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Plant Galls and Evolution (II):
Natural Selection, DNA, and Intelligent Design

Or: The proof that complex structures of thousands of species have been formed for
the exclusive good of other species thus annihilating Darwin’s theory

If it could be proved that any part of the structure of any one species had been formed for the exclusive good of another species,
it would annihilate my theory for such could not have been produced through natural selection.

Charles Darwin 1859, p. 201
Galls have not received the attention they deserve. They are often seen as
quaint oddities rather than as indicators of interesting happenings in the world of plants and their biotic interactions.
Marion O. Harris and Andrea Pitzschke 2020, p. 1854
Plant galls belong to the widespread biological phenomena “that have not been seriously addressed to date from an evo-devo perspective.

...Plant galls have very seldom been considered as products of developmental processes, something they seriously deserve.”
However, the hypothesis that these processes “are adaptive, as a result of selection, is hard to apply”.

Alessandro Minelli 2018, p. 339 and 2017, p. 102

Even those strongly skeptical about teleological interpretations cannot contest the fact that plant galls are constructions
promoting a parasite thus benefiting a foreign organism, devices which already by this support are detrimental to the host plant.

Ernst Kuster 1917, p. 567*

But how are we to understand the appearance of entirely new formations that are completely absent from normal host plants?
How did the plants achieve potentials for totally new structures [exclusively] serving other beings? [Co-option can explain only a portion of the facts — W.-E. L.]
Can the principle of selection help us? No, it fails completely - for how can a selection for altruistic potentials arise?

Otto Braun reviewing book by Erich Becher 1917, pp. 567/89?

Agamous generation of red-pea gall of gall wasp Cynips divisa® on oak leaves. Above, from left to right: (1) Photograph of gall wasp Cynips
quercusfolii (by ‘Wofl” in Wikipedia 2020, similar to C. divisa), inserted into photo of twig of Quercus petraea with leaves and galls seen from
above, (2) same viewed from below, (3) leaf with galls enlarged. Below: Side view of the twig with leaves and galls on the underside.

! Kiister: “Dass die Gallen der Pflanzen Gebllde smd welche der Entwicklung des sie erzeugenden fremden Organismus forderlich sind und schon dadurch, dass sie einen Parasiten der Wirtspflanze fordern, fiir sie selbst schadlich
sind, kann auch von j der teleol De iiber Skepsis bewahren zu mussen fiir richtig hilt, nicht bestritten werden.” (Kiister was a critic of teleology.)

? Braun: “Wie aber sollen wir das Aufireten ganz neuartiger Bild die den len Wi andig fehlen, k ifen? (S. 89). Wie sind die Pflanzen zu Potenzen fiir ganz fremdartige, anderen Wesen dienende
Gebilde gelangt? Kann uns das Selektionsprinzip helfen? Nein, es versagt véllig — denn wie soll eine Selektion fremddienlicher Potenzen entstehen?

® Photographs of leaves with galls by W-E L (14 June 2020 in Cologne).



http://www.weloennig.de/internetlibrary.html

“For the plant, the entire effort involved in the gall formation is of no apparent benefit, it is more of a harm because it requires
nutrients, reduces the assimilating leaf area and disrupts the normal course of growth, sometimes even the most valuable parts
of the plants: buds and seeds. Consequently, according to Darwin, the plants without galls should have an advantage over
those with galls, and so in the course of evolution the gall-free variants among the plants should have been chosen very soon
and everywhere as the fittest ones [which obviously is not the case].” Joachim Illies (a former Director at the Max-Planck-Institute
for Limnology, Plén, AuRRenstelle Schlitz, Professor at the Universities of GieRen and Kiel; acclaimed critic of neo-Darwinism).

Oak leaf with galls (from previous page, first row on the right) further enlarged with different background
(flowering Kalanchoe) and sunlight. Photo by W.-E. L. ten days later (24 June 2020)
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Abstract

Several recent DNA/RNA and further molecular studies have corroborated the expectations
and predictions made by morphological, anatomical and biochemical research on insect-
triggered plant galls during the last some 150 years: These ingenious inter-kingdom
complexities, co-adaptations and synorganizations are reflected by correspondingly intricately
fine-tuned and exactly (key and lock-like) fitting synorganized structures and systems on the
level of molecular genetics.

In the “intimate biochemical interactions” (Body et al. 2019), “hundreds of homologous
novel effector proteins™ (Stern et al. 2020) generated by the insects can be involved triggering
the wide range of “services galls provide” (Harris and Pitzschke 2020), often producing “new
organs”, or “novel organs”, “highly specialized plant organs”, “unique organs”, “de novo plant
tissue or organ”, also called “neoformed plant organs”, and “ectopic organ[s]” and “entirely
new generation of forms™*, displaying “good, constant, and definite characters” or “true forms

as does any independent organic being”, in the overwhelming majority characterized also by

4 For the authors of these formulations, see please the main text.



strict “host specificity” (including the usually strongly different gall forms of insects displaying
alternating generations often on distinct plant hosts).

Comparing the respective galls with their surrounding plant tissue, in one example “535
genes are differentially expressed” (Narendran et al. 2020), displaying in another case “no clear
similarity, being “dramatically altered” (Hirano et. al. 2020), and in a further instance, of
“26,346 grape transcripts expressed in either gall or leaf or both...11,049 were differentially
expressed” (Schultz et al. 2019).

Having cited Darwin above with his words “If it could be proved that any part of the
structure of any one species had been formed for the exclusive good of another species, it would
annihilate my theory for such could not have been produced through natural selection” and
Otto Braun and Erich Becher formulating the ensuing basic question for all selection theories —
old and modern alike: “But how are we to understand the appearance of entirely new formations
that are completely absent from normal host plants? How did the plants achieve potentials for
totally new structures [exclusively] serving other beings? Can the principle of selection help
us? No, it fails completely — for how can a selection for altruistic potentials arise?”” And in
addition that, “according to Darwin, the plants without galls should have an advantage over
those with galls, and so in the course of evolution the gall-free variants among the plants should
have been chosen very soon and everywhere as the fittest ones” (Illies), which is denied by the
facts, — | have discussed in detail the objections raised by Darwinians and neo-Darwinians
against such criticisms in the analysis below.

Result: The evolutionary objections and explanations have been found wanting on all
biological levels (cf. corresponding chapters): Why the solution proposed by Ernst Mayr and
Richard Dawkins has failed: Further evidence / Plant genome potential for gall formation /
Extended phenotypes of animals and plants / Plant galls: Darwin, Redfern and Straton on
natural selection.

In the last chapter the criteria for intelligent Design have been quoted (Explanatory Filter:
“Roughly speaking the filter asks three questions and in the following order: (1) Does a law
explain it? (2) Does chance explain it? (3) Does design explain it?”” “The Explanatory Filter
faithfully represents our ordinary practice of sorting through things we alternately attribute to
law, chance, or design” — “no magic, no vitalism, no appeal to occult forces” are involved
(Dembski). And, indeed: “Inferring design is widespread, rational, and objectifiable.”

Also, among additional points, the criterium of “irreducible complexity” (Michael J. Behe)
is briefly mentioned. After enumerating several further tasks and scientific projects for plant
gall research, this is my conclusion concerning the question, which of the criteria identifying
intelligent design appear to be fulfilled according to our present biological knowledge:

— Vast improbability: fulfilled.

— Specification: fulfilled.

— Purpose: fulfilled.

— Coadaptation/Synorganization: fulfilled (even between kingdoms, “inter-kingdom™).

— Irreducibly complexity: most probably fulfilled by many examples.

— Dormant, usually non-appearing form-building abilities [that] can be awakened in the
plant: fulfilled.

— Plant ‘altruism’: fulfilled.

— Insects use complex compositions of proteins for gall induction in coordination with, or
attuned to, the potential of gall formation in the affected plants: fulfilled.

Although many research questions are still open, the reader is invited to decide for himself
whether he/she can already draw the conclusion to intelligent design for many of the plant gall
phenomena.



Preface

In Part I of Plant Galls and Evolution with the subtitle How More than Twelve Thousand
Ugly Facts are Slaying a Beautiful Hypothesis: Darwinism the basics of the argument against
evolution by natural selection have been presented (see http://www.weloennig.de/PlantGalls.pdf).

Now, the following text provides — apart from some repetitions and a few more general
points in the introduction and the following paragraphs — additional insight on certain aspects
of the topic as plant gall complexity, plant genome potential for gall formation, extended
phenotypes for animals and plants? and plant galls, evolution and intelligent design considering
some more of the “old” and several of the new discoveries of the last three years.

The repetitions are intended to serve a twofold purpose: 1. Repetitio est mater studiorum
(repetition is the mother of learning) — so it may help to memorize the key points — and 2. It
reduces the reader’s trouble to regularly jump from one document to the next and back again.

Introduction

As long as human beings have existed on the earth, they must also have perceived plant
galls. Just recently® a non-scientist lady in her mid-forties wrote me that she had often noted
this phenomenon, but “without investigating the matter more thoroughly”.

Plants have not only long been noted for these striking features but the galls were also used,
for instance, for “the manufacture of permanent inks (such as iron gall ink) and astringent
ointments, in dyeing, and in tanning. A high-quality ink has long been made from the Aleppo
gall, found on oaks in the Middle East®. Oak galls are rich in resins and tannic acid.

Indeed, oak galls used for ink production had a long tradition.

“The earliest recipes for oak gall ink come from Pliny the Elder, and are vague at best. Many famous and important manuscripts
have been written using ferrous oak gall ink, including the Codex Sinaiticus, [one of] the oldest, most complete Bible currently
known to exist, thought to be written in the middle of the fourth century. Due to the ease of making iron gall ink and its quality of
permanence and water resistance this ink became the favored one for scribes in the European corridor as well as around the
Mediterranean Sea. Surviving manuscripts from the Middle Ages as well as the Renaissance bear this out as the vast majority are
written using iron gall ink, the balance being written using lamp black or carbon black inks. Many drawings by Leonardo da Vinci
were made with iron gall ink. Laws were enacted in Great Britain and France specifying the content of iron gall ink for all royal and
legal records to ensure permanence in this time period as well.””

For an in depth investigation on the history of the scientific discovery and utilization of
plant galls, see Redfern 2011, mentioning for example that ““The Classical Greeks in the fourth
century BC knew considerably more about galls and cecidology [the study of plant galls] than
did European peoples throughout the next millennium and until the nineteenth century, apart
from a few more enlightened pockets of knowledge in the seventeenth century, led by John
Ray in England and Marcello Malpighi in Italy. Malpighi was the first to understand [as far
as we know] that galls, although formed of plant tissue, were caused by insects.””

Darwin wrote with oak gall ink

As for Darwin, it may be intriguing to note that when he wrote his letters and books on
natural selection, he usually used “iron gall ink — consisting of tannin conventionally extracted
from oak galls, vitriol, gum, and water, constituting “an ink which was used extensively
throughout the nineteenth century””®.

