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The authors of this book hope that it supports potential lecturers building up a nematology inclusive curriculum and that it will help students to understand and practice knowledge about the wonderful world of nematodes.
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Plant-parasitic nematodes part III: from sampling to basic identification





by Abiodun Claudius-Cole (University of Ibadan, Nigeria)




 


PPN: from sampling to basic identification


Introduction


 


Plant-parasitic nematode (PPN) are collected in water suspension after nematode extraction from soil, potting media or plant material. Live nematodes in water suspensions are perishable, with most not surviving storage for longer than a week at room temperature. Longer storage in water suspension can be achieved if the suspension is refrigerated at 4°C. Storing the nematode suspension horizontally, in a vented culture flask, at a low temperature (<15°C) and shake it vigorously every so often also prolong the survival of PPN.  However, storage at this temperature can also only be done for a limited space of time depending on the PPN species. The laboratory technique used for nematode extraction largely depends on the extraction of a specific life stage, either from the host plant or from the soil. For large nematodes, the Flegg method tends to be used, and for ring nematode, the sugar flotation technique.


Different extraction techniques: http://www.nematologia.com.br/files/tematicos/5.pdf


See also chapter 1


Examination of nematode samples


A stereomicroscope with a range of magnification from 10x to 40x and good resolution is essential. After bringing the nematodes in suspension, by using air from a fish pump, a part of the suspension (1ml) is placed in a graded counting dish with gridlines for examination. It is important that the light above the microscope is turned off, and that the light from underneath is not a direct LCD light, but that it is reflected in a mirror. Otherwise, movement of the nematodes will be visible, but it will not be possible to see the inside of the nematode (because of a lack of contrast).


Picking nematode specimens


When samples contain a mixture of many different nematodes, the specific nematodes of interest might have to be separated from, or picked from the whole nematode population. Usually, the procedure employs a picking instrument, while observing nematodes through a dissecting microscope. Picking instruments, which vary with different laboratories, can be made from entomological pins, acupuncture needles, dental picks, pig hair, a cat whisker or an attachable eye- lash. The ‘pick’ is then mounted on the tip of a dissecting needle, a plastic Pasteur pipette, a bamboo stick, or any other such handle. Picking is mastered easily with practice, with the main consideration being that the nematode should always be in focus, bringing it up to the surface with the pick, while focusing on and then scooping it up out of, the solution and transferring it to a drop of water on a glass slide.


How to make picking instrument:








 


Basic taxonomy


The purpose of taxonomy is (i) to understand the nature of biodiversity; (ii) to categorise the organisms concerned, and (iii) to aid in the communication of biological information. Correct naming of organisms is made possible with type (typical) specimens with corresponding morphological information, although, currently, such information is supported by molecular information regarding the organism.


Nematodes are among the most diverse and numerous metazoans in the soil and aquatic sediments, consisting of over a million species. Nematodes are, however, among the least studied organisms, with very few (<0.01%) of the species having yet been identified. Among some 26 000 described species, about 4100 are PPN, which cause economic crop loss. Accurate identification is, therefore, of importance to understand nematode diversity and to design efficient control and management options.


The objective of this module is to lay down the basis for the morphology and anatomy that is important for the identification of nematodes to genus level.


 






 



Morphological features




Fig. 4.1 A computer model illustrating a transverse section through a nematode. C, cuticle; DN, dorsal nerve; EC, excretory canal, enclosed by the lateral nerve cords; H, hypodermis; LM, longitudinal muscles; N, nerve extending from muscle cell to main nerve; P, pharynx; VN, ventral nerve. Note the tri-radial arrangement of the pharynx, a feature which gives this organ greater mechanical efficiency. [Illustration credit: [bookmark: _Hlk118902406] https://cronodon.com/BioTech/Nematode.html].


 













Nematodes, which have nearly transparent bodies, can be studied with relative ease, using a light microscope. Using a light microscopy is the classic method for the identification and enumeration of nematodes. A typical compound microscope is effective for identifying nematodes to genus level and, to some degree, species level, depending on the characteristics of the species. However, due to similar characteristics, as well as the variations between species, the process is often challenging.


 


The basic organisation of a nematode body is tubular, with it being made up of two tubes. The outer tube is represented by the nematode body wall, while the inner tube is represented by the digestive system. The space between the two tubes is known as the fluid-filled pseudocoelom, which contains the excretory, nervous and reproductive systems. Beneath the cuticle is the hypodermis (=epidermis), which is a thin non-cellular layer, in which all the nuclei are found in four longitudinal thickenings. These lateral, ventral and dorsal cords may also contain reserves of fats and glycogen. In the four areas between the four cords lie the somatic muscles, consisting of a single layer of longitudinal spindle-shaped muscle cells, each with a nerve connection from either the dorsal or ventral nerve cord (Fig. 4.1). Traditionally, species identification is based on morphometric measurements (of body length, body width, tail length, oesophagus length), morphology of the sexual organs, mouth and tail shape, and other physical characteristics. Some of the characteristics can be used to identify to genus level, even under a dissecting microscope. Other tools used for identification to species level include the scanning electron microscopy of the surface of the body, schematic drawings, light microscope pictures and molecular identification.


