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Review of the PhD thesis "Physical Mapping and Evelution of Banana Genome (Musa spp.) submitted by
Jana Cizkova

Brno, 23rd August 2013

Petr Bures, Department of Botany & Zoology, Faculty of Science, Masaryk University, KotlaFskd 2, 611 37
Brno; bures@sci.muni.cz

l. General comments

The thesis of Jana Cfzkova examines genome structure and karyotype evolution of banana genus (Musa); it
addresses three main topics: (i) identification/description of phylogenetical relationships among wild
species, hybrids and cultivars in the genus Musa; {ii) analysis of sequence variation in ITS-part of rDNA
gene; (iii) identification of cytogenetic markers (locations of particular satellites) enabling identification of
particular chromosomes of banana karyotypes.

The methods used in the thesis are based particularly on: (i) molecular analyses {ITS), {ii) flow cytometry
{estimation of nuclear DNA content), and (iii) cytogenetic analyses (chromosome counting, FISH}. The
material examined in the thesis was based on samples obtained from ITC collection.

The thesis consists of (i) three original papers (two published papers in PLoS ONE and one paper-
manuscript in preparation to be submitted), {ii) one published book chapter and (iii} a comprehensive
general introduction, where objectives, material and methods, summary of results, and future perspectives
are presented; the thesis is completed by (iv) six conference abstracts/posters. The candidate is the first
author of two papers and all conference presentations. In the other two parts of the thesis, she has
substantially contributed to their preparation. The thesis is well written, clear to read, and nearly free of
typographical and other minor errors.

Thesis of Jana Cizkova constitutes, in my opinion, a very valuable addition to the study of phylogeny and

cytogenetics of the genus Musa. The candidate has demonstrated creative capacities and very good skills
in molecular and karyological methods as well as in results presentation. | recommend warmly to accept

this thesis for the doctor degree in the field of Botany after its successful defense.

Disertace Jany Cikové pfedstavuje podle mého nazoru velmi hodnotny p¥inos k vyzkumu fylogeneze a
cytogenetiky rodu Musa. Kandidatka prokazala tviréi schopnosti a znaéné dovednosti jak v metodach
molekularnich tak cytogenetickych, jakoZto i pfi prezentaci vysiedki. VFele ji proto doporuduji k
obhajohé a povaiuji ji za splfiujici poZadavky k udéleni doktorské hodnosti v ohoru Botanika.
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Il. Questions for defense/discussion

1. In the paper 4.1.3 Molecular and Cytogenetic Characterization of Wild Musa Species Newly Introduced to
ITC Collection {Cizkova et al. in prep.), there are nuclear DNA content as well as chromosome numbers of
various taxa mentioned in Table 2. When both these parameters are compared, the negative correlation
between 2n and 2C becomes to apparent (Spearman’s rho=-0.86; p=0.000002). — {1a) How you can explain
this inverted trend "the less chromosomes, the more DNA in somatic cells"?. {i. e., Which processes in
karyotype evolution can be responsible for such a trend?)

2. Most of cultivated bananas are seed sterile diploid, triploid or tetraploid clones. — (2a} Is the hybrid
(seed) sterility common feature in banana natural interspecific hybrids? — (2b) Are some of them fertile
(at least in male function)? — (2c) What genetic background is responsible for seed sterility in bananas? —
{2d) Which one of scenarios can be expected in formation of triploid banana hybrids? [i. e., {i)
Hybridization betweén diploid and tetraploid parents or {ii) homoploid hybridization between diploid
parents followed by triploidization of F1.]

3. In the same paper you documented incomplete concerted evolution of ITS sequences, 1. e., the presence
of conserved sequences of both parents in most of banana hybrids. — (3) Can you estimate the age of these
hybrids and if so, can be concerted evolution expected in them?

4. One of the topics of your study was to reconstruct the phylogeny in Musa {not "to reconstruct
phylogenetic analysis - as mentioned on page 139"). Although in banana "phylogeny”, true evolutionary
processes have actually combined with intentional or inadvertent breeding, the potential patterns and
questions which can be addressed remains similar to classical phylogenetic study. One of the frequently
debated questions in phylogenetic studies is the recurrent hybrid speciation. The really detail study
presented in the paper 4.1.1. "The IT51-5.85-IT52 Sequence Region in the Musaceae: Structure, Diversity
and Use in Molecular Phylogeny” (Hfibova et al. 2011) revealed really huge amount of ITS data for
numerous taxa in the genus Musa. — (4) Is there any evidence for independent hybrid events resulted to
the formation of the same hybrid cultivar or for reccurent hybrid speciation?