5 Mail 17 June 2020.

5 Fine article and overview on plant galls in https://en.wikipedia.org/wiki/Gall (19 June 2020).

7 https://en.wikipedia.org/wiki/lron_gall_ink (19 June 2020).

8 Redfern, Margaret. Plant Galls (Collins New Naturalist Library, Book 117). HarperCollins Publishers. Kindle-Version.
9 https://www.kew.org/read-and-watch/conserving-darwins-letters


http://www.weloennig.de/PlantGalls.pdf
https://en.wikipedia.org/wiki/Gall
https://en.wikipedia.org/wiki/Iron_gall_ink
https://www.kew.org/read-and-watch/conserving-darwins-letters

If the main thesis of the present paper as well as its extensive precursor'® proves to be
correct — viz. that galls are “formed for the exclusive good of another species” on the basis of
often completely hidden/concealed/invisible “potentials for totally new structures” in the
affected plants, thus “annihilating” his theory (see citation above) —, there seems to be
something of an irony that his many papers and books on evolution by natural selection were
originally written with “oak gall ink” (synonym for “iron gall ink”), inasmuch as Darwin was
convinced that the phenomenon of plant galls supported his theory of evolution®!,

Francis Darwin comments on his father’s concern, perhaps even enthusiasm, for the topic:

“His interest in this subject was connected with his ever present wish to learn something of the causes of variation. He imagined to
himself wonderful galls caused to appear on the ovaries of plants, and by these means he thought it possible that the seed might be
influenced, and thus new varieties arise. He made a considerable number of experiments by injecting various reagents into the
tissues of leaves, and with some slight indications of success.”

Before these sentences Francis stated:

“Shortly before his death, my father began to experimentise on the possibility of producing galls artificially. A letter to Sir J. D.
Hooker (Nov. 3, 1880) shows the interest which he felt in the question: "I was delighted with Paget's Essay; | hear that he has
occasionally attended to this subject from his youth . . . | am very glad he has called attention to galls: this has always seemed to
me a profoundly interesting subject; and if I had been younger would take it up."”

In fact, as also mentioned in my paper of 2017, Darwin had a lifelong interest in the topic of
plant galls, mentioning them four times in all his editions of the his book On the Origin of
Species, also several times in Variation of Plants and Animals under Domestication (both
volumes, both editions 1868, 1875, including a longer paragraph in volume 2), The Descent
of Man, also both editions 1871, 1874, as well as in his letters to Mr. B. D. Walsh (21 October
to 1864 and 27 March 1865) and to Mr. T. Weehan on 9 October 1874.

How many species are involved in gall formation?

How widespread is the phenomenon of plant galls? The numbers given for galled plant
species varies between 13% and 45% of the total number of some 422,000 seed plant species,
being strongly dependent on the respective ecosystems/regions where the investigations took
place (see Table 1 in Espirito-Santo and Fernandes 2007, p. 962, see also Fernandes, Lara and
Price 19943, Carneiro et al. 20144, Coelho et al. 2017*°, Costa and Aradjo 2019%).

Which plants are especially affected? Margaret Redfern:

“About 98 per cent of known gallers affect flowering plants (angiosperms), with most (90 per cent) on dicotyledons (Meyer, 1987).
Galling often affects the commonest and largest plant species more than others. In Europe and North America, about 50 per cent of
galls occur on oaks and beeches (Fagaceae), 20 per cent on the daisy family (Asteraceae) and 15 per cent on roses, brambles and
cherries etc. (Rosaceae). In South America, Africa and India, galls on legumes (Fabaceae) and acacias (Mimosaceae) predominate.
In Australia, more than 50 per cent occur on eucalypts (Myrtaceae).”?

But galls also occur on ferns and lycopods (Santos et al. report 2019, p. 53):

“We recorded 93 host species, belonging to 41 genera. Galls were found in 20 fern families and one lycophyte family
(Selaginellaceae). Most galls occur within the more derived ferns of the order Polypodiales, especially the fern families

http://darwin-online.org.uk/content/frameset?itemID=CUL-DAR10.2.(1-77)&viewtype=image&pageseq=1

https://en.wikipedia.org/wiki/lron_gall_ink

https://de.wikipedia.org/wiki/Eisengallustinte Eisengallustinte (oder kurz: Gallustinte) ist eine seit dem 3. Jahrhundert v. Chr. gebrduchliche dokumentenechte
schwarze Tinte, die sich gut mit Stahlfedern... schreiben ldsst.

“Iron gall ink is primarily made from tannin (most often extracted from galls), vitriol (iron sulfate), gum, and water.” https://irongallink.org/igi_indexc752.html
and https://irongallink.org/igi_indexee73.html

10 http://www.weloennig.de/PlantGalls.pdf

1 See documentation and discussion in http://www.weloennig.de/PlantGalls.pdf pp. 11 and12.

12 http://labs.icb.ufmg.br/leeb/publicacoes/2007_EspiritoSanto_& Fernandes.pdf

13 https://www.nrs.fs.fed.us/pubs/gtr/gtr_nc174.pdf pp. 42-48

4 https://link.springer.com/chapter/10.1007/978-94-017-8783-3_16

15 https://repositorio.unesp.br/bitstream/handle/11449/170538/2-s2.0-85040119414.pdf?sequence=1
Bhttps://www.researchgate.net/publication/334267908_Distribution_of_gall-

inducing_arthropods_in_areas_of_deciduous_seasonal_forest_of Parque_da_Sapucaia_Montes_Claros_MG_Brazil_effects_of_anthropization_vegetation_struct
ure_and_seasonality

17 Redfern, Margaret. Plant Galls (Collins New Naturalist Library, Book 117). HarperCollins Publishers. Kindle-Version.

See also Mani 1964 https://link.springer.com/chapter/10.1007/978-94-017-6230-4_1
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https://link.springer.com/chapter/10.1007/978-94-017-6230-4_1

Polypodiaceae (21 host species), Dryopteridaceae (14 host species) and Athyriaceae (11 host species). Thirty-eight of the 133 gall
morphotypes were induced by mites and 95 by insects of six orders (Coleoptera, Diptera, Hymenoptera, Lepidoptera, Thysanoptera,
and Hemiptera). Among the insects, Cecidomyiidae (Diptera) caused most of the galls (35 morphotypes). So far, most galls have
been reported from the Neotropical region (40 spp.) and Oriental region (28 spp.).”*®

Some additional intriguing points may be checked in the volumes of Kdister (1911) Redfern
(2011), including galls on algae.

The numbers given for insect species triggering plant galls vary strongly. M. M. Espirito-Santo
and G. Wilson Fernandes state in their paper How Many Species of Gall-Inducing Insects Are There
on Earth, and Where Are They? (2007, p. 95) that “Estimates of the global richness of gall-inducing
insects ranged from 21,000 to 211,000 species, with an average of 132,930 species™®. Hearn et al.
(2019, p. 1) speak of 30,000 arthropod species®, and Sahu et al. (2020, p. 1288) mention that “There
are approximately 13,000 species of insect gallers known in the world.”?! | myself referred (2017,
p. 1) to More than Twelve Thousand Ugly Facts [which] are Slaying a Beautiful Hypothesis:
Darwinism.?

Since “insects cause the majority and induce the greatest variety of structures: gall midges and
a few other families of flies (Diptera), gall wasps and sawflies and a few chalcid wasps
(Hymenoptera), gall-causing aphids, adelgids, phylloxerans and some psylloids and scale insects
(all Hemiptera), and a few beetles (Coleoptera) and moths (Lepidoptera)”® we are concentrating in
the present article mostly on them.

Plant galls: Definitions

Many definitions have been given for plant galls, often emphasizing different aspects of
this multifaceted biological phenomenon — from plant galls as teratological abnormalities to
exceptionally elaborate new plant organs “comparable to the specific and often complex shape
of organisms capable of reproduction” (emphasis added in all the following brief citations):

(1) “Galls are structures that form as a result of the abnormal growth activities of plants in response
to gall-inducing organisms. Most galls are caused by nematodes, insects and mites, while a very small
percentage are caused by bacteria, fungi and viruses” (Mapes 2008). Insect example: “The galls developed
by the plant are a consequence of the reaction of the leaves to the insect bite of the genus Aploneura. A
teratogenic structure is produced inside which the insect lives, lays the eggs and the new generation
larvae are formed” (Fernandez Oca 2000/2015%).

(2) “Insect galls are highly specialized plant organs formed by an intimate biochemical interaction
between the plant and a gall-inducing insect. Galls provide the insect enhanced nutrition and protection
against natural enemies and environmental stresses (Body et al. 2019%).

(3) “Galls are modified, invariably symmetrical, naturally developing plant structures that arise
because of messages from certain specialist insects, mostly from the Thysanoptera, Hemiptera, Diptera,
and Hymenoptera, and in a lesser frequency from the Lepidoptera and Coleoptera.” [...] “The gall-
inducing insects could be termed as ecosystem engineers in the sense that they manipulate plant
architecture to create novel habitats” (Miller and Raman 2019%).

(4) “Gall formation is a remarkable process, in which the gall-inducing organism becomes the new
organiser of plant development: normal cellular differentiation is inhibited, and the growth of the tissue

18 https://pubmed.ncbi.nim.nih.gov/30561603/

19 Ann. Entomol. Soc. Am. 100:95-99 (2007): http:/labs.ich.ufmg.br/leeb/publicacoes/2007_EspiritoSanto_&_Fernandes.pdf

20 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6855507/ https://www.nchi.nlm.nih.gov/pmc/articles/PMC6855507/pdf/pgen.1008398.pdf

2L http://www.entomoljournal.com/archives/2020/vol8issue2/Part\V/8-2-203-718.pdf with references to further authors.

22 http://www.weloennig.de/PlantGalls.pdf

23 Redfern, Margaret. Plant Galls (Collins New Naturalist Library, Book 117) . HarperCollins Publishers. Kindle-Version.

2 https://fdocument.pub/document/etnobotanica-cazorla.html Original Spanish text “Las agallas que desarrolla la planta son consecuencia de la reaccion de las
hojas ante la picadura de insectos del genero Aploneura. Se produce una estructura teratogenica en cuyo interior vive el insecto, pone los huevos y se forman las
larvas de la nueva generacion”

2 https://www.biorxiv.org/content/10.1101/658823v1.full

2 https://academic.oup.com/aesa/article-abstract/112/1/1/5123572
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is altered to produce characteristic and often bizarre structures” (Ranathunge et al. according to Hartley
201977).

(5) “While consisting of plant tissues, insect induced galls are seen as the extended phenotype of the
gall inducer which might circumvent many or most of the plant defenses” (Fernandez et al. 2008%).

(6) “Romanes, in 1889, first suggested that galls evolved as adaptations of the insect rather than of
the host plant. And, a 100 years later, Dawkins (1982) proposed that plant galls should be regarded as
‘the extended phenotype’ of the galling insect, controlled by the genes of the insect rather than the
plant’s” “Some gall wasp galls ... actively secrete nectar on to the gall surface (Dryocosmus cerriphilus
in S. Europe is an example) — ants collect the nectar and protect the gall wasp larva inside from drilling
parasitoids. Oak trees do not usually produce nectar, so the gall wasp and its extended phenotype must
have tapped into a developmental pathway that is not normally expressed by the oak” (Redfern 20112°).