 


General body shape


As their name indicates, nematodes are wormlike or vermiform in shape, but, in some highly evolved species, the body shape of the female changes to saccate. Among vermiform nematodes, the body length, the body shape and the body configuration, when heat-relaxed, and which is called the death posture, or the ‘habitus’, can be useful for characterising the nematode to genus level (Fig. 4.2). In addition, different structures or cuticular ornamentations are present on the nematode body.




 


Fig. 4.2. Body shapes of nematode females. A) Ring nematode; B) Citrus nematode C) Lesion nematode; D) Root-knot nematode [Illustration credit: K.P.N. Kleynhans, 1999].


 










 


The habitus has taxonomic significance, as it indicates the presence of a particular genus, at low magnification under the dissecting microscope.



		Tylenchorhynchus and Ditylenchus pp. adopt a straight-line posture.

		Pratylenchus spp. acquire almost straight, or slightly irregularly curved, posture on being heat relaxed.

		Hoplolaimus spp. adopt a slightly ventral curved ‘C’ shape.

		Paratylenchus pp. curve up in a 'C' shape.

		Helicotylenchus spp. and Rotylenchus spp. form a spiral shape.




Lip region


Some poorly defined terms are used rather loosely for certain parts of the nematode body. The ‘head’, for instance, is a general term, which is used to denote the front part of the body, but it sometimes is used more specifically to denote that part of the body that is anterior to the base of the stylet. Even more often, the term ‘head’ is used as a synonym for the ‘lip’ region. The latter term is used for that portion of the front part of the body that is often set off by a constriction (Fig. 4.3a) or a depression (Fig. 4.3b), or else supplied with a sclerotised framework (Fig. 4.3c). The lip region may be confluent (Fig. 4.3d) or set off. It can also be angular, rounded or cap like (Fig. 4.3e) in outline, with it (rarely) carrying a labial or oral disc (Fig. 4.3f).




Fig. 4.3. Lip regions set off from the body by a constriction (a), a depression (b), or a sclerotised (sclerotized) framework (c). Lip regions may also be confluent (d), set off or caplike (e), and with a labial disc (f). [Illustration credit: J. Heyns].


 










 


For images see also: 





 


The typical en face view of a nematode consists of six or, when fused, three lips. Although the nematode body is bilaterally symmetrical, the structures of the lip around the mouth opening and stoma are radially symmetrical. The stoma appears to be triradial, as is also seen in the triradial lumen of the oesophagus. Each subdorsal and subventral lip carries two outer and one inner papilla, and each lateral lip only one outer and one inner papilla. In this way, two circles of papillae are formed, consisting of an outer circle of ten and an inner circle of six (Fig. 4.4).




Fig. 4.4. En face view of a nematode lip region that usually consists of six sectors, or lips, of which two each are situated subdorsally, laterally and subventrally. [Illustration credit Redrawn from J. Heyns (1982) by AP Malan.


 










 


See video for en face view of a nematode:


 





 


Tail shape


The portion of the nematode after the anus is categorised as the nematode tail (Fig. 4.5). Characteristics to observe in this structure include the length and width of the tail, and the appearance of the tail terminus. The tail is a major identifying characteristic that is used for separating the genera of nematodes. While this structure alone cannot be used to identify the species of most genera, it is, in some cases, important, for example in the case of species Xiphinema and Heterodera.




Fig. 4.5. Tail shapes: rounded or hemispherical (a), with a projection (b), convex-conoid (c), elongate-conoid (d), filiform (e) and cylindroid (f). [Illustration credit: Redrawn from J Heyns (1982) by AP Malan].


 










 


Many male nematodes (especially Rhabditidae, and most Tylenchomorpha) have a bursa (copulatory bursa), which consists of paired lateral extensions of the cuticle at the posterior end of the body (Fig. 4.6a). The bursa is termed ‘adanal’ when it is small and present only around the anus (Fig. 6c), terminal when it reaches the tail terminus (Fig. 6b), and peloderan when it envelops the tail terminus (Fig. 6d, e). A bursa that does not reach the tail terminus is called leptoderan. In Rhabditidae and Aphelenchina, the bursa has supporting ribs or rays, which are also known as genital papillae.






Fig. 4.6. Types of bursae in males: (a) lateral guiding pieces and a bursa with supporting ribs/rays, (b) terminal bursa that stretches to the tail, (c) small adanal bursa that is only present at the anus, (d–e) peloderan bursa that envelops the tail terminus [Illustration credit: J. Heyns, 1982).


 










 


Cuticular ornamentations as lateral lines


Nematodes have an unsegmented body. The outer cuticle is usually marked with superficial transverse grooves (striations) which form rings round the body. Striae are generally shallow and narrow (fine striations), but in Criconematids the very deep striae are referred to as ‘annules’. In addition to transverse striations, the longitudinal markings, which are known as ‘lateral lines’, are also present in the lateral fields of the body. In some genera, the number of longitudinal lines in the lateral field can contribute to the separating of species (Fig. 4.7).




Fig. 4.7. Cuticular ornamentation with striae, lateral lines and areolations and crenations (a); cuticular ornamentation of Stegelleta, with longitudinal lines along the whole length of the body, either as involutions or ridges (b), eight lateral lines with SEM (c) [Illustration credit: Heyns, 1982].


