1984) and explains why
carnivory is selected for only under certain conditions, especially on sites poor in nutrients, but rich in
light and water. It is necessary to consider not only the benefits of the additional nutrients but also the
costs to build and operate the specialized traps. Aquatic carnivorous plants have unique adaptations, and
their physiology has been studied intensively by Lubomir Adamec, one of the book’s two editors. Finally,
the last chapter of this part—on biotechnological uses of carnivorous plants—quite surprised me, but it fit
in well. Not everybody thinks about the carnivorous plants as sources of biotechnological inspiration, but
the medical usage of some species is well known and biomimetic materials (e.g., extremely slippery and
hydrophobic surfaces based on slippery zones of Nepenthes pitchers) probably have a very promising
future in front of them.

The fourth part of the book deals with ecology: interactions between carnivorous plants, other organisms,
and their shared environment. Apart from classical plant-plant and plant-animal relationships, the
authors describe some unusual interactions, more typically found among animals, such as food parasites,
commensals, and symbionts. All of them are especially abundant in traps with miniature, closed
environments. The diversity of their inhabitants can include both microscopic and macroscopic
organisms and offers unique opportunities for ecological research. The purple pitcher plant (Sarracenia
purpurea), widespread across North America, is commonly used in these studies. Pollinator-prey conflicts
are also an interesting aspect of carnivory. Carnivorous plants resolve them in several possible ways — by
separating the flowers and traps (in space or time) or varying signals used to attract prey or pollinators.

The last part of the book is a serious reflection about the future of carnivorous plants in our human-
modified world. The authors try to estimate impacts of global climatic changes or survival of individual
species in areas shrinking because of human presence or actions. Some species could be easily
exterminated in the wild simply by poaching. It really surprised me that the authors claimed that
sufficient data about protection of carnivorous plants are available only for the USA, southwest Australia,
and the genus Nepenthes. I believe that this topic is quite well researched in Europe, too.

Carnivorous Plants: Physiology, Ecology, and Evolution undoubtedly has high professional value. Both
editors, Aaron M. Ellison and Lubomir Adamec, are experts with many years of experience and whose
work is known worldwide. The teams of authors who wrote the individual chapters include well-
respected scientists who study different aspects of carnivorous plants. Readers with interests in deeper
knowledge in any of the book’s topics will learn more than they expected. These readers may be
interested nonspecialists or students in specialized courses, but even experts can use the book to delve
deeper into unfamiliar topics and find valuable references for further reading.

The intelligible text and connections between different chapters are both great plusses. The lists of the
most pressing and interesting questions that close each chapter also are valuable. On the other hand, the
visible effort to keep the chapters somehow independent resulted in repetition of some information. After
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reading about half of the book, I started to skip the descriptions of researched species. With the reduction
of these paragraphs to simple links or references to the introductory chapters of the book, the text could
have been shortened without losing its value. However, I understand that such trimming would make it
difficult to read single chapters in isolation. Some of the chapters (e.g., climate-change modelling)
included too much methodological information that was not directly connected with the topic and could
have been addressed by referencing other chapters. However, these are but technical weaknesses that
overall are rare in the book.
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