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Abstract

Flatworms are a great model system for examining how variations in reproductive
ecology across species are mirrored in the physiological and molecular specifics
of how reproduction is accomplished since they demonstrate enormous variety in
their reproductive biology. In this review, I focus on five significant "lifestyle
choices" (i.e., alternate evolutionary/developmental outcomes) that, taken
together, account for a large portion of flatworm sexual diversity. | start with the
choices of | whether to be free-living or parasitic; (ii) whether to reproduce
asexually or sexually; and (iii) whether to be gonochoristic (separate-sexed) or
hermaphrotic. | next look at two further choices related to hermaphroditism: (iv)
the balance of investment into the male vs female sex function and (v) outcrossing
versus selfing (sex allocation). Collectively, these lifestyle decisions establish the
fundamental guidelines for reproduction, but as | emphasise in the second section
of the review, sexual selection, along with the related phenomena of sperm
competition and sexual conflict, has a significant impact on flatworm
reproduction as well. But how exactly this works out is greatly influenced by the

specific reproductive techniques that each species has chosen to use.
1.1. Introduction

Around 20,000 documented species of watery, mostly tiny, soft-bodied,
acoelomate animals with bilateral symmetry and dorso-ventral flattening make
up the phylum Platyhelminthes (Hyman, 1951; Ruppert et al., 2004). Due to their
extraordinary capacity for regeneration (Egger et al., 2007; Gentile et al., 2011)
supported by a pluripotent stem cell system of "neoblasts” (Peter et al., 2004;
Ladurner et al., 2008; Aboobaker, 2011; Baguna, 2012; Rink, 2013), several
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members of the phylum have long piqued the interest of developmental
biologists. Its inclusion of significant parasites, such as human pathogens like
blood flukes that cause schistosomiasis and tapeworms that cause alveolar
echinococcosis, cystic echinococcosis, and neurocysticercosis, makes the phylum

of significant medical and veterinary importance (Olson et al., 2012).

The complexity and diversity of flatworms' reproductive systems—previously
discussed in Hyman, 1951; Henley, 1974; and Tyler, 1999—is a notable
characteristic |1 hope to examine in this review. This diversity has been divided
up into five main categories that might be looked of as "lifestyle options." To
start, while some flatworms live in the wild, others have adapted a parasitic
lifestyle. In addition, certain flatworms can reproduce both sexually and
asexually; some can even do both. Third, whereas some flatworms are
hermaphroditic and can display both sex functions at different stages of their
lives, either sequentially or simultaneously, others are gonochoristic (i.e.,
"dioecious,” where individuals are either male or female). Wiley Online Library,
Indian Council of Medical Research. Wiley Online Library's Terms and
Conditions are available at (https://onlinelibrary.wiley.com/terms-and-
conditions). OA publications are subject to the terms of the relevant Creative
Commons License. Fourth, adopting a hermaphroditic lifestyle gives the option
to choose between self-fertilization or outcrossing as a method of reproduction.
Finally, hermaphrodites must choose how to allocate their resources between
their male and female sex functions (also known as "sex allocation"). Flatworms
are an appealing model for examining the multiple sexual lifestyle transitions and
their underlying biological mechanisms since all of these options exist within the
same phylum and because different species or groups exhibit highly diverse

combinations of these qualities.
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1.2. LIFESTYLE CHOICES AFFECTING FLATWORM REPRODUCTION

» Free-Living Versus Parasitism

Traditional flatworm taxonomy divided the Platyhelminthes into three parasitic
groups—Cestoda, Trematoda, and Monogenea—rplus one free-living group, the
Turbellaria. However, molecular phylogenetic analyses unequivocally show that
Turbellaria is paraphyletic. Thus, the parasitic lifestyle is a derived state in
flatworms, and all parasitic flatworms belong to the Rhabditophora, which now
includes all Platyhelminthes with the exception of the Catenulida (Egger et al.,
2015). This group is called Neodermata (Fig. 1). In turn, the Neodermata is made
up of the three wholly parasitic monophyletic groups Cestoda (tapeworms),
Trematoda (flukes), and Monogenea, the latter of which is now thought to be a
sister group to the other two based on recent molecular evidence (Egger et al.,
2015; see also Laumer et al., 2015a,b). The Rhabditophora contains groups of
free-living flatworms that include the most primitive Macrostomorpha as well as
Lecithoepitheliata, Polycladida, Rhabdocoela, Proseriata, Tricladida, and

Bothrioplanida, according to the same transcriptomic-phylogenomic research.

Together with the triclads, they make form the newly named Acentrostomata,
which is currently regarded to be the sister group to the parasitic Neodermata. It
Is still debatable whether or not to include the free-living Acoels in the phylum
Platyhelminthes given their evolutionary location (see Egger et al., 2009). Acoels
should now be categorised as deuterostomes (Philippe et al., 2011) or hold a more
basal position within the Bilateria (Srivastava et al., 2014; Telford and Copley,
2016), according to recent molecular phylogenetic evidence. In either case, they
are outside of the Protostome clade and therefore far removed from flatworms, so

they are not further considered here.