 










 


Amphids as a sensory structure


The nervous system in nematodes is connected to (sensory) structures that may appear on the nematode cuticle. The amphids, which are paired organs, are located anteriorly on the head, next to the lips, and act as a chemoreceptor (Fig. 4.8). Amphids relate to attraction to a food source.




Fig. 4.8. Shape and structure of amphids: stirrup- or funnel-shaped (a), cyathiform (b), circular (c), pore-like (d), oval (e) and spiral-shaped (f). [Illustration credit: J. Heyns, 1982].


 










 


SEM pictures of amphids: https://www.pagepressjournals.org/index.php/microscopie/article/view/6970


 


Phasmids as sensory organs


Phasmid sensory organs, which are present in the lateral field in the posterior of the nematode, are implicated in modulating some chemical reactions in the nematode (Fig. 4.9a). Their presence/absence, size and location are important features for identifying nematodes. In the Hoplolaimidae, the genera Scutellonema and Hoplolaimus, the amphid pair are especially enlarged and are called ‘scutellum’ (Fig.4.9b).




Fig. 4.9. Phasmid situated posterior to the anus (a) and the scutellum on the tail of Scutellonema (b). [Illustration credit: Modified from E. van den Berg by AP Malan]


 










 


Watch video: 





 


 


Digestive system


The characteristics of the nematode’s digestive system indicate its trophic behaviour. This means that one can tell on what a nematode is likely to feed, by means of observing the oesophageal part of the digestive system, include the stylet and the oesophagus (= pharynx).


Basically, the alimentary canal consists of the stomodeum (the mouth opening, stoma or pharynx and oesophagus), the mesenteron or intestine, and the proctodaeum, the rectum and the anus or cloaca. For PPN, the feeding apparatus is a stylet, which generally differentiates the PPN from other types of nematodes. The appearance of the stylet also helps to differentiate between and within groups of PPN. The stylet functions somewhat like a hypodermic needle that the nematode uses to puncture plant cells to ingest its food, the cytoplasm. They also use the stylet to release enzymes and metabolites into the plant, while establishing a host-parasite relationship.


The stomatostylet, which is found in the infra-order Tylenchomorpha contains tylenchs (e.g., root-knot nematodes, root lesion nematodes) and aphelenchs (e.g. rice leaf nematode, red ring nematode). The stylet consists of three parts: the cone, the shaft and the basal knobs (three). It is like a syringe, being hollow, with a central lumen through which food is directed. When observing the structure for identification, the characteristics to consider include the stylet length, the relative size of the stylet and the size and shape of knobs (Fig. 4.10).




Fig. 4.10. Typical appearance of stomatostylet in the Tylenchomorpha (a) and a odontostylet in the plant-parasitic  Dorylaimida (Longidoridae) (D) as well as some free-living dorylaimid nematodes (b-e) [Illustration credit: J. Heyns 1982].




 


 






 










 


The odontostyle is found in the Longidoridae in the order Dorylaimida, (e.g., Xiphinema and Longidorus). It is a needle-like structure, consisting of two parts, the odontostyle and the odontophore (stylet extension), and it is with or without basal flanges (Fig. 4.11).




Fig. 4.11. Odontostylet of Xiphinema (Longidoridae) Photo credit: A.P. Malan (right)]


 


 


 










 




Fig. 4.12. Paratrichodorus male with a bursa. [Photo credit: A.P. Malan]




 






 










The onchiostyle, which is characteristic of Trichodoridae (e.g., Trichodorus) in the Suborder Triplonchida, is a curved solid stylet with which nematodes feed, in contrast to other stylets that are hollow and mostly straight. Nematodes with an onchiostyle use it like a dagger to puncture holes in plant cells, before secreting salivary material into the punctured cell from the mouth (stoma). The salivary material hardens into a feeding tube, which functions as a straw, enabling the nematode to withdraw and ingest the cell contents through the tube (Fig. 4.12).


 


Where an odontostylet or onchiostylet is present, the oesophagus (pharynx) has two parts: a slender anterior part and a broad posterior glandular corpus, giving the appearance of a bottle. The length and shape of the anterior part varies with the nematode species.


 


 


Oesophagus or pharynx


The oesophagus or pharynx is a muscular pumping organ that sucks in and pushes the ingested food material into the intestine. The organ, which is continuous with the posterior portion of the stylet, is lined with cuticle. The oesophagus varies with the feeding habits of the nematode concerned. Categorisation is based on the number of sections or parts present, with the parts numbering anywhere from one to three.


Where a stomatostylet is present, the oesophagus is divided into (i) a narrow anterior procorpus, (ii) a muscular median bulb or pump (or metacorpus), followed by (iii) a narrow isthmus and oesophageal glands, of which there are three (with one dorsal and two subventral). The glands may be enclosed in a lobe, or else they may hang free, overlapping the intestine. The occurrence of the overlap and the direction in which it occurs is used for taxonomic characterisation. The oesophagus has a valve (cordia) at the posterior end that prevents the regurgitation of food in the intestine (Fig. 4.13).




Fig. 4.13. Structure of the oesophagus of Tylenchomorpha [Photo credit: J. Heyns, 1982]


 


 


 










 


The reproductive system


Nematodes are dioecious, meaning that the males and females are separate individuals. However, some species are hermaphroditic (with male and female organs in one individual). The nematode reproductive system, which is tubular, and is often referred to as the genital tract, which is suspended in the pseudocoelom/body cavity. In terms of general appearance, both of the sexes look alike, except in the region of tail, which is more arcuate in male nematodes, due to the presence of male copulatory structures (Fig. 4.14).