(7) “Insect-induced galls (‘galls’ hereafter) represent highly regulated growth manifestations on
plants. They present unique geometrical forms, which are, usually, unknown in the normal plant system.
Galls are the best examples for modified natural structures that arise solely because of messages from an
alien organism — the insect. Galls develop as an extension of the host-plant phenotype” (Raman 2011,
2012; see, however, Pan et al. 2015, including Raman). “It is often asserted [mostly by highly qualified
entomologists like Weber, Weidner, Eidmann, Kihlhorn, Buhr, Mani, Schremmer and others], that galls
of cynipids on oak originated as a means of protection of the hosts [i.e. as extended phenotype — not of
the galling insect, but of the plant, encapsulating the galling parasite thus preventing further damage].
That is improbable... Galls are not the product of co-evolution, but of a one-sided selection of the
cecidogenetic ability of the hymenopterans” (Sedlag 2007%°).

(8) “A gall is a manifestation of the reprogramming of plant cellular growth and/or development ...
that begins at the colonization site of a specific foreign organism, which receives specialized services
from the plant and continues to interact with the de novo plant tissue or organ as it develops and matures”
(Harris and Pitzschke 2020%%).

(9) “Plant galls represent a unique and complex inter-specific [as well as inter-kingdom] interaction
between the inducer organism and the host plant. Insect galls are one such curious wonders of nature that
attracts the attention of many naturalists. Galls are [...] developed cells that have proliferated in a region
of the plant, causing an external swelling or modification of the plant as a result of parasitic organism”
(Sahu et al. 2020%?).

(10) “Any morbid production developed on any part of a plant by an animal or vegetable parasite
with active participation of the affected tissue” (Barthélemy de Nabias 1886%%). “Galls are defined as
modifications of the normal developmental design of plants, produced by a specific reaction to the
presence and activity of a foreign organism. Although different organisms have the ability to induce galls
in plants, insect-induced galls are the most elaborate and diverse” (Gatjens-Boniche 2019%4). “Cynipid
galls: insect-induced modifications of plant development create novel plant organs” (Harper et al. 2004%%)
“The insect induces a differentiation of tissues with features and functions of an ectopic organ, providing
nutrition and protection to the galling insect from natural enemies and environmental stresses”
(Richardson et al. 2017%¢). “Many galls, especially those involving an insect, have a very specific and
often complex shape, comparable to the specific and often complex shape of organisms capable of
reproduction. Galls, however, do not reproduce — each individual gall takes origin from a new interaction
between the plant and the external agent” (Minelli 2017%7).

2"https://www.researchgate.net/profile/Hans_Lambers/publication/335337180_Parasitic_plants_galls_and_witches'_brooms/links/5d5f420d92851¢3763736607/P
arasitic-plants-galls-and-witches-brooms.pdf

2 https://link.springer.com/article/10.1007/s11829-008-9031-x

29 https://www.amazon.de/Plant-Galls-Collins-Naturalist-Library/dp/0002201437

30 https://www.nabu.de/imperia/md/content/nabude/insekten/insecta_10.pdf

31 https://nph.onlinelibrary.wiley.com/doi/epdf/10.1111/nph.16340

32 http://www.entomoljournal.com/archives/2020/vol8issue2/Part\//8-2-203-718.pdf
33https://hooks.googIe.de/books?id=2lI6AAAA|AAJ&q:Banh%C3%A9Iemy+de+Nabias&dq=Barth%CS%A9Iemy+de+Nabias&hI=de&sa=X&ved=2ahUKEwiqkoK5k5rthWchQBHTBWAYMQBAEWAHOECAUQAg
Original French text: “Toute production morbide dévelopée sur une partie quelconque d’une plante par une parasite animal ou végétale avec participation active
du tissue affecté ”

34 https://scholar.google.de/scholar?as_ylo=2019&g=plant+galls+cynips+cytokinins&hl=de&as_sdt=0,5

3 https://onlinelibrary.wiley.com/doi/full/10.1046/j.1365-3040.2004.01145.x

% https://pubmed.ncbi.nim.nih.gov/26739691/

37 https://dialnet.unirioja.es/servlet/articulo?codigo=6339852 https://pdfs.semanticscholar.org/df87/8184a93d5496451d905f401e241a554f9662. pdf


https://www.researchgate.net/profile/Hans_Lambers/publication/335337180_Parasitic_plants_galls_and_witches'_brooms/links/5d5f420d92851c3763736607/Parasitic-plants-galls-and-witches-brooms.pdf
https://www.researchgate.net/profile/Hans_Lambers/publication/335337180_Parasitic_plants_galls_and_witches'_brooms/links/5d5f420d92851c3763736607/Parasitic-plants-galls-and-witches-brooms.pdf
https://link.springer.com/article/10.1007/s11829-008-9031-x
https://www.amazon.de/Plant-Galls-Collins-Naturalist-Library/dp/0002201437
https://www.nabu.de/imperia/md/content/nabude/insekten/insecta_10.pdf
https://nph.onlinelibrary.wiley.com/doi/epdf/10.1111/nph.16340
http://www.entomoljournal.com/archives/2020/vol8issue2/PartV/8-2-203-718.pdf
https://books.google.de/books?id=2II6AAAAIAAJ&q=Barth%C3%A9lemy+de+Nabias&dq=Barth%C3%A9lemy+de+Nabias&hl=de&sa=X&ved=2ahUKEwiqkoK5k5rqAhWZwcQBHT9wAYMQ6AEwAHoECAUQAg
https://scholar.google.de/scholar?as_ylo=2019&q=plant+galls+cynips+cytokinins&hl=de&as_sdt=0,5
https://onlinelibrary.wiley.com/doi/full/10.1046/j.1365-3040.2004.01145.x
https://pubmed.ncbi.nlm.nih.gov/26739691/
https://dialnet.unirioja.es/servlet/articulo?codigo=6339852
https://pdfs.semanticscholar.org/df87/8184a93d5496451d905f401e241a554f9662.pdf

Plant gall complexity

(1) Exact anatomical presentations of some galls by
M. Lacaze=-Duthier (1853)

As already mentioned in http://www.weloennig.de/PlantGalls.pdf (2017, p. 9) Darwin [almost]
correctly commented on the complexity of plant galls (1875, p. 272) the following points:

“In some galls the internal structure is simple, but in others it is highly complex; thus M. Lacaze-Duthiers® has
figured in the common ink-gall no less than seven concentric layers, composed of distinct tissue, namely, the
epidermic, sub-epidermic, spongy, intermediate, and the hard protective layer formed of curiously thickened woody
cells, and, lastly, the central mass, abounding with starch-granules on which the larve feed.” [These are six layers;

he could have added clearly differentiated layers within layers and the additional vascular bundles: so even more than
seven.]

One may study the gall figures (by magnifying the PDF) from the paper by M. Lacaze-Duthiers
(1853). At least seven layers in B (Planche17: 5) and C (Planche18: 5 combined with 6)3:

W™ Dowliot e

Anatomie des galles. Aralomee des galles.

A (Planche 16) B (Planche 17)

Explanations of the anatomical Details are given on the next page in French (for translation,
if necessary, one may use, for example Google Translator, or some of the others for
comparison; see also as an addendum of 28 September 2020 the translation by Huong Imhoff:
http://www.weloennig.de/HuongTranslation1853.pdf).

38 https://de.wikipedia.org/wiki/F%C3%A9lix_Joseph_Henri_de_Lacaze-Duthiers
39 https://www.biodiversitylibrary.org/item/129786#page/421/mode/lup


http://www.weloennig.de/PlantGalls.pdf
http://www.weloennig.de/HuongTranslation1853.pdf
https://de.wikipedia.org/wiki/F%C3%A9lix_Joseph_Henri_de_Lacaze-Duthiers
https://www.biodiversitylibrary.org/item/129786#page/421/mode/1up
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C (Planche 18)
M. Lacaze-Duthiers: Legends for the figures*® (text for Planche 17 enlarged right below):

EXPLICATION DES FIGURES.

(Tous los deesins anatomiques , pris & la chambre claire, sont & 100 de gros-
siasomment, objectif n° | de Nacket.)

PLANCHE 16.

Fig. 4. Noix do Galle du pays.

Fig. 17, Coopo de In Galle de grandeur naturelle.

Fig. 2. Epiderme et covehe sous-épidermique.

Fig. 3. Couche spongicuse.

Fig. &. Cellules cyliadriques faisant lo passage do la cosche rameaso & Ia
coucho dure.

Fig. 5. Couche dure (a); conche proiectrics (t).

Fig. 6. Coupe des cellules prolectrices grossies.

Fig. 7. Masse alimentaire : dans la portion (a) les grains d’amidon se colorens
n bleu par Viad; dans Ia portion (1) ils ne se colorent pas.

rrancue 18,

4. Quatre espéces de Galles, en parasol , en gimblelles, oo lenti-
Chéne.

Fig. 8. 6,7, 8 et 9, Détails anatomiques do la glande n° 1. 5 (c) covche cella-
laire sous-épidermique remplie de grains de fecole; parenchyme cellolaire :
#,¢, couche prolecirice; g, couche alimentaire renfermant ici (res pea d'ami-
don; d, cellules allongées correspondant aus vaisseaus

Fig. 6. Epiderme au fond du godet : () deux couches de cellules épideemiques ;
(«) cing couches de cellales aplaties vidées ; (¢) parenchyme.

Fig. 7. Bocds du godet ; origine des poils.

Fig. 8. d el e, cellules réticulées grossic

¥ig. 9. Figore théorique des Galles en

3* sévie. Bor. T, XIX. (Calwer

0 dismitres.

POUR SERVIR A i'ilISTOIRE DES GALLES, 353
Fig. 8. Galles dures de la feuille du Chéne, blanches verdatces, un peu dia-
phanes, comme de la cire; tovjours sphériques; lisses.
Fig. 9. Galles dures des fevilles plus petites que celles du n° 3, un peu apla-
ties, ovoides, brunitres; lisses,
Fig. 40, Galle dure de la feville du Chéne , zébrée de rouge-brique obscur et de

Fig. 11. Epiderme; tissu cellulaire sous-épidermique dans 'espace o° 1.

Fig. 12. Cellules du parenchyme , dures, ¢paissies, prismatiques, id.

Fig. 13. Couche protectrice, id.

Fig. 44, Galles dures e Ia feuille du Chéae, un peu cylindriques et chagrindes.

PLANCHE 17.

Fig. 1. Galles spongieuses de la feuille du Chéne, venues surtout sur le pyra-
mi

Fig. 2. Tissus do la Galle spongicuse de la feuille de'Chene pyramidal :
(a) épiderme; (b) couche sous-épidermique; (c) couche spongieuse.

Fig. 3, Couclie protectrice.

Fig. §. Gallo da bourgeon terminal du Chéne.