1.3. Sexual Versus Asexual Reproduction
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As | just stated, some parasitic flatworms, like S. mansoni, combine asexual
reproduction with sexual reproduction at different stages of their life cycles,
taking advantage of the advantages of being able to quickly multiply within the
intermediate host while maintaining the genetic "shuffling” made possible by sex
(Agrawal, 2006). Among the flatworms that are free-living, some only reproduce
sexually, while others do so asexually (reviewed in Henley, 1974). Others have
the ability to alternate between sexual and asexual reproduction based on their
surroundings. When conditions are favourable (warmer), for instance, individuals
of the triclad flatworm Dugesia ryukyuensis reproduce asexually; nevertheless,
when conditions are unfavourable (colder), they can transition to sexual
reproduction (Kobayashi and Hoshi, 2011). Such a pattern supports the idea that
sex is preferred in harsher and more unpredictable environmental situations,
because having genetically varied offspring may increase the likelihood of
producing at least some people that are better adapted to and can therefore survive
these conditions (Williams, 1975). By giving sexually mature worms of a
different species, asexual individuals can also be experimentally induced to stop
fission and start sexual reproduction. Research has focused on identifying the sex-
inducing signals provided by this stimulus (Kobayashi and Hoshi, 2002; Hoshi et
al., 2003; Ishizuka et al., 2007; Kobayashi and Hoshi, 2011).

Different environmental conditions may occasionally encourage the evolution of
asexual (parthenogenetic) lineages deriving from sexual predecessors; if the
advantages and disadvantages of these two opposing methods balance out, both
types may be able to endure in sympatry. The freshwater tricladSchmidtea
polychroa, in which both diploid sexual and polyploid (often triploid)
parthenogenetic forms coexist, has been particularly well studied in terms of the

occurrence and evolutionary implications of parthenogenetic reproduction
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(Weinzierl et al., 1999). The evolutionary mystery of predominant sex is
represented by the possibility that a parthenogenetic mutant could have a
significant transmission advantage over sexual forms (Agrawal, 2006; Lehtonen
and Kokko, 2014). We can predict that a parthenogenetic mutant may spread in
hermaphrodites, and more specifically in S. polychroa, if it can reduce male
allocation and convert these resources into higher fecundity through the female
sex function, and/or if a retained male sex function in parthenogens enables the
transmission of genes for parthenogenesis to sexual individuals in the population
(Weinzierl et al., 1999). The latter is conceivable in S. polychroa because
parthenogenetic individuals need to receive allosperm to drive egg development,
but this sperm does not contribute genetic material to the zygote (Weinzierl et al.,
1999). Parthenogenesis is sperm-dependent (also known as "pseudogamous").
Both hypotheses are supported by the facts, which show that parthenogens have
higher fecundity and less male allocation, and that triploid (and presumably
parthenogenetic) offspring frequently develop from diploid sexual moms
(Weinzierl et al., 1998, 1999).

REFERENCES

1. Aboobaker AA. 2011. Planarian stem cells: A simple paradigm for regeneration. Trends
Cell Biol 21:304311.

2. Arbore R, Sekii K, Beisel C, Ladurner P, Berezikov E, Scharer L. € 2015. Positional
RNA-Seq identifies candidate genes for phenotypic engineering of sexual traits. Front
Zool 12:14

3. Basch PF. 1990. Why do schistosomes have separate sexes? Parasitol Today 6:160163.

4. Berriman M, Haas BJ, LoVerde PT, Wilson RA. 2009. The genome of the blood fluke
Schistosoma mansoni. Nature 460:352358.

5. Ghiselin MT. 1969. The evolution of hermaphroditism among animals. Quart Rev Biol
44:189208.

130 | Page



. ISSN:2321-3914
Free / Unpaid

- . d Volume3  Issue3
A I r. Peer Reviewe June 2021

AIRO JOURNALS Multidisciplinary Impact Factor:11.9

10.

11.

12.

13.

14.

15.