Fig. 4.14. Male copulatory structures, paired spicula and a stationary gubernaculum [Photo credit: A.P. Malan]


 










 


Female reproductive System


The various parts of the female genital tract are the ovary (gonad), the oviduct, the spermatheca, the uterus, the vagina and the vulva. The oocytes are formed in the apical zone of ovary, from where they move down, as they grow in the growth zone. On maturation, they pass down to the spermatheca via the oviduct. The spermatheca, if present, stores the sperm after mating. When the oocytes pass through it, they are fertilised. Further layers are applied to the egg (ovum), while it is passing through the uterus. The vagina helps in the expulsion of egg to the outside and opens on the ventral side through a slit like opening, the vulva. The location of the vulva, in relation to the whole-body length, is an important taxonomic character. Females may possess only one genital tract (monodelphic), which may be directed anteriorly (prodelphic) or posteriorly (opisthodelphic). In those females with two genital tracts (didelphic), the uteri unite to form a common vagina, leading to the vulva. In didelphic forms, one tract may be directed anteriorly and the other posteriorly (amphidelphic), or both may be directed anteriorly (prodelphic) or posteriorly (opisthodelphic) (Fig. 4.15).




Fig. 4.15. (a-f) Female reproductive system [Illustration credit: J. Heyns, 1982].


 


 










 


Male reproductive system


The main parts of male genital tract are the testis, the seminal vesicle, the vas deferens, the cloaca and the cloacal aperture. Sperm, which are formed in the testis, may be temporarily stored in the seminal vesicle. The spicules, which are protrusible, assist in the insemination of the females during mating. The movement of the spicules is guided by a sclerotised platelike structure, the gubernaculum. A flaplike structure called the bursa is usually present covering the tail region. Among PPN, males generally have a single genital tract (monorchic), although some genera may possess two genital tracts (diorchic) (Fig. 4.16).


See video:





 




Fig. 4.16. Male reproductive systems: spicula and gubernaculum (a), and a diorchic (b) and monochic (c) system. [bookmark: _Hlk153294469][Illustration credit: J. Heyns].


 










 


Using the morphological characters to distinguish among nematodes:


https://nematode.unl.edu/key/nemakey.htm


Further reading: 



		https://www.researchgate.net/publication/317305250_Soil_Nematodes_of_Grasslands_in_Northern_China

		https://www.researchgate.net/publication/234111617_Nematology_Laboratory_Investigations_Morphology_and_Taxonomy

		https://www.eppo.int/media/uploaded_images/RESOURCES/eppo_publications/TD_1056_EPPO_Glossary_Nem_2020-04.pdf
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PRACTICAL SESSION





Basic nematode identification (combination of PPN)


Practical assignment: basic nematode identification (combination of PPN)


Introduction


For nematology research and diagnostics, the accurate identification of nematode genera and species is of the utmost importance. Many species-specific specialised techniques and procedures have been published. Marais et al. (2017) describe techniques and procedures that are used on a routine basis in nematology laboratories in South Africa. The aim of this practical is to show how to prepare PPN for identification purposes.


Equipment required



		Research and stereo microscopes

		100-ml beaker

		Soft, thin, silicone fish tank tube

		Glass slides with wax rings and round cover slips

		Graded Petri dish

		Nematode picker

		Hot plate

		Glyceel

		Turntable




Protocol for instructors preparing the practical



		In pre-preparation, nematode soil samples must be collected from different areas where a wide range of PPN is present in the soil.

		Extract the nematode population, by means of washing the samples, using different techniques, such as the decanting and sieving, sugar centrifugal flotation, Baermann funnel or tray method or any other method that is suitable for the type of soil involved, and that is available in the laboratory (Marias et al. 2017).

		The day before the practical, identify PPN from the nematode suspension, making temporary slides of those found.

		The instructor should prepare the glass slides with paraffin wax rings to use beforehand for demonstrating to the students from the different genera present, using an overhead screen connected to a microscope.

		If possible, the students should try to find a specimen of a genus, from which to make their own slides.




See soil extraction methods:





 





 





 


Major goals for students



		Identify PPN from the nematode suspension.

		Pick different PPN nematodes, from which to make temporary slides.

		Identify the PPN on slides to genus level.

		Ensure that you see the following morphological features:
	
			General body shape when dead

			Lip region

			Tail shape

			Oesophagus

	

	

		Take pictures, or draw freehand.




Concentrating nematode samples after extraction


Depending on the extraction process used, the volume of water involved may require reduction, so as to concentrate the nematodes for further processing. Use the following procedures in the reduction:


Leave the nematode suspension undisturbed for at least 1 h in a beaker or similar container, for the nematodes to settle to the bottom of the container (Fig. 4.17). Then, decant the contents gently, leaving a half to a third of the contents in the container (Fig. 4.18). Such a procedure tends to be inaccurate, as the PPN numbers are not as high as are those of mass-cultured infective juveniles, where the nematodes are easily visible to prevent decanting them accidentally. A much safer method is to siphon the excess water by means of a thin, soft silicon tube (Fig. 4.19). The glass beaker should be positioned against the light to confirm visually that the nematodes settled to the bottom. Place the thin plastic tube just beneath the surface of the suspension and avoid depressing while siphoning, as it sends a jet of water downward, disturbing the settled nematodes (Fig. 4.19). Nematodes can also be concentrated by means of sieving. In this case, the nematode suspension is poured into a small sieve of 32-µl aperture. Wash off the nematodes retained on the sieved mesh into the glass beaker, using the contents of a water bottle (Fig. 4.20).