Fig. 5. Coope do la Galle: (a) épiderme ; (b et c) couche sous-épidermique, dont
les cellules sont remplies de fécule , présentant cette particularilé: en (b) les
graing sont colorés de vert; en (<) ils sont incolores : cela donne a la Galls
uno apparence de pointillé blanc; (d) vaisseavx; (¢) couche protecirice:
(£, g) couche alimentaire ; en (f) grains de fécule colorables par l'iode; en (g)
on n'eblient pas de coloration, Chaque cellule do cette couche renferme un
corpuscule brun jaunatre.

Fig. 6. Epiderme vu de face ; chacune des cellules renferme un nucléus arrondi.

Fig. 7. Galle cupuliforme du Chéne.

Fig. ¥. Grossie & diverses périodes de son développement.

Fig. 9, 9' et 9", Coupe de la Galle, Mémes lettres que pour la figure 5.

354 LACAZE-DUTHIERS. — RECHERCHES, ETC.

Fig. 10, Galles sphériques de la fosille do I'Eglantier.

Fig. 11. Epiderme.

Fig. 12. Couches cellalaires , avee quelques grains do feu.

Fig. 43, Bords internes de ba couche cellulaire, avec quelquss cellales spbéroi-
- dales.

Fig. 14. Bidégar; lo commencement de leur développemeat.

Fig. 45. Détails anatomigues du bédégar.

Fig. 16. Pomme do Chdne coupée lengitudisaloment.

Fig. 47, Tissas spongieux de cette Galle.

rraNcue 19.
Fig. 1. Grosse glande des racines du Chéae.
¥ig. 2. Tissus Epid e cellules
dpaisses,

Fig. 3. Couche protectrice limitant les loges.

Fig. 8. Galle interoe do la couche cellslaire herbacés des rameaux da Chine.

Fig. 5. Coape théorique de celte glande.

Fig. 6. Anatomie: a, épiderme ; b, couche subéreuse ; ¢, couche berbsode hyper-
trophiée; d, couche do cellales aplaties, rossemblant & celles do la ooucbe
subéreuse ¢, couche analogue au tissu protecteur des Galles extornes.

Fig. 7 et 16. Coupe do la tameur de la fesille de 1'Osier.

Fig. 8. Galla interne du pétiolo de Ia feuille du Peaplier.

Fig.9,9',9". Tussude la tumesr, & partir do la surface externe jusqus b
cavité,

Fig. 10. Tomeur du Peuplier d'ltalie,

Fig. 1. Coupe de la tumear.

Fig. 12. Galles en artichaut du Chéne, coopée longitudinalement,

Fig. 13. Anatomie de la pelite tumeor centrale, On remarqoe des celleles rem-
plies damidon, et formant une couche plus dpaisse vers Ia Lase do Ia tameor.

Fig. 14, Anatomie de la base d'wne des écailes hypertrophides du bovrgeoa.

Fig. 45, Avatomie du cal de artichast : on voit des groupes de cellules posc~
todes, trés dpaisses, tres grandes, relativement au tissa cellulaire qui les

entoure. Ces cellules ressemblent & celles du Lissa prolectear.

Fig. 16. Tissu corraspondant & la partie supérieure moyeano infécioure do la
tumeur do I'Osier. :

40 https://www.biodiversitylibrary.org/item/129786#page/358/mode/lup
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Anatomee des galles.

D (Planche 19)

pLANCHE 17.

Fig. 4. Galles spongieuses de la feville du Chéne, venues surtout sur le pyra-
midal.

Fig. 2. Tissus de la Galle spongicuse de la feuille de Cheéne pyramidal :
(a) épid ; (¥) couche idermi (¢) couche

Fig. 3, Couche protecirice.

Fig. &. Gallo du bourgeon terminal du Chéne.

Fig. 5. Coupa de la Galle: (a) épiderme ; (b et c) couche sous-épidermique, donl
les cellules sont remplies de fécale, présentant cette parlicularilé: en (b) les
grains sont colorés de vert; en (c) ils sont incolores : cela donne 3 la Galla
une apparence de pointillé blanc; (d) vaisseaux; (¢) couche protectrice.
(1, g) couche alimentaire ; en (f) grains de fécule colorables par liode; en (g)
on n'obtient pas de coloration, Chaque cellule de cette coucho renferme un
corpuscule brun jaunitre,

Fig. 6, Epiderme vu de face ; chacune des cellules renferme un nucléus arrondi.

Fig. 7, Galle cupuliforme du Chéne.

Fig. 8. Grossie A diverses périodes de son développement.

Fig. 9, 9" et 9". Coupe de la Galle. Mémes lettres que pour la figure 5.



https://www.biodiversitylibrary.org/item/129786#page/358/mode/1up

11

(2) Genes and DNA sequences
(a) a few examples

As had been anticipated and also been predicted, the complexity of plant gall anatomy finds
its counterpart on the molecular level. So, after this brief excursion into the exact anatomical
investigations on plant galls in the 19" century, let’s now turn to 21% century and look at some
discoveries on the DNA level:

First an example of 535 genes expressed differentially in gall and leaf tissues:

Narendran et al. (2020): Integrated omics approach to understand Pistacia - aphid gall
development (pp. 6 and 11)*:

“In the present study, we identified the putative genes (62,801 transcripts) that are specifically expressed in gall (Additional File
3). GA receptor and scarecrow-like protein 8 - DELLA proteins were highly expressed in gall with an FPKM value of 9.28 and
26.97 respectively (Table 4). We identified 535 genes that were differentially expressed between gall and leaf tissues (Additional
File 4). Among these genes coding for biosynthesis of secondary metabolites, plant-aphid interactions, stress responses,
phytohormone signal transduction and terpene biosynthesis were [more] highly expressed in gall than in leaf (Table 5).

We had approximately 130 X coverage data for Pistacia genome and estimated genome size was 549 Mb. We found a total of
51,290 genes and 231,624 SSRs in Pistacia genome. Transcriptome sequencing and de-novo assembly of transcriptome of gall and
leaf from Pistacia generated 76,186 transcripts from gall and 46,327 from leaf. Transcription factors and enzyme codes in gall and
leaf identified from this study. We have identified differentially expressed genes coding for biosynthesis of secondary metabolites,
plant-aphid interactions, stress responses, phytohormone signal transduction and terpene biosynthesis that are highly expressed in
gall when compared to leaf. Peptide analysis from dry gall of Pistacia has identified most abundant aphid peptides such as actin
and tubulin. This is the first multiomic study that used to identify differentially expressed genes in gall of Pistacia.”

Hirano et al. (2020): Reprogramming of the developmental program of Rhus javanica
during initial stage of gall induction by Schlechtendalia chinensis*:

“Although insect galls are fascinating structures for their unique shapes and functions, the process by which gall-inducing insects
induce such complex structures is not well understood. Here, we performed RNA-sequencing-based comparative transcriptomic
analysis of the early developmental stage of horned gall to elucidate the early gall-inducing process carried out by the aphid,
Schlechtendalia chinensis, in the Chinese sumac, Rhus javanica.

There was no clear similarity in the global gene expression profiles between the gall tissue and other tissues, and the
expression profiles of various biological categories such as phytohormone metabolism and signaling, stress-response pathways,
secondary metabolic pathways, photosynthetic reaction, and floral organ development were dramatically altered. Particularly,
master transcription factors that regulate meristem, flower, and fruit development, and biotic and abiotic stress-responsive genes
were highly upregulated, whereas the expression of genes related to photosynthesis strongly decreased in the early stage of the
gall development. In addition, we found that the expression of class-1 KNOX genes, whose ectopic overexpression is known to
lead to the formation of de novo meristematic structures in leaf, was increased in the early development stage of gall tissue. These
results strengthen the hypothesis that gall-inducing insects convert source tissues into fruit-like sink tissues by regulating the gene
expression of host plants and demonstrate that such manipulation begins from the initial process of gall induction.”

An example of a resistance locus preventing gall formation of the rice gall midge:

P. Leelagud et al. (2020): Genetic diversity of Asian rice gall midge based on mtCOI gene
sequences and identification of a novel resistance locus gm12 in rice cultivar MN62M (p.
4273)%:

“The rice gall midge (RGM), Orseolia oryzae (Wood-Mason), is one of the most destructive insect pests of rice, and it causes
significant yield losses annually in Asian countries. The development of resistant rice varieties is considered as the most effective
and economical approach for maintaining yield stability by controlling RGM. ... In this study, a mitochondrial cytochrome oxidase
subunit I (mtCOIl) was used to analyze the genetic diversity among Thai RGM populations. The phylogenetic tree indicated that the
Thai RGM populations were homogeneously distributed throughout the country. The reactions of the resistant rice varieties carrying
different resistance genes revealed different RGM biotypes in Thailand. The Thai rice landrace MN62M showed resistance to all
RGM populations used in this study. We identified a novel genetic locus for resistance to RGM, designated as gm12, on the short
arm of rice chromosome 2. The locus was identified using linkage analysis in 144 F2 plants derived from a cross between
susceptible cultivar KDML105 and RGM-resistant cultivar MN62M with single nucleotide polymorphism (SNP) markers and F2:3
phenotype. The locus was mapped between two flanking markers, S2_76222 and S2_419160. In conclusion, we identified a new
RGM resistance gene, gm12, on rice chromosome 2 in the Thai rice landrace MN62M. This finding yielded DNA markers that can
be used in MAS to develop cultivars with broad-spectrum resistance to RGM. Moreover, the new resistance gene provides essential
information for the identification of RGM biotypes in Thailand and Southeast Asia.”

41 https://www.researchgate.net/publication/340194102_Integrated_omics_approach_to_understand_Pistacia_-_aphid_gall_development
“2 https://www.frontiersin.org/articles/10.3389/fpls.2020.00471/full#referl
43 https://link.springer.com/article/10.1007/s11033-020-05546-9 History: https://www.ucl.ac.uk/rice/history-rice/debating-origins-rice


https://www.researchgate.net/publication/340194102_Integrated_omics_approach_to_understand_Pistacia_-_aphid_gall_development
https://www.frontiersin.org/articles/10.3389/fpls.2020.00471/full#refer1
https://link.springer.com/article/10.1007/s11033-020-05546-9
https://www.ucl.ac.uk/rice/history-rice/debating-origins-rice
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Also, wild rice can be infected: “Observations of wild rice in Lao PDR showed that wild rice
is infected in the dry season. Seven species of wild and weedy rice have been identified in Lao PDR
— Oryza rufipogon, O. nivara, O. granulate, O. officinalis, O. ridleyi, and O. minuta...” (see context
in Bennet et al. 2004, p. 83*4).