5. "While the function of centromeres is conserved, the DNA sequence is highly diverged and variable in
length” as it is mentioned at p. 26. ~ {5) How this seemingly paradoxical pattern is usually explained?

lll. Brief comments/which cannot be answered

6. There are three rather contradict statements in the Thesis: (i) "This genus {Musa), comprising
approximately 65 species” {p. 15) — (ii} " The family Musaceae contains approximately 65 species” (p. 50) —
(iii} "Except for M. acuminata, M. balbisiana and their hybrids, the genus Musa contains about 50 species.
(p- 131). = (6) Only one of them can be really true.

7. As a taxon with the smallest genome is mentioned Genlisea margaretae (p. 22}). — Actually, this is not
true, as the determination was later corrected by Greilhuber and Leitch to Genlisea aurea (p. 323 in LJ.
Leitch et al. (eds.), Plant Genome Diversity Volume 2, Springer-Verlag, Wien, 2013).

8. In the same paper, there is mentioned {in abstract) that "Both Sanger sequencing of amplified ITS regions
and whole genome 454 sequencing lead to similar phylogenetic inferences”. — (8) Did you really analyzed
an influence of sequencing type on the topology of phylogenetic tree expecting the difference? In the
text of paper, reduced intra-individual sequence variability is really discussed, when Sanger’s sequencing is
compared with 454 method. In my opinion, such a reduction of intra-individual sequence variability seems
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to be rather influenced by different size of sequence datasets (obtained from Sanger or 454 sequencing) in
respective samples (Maybe, | have overlooked something?)

Side %Af( |

doc. RNDr. Petr Bures, Ph.D.
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Oponentsky posudek doktorské disertaéni prace Mgr. Jany Cizkové Physical mapping and

evolution of banana genome (Musa spp.)

V piedloZené disertaci se Mgr. Cizkova zabyv4 tématikou mapovéni a evoluce bandnovniku. Tato rostlina

je po citrusech druhou nejvyznamnéjsi ovocnou plodinou na svété a je rovnéz daleZitou slozkou potravy

zejména obyvatel nejchudsich zem{ svéta, a rovnéZ plodinou velmi dileZitou z hlediska komer&niho.

Proto jsou jakékoli znalosti o genomovém uspofddéni rodu a prislugnych druhii nanejvys potfebné pro

Slechténi, ochranu bandnovniki viici chorobdm a Skiidciim a kone¢né i zajimavé z hlediska genomiky
“allopolyploidd i autopolyploida.

V prvni &asti disertace se Mgr. Cizkova zabyv4 analyzou ITS oblasti ribozomélnich gent a moZnymi
implikacemi té€chto analyz pro fylogenetiku bandnovniku. Ddle se vénuje cytogenetickému mapovéni
DNA satelitd, jakoZto potencidlnim markertim pro zpiesnéni chromozomovych map. V dalsi oblasti se
disertantka zabyva genetickou diverzitou plan¢ rostoucich bandnovniki, v éemZ spatfuje néstroj pro dalsi
zpfesiovéni evolu¢nich vztahl mezi jednotlivymi druhy bandnovnikil. Tato jednotlivd témata zpracovava
Megr. Cizkové formou ucelenych ¢ldnkd publikovanych v PLOS One a v jednom rukopise publikace.
Soucasti disertace je rovnéZ spoluticast na kapitole v monografii Physical mapping technologies for
identification and characterization of mutated genes to crop quality, IAEA, Viden 2011.

Uvodni literdrni piehled je vtipné, ale i kriticky zam&Fen na viechna témata, metodiky i problematiky,
JimiZ se pozdé&ji disertantka experimentiln€ zabyva. Pro Ctendfe nepoudeného tak disertace poskytuje
zevrubny tivod do studované problematiky, pro pouceného pak zajimavé ¢teni o genomice bandnovniku a
viem, co s ni souvisi.

V prvni ¢asti autofi detailn€ studuji oblast rRNA genii ITS1-5.8S - ITS2 v tictyhodné kolekci 78 riiznych
diploidnich druht a triploidnich hybridd ¢eledi Musaceae. Odhlédneme-li od zajimavych fylogenetickych
vystupll, jednim z hlavnich ndlezl je zna¢nd konzervativnost obou intragenovych mezerniki
vnitrodruhovych hybridd. Zde bych se rad otdzal, pro¢ u n€kterych hybridii dochdzi ke genové konverzi
spiSe nez u druhych. Jaké mechanizmy se pfi tom mohou uplatiiovat?