Fig. 4.17. Concentration of nematodes by means of settling: a) nematodes in suspension, B) settling after 20 min, C, D) after 1h.


 












 


Fig. 4.18. Concentration of nematodes by means of decanting. Although a high concentration of EPN nematodes is visible in the bottom of the beaker, most of the PPN are small, and not visible to the naked eye in the extraction water.












Fig. 4.19. Concentration of nematodes by means of siphoning off excess water, using a soft silica tube.


 




Fig. 4.20. Concentration of nematodes by means of sieving though a fine 32-µm sieve and by means of washing the nematodes from the sieve into a glass beaker, using the contents of a water bottle.
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EPUB/xhtml/epubyy8os/_kmeta/content.json
{"questions":8,"images":107,"galleries":0,"equations":0,"widgets":0,"videos":39,"threed":0,"pages":89,"layout":"rfl"}



EPUB/xhtml/epub06fhh/EPUB/js/global.js
/*** Place your javascript code below ***/ 





EPUB/xhtml/epubouf61/_kmeta/content.json
{"questions":8,"images":107,"galleries":0,"equations":0,"widgets":0,"videos":39,"threed":0,"pages":89,"layout":"rfl"}



EPUB/js/ktemplate.js


EPUB/xhtml/epubvfso8/_kmeta/content.json
{"questions":8,"images":107,"galleries":0,"equations":0,"widgets":0,"videos":39,"threed":0,"pages":89,"layout":"rfl"}



EPUB/xhtml/epub06fhh/_kmeta/config.js
var config = {"kotobee":{"liburl":"https://admin.kotobee.com/"},"slogan":"An interactive ebook","libraryInfo":"An interactive ebook library","annotations":true,"searchBooks":true,"searchLibrary":true,"mediaTab":true,"tts":true,"googleLookup":true,"wikipediaLookup":true,"clipboardCopy":true,"share":true,"overflowScroll":false,"preserveLoc":true,"settingsTab":true,"styleControls":true,"textSizeControls":true,"chaptersTab":true,"imagesInMediaTab":true,"showCategories":true,"notebookTab":true,"defaultLanguage":"en","toc":{"listStyle":"decimal","childListStyle":"decimal","title":"Table of Contents","spacing":1,"fontSize":1.2},"aid":{},"loaderColor":"#bddac0","splashColor":"#15530e","splashBgColor":"#ffffff","chaptersColor":"#ffffff","chaptersBG":"#323232","selectedChapterColor":"#a4d78d","headerBG1":"#323232","headerBG2":"#323232","headerColor":"#ffffff","tabsBG":"#ffffff","tabsColor":"#444444","chaptersBookBG":"#323232","chaptersBookColor":"#ffffff","libraryColor":"#ffffff","accessDeniedColor":"#666666","accessDeniedBg":"#f8f8f8","openBookColor":"#ffffff","openBookBg":"#009966","defaultTtsLanguage":"en-US","hideLogo":false,"hideLoadingMsg":false,"autohideHeader":true,"autohideLibHeader":true,"hideFxlNavBtns":false,"autohideReaderMode":"showOnScroll","autohideLibMode":"alwaysShow","spreadSpacing":0,"firstDoublePage":0,"defaultPageScroll":true,"pageScrollOptional":true,"defaultViewMode":"auto","viewModeOptional":true,"navAnimOptional":true,"languageOptional":true,"singleViewOnPortrait":true,"hideFxlBestFitBtn":false,"hideTOCAtWidescreen":false,"vibrationIntensity":"high","videosInMediaTab":false,"audioInMediaTab":false,"serialNavMode":"spine","bookThumbShadow":true,"ttsRate":100,"miniapps":[],"checksum":"cf5603670ab55178cfcc7953ab46b5c8","v":1.4,"showFavorites":true,"logo":"nemedussaandsponsorl.jpg","splashBg":null,"visitedChapterColor":"#cccccc","noVibration":true,"startupScreenDelay":1,"noLoadingScreen":false,"fxlFitToHeightBtn":false,"noSleep":false,"pdfMode":"pdf","autoChapter":false}