Let’s remember in this context the argument of Professor Joachim lllies of the Max Planck
Institute for Limnology on plant galls concerning natural selection and evolution (see above):

“For the plant, the entire effort involved in the gall formation is of no apparent benefit, it is more of a harm because it requires
nutrients, reduces the assimilating leaf area and disrupts the normal course of growth, sometimes even the most valuable parts of
the plants: buds and seeds. Consequently, according to Darwin, the plants without galls should have an advantage over those with
galls, and so in the course of evolution the gall-free variants among the plants should have been chosen very soon and everywhere
as the fittest ones [which is not the case].”*®

Several authors suggest that — perhaps somewhat similar to Agrobacterium tumefaciens — the
transfer and integration of insect genetic material is also involved in the formation of plant galls by
insects:

Jankiewicz et al. (2017): Oak leaf galls: Neuroterus numismalis and Cynips quercusfolii, their
structure and ultrastructure (p. 1)*:

“We believe that the deep changes in the morphogenetic program of a leaf, which are caused by the gall-forming insects, are
impossible without the transfer and the integration of the insect genetic material with that of the host plant. We also postulate
that a larva secrets as yet hypothetical substances, which redirect the nutrients transport from the leaf blade towards the gall and
support its vital functions.”

However, no verification of the hypothesis so far. Same for the following proposals (“insertion
of exogenous genetic elements into the genome of plant gall cells” by an endosymbiotic bacterium):

Omar Gatjens-Boniche (2019): The mechanism of plant gall induction by insects: revealing
clues, facts, and consequences in a cross-kingdom complex interaction (p. 1359)*':

“Although different organisms have the ability to induce galls in plants, insect-induced galls are the most elaborate and diverse.
Some hypotheses have been proposed to explain the induction mechanism of plant galls by insects. The most general hypothesis
suggests that gall formation is triggered by the action of chemical substances secreted by the gall inducer, including plant growth
regulators such as auxins, cytokinins, indole-3-acetic acid (IAA), and other types of compounds. However, the mode of action of
these chemical substances and the general mechanism by which the insect could control and manipulate plant development and
physiology is still not known. Moreover, resulting from the complexity of the induction process and development of insect galls,
the chemical hypothesis is very unlikely a complete explanation of the mechanism of induction and morphogenesis of these
structures. Considering the finely tuned control of morphogenesis, structural complexity, and biochemical regulation of plant galls
induced by insects, it is proposed that an induction mechanism mediated by the insertion of exogenous genetic elements into the
genome of plant gall cells could be involved in the formation of this kind of structure through an endosymbiotic bacterium.”

Incidentally, already in 1981 Joachim lllies had proposed the following RNA hypothesis
in his paper Gallenbitteres Argernis (p. 47)%:

“The gall inducers obviously have the ability to crack, tap and manipulate the molecular code of the genetic information that is
available in the plant cells. Somehow, they can send their own messenger substances, perhaps specific RNA molecules, into the
“hostile” cell and thus take over the command: suppress developmental processes [of the plant], mobilize or redirect others and thus
arrange everything in their favor. ... Incidentally, this is also corroborated by the fact that the cell nuclei of the plants near the gall-
producing larva are significantly enlarged (up to two hundred times).”

Although at present just working hypotheses, the suggestions reveal at least how deeply
impressed these authors are of the complexity of many plant galls (“deep changes in the
morphogenetic program of a leaf”) (“the chemical hypothesis is very unlikely a complete
explanation”). See also Straka et al. (2010, p. 202): “The formation of galls is likely more than
just the sum of its chemical constituents and the results appear to be subtle, effective, and
extremely complex.”*°

4 https://books.google.de/books/about/New_Approaches_to_Gall_Midge_Resistance.html?id=vI65u-nDsBYC&redir_esc=y

“ llies, J. (1981, p. 46): Gallenbitteris Argernis. Natur — Horst Sterns Umweltmagazin, Juni 1981 Nr 6, p. 46.

4 http://yadda.icm.edu.pl/yadda/element/bwmetal.element.agro-9692b730-7e9f-4776-aa02-c54b73f5e103

7 Revista de Biologia Tropical 67:1359-1382.

48 Natur — Horst Sterns Umweltmagazin, Juni 1981: 42-47 (almost verbatim reproduced his book (1991): Der Jahrhundert-Irrtum. Wirdigung und Kritik des
Darwinismus. Umschau Verlag, Frankfurt am Main.

S https://www.tandfonline.com/doi/pdf/10.1080/17429145.2010.484552


http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.agro-9692b730-7e9f-4776-aa02-c54b73f5e103
https://www.tandfonline.com/doi/pdf/10.1080/17429145.2010.484552
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(b) A closer look at the RNA gall paper by Schultz et al. (2019)

We are now going to cite and review in more detail the largely recommendable® Nature
paper — being a milestone on the molecular genetics of gall research — by Jack C. Schultz et al.
A galling insect activates plant reproductive programs during gall development (2019, p. 3)°:

“We extracted RNA from phylloxera leaf galls on Vitis riparia at four intervals as they developed (Fig. 2). Aligning reads to the
Vitis vinifera genome (Version 12 x ; Phytozome Version 7, Joint Genome Institute) allowed us to identify 26,346 grape transcripts
expressed in either gall or leaf or both. Of these, 11,049 were differentially expressed (> 1.5-fold, P <0.01) at least once in galls
compared with ungalled leaves (Fig. 3).”

As for the correct comment of the authors that (p. 1%2) “many remarkable flower- and fruit-
like traits are seen in galls formed by many insect families and orders on many plant species
(Fig. 1)” (validated independently also by many authors long before and after Darwin®® who is
mentioned in this context)®, it would not be uninteresting to have a ratio of the “many insects
families and orders” of the =132,930 insect species eliciting such “remarkable flower- and fruit-
like traits” in galls to those primarily inducing other traits> (could the latter perhaps even be in
the majority?) and, moreover, how many and which additional RNA transcripts are involved
in the respective gall formations (pertaining “the hypothesis that insects eliciting complex galls
recruit portions of the host plant’s reproductive program to produce these necessary
characteristics” and “Results confirmed that phylloxera gall development engages portions, but
not all, of the floral developmental programs in grapevine” — p. 3) and, above all, whether
genes, which are never expressed during normal plant development, are also involved®®.

Furthermore, concerning their Figure 1 (p. 2) on FLOWER-LIKE and FRUTE-LIKE GALLS, it
would have been illuminating to have direct comparisons (photos) with the flowers and fruits
of the respective original species to assess and focus not only the remarkable similarities but
also the often unique and distinctive differences between the galls and the flowers and fruits
to which they are compared. Also, photos of the insect species could be added on both sides of
the figure (seems to have been enough space on both sides of the figure).

Focusing almost exclusively on the similarities could strongly distract the reader’s attention
from the uniqueness of a plant gall as a new morphological and functional entity due to non-

%0 Recommendable for their painstaking molecular investigations, although several very important aspects and further key points have not been considered by the
authors — for example the topic of mutations, selection, “fremddienliche ZweckmaéBigkeit”, and nothing about chemical signaling, just that it is “poorly understood”
51 Directly available in https://www.nature.com/articles/s41598-018-38475-6 and https://www.nature.com/articles/s41598-018-38475-6.pdf

52 Page numbers refer to the PDF document.

53 Possibly beginning with Theophrast (@e6@pactoc Thedphrastos ¢. 371 — ¢. 287 BC; for instance the Mulberry gall (“Again it has another growth like a
mulberry in shape...”) and the hop gall (Andricus fecundator) (“...there is a leaf-like ball, which is oblong and of close texture.”), see details and discussion, for
example, in Klaus Hellrig & Sileyman Bodur (2015): https://www.zobodat.at/pdf/ForestObserver_007_0121-0182.pdf; original text pp. 199-203 in
https://archive.org/details/enquiryintoplantO0Otheo/page/202/mode/2up or some points in Malpighi 1679; bearbeitet/iibersetzt von M. Mobius p. 82 zu “Crataegus
Pyracantha Pers. (Tafel VIL, 11)“: “Manche Blitter leiden an fast zahllosen Geschwiilsten, die rothlich aussehen und ohne scharfe Grenze uber die Ober- und
Unterseite des Blattes hervorragen und folgende Form besitzen: Sie dhneln einem kleinen Flaschenkiirbis't) mit dem Unterschiede, dass sie an der Spitze einige
Hdocker zeigen; an der entgegengesetzten Seite aber, d. h. auf der Unterseite des Blattes B eine Oeffhung von Anfang an vorhanden ist, umgeben von einem Wulst
(7, von dem zahlreiche Haare entspringen: innen ist sie ganz hohl zur Aufnahme der weissen Wiirmchen.* Original 1679, p. 24: “...Curcubitae medicae speciem
aemulantur...” (perhaps also pp. 28, 36, 42, 44). See also the survey in Chapter 14 by Margaret Redfern 2011.
https://archive.org/details/bub_gb_vrLpTE4ZAQ8C/page/n281/mode/2up?q=galle
https://archive.org/details/bub_gb_vrLpTE4ZAQ8C/page/n365/mode/2up?q=galle
https://ia802706.us.archive.org/8/items/dieanatomiederp0Ombgoog/dieanatomiederp00mbgoog.pdf

As for Theophrastos in general, see https://en.wikipedia.org/wiki/Theophrastus

5 Concerning the statement of Schultz et al. (p. 1): “Darwin also noted the similarity between some galls and fruits in the number, complexity and arrangement of
internal tissues. These tissues include a nutritive layer rich in carbohydrates and proteins for the insect much as nucellus or endosperm provide nutrition to plant
embryos.” Well, first, I would like to point out that he compared it not perhaps with the nucellus or endosperm, but with an entire fruit (“Or compare ... the fruit
of the peach, with its hairy skin, fleshy covering, hard shell and kernel, and on the other hand one of the more complex galls with its epidermic, spongy, and woody
layers, surrounding tissue loaded with starch granules.” http://darwin-online.org.uk/converted/pdf/1868_Variation_F877.1.pdf ) and, second, it would be interesting
to study not only the similarities but also the developmental, anatomical and molecular deep dissimilarities/differences between the/an (usually triploid) endosperm
and the nutritive layers of galls. See perhaps already M. Lacaze-Duthiers (1853) above. lllies wrote (1981, p. 44): Das Staunen wuchs aber, als man die Gallen
naher kennenlernte und sah,... dass sie fir ihre Untermieter geradezu luxurids ausgestattet sind. Der innere Hohlraum, in dem die winzigen [Larven] leben, ist mit
feinstem und hochst nahrhaftem Gewebe als Schlaraffenland ausgestattet, das von den Insassen nur abgeweidet werden braucht... Fette, Eiwei8 und Wasser sind
in diesem Nahrgewebe reichlich enthalten, konzentriert und mundgerecht wie nirgends sonst in der Pflanze “ (Gallenbitteres Argernis; Natur, Juni 1981).