Dalsi dvé prace se soustiedi na vyhledavani marker( pro identifikaci jednotlivych chromozom u
osmndécti druhl bandnovniku v prvni praci a 21 novych piirtstkd bandnovych genetickych zdroji
Bioversity International Transit Centre ve druhé publikaci. Autofi ptitom pouZili jakoZto chromosomové
specifické sondy 45S rDNA a 5S rDNA, satelitni DNA i jednokopiové sondy. Ziskané in situ hybridiza¢ni
vzory, sekvencni udaje mezernik(i ITS1 a ITS2 a stanovené obsahy jaderné DNA ziskané cytometrii
piitom poslouZily jako zéklad pro stanoveni (a doplnéni) fylogenetickych vztahii. Zde autofi rovnéz
potvrzuji Ze sekce Eumusa a Rhodochlamys rodu Musa, v souladu s jinymi autory i pfedchozimi
pozorovanimi a publikacemi olomoucké Laboratote, by mély byt slouceny v jedinou sekci. Svédéi proto
kone¢né i fakt, Ze ob& sekce maji stejny zdkladni pocet chromozom (1n = x = 11) oproti sekcim
Callimusa a Australimusa (9, resp. 10). V této souvislosti bych se Mgr. Cizkové rid otdzal, jaké m4
zkuSenosti s tzv. botanickymi autoritami, které nékdy velmi tvrdosijné Ipi na tradi¢ni systematice



podloZené morfologickymi charakteristikami. Obvykle nebyva lehké s kaciistvim proti systematice
prorazit.

Zaverem si dovoluji konstatovat, Ze predloZend prace, oslovujici jak obecné biologické otdzky spojené se
zajimavou Celedi Musaceae, tak fesici praktické daleZité vyzkumné aspekty &eledi, spliiuje kriteria
diserta¢ni prace na vybornou. Disertantka prokdzala nejen experimentélni dovednosti, ale interpretaci
vysledkii ukdzala schopnost fesit védecky problém. Praci doporucuji k obhajobé pro ziskani védecko-
akademické hodnosti PhD.

Brno 16. 8. 2013
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Oponentsky posudek ha disertaCnipraci
| Mgr. Jany Cizkové

,Physical mapping and evolution of banana genome
) (Musa spp.)“

PfedloZzena disertacni praceje velmi kvalitné zpracovana, psana srozumitelne a
¢tivé a jeji Ovodni ¢ast C&tenafe podrobné a pfitom pfehledné uvadi do
problematiky, ktera byla objektem studia disertantky. V dalsi &asti jsou pak
uvedeny publikované nebo k publikovani pfipravené prace autorky disertace.
Prace je po formalni strance velmi dobfe zpracovana, doplnéna fadou obrazk(ia
tabulek a Cleneni prace pak odpovida standardu kladenemu na disertacni praci.

Po obsahove strance je disertaci obtizné cokoli vytykat, protoze Uvodni ¢ast je az
na drobnosti prakticky bez chyb a druha ¢ast pak obsahuje prace publikovane v
prestiZznich Casopisech. Z tohoto pohledu mam k praci dvé formalni pfipominky:
publikovaneé abstrakty bych uvedl v seznamu publikovanych praci autorky, ale
disertaci by dle mého nazoru mél tvofit literarni pfehled, védecké
) ¢lanky/monografie a v nich uvedenée vysledky by bylo vhodné uvést v komentafi k
publikovanym datiim (druha pfipominka). Komentar k publikovanym vysledkiim by
pak mohl |épe zdUraznit a popsat dosazené vysledky, takto se az pfili§ ztraceji v
dlouhem zavéru.

Poznamky a piipominky:

e Obrazek 2 na str. 15 — je dilem autorky, &i byl prevzat z literatury? Podéty
chromozom jsou uvadény poné&kud neobvykle, na prvni pohled se mize
zdat, Ze se jedna o haploidni druhy, vhodnéjsi zplsob prezentace je
uveden v textu pod obrazkem. Pro Uplny pfehled a dokonalost by bylo
vhodne doplnit i data o velikosti genomu. Do pfehledu taxonomické
klasifikace by také bylo vhodné uvést nové popsané skupiny, zvlasté pokud
jsou zmifované v textu disertace a na dal§im obrazku. Jaké je geografické
rozsifeni dalSich dvou rodl v ramci ¢eledi Musaceae? Na Obr. 4 by bylo
vhodné sjednotit barvy pro dva popisované druhy rodu Musa.

o Jake jsou realné vyuzitelneé metody rezistentniho slechténi u bananovniku?



e Viabulce 2 by bylo vhodné sjednotit oznageni druhu, kultivaru...

*» Popis struktury mikrosatelitu v pasazich popisujici strukturu genomu rostiin
a molekularni markery je odligny.

Ziskane vysledky jsou zajimavé, cenné pro poznani struktury genomu
bananovniku a poznani genetické diverzity této vyznamné skupiny. Autorka
disertaéni prace prokazala schopnost samostatné védecké prace, interpretace
ziskanych dat a vysledky své prace publikovala v prestiZnich ¢asopisech.Praci
doporuduiji k obhajobé& a po jejim Usp&sném obhajeni doporuduji udélit Mgr. Jané
Cizkové titul ,doktor".

prof. Ing. Vladistav Curn, Ph.D.
JihoCeska univerzita v Ceskych Budg&jovicich
Biotechnologické centrim ZF
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