EPUB/xhtml/epub06fhh/EPUB/js/kotobeeInteractive.js
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/*** Place your javascript code below ***/ 
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var config = {"kotobee":{"liburl":"https://admin.kotobee.com/"},"slogan":"An interactive ebook","libraryInfo":"An interactive ebook library","annotations":true,"searchBooks":true,"searchLibrary":true,"mediaTab":true,"tts":true,"googleLookup":true,"wikipediaLookup":true,"clipboardCopy":true,"share":true,"overflowScroll":false,"preserveLoc":true,"settingsTab":true,"styleControls":true,"textSizeControls":true,"chaptersTab":true,"imagesInMediaTab":true,"showCategories":true,"notebookTab":true,"defaultLanguage":"en","toc":{"listStyle":"decimal","childListStyle":"decimal","title":"Table of Contents","spacing":1,"fontSize":1.2},"aid":{},"loaderColor":"#bddac0","splashColor":"#15530e","splashBgColor":"#ffffff","chaptersColor":"#ffffff","chaptersBG":"#323232","selectedChapterColor":"#a4d78d","headerBG1":"#323232","headerBG2":"#323232","headerColor":"#ffffff","tabsBG":"#ffffff","tabsColor":"#444444","chaptersBookBG":"#323232","chaptersBookColor":"#ffffff","libraryColor":"#ffffff","accessDeniedColor":"#666666","accessDeniedBg":"#f8f8f8","openBookColor":"#ffffff","openBookBg":"#009966","defaultTtsLanguage":"en-US","hideLogo":false,"hideLoadingMsg":false,"autohideHeader":true,"autohideLibHeader":true,"hideFxlNavBtns":false,"autohideReaderMode":"showOnScroll","autohideLibMode":"alwaysShow","spreadSpacing":0,"firstDoublePage":0,"defaultPageScroll":true,"pageScrollOptional":true,"defaultViewMode":"auto","viewModeOptional":true,"navAnimOptional":true,"languageOptional":true,"singleViewOnPortrait":true,"hideFxlBestFitBtn":false,"hideTOCAtWidescreen":false,"vibrationIntensity":"high","videosInMediaTab":false,"audioInMediaTab":false,"serialNavMode":"spine","bookThumbShadow":true,"ttsRate":100,"miniapps":[],"checksum":"cf5603670ab55178cfcc7953ab46b5c8","v":1.4,"showFavorites":true,"logo":"nemedussaandsponsorl.jpg","splashBg":null,"visitedChapterColor":"#cccccc","noVibration":true,"startupScreenDelay":1,"noLoadingScreen":false,"fxlFitToHeightBtn":false,"noSleep":false,"pdfMode":"pdf","autoChapter":false}
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{"questions":8,"images":107,"galleries":0,"equations":0,"widgets":0,"videos":39,"threed":0,"pages":89,"layout":"rfl"}
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EPUB/xhtml/epubc7zdb/EPUB/js/kotobeeInteractive.js
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var config = {"kotobee":{"liburl":"https://admin.kotobee.com/"},"slogan":"An interactive ebook","libraryInfo":"An interactive ebook library","annotations":true,"searchBooks":true,"searchLibrary":true,"mediaTab":true,"tts":true,"googleLookup":true,"wikipediaLookup":true,"clipboardCopy":true,"share":true,"overflowScroll":false,"preserveLoc":true,"settingsTab":true,"styleControls":true,"textSizeControls":true,"chaptersTab":true,"imagesInMediaTab":true,"showCategories":true,"notebookTab":true,"defaultLanguage":"en","toc":{"listStyle":"decimal","childListStyle":"decimal","title":"Table of Contents","spacing":1,"fontSize":1.2},"aid":{},"loaderColor":"#bddac0","splashColor":"#15530e","splashBgColor":"#ffffff","chaptersColor":"#ffffff","chaptersBG":"#323232","selectedChapterColor":"#a4d78d","headerBG1":"#323232","headerBG2":"#323232","headerColor":"#ffffff","tabsBG":"#ffffff","tabsColor":"#444444","chaptersBookBG":"#323232","chaptersBookColor":"#ffffff","libraryColor":"#ffffff","accessDeniedColor":"#666666","accessDeniedBg":"#f8f8f8","openBookColor":"#ffffff","openBookBg":"#009966","defaultTtsLanguage":"en-US","hideLogo":false,"hideLoadingMsg":false,"autohideHeader":true,"autohideLibHeader":true,"hideFxlNavBtns":false,"autohideReaderMode":"showOnScroll","autohideLibMode":"alwaysShow","spreadSpacing":0,"firstDoublePage":0,"defaultPageScroll":true,"pageScrollOptional":true,"defaultViewMode":"auto","viewModeOptional":true,"navAnimOptional":true,"languageOptional":true,"singleViewOnPortrait":true,"hideFxlBestFitBtn":false,"hideTOCAtWidescreen":false,"vibrationIntensity":"high","videosInMediaTab":false,"audioInMediaTab":false,"serialNavMode":"spine","bookThumbShadow":true,"ttsRate":100,"miniapps":[],"checksum":"cf5603670ab55178cfcc7953ab46b5c8","v":1.4,"showFavorites":true,"logo":"nemedussaandsponsorl.jpg","splashBg":null,"visitedChapterColor":"#cccccc","noVibration":true,"startupScreenDelay":1,"noLoadingScreen":false,"fxlFitToHeightBtn":false,"noSleep":false,"pdfMode":"pdf","autoChapter":false}