55 Not easy, for some superficial similarities with flowers and fruits may almost always be imagined or detected.

% Considering, for example, Raman’s comment that “the gall [induced by Phacopteron lentiginosum on the leaves Garuga pinnata], which shoots through the leaf,
expresses itself differently on either side of the lamina by differentiating its own epidermises with varying structures: cells at the gall summit are similar to those
of the host leaf, whereas those along the mid and lower regions, differentiated through intercalary meristematic activity, vary in their morphologies and even
generate multicellular trichomes that are absent on normal leaves (Raman 1993).)


https://www.nature.com/articles/s41598-018-38475-6
https://www.nature.com/articles/s41598-018-38475-6.pdf
https://www.zobodat.at/pdf/ForestObserver_007_0121-0182.pdf
https://archive.org/details/enquiryintoplant00theo/page/202/mode/2up
https://archive.org/details/bub_gb_vrLpTE4ZAQ8C/page/n281/mode/2up?q=galle
https://archive.org/details/bub_gb_vrLpTE4ZAQ8C/page/n365/mode/2up?q=galle
https://ia802706.us.archive.org/8/items/dieanatomiederp00mbgoog/dieanatomiederp00mbgoog.pdf
https://en.wikipedia.org/wiki/Theophrastus
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derivability of entirely new characteristics and their ingenious recombination with “old” ones
on all biological levels. Also, it may tend to seduce the reader to assume that the known features
explain everything — including the origin and uniqueness of a gall.

Studying the thorough and painstaking investigations of Schultz et al. more closely,
considering the large amount of details on the similarities with the genetics of flower formation
(“many orthologs of genes that positively regulate flower development were up-regulated” — p.
11), one may eventually ask why a unique plant gall and not flower is generated by this
process. After their doubtful if not disproved assertion that ““it is important to remember that
flowers are modified leaves, evolutionarily” — flowers are, in fact, much more (see L6nnig in
Plant Cell®"), it seems that the authors themselves deemed it necessary to state (p.12):

“Phylloxera galls are not flowers or fruits, but their transcriptomes show greater commitment to flowering than do ungalled
leaf tissues; they are neither flowers nor leaves, but are unique organs incorporating traits of both.”

Indeed, the galls are neither flowers, fruits nor leaves, but unique organs — what is missing
so far is the molecular basis of their uniqueness. Galls are incorporating traits of all three plant
organsand much more. Even Darwin commented in agreement with B. D. Walsh (1868,
p. 283 and 1875, p, 273): “Galls, as Mr. Walsh remarks, afford good, constant, and definite
characters, each kind keeping as true to form as does any independent organic being.”>®

As zoologist Anne Gauger remarked in a very different context but appliable also here:
“You can have two houses built of the same materials — two by fours, pipes, wall board, nails,
wires, plumbing, tile, bricks, and shingles — but end up with very different floor plans and
appearances, depending on how they are assembled.”*

Casey Luskin on ID and Systematics (now expanded for our present topic on plant galls in
square brackets; — however, 1 would like to come back to the topic of design later):

“Observation: Intelligent agents often re-use functional components in different designs. As Paul Nelson and Jonathan Wells
explain: “An intelligent cause may reuse or redeploy the same module in different systems ... [and] generate identical patterns
independently” [well shown by Schultz et al 2019 for the generation of plant galls by insects].

Hypothesis (Prediction): Genes and other functional parts will be commonly re-used in different organisms [and in the cases of
plant galls instigated by insects and others reused even in the same species and individuals].

Experiment: Studies of comparative anatomy and genetics have uncovered similar parts commonly existing in widely different
organisms [and in the cases of plant galls even within the same organisms]. Examples of “extreme convergent evolution” show
re-use of functional genes and structures in a manner not predicted by common ancestry. [Common ancestry did not predict that
insects could induce complex new organs in plants — it is just an explanation post hoc.]

Conclusion: The re-use of highly similar and complex parts in widely different organisms [and even by insects in the same
organisms ‘for entirely new plant organs (complex, refined, sophisticated, “high tech” galls) consisting of up to seven differentiated
layers with diverse positive functions for the guests, exclusively built at the expense of the plant host’], in non-treelike patterns is
best explained by the action of an intelligent agent.”

Applying some of the points — reuse of the same modules and the generation of several
unique new features and their integration into a new and unique plant organ — in a brief
discussion of Figure 1 displayed by Schultz et al. (2019, p. 2) one may ask: To what extent is,
for example, the gall of Andricus foecundatrix (their first photo above on the left) flower-like
(bracts, petals, stamens and carpels)? What are the unique morphological features of the gall
distinguishing it from the leaves, flowers and fruits as normally generated by oaks?

57 Lonnig. W.-E.: Goethe, Sex and Flower Genes. Plant Cell 6, 574-576 (1994). https://www.ncbi.nlm.nih.gov/pmc/articles/PMC160459/pdf/060574.pdf or
http://www.plantcell.org/content/6/5/574 and http://www.weloennig.de/Goeasy.html

%8 http://darwin-online.org.uk/content/frameset?itemID=F878.2&viewtype=text&pageseq=1 and http://darwin-online.org.uk/contents.html

59 http://www.weloennig.de/KutscheraPortner.pdf, https://evolutionnews.org/2014/03/the_mismeasure/

| myself have tried to illustrate this point as follows — add please the materials out of which the examples given consist (L6nnig 2012, pp. 219/220:
http://www.weloennig.de/Utricularia2011Buch.pdf): “Zu den unterschiedlichen Differenzierungs- und Komplexitatsstufen im Organismenreich generell ...
vielleicht folgende simple Veranschaulichungen aus der Technik: Beweist die Tatsache, dass es (Kinder-)Roller, kleine und groBe Fahrrader, Dreirader,
Kinderwagen ('Vierrader'), Motorréader, Autos (PKWSs und Lastwagen/Trucks mit mehr als 4 Radern) etc. gibt, dass sich alles vom Roller ableitet und tiberdies von
selbst entstanden ist (Selbstorganisation)? Und dass etwa bei einem Mercedes 240 E ein funktional irreduzibles core system nicht vorhanden ware? Zeigt uns die
Serie Hundehdtte, kleine Laube, Lehmhiitte, Einfamilienhaus, Villa mit Swimmingpool, Schloss Neuschwanstein, Buckingham Palace, dass sich die Schldsser
allesamt von der Hundehiitte ableiten und ohne Geist, Plan und Ziel entstanden sind?*


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC160459/pdf/060574.pdf
http://www.plantcell.org/content/6/5/574
http://www.weloennig.de/Goeasy.html
http://darwin-online.org.uk/content/frameset?itemID=F878.2&viewtype=text&pageseq=1
http://darwin-online.org.uk/contents.html
http://www.weloennig.de/KutscheraPortner.pdf
https://evolutionnews.org/2014/03/the_mismeasure/
http://www.weloennig.de/Utricularia2011Buch.pdf
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Ernst Kister wrote more than a hundred years ago (1911, p. 95):

“The bud galls already described by MALPIGHI, which Andricus fecundator [obsolete name for Andricus foecundatrix] causes
on oaks, the so-called oak artichoke gall [or hop gall] (see Fig. 2), also belong in this context; because the astonishing overproduction
of leaves similar to bud scales, which give the gall its characteristic appearance — in medium-sized galls there are up to 150 scales
— they are probably leaf organs which, like the normal bud scales of oak, are to be considered as stipules.”®

Heiko Bellmann comments in his book Geheimnisvolle Pflanzengallen — Ein Bestimmungs-
buch fur Pflanzen- und Insektenfreunde concerning Andricus foecundatrix (2017, p. 182; similarly
H. Bellman, M. Spohn and R. Spohn 2018, p. 288):

“Gall of the asexual generation (2a) similar to a hop fruit, emerging from the tip or side bud of a branch. Numerous round, light
green colored and red-brown edged bud scales envelop an approximately 4 mm long, hard inner gall with the wasp larva inside.
When it ripens in September or October, the whole gall opens like a rose flower (2b) and the inner gall falls to the floor. The wasp
hatches next spring. The gall is therefore also known as “oak rose gall”.”®*

However, the plant morphologists don’t agree with each other. Although no entirely exact
developmental and anatomic counterpart is found anywhere on oak trees, the bud scales at the
base of the catkins may phenotypically come closest to the outer part of the gall (the “abnormal
giant bud” due to an “overproduction of scales” (Kiister 1911, p. 128), also called its organoid
part. In contrast, strongly different is the histoid (proximal/inner) part of the same gall, Kister
called it “a small hard tissue cone” and Redfern comments 2011 (Kindle version):

“The artichoke gall develops in a bud during the summer. When full-grown the gall is large, up to 30 x 20 mm, a cluster of
enlarged bud scales. These enclose an ovoid inner gall, which replaces the meristem of the bud. The inner gall is 6-9 mm long,
shiny brown in colour, and contains the single larva. The larva is full-grown in August.”

i (\.
erschiedene Entwicklungsstadien der Galle des Andricus
Mibius). H—H das AuSere der Galle. I—I, T—T blif
el die Innengalle K. Die dritte Figue zeigt die I
Insertionsstelle. S eine andere Galle, die sich an der d

Left: Gall of A. fecundatrix on Q. robur®2. Similar gall picture is shown by Schultz et al. (2019, p.2) as an example of a flower-like gall. Middle: Different
developmental stages of the gall of Andricus fecundator (= A. foecundatrix) according to Ernst Kiister 1911, p. 22. Right: Gall opened®:.

(a) Photo of late stage of the gall®*. (b) Femal flower of Quercus robur®, (c) Male flower of same species®®. (d) Detail of Quercus pedunculata®.

8 Kuster E. (1911): Die Gallen der Pflanzen — Ein Lehrbuch fur Botaniker und Entomologen. Verlag von S. Hirzel, Leipzig. Original German Text: “Die von
MALPIGHI bereits beschriebenen Knospengallen, welche Andricus fecundator [obsolete name for Andricus foecundatrix] an Eichen hervorruft, die sog.
Eichenrosen (vgl. Fig. 2), gehéren ebenfalls in diesen Zusammenhang; denn bei der erstaunlichen Uberproduktion von knospenschuppenahnlichen Blattern, welche
der Galle ihr charakteristisches Aussehen geben — bei mittelgroBen Gallen zéhlt man bis 150 Schuppen — handelt es sich wahrscheinlich um Blattorgane, welche,
ebenso wie die normalen Knospenschuppen der Eiche, als Nebenblitter zu betrachten sind.”

8 Original German text of Bellmann: “Galle der parthenogenetischen Generation (2a) dhnlich einer Hopfenfrucht, aus der Spitzen- oder Seitenknospe eines Zweiges
entstanden. Zahlreiche runde, hellgriin geférbte und rotbraun gerandete Knospenschuppen umhiillen eine etwa 4 mm lange, harte Innengalle mit der darin
befindlichen Wespenlarve. Bei der Reife im September oder Oktober 6ffnet sich die ganze Galle nach Art einer Rosenbliite (2b) und die Innengalle fallt zu Boden.
Die Wespe schliipft im nichsten Frithjahr. Die Galle ist daher auch als ,,Eichenrosengalle bekannt.

%2 Clip of photo by Rasbak: https://en.wikipedia.org/wiki/Andricus_foecundatrix.