National Subject: Zoology
Giannakara A, Scharer L, Ramm SA. 2016. Sperm competition- € induced plasticity in
the speed of spermatogenesis. BMC Evol Biol [Internet] 16:1.
Hendelberg J. 1983. PlatyhelminthesTurbellaria. In: Adiyodi KG, Adiyodi RG, editors.
Reproductive biology of invertebrates, volume Il spermatogenesis and sperm function.
Chichester: Wiley.
Henley C. 1974. Platyhelminthes (Turbellaria). In: Giese AC, Pearse JS, editors.
Reproduction of marine invertebrates. Volume 1: Acoelomate and Pseudocoelomate
metazoans. New York: Academic Press.
Hyman LH. 1951. The Invertebrates: Vol. 1I: Platyhelminthes and Rhynchocoela. New
York: McGraw-Hill.
Ishizuka H, Maezawa T, Kawauchi J, Nodono H, Hirao Y, Nishimura O, Nakagawa H,
Sekii K, Tasaka K, Tarui H, Agata K, Hoshi M, Kobayashi K, Sakakibara Y,
Matsumoto M. 2007. The Dugesia ryukyuensis database as a molecular resource for
studying switching of the reproductive system. Zool Sci 24:3137.
Janicke T, Marie-Orleach L, De Mulder K, Berezikov E, Ladurner P, Vizoso DB,
Scharer L. 2013. Sex allocation adjustment to € mating group size in a simultaneous
hermaphrodite. Evolution 67:32333242.
Marie-Orleach L, Janicke T, Vizoso DB, David P, Scharer L. 2016. € Quantifying
episodes of sexual selection: Insights from a transparent worm with fluorescent sperm.
Evolution 70:314328.
Marie-Orleach L, Janicke T, Vizoso DB, Eichmann M, Scharer L. € 2014. Fluorescent
sperm in a transparent worm: Validation of a GFP marker to study sexual selection.
BMC Evol Biol 14:148.
Ladurner P, Scharer L, Salvenmoser W, Rieger R. 2005. A new € model organism
among the lower Bilateria and the use of digital microscopy in taxonomy of
meiobenthic Platyhelminthes: Macrostomum lignano, n. sp (Rhabditophora,
Macrostomorpha). J Zool Syst Evol Res 43:114126.
Lande R, Schemske DW. 1985. The evolution of self-fertilization and inbreeding
depression in plants. I. Genetic models. Evolution 39:2440.

131 |Page



. ISSN:2321-3914
Free / Unpaid

- . d Volume3  Issue3
A I r. Peer Reviewe June 2021

AIRO JOURNALs | Multidisciplinary Impact Factor:11.9
National Subject. Zoology

16. Pongratz N, Storhas M, Carranza S, (null). 2003. Phylogeography of competing sexual
and parthenogenetic forms of a freshwater flatworm: Patterns and explanations. BMC
Evol Biol 3:23.

17. Ramm SA, Arbore R, Lengerer B, Pjeta R, Ladurner P, Berezikov E, Scharer L. Sex
allocation plasticity on a transcriptome scale. € In preparation.

18. Sekii K, Salvenmoser W, De Mulder K, Ladurner P. 2009. Melav2, an elav-like gene,
is essential for spermatid differentiation in the flatworm Macrostomum lignano. BMC
Dev Biol 9:62.

19. Sekii K, Vizoso DB, Kuales G, De Mulder K, Ladurner P, Scharer L. € 2013.
Phenotypic engineering of sperm-production rate confirms evolutionary predictions of
sperm competition theory. Proc R Soc B Biol Sci 280: 20122711.

20. Robb S, Gotting K, Ross E, Alvarado AS. 2015. SmedGD 2.0: The Schmidtea

mediterranea genome database. Genesis 53:535546.

Author’s Declaration

| as an author of the above research paper/article, hereby, declare that the content of this paper is
prepared by me and if any person having copyright issue or patent or anything otherwise related to
the content, | shall always be legally responsible for any issue. For the reason of invisibility of my
research paper on the website/amendments /updates, | have resubmitted my paper for publication
on the same date. If any data or information given by me is not correct | shall always be legally
responsible. With my whole responsibility legally and formally | have intimated the publisher
(Publisher) that my paper has been checked by my guide (if any) or expert to make it sure that paper
is technically right and there is no unaccepted plagiarism and the entire content is genuinely mine. If
any issue arise related to Plagiarism / Guide Name / Educational Qualification / Designation/Address
of my university/college/institution/ Structure or Formatting/ Resubmission / Submission /Copyright
/ Patent/ Submission for any higher degree or Job/ Primary Data/ Secondary Data Issues, | will be
solely/entirely responsible for any legal issues. | have been informed that the most of the data from
the website is invisible or shuffled or vanished from the data base due to some technical fault or
hacking and therefore the process of resubmission is there for the scholars/students who finds trouble
in getting their paper on the website. At the time of resubmission of my paper | take all the legal and
formal responsibilities, If | hide or do not submit the copy of my original documents (Aadhar/Driving

License/Any Identity Proof and Address Proof and Photo) in spite of demand from the publisher then

132 | Page



c U ¥ ISSN-2321-3914
< ree / Unpai Volume3  Issue3
‘ I Peer Reviewed

g e June 2021
AIRO JOURNALS MUI,t'd'SCmI'"aW Impact Factor:11.9
National Subject. Zoology

my paper may be rejected or removed from the website anytime and may not be consider for
verification. | accept the fact that as the content of this paper and the resubmission legal
responsibilities and reasons are only mine then the Publisher (Airo International Journal/Airo National
Research Journal) is never responsible. | also declare that if publisher finds any complication or error
or anything hidden or implemented otherwise, my paper may be removed from the website or the
watermark of remark/actuality may be mentioned on my paper. Even if anything is found illegal

publisher may also take legal action against me

Awadh Kishor Mahto

133 | Page