EPUB/xhtml/epubhdru8/_kmeta/config.js
var config = {"kotobee":{"liburl":"https://admin.kotobee.com/"},"slogan":"An interactive ebook","libraryInfo":"An interactive ebook library","annotations":true,"searchBooks":true,"searchLibrary":true,"mediaTab":true,"tts":true,"googleLookup":true,"wikipediaLookup":true,"clipboardCopy":true,"share":true,"overflowScroll":false,"preserveLoc":true,"settingsTab":true,"styleControls":true,"textSizeControls":true,"chaptersTab":true,"imagesInMediaTab":true,"showCategories":true,"notebookTab":true,"defaultLanguage":"en","toc":{"listStyle":"decimal","childListStyle":"decimal","title":"Table of Contents","spacing":1,"fontSize":1.2},"aid":{},"loaderColor":"#bddac0","splashColor":"#15530e","splashBgColor":"#ffffff","chaptersColor":"#ffffff","chaptersBG":"#323232","selectedChapterColor":"#a4d78d","headerBG1":"#323232","headerBG2":"#323232","headerColor":"#ffffff","tabsBG":"#ffffff","tabsColor":"#444444","chaptersBookBG":"#323232","chaptersBookColor":"#ffffff","libraryColor":"#ffffff","accessDeniedColor":"#666666","accessDeniedBg":"#f8f8f8","openBookColor":"#ffffff","openBookBg":"#009966","defaultTtsLanguage":"en-US","hideLogo":false,"hideLoadingMsg":false,"autohideHeader":true,"autohideLibHeader":true,"hideFxlNavBtns":false,"autohideReaderMode":"showOnScroll","autohideLibMode":"alwaysShow","spreadSpacing":0,"firstDoublePage":0,"defaultPageScroll":true,"pageScrollOptional":true,"defaultViewMode":"auto","viewModeOptional":true,"navAnimOptional":true,"languageOptional":true,"singleViewOnPortrait":true,"hideFxlBestFitBtn":false,"hideTOCAtWidescreen":false,"vibrationIntensity":"high","videosInMediaTab":false,"audioInMediaTab":false,"serialNavMode":"spine","bookThumbShadow":true,"ttsRate":100,"miniapps":[],"checksum":"4f142d2ae1583e90f8e7f3e392034eeb","v":1.4,"showFavorites":true,"logo":"nemedussaandsponsorl.jpg","splashBg":null,"autoChapter":false,"visitedChapterColor":"#cccccc","noVibration":true,"startupScreenDelay":1,"noLoadingScreen":false,"fxlFitToHeightBtn":false,"noSleep":false,"pdfMode":"pdf"}