8 Clip of photo by Rasbak: https://en.wikipedia.org/wiki/Andricus_foecundatrix

84 Author: jacilluch: https://commons.wikimedia.org/wiki/File:Agalla_-Andricus_fecundator_(15140018005).jpg

% Clip of photo, copyright by Paul Busselen: http://www.blumeninschwaben.de/Hauptgruppen/quercus_stumpf.htm

% https://baum-des-tages.blogspot.com/2015/06/eichenbluten.html

57 According to W. Miiller 1885: https://de.wikipedia.org/wiki/Eichen 2020


https://commons.wikimedia.org/wiki/File:Agalla_-Andricus_fecundator_(15140018005).jpg
https://baum-des-tages.blogspot.com/2015/06/eichenbluten.html
https://de.wikipedia.org/wiki/Eichen
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Now, what about the gall of the sexual generation? “An additional feature of oak cynipid
is that a single species may form different galls [as is the case in Andricus foecundatrix]. Many
species of oak cynipid gall wasp have two generations each year. The galls of the two
generations are often radically different in structure...”®® This seems to be also true for the
galls of Andricus cristallinus, A. coronatus®® and A. polycerus displayed in Figure 1 of Schultz
et al. (2019).

“The sexual gall [of Andricus foecundatrix] is small and hairy (Fig. 155); it grows rapidly on a catkin in spring and when full-
grown is only 2 mm long” (Redfern 2011, Kindle).

So, is it scientifically valid to assert that “the gall” induced by Andricus foecundatrix is
similar to a “flower”? Well, it is just the outer/distal part of the compound gall of the asexual
generation, which appears to be partially similar not to a flower, but to the bud scales of oaks,
especially those at the base of oak catkins. Even in the final stage of that distal part of the gall’s
development, delusively often called an “Eichenrosengalle” (“oak-rose gall”), the resemblance
can only be called “very superficially”. There seems to be no need to further explain that the
flowers of roses and oaks are, indeed basically different.

However, as has indeed been shown by Schultz et al. (2019) for an example of plant galls,
several basic buildung blocks, RNA sequences (and correspondingly exons of the DNA
chains/genes), functional components, identical modules can be re-used for the generation of
strongly different biological systems (recall that “phylloxera gall development engages
portions, but not all, of the floral developmental programs in grapevine”) — just to analogically
illustrate: decidedly different buildings as, for instance, nursing homes, hospitals, residents,
villas, mansions, castles etc. can all partially be made of the same materials and yet, nobody
would confuse the development and architecture of the unique buildings of the Palace of
Versailles with those of Windsor Castle (Berkshire) despite many similarities.

Thus, it is important to note and further to carefully study not only the similarities but also
the strong differences of gall formation induced by Daktulosphaira vitifoliae or A. foecundatrix
and probably also of most other examples of “flower-like galls”, all of which are unique new
organs due to “a unique and complex inter-specific [as well as inter-kingdom] interaction
between the inducer organism and the host plant”, being “often complex shape, comparable to
the specific and often complex shape of organisms capable of reproduction” (see definitions
above).

And let’s recall that even Darwin mentioned the “good, constant, and definite characters
[of plant galls], each kind keeping as true to form as does any independent organic being” (see
above).

In the wake of overemphasis and sometimes even excess of imagined and/or real
similarities this uniqueness/individuality/distinctiveness/singularity may not be adequately
appreciated anymore or even fully be lost in the minds of the reader, assuming that the
similarities enumerated may already explain “everything” (as noted above) — the gall’s origin,
development and evolution by selection of “mutations with slight or invisible effects on the
phenotype” (Mayr) in the sense of neo-Darwinism.

It would be a time-consuming task to critically assess this Figure 1 in detail.

For the time being, let’s turn to the much more interesting subtopic of:

% Cook et al. (1998, p. 262): https://books.google.de/books/about/The_Biology_of Gall_inducing_Arthropods.html?id=cOlU9HKdsxcC&redir_esc=y
5 However, only the gall of the asexual generation is known so far. Yet “...the number of Andricus species with only an agamous generation is small, or perhaps
non-existing” (https://bladmineerders.nl/parasites/animalia/arthropoda/insecta’/hymenoptera/apocrita/cynipidae/)


https://books.google.de/books/about/The_Biology_of_Gall_inducing_Arthropods.html?id=c0lU9HKdsxcC&redir_esc=y
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More on natural selection

Let’s assume that the present tendency in gall research is absolutely correct suggesting that
the entire range of even the most aberrant gall formations in literally thousands of plant species
is exclusively due to co-option of plant DNA/RNA-sequences and genes’® — all necessarily (and
without any exception) expressed elsewhere during normal plant development — now being
recruited/co-opted by the actions of the gall inducing insects and other species. Thus, in that
case, the plants themselves would not actively participate in the process. To emphasize: They
would have absolutely nothing “to say”, nothing to instruct, nothing to navigate, not anything
to preside, not the slightest supervision, not to mention sovereignty, dominion, mastery and
reign anywhere in the entire process of gall development and architecture.

In that case the affected plants could analogically perhaps be compared to musical
instruments (pianos, violins, guitars etc.) and the insects to the players/musicians, each species
playing its individual melody on them. Remains the question, what or who built the instruments
and where do the musicians, composers and compositions come from? And how is it possible
that such an inter-kingdom relationship can lead to “very specific and often complex shape,
comparable to the specific and often complex shape of organisms capable of reproduction.
Galls, however, do not reproduce — each individual gall takes origin from a new interaction
between the plant and the external agent” (Minelli 2017 — as quoted above). Fine-tuned inter-
kingdom synorganization at its best! Just by an almost endless array of random mutations and
selection of — as Darwin used to formulate’ — “infinitesimally small changes”, “infinitesimally
slight variations” and “slow degrees” and hence imagined “steps not greater than those
separating fine varieties”, “insensibly fine steps” and “insensibly fine gradations”, “for natural
selection can act only by taking advantage of slight successive variations; she can never take
a leap, but must advance by the shortest and slowest steps” or “the transition [between species]
could, according to my theory, be effected only by numberless small gradations”? (emphasis

added). Virtually the same answer is presented by neo-Darwinism today.’?

Let’s apply this theory to plant galls. How often did galls arise independently of each other
and — keeping in mind the question of the “infinitesimally small changes” etc. — how many
transitional steps would have been necessary in each case?

“The ability to induce galls has evolved convergently in many taxa, ranging from microbes and fungi to nematodes and arthropods
(Meyer 1987). In insects alone, gall induction has evolved in at least the following seven orders: Thysanoptera, Hemiptera,
Homoptera, Lepidoptera, Coleoptera, Diptera, and Hymenoptera (Meyer 1987, Dreger-Jauffret & Shorthouse 1992). The number

of independent origins of gall induction in insects is, however, considerably higher, since within most of these orders there have
been several separate lineages leading to the galling habit (Dreger-Jauffret & Shorthousel1992, Roskam 1992).”7

Considering that the “Estimates of the global richness of gall-inducing insects ranged from
21,000 to 211,000 species, with an average of 132,930 and the lowest number given by some
authors was 13,0004 insects species (see also above). Also, since “...the number of
intermediate varieties, which have formerly existed on the earth, [must] be truly enormous ...”

as well as “the number of intermediate and transitional links, between all living and extinct
species, must have been inconceivably great” (Darwin), the answer to the question of “how

7 Involved in formation of leaf, flower, fruits, bush, tree.

" And as | have repeatedly emphasized in several papers.

72 See documentation in http://www.weloennig.de/HumanEvolution.pdf

73 Tommi Nyman (2000, p. 7): https://www.researchgate.net/publication/42425415_Phylogeny and_Ecological_Evolution_of Gall-
inducing_Sawflies_Hymenoptera_Tenthredinidae

" «“For gall-inducing insects, a cosmopolitan group of specialist herbivores, the last, 40-yr-old estimate of global richness indicated 13,000 species, mostly
from temperate regions” Mario M. Espirito-Santo https://www.researchgate.net/publication/232686492_How_Many_Species_of_Gall-
Inducing_Insects_Are_There_on_Earth_and_Where_Are_They


http://www.weloennig.de/HumanEvolution.pdf
https://www.researchgate.net/publication/42425415_Phylogeny_and_Ecological_Evolution_of_Gall-inducing_Sawflies_Hymenoptera_Tenthredinidae
https://www.researchgate.net/publication/42425415_Phylogeny_and_Ecological_Evolution_of_Gall-inducing_Sawflies_Hymenoptera_Tenthredinidae
https://www.researchgate.net/publication/232686492_How_Many_Species_of_Gall-Inducing_Insects_Are_There_on_Earth_and_Where_Are_They
https://www.researchgate.net/publication/232686492_How_Many_Species_of_Gall-Inducing_Insects_Are_There_on_Earth_and_Where_Are_They
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often” probably is thousands of times independently with possibly up to inconceivable hundreds
of thousands to millions of “intermediate and transitional links” in each case.

This inference would also be in agreement with the fact of host specificity:

“Among the known gall-inducing insect taxa, nearly 90% of them have been shown to be specific to their hosts (Raman et al.
2005b). Levels of their host fidelity are remarkable compared with those of related, but non-gall-inducing, plant-feeding taxa
(Raman 1996). Fidelity of gall-inducing species of North-American Cynipidae (Hymenoptera) to Quercus (Fagaceae) demonstrates
a high degree of monophagism (Abrahamson et al. 1998); many similar examples from other groups of gall-inducing insects are
available (Raman 1996; Gagné 2004; see various chapters in Raman et al. 2005a). This trait is conservatively preserved among gall-
inducing insects” (Raman 2012).7

How to imagine the Darwin/neo-Darwinian model for each case? Probably like this:

“Within ordinary leaf-mining insect larvae, an active ingredient (randomly) formed [by “infinitesimally slight variations] which
(accidentally) caused a change in normal growth in the plant [by “insensibly fine steps”] towards a more favorable form for the
larva —a swelling, [subsequently then, also in “numberless small gradations an”] abundance of protein, oil droplet storage and water
supply — and thus there was a selection advantage for these larvae, which prevailed in the selection. Gradually it went on (by chance),
the galls became more and more luxurious, the larvae became fatter and finally only the species of gall insects survived, which as
true physiological miracle workers knew how to get the best of homeliness/coziness and nutritiousness from the plants through
sophisticated hormone treatment” (Joachim Illies).

The basic improbability of the neo-Darwinian theory also for the generation of insect
induced galls has been discussed in my article of 2017 as follows (pp. 21-23) — to recall this
key part of the argumentation’®:

For each of these postulated “insensibly fine steps”, each of the “numberless small gradations” etc. the following rule has
unanimously been established by population genetics:

“Even a new mutation that is slightly favorable will usually be lost in the first few generations after it appears in the population, a victim

of genetic drift. If a new mutation has a selective advantage of S in the heterozygote in which it appears, then the chance is only 2S that

the mutation will ever succeed in taking over the population. So a mutation that is 1 percent better in fitness than the standard allele in
the population will be lost 98 percent of the time by genetic drift.”””

So, let’s keep in mind that for each of the “extremely slight variations”, each of the “steps not greater than those separating
fine varieties” a mutation 1 percent better in fitness than the standard allele has to occur at least 50 times (in many cases even
much more often’) to have a chance to succeed in taking over a population. As for the additional remote possibility of the origin
of new genes and protein folds, see, for example, Axe (2017)".

Hence, in each and every case of all the different some 132,930 independently arisen galling insects species, correspondingly
literally thousands of supposed long evolutionary gall histories must be postulated, all by “uncountable successive small
microevolutionary steps”, “infinitesimally small inherited variations” etc. — and each of the necessary mutations had to occur
separately of each other at least some 50 times on average to have a chance to succeed in a given population (the regular occurrence
of such specific additive gall building mutations simply taken for granted, but so far without any testable evidence).

In other words: for the evolution of complex galls over innumerable intermediary links by the supposed micro-mutations
“with slight or even invisible effects on the phenotype” (Mayr) in the genomes of the insects, it has to be assumed that these steps
must have been successful not just once, but in each case of the individually evolving galling insect species and corresponding gall
phenomena even tens of thousands of times, i.e. for each further infinitesimally small step in millions of years, eventually resulting
in the present phenomena of elaborate plant galls.

The situation becomes even more difficult considering the many examples of alternations of generations:
“The reproduction of the gall wasp is partly pure two-sex propagation, and partly pure parthenogenesis, in which a male is completely
unnecessary. With most species, however, an alternation of generations occurs, with one two-sex generation and one parthenogenic
generation annually. This process differentiates the various generations primarily in their appearance and the form of the plant galls they
induce.”

Thus, in all these cases the improbabilities of the sheer endless processes of the selection of mutations with often invisible
effects on the phenotype of the insects and the gall devices must at least be doubled, considering the fact that the insects make two
usually very distinctive plant galls from one and the same genome — the one two-sex generation and the one parthenogenic
generation. So, in spite of all the dissimilarities, the entire superordinate process must also involve tight interconnections on the
genetic level but differential gene expression for the two generations that produce the distinct morphology of the respective insect
species and especially their different plant galls.

It must be further assumed that, in contrast to the animals, in the plant hosts natural selection not only failed continually and
totally to do anything against the parasites — so far no clear signs of resistance — during all the eons of time, but that the plants, in
clear opposition and full defiance to natural selection, must increasingly have invested much of their energy and substance to help
the parasites flourish, improve and strongly multiply in preparation for the next rounds of infestations.

" https://www.tandfonline.com/doi/full/10.1080/17429145.2011.630847

6 http://www.weloennig.de/PlantGalls.pdf

" For a discussion including the references, see Lénnig (2016) http://www.weloennig.de/jfterrorchipmunks.pdf

78 For this important qualification compare the discussion given in the Link just quoted.

" D. Axe (2017): Undeniable. How Biology Confirms Our Intuition That Life is designed. HarperOne, San Francisco.
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Additionally, all this must be assumed again to be true for all the often strongly different insect (and other) species, which share
one and the same plant host. In the case of the oak (Quercus robur) 132 (one hundred thirty-two) different galling animals have so
far been counted.

And, last not least, imagine for a moment that the host plants are not only “providing nutrition and protection to the galling
insect from natural enemies and environmental stresses”, generally supposed to be exclusively due to the action of the insect, but
actively participate — as a consequence of correspondingly ‘altruistic’ information in its DNA — in constructing and building the
houses for the insect parasites (there are some hints at present that they are, indeed, involved, if perhaps only slightly — a testable
hypothesis), then it would have additionally been proved that parts of the structure of any one species had been formed for the
exclusive good of another species. For natural selection will never produce in a being anything injurious to itself.

Why the solution proposed by Exrnst Mayr and
Richard Dawkins has failed: Further evidence

As pointed out in my article of 2017, p. 18 ff. (http://www.weloennig.de/PlantGalls.pdf),
the statement of Ernst Mayr “Why ... should a plant make the gall such a perfect domicile for
an insect that is its enemy? Actually, we are dealing here with two selection pressures” — is a
more than doubtful explanation for the origin of insect plant galls. First, it relativizes the
postulated “omnipotence® of natural selection in contrast to the neo-Darwinian’s belief, best
expressed by Darwin himself in the ensuing statement:

“It may be said that natural selection isdaily and hourly scrutinizing, throughout the world, every variation, even
the slightest; rejecting that which is bad, preserving and adding up all that is good; silently and insensibly working, whenever

and wherever opportunity offers, at the improvement of each organic being in relation to its organic and inorganic conditions of
life.”

Correspondingly my comment was (2017, p. 19):

Natural selection — which was thought to be “daily and hourly scrutinizing, throughout the world, every variation, even the
slightest; rejecting that which is bad, preserving and adding up all that is good” — not only failed miserably and totally in all the
thousands of affected plant host species, but also — against all expectations and predictions — would have been entirely efficacious,
successful and victorious exclusively in the ca. 132,930 different galling insect species.

So, it was omnipotent for the insects, but “less omnipotent” for the affected plants — almost
something like the “struggle for life” on an abstract higher level — now between the different
selection pressures and the fittest one won, as it were. But why should it have been omnipotent
only in the case of the insects?

Mayr continued — always with applause and full consent by Richard Dawkins:

“On the one hand, selection works on a population of gall insects and favors those whose gall-inducing chemicals stimulate the
production of galls giving maximum protection to the young larva. This, obviously, is a matter of life or death for the gall insect
and thus constitutes a very high selection pressure.”

Ernst Mayr, who indefatigably told us to avoid “typological thinking” and instead to apply
and work consistently with “population thinking”®! now speaks of “a matter of life or death for
the gall insect”. However, applying population thinking here would mean a population of
thousands and millions of insects of a species and not “a matter of life or death for the gall
insect®, but (if at all) only for some individual insects (in the imagined beginning of gall
evolution by random ‘micro’-mutations and the additional “numberless small gradations”
improving it further on), which most probably would have no momentous/significant/serious
effects for the entire population — so neo-Darwinian evolution would not even have got started
that way (not to speak of the improbability of the ensuing long series of fitting random
mutations each one at the right place at the right time).

80 See documentation again in http://www.weloennig.de/PlantGalls.pdf and also http://www.weloennig.de/OmnipotentimpotentNaturalSelection.pdf

81 http://www.weloennig.de/Mayr.html (So even in a letter to me about some botanists, dass man “Arten als Populationen behandeln” muss)

82 If somebody argues that the expression “the gall insect” already implies a population, he is invited to apply the argument (no momentous/significant/serious
effects for the entire population...) directly to it.
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http://www.weloennig.de/PlantGalls.pdf
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Moreover, on Quercus robur alone “the gall insect” consists of altogether at least 132 different galling species counted so far (cf.
Plant Galls I, p. 21), in each case ‘requiring nutrients, reducing the assimilating leaf area and disrupting the normal course of growth, often
even of the most valuable parts of the plants: buds and seeds’. For rice (usually just one generation per year) see, for example, above P.
Leelagud et al. 2020, and for herbs (especially annuals) Kuster (1911), E. W. Swanton (1912: British Plant-Galls); and a series of instances
in Bellmann et al. (2018)%.

Although “one generation per year” seems to be true for most galling insect species (except aphids), there are many which need more time
(including several species with alternation of generations/metagenesis). Here are some examples according to Bellman et al. (2018): Andricus
inflator (“Die Larven verpuppen sich in der Galle am Boden und schliipfen im folgenden Friihjahr, zum Teil erst ein oder zwei Jahre spater”
p. 295), A. quercusramuli (“Die Larve verpuppt sich in der Galle am Boden. Die Wespe erscheint im nachsten Friihjahr, oft aber auch erst 1-2
Jahre spéter p. 307), A. testaceipes: wasps leave the gall in the third year (p.311), Callrhytris erythrocephala: ,,Die Entwicklung dauert
mindestens zwei Jahre (p. 314). And there are many further such examples. See “annual” and deviations from it in Redfern (2011).

Now, let’s assume for a moment that there are indeed different selection pressures for the
insect (“matter of life or death”) and the host plants (hardly any or no selective disadvantage in
comparison with the non-affected plants at all®*) as envisioned by Mayr and Dawkins: Why,
then, are there — in contrast to the supposed indispensability of the gall for the benefit of the
parasite — also facultative galls?

Consider, please, the following statement (cf. Plant Galls I: Lonnig 2017, p. 25):

Already in 1917, p. 567, cecidologist Ernst Kister noted the ensuing facts, undeniably
falsifying Mayr’s statement.

“For the evaluation of the benefits which the galling animals achieve from the cecidium, and the damage to the host plants arising from the
production of the galls, it should also be noted that in the "facultative galls" cecidioses are at work, whose cecidiose strength — for still unknown
reasons — frequently fails. Then the formation of the galls does not occur. However, the animal is still developing — a fact which clearly
demonstrates that the supposed indispensability of the gall for the benefit of the parasite now appears in a particular light to us.”®

Moreover, Kuster stated in his Textbook (1911, pp. 400/401):

“I'would like to remind you once again of the “facultative” galls, mentioned above (p. 252). They prove to us that cecidozoa and
cecidophytes can thrive on their host even when gall formation is completely absent. Cases of this kind should be a reminder to us
that the form and structural peculiarities of the gall are not without compelling reasons always and everywhere indispensable
conditions for the development of the gall producers; these are most probably not always necessary, ...”%

So, the inference is unavoidable that — if the insect can “thrive on their host even when gall
formation is completely absent” — this, obviously, is not “a matter of life or death for the gall
insect” and thus definitely does not ““constitute a very high selection pressure” (if any selection

pressure at all).

Now, let’s assume again for another moment that the story of the different selection
pressures is correct: for “the insect” (“matter of life or death” — despite “population thinking”,
according to which neo-Darwinian evolution would not even have got started that way, not to
speak of the following necessarily extremely high numbers of “infinitesimally small inherited

8H. Bellmann, M. Spohn and R. Spohn (2018): Faszinierende Pflanzengallen. Entdecken — Bestimmen — Verstehen. Quelle & Meyer Verlag Wiebelheim.

8 Or the disadvantage being so slight that “natural selection”, which “is daily and hourly scrutinizing, throughout the world, every variation, even the
slightest; rejecting that which is bad, preserving and adding up all that is good”, could not have noticed it —an unbelievable story not only for very heavily infected
plants.

8 E. Kuster (1917) Besprechung von Becher, Erich: Die fremddienliche ZweckméRigkeit der Pflanzengallen und die Hypothes eines tiberindividuellen Seelischen.
https://www.digizeitschriften.de/dms/img/?PID=PPN34557155X_0005%7Clog442

Original German text: “Fiir die Beurteilung des Nutzens, den die Gallentiere von dem Zezidium haben, und des Schadens, der den Wirtspflanzem aus der Produktion
der Gallen erwdchst, sei noch nachgetragen, dass bei den ,.fakultativen Gallen“ Zezidiosen am Werke sind, deren zezidiose Kraft nicht selten — aus noch
unbekannten Griinden — versagen kann; dann unterbleibt die Gallenbildung. Das Tier aber entwickelt sich dennoch — ein Umstand, der uns die Bedeutung, die
vermeintliche Unentbehrlichkeit des mit der Galle fiir den Parasiten Gebotenen in besonderem Licht