EPUB/xhtml/epubhdru8/EPUB/js/kotobeeInteractive.js
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var config = {"kotobee":{"liburl":"https://admin.kotobee.com/"},"slogan":"An interactive ebook","libraryInfo":"An interactive ebook library","annotations":true,"searchBooks":true,"searchLibrary":true,"mediaTab":true,"tts":true,"googleLookup":true,"wikipediaLookup":true,"clipboardCopy":true,"share":true,"overflowScroll":false,"preserveLoc":true,"settingsTab":true,"styleControls":true,"textSizeControls":true,"chaptersTab":true,"imagesInMediaTab":true,"showCategories":true,"notebookTab":true,"defaultLanguage":"en","toc":{"listStyle":"decimal","childListStyle":"decimal","title":"Table of Contents","spacing":1,"fontSize":1.2},"aid":{},"loaderColor":"#bddac0","splashColor":"#15530e","splashBgColor":"#ffffff","chaptersColor":"#ffffff","chaptersBG":"#323232","selectedChapterColor":"#a4d78d","headerBG1":"#323232","headerBG2":"#323232","headerColor":"#ffffff","tabsBG":"#ffffff","tabsColor":"#444444","chaptersBookBG":"#323232","chaptersBookColor":"#ffffff","libraryColor":"#ffffff","accessDeniedColor":"#666666","accessDeniedBg":"#f8f8f8","openBookColor":"#ffffff","openBookBg":"#009966","defaultTtsLanguage":"en-US","hideLogo":false,"hideLoadingMsg":false,"autohideHeader":true,"autohideLibHeader":true,"hideFxlNavBtns":false,"autohideReaderMode":"showOnScroll","autohideLibMode":"alwaysShow","spreadSpacing":0,"firstDoublePage":0,"defaultPageScroll":true,"pageScrollOptional":true,"defaultViewMode":"auto","viewModeOptional":true,"navAnimOptional":true,"languageOptional":true,"singleViewOnPortrait":true,"hideFxlBestFitBtn":false,"hideTOCAtWidescreen":false,"vibrationIntensity":"high","videosInMediaTab":false,"audioInMediaTab":false,"serialNavMode":"spine","bookThumbShadow":true,"ttsRate":100,"miniapps":[],"checksum":"cf5603670ab55178cfcc7953ab46b5c8","v":1.4,"showFavorites":true,"logo":"nemedussaandsponsorl.jpg","splashBg":null,"visitedChapterColor":"#cccccc","noVibration":true,"startupScreenDelay":1,"noLoadingScreen":false,"fxlFitToHeightBtn":false,"noSleep":false,"pdfMode":"pdf","autoChapter":false}
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var config = {"kotobee":{"liburl":"https://admin.kotobee.com/"},"slogan":"An interactive ebook","libraryInfo":"An interactive ebook library","annotations":true,"searchBooks":true,"searchLibrary":true,"mediaTab":true,"tts":true,"googleLookup":true,"wikipediaLookup":true,"clipboardCopy":true,"share":true,"overflowScroll":false,"preserveLoc":true,"settingsTab":true,"styleControls":true,"textSizeControls":true,"chaptersTab":true,"imagesInMediaTab":true,"showCategories":true,"notebookTab":true,"defaultLanguage":"en","toc":{"listStyle":"decimal","childListStyle":"decimal","title":"Table of Contents","spacing":1,"fontSize":1.2},"aid":{},"loaderColor":"#bddac0","splashColor":"#15530e","splashBgColor":"#ffffff","chaptersColor":"#ffffff","chaptersBG":"#323232","selectedChapterColor":"#a4d78d","headerBG1":"#323232","headerBG2":"#323232","headerColor":"#ffffff","tabsBG":"#ffffff","tabsColor":"#444444","chaptersBookBG":"#323232","chaptersBookColor":"#ffffff","libraryColor":"#ffffff","accessDeniedColor":"#666666","accessDeniedBg":"#f8f8f8","openBookColor":"#ffffff","openBookBg":"#009966","defaultTtsLanguage":"en-US","hideLogo":false,"hideLoadingMsg":false,"autohideHeader":true,"autohideLibHeader":true,"hideFxlNavBtns":false,"autohideReaderMode":"showOnScroll","autohideLibMode":"alwaysShow","spreadSpacing":0,"firstDoublePage":0,"defaultPageScroll":true,"pageScrollOptional":true,"defaultViewMode":"auto","viewModeOptional":true,"navAnimOptional":true,"languageOptional":true,"singleViewOnPortrait":true,"hideFxlBestFitBtn":false,"hideTOCAtWidescreen":false,"vibrationIntensity":"high","videosInMediaTab":false,"audioInMediaTab":false,"serialNavMode":"spine","bookThumbShadow":true,"ttsRate":100,"miniapps":[],"checksum":"cf5603670ab55178cfcc7953ab46b5c8","v":1.4,"showFavorites":true,"logo":"nemedussaandsponsorl.jpg","splashBg":null,"visitedChapterColor":"#cccccc","noVibration":true,"startupScreenDelay":1,"noLoadingScreen":false,"fxlFitToHeightBtn":false,"noSleep":false,"pdfMode":"pdf","autoChapter":false}
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EPUB/xhtml/epubg60o3/EPUB/js/kotobeeInteractive.js
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/*** Place your javascript code below ***/ 
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var config = {"kotobee":{"liburl":"https://admin.kotobee.com/"},"slogan":"An interactive ebook","libraryInfo":"An interactive ebook library","annotations":true,"searchBooks":true,"searchLibrary":true,"mediaTab":true,"tts":true,"googleLookup":true,"wikipediaLookup":true,"clipboardCopy":true,"share":true,"overflowScroll":false,"preserveLoc":true,"settingsTab":true,"styleControls":true,"textSizeControls":true,"chaptersTab":true,"imagesInMediaTab":true,"showCategories":true,"notebookTab":true,"defaultLanguage":"en","toc":{"listStyle":"decimal","childListStyle":"decimal","title":"Table of Contents","spacing":1,"fontSize":1.2},"aid":{},"loaderColor":"#bddac0","splashColor":"#15530e","splashBgColor":"#ffffff","chaptersColor":"#ffffff","chaptersBG":"#323232","selectedChapterColor":"#a4d78d","headerBG1":"#323232","headerBG2":"#323232","headerColor":"#ffffff","tabsBG":"#ffffff","tabsColor":"#444444","chaptersBookBG":"#323232","chaptersBookColor":"#ffffff","libraryColor":"#ffffff","accessDeniedColor":"#666666","accessDeniedBg":"#f8f8f8","openBookColor":"#ffffff","openBookBg":"#009966","defaultTtsLanguage":"en-US","hideLogo":false,"hideLoadingMsg":false,"autohideHeader":true,"autohideLibHeader":true,"hideFxlNavBtns":false,"autohideReaderMode":"showOnScroll","autohideLibMode":"alwaysShow","spreadSpacing":0,"firstDoublePage":0,"defaultPageScroll":true,"pageScrollOptional":true,"defaultViewMode":"auto","viewModeOptional":true,"navAnimOptional":true,"languageOptional":true,"singleViewOnPortrait":true,"hideFxlBestFitBtn":false,"hideTOCAtWidescreen":false,"vibrationIntensity":"high","videosInMediaTab":false,"audioInMediaTab":false,"serialNavMode":"spine","bookThumbShadow":true,"ttsRate":100,"miniapps":[],"checksum":"cf5603670ab55178cfcc7953ab46b5c8","v":1.4,"showFavorites":true,"logo":"nemedussaandsponsorl.jpg","splashBg":null,"visitedChapterColor":"#cccccc","noVibration":true,"startupScreenDelay":1,"noLoadingScreen":false,"fxlFitToHeightBtn":false,"noSleep":false,"pdfMode":"pdf","autoChapter":false}
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var config = {"kotobee":{"liburl":"https://admin.kotobee.com/"},"slogan":"An interactive ebook","libraryInfo":"An interactive ebook library","annotations":true,"searchBooks":true,"searchLibrary":true,"mediaTab":true,"tts":true,"googleLookup":true,"wikipediaLookup":true,"clipboardCopy":true,"share":true,"overflowScroll":false,"preserveLoc":true,"settingsTab":true,"styleControls":true,"textSizeControls":true,"chaptersTab":true,"imagesInMediaTab":true,"showCategories":true,"notebookTab":true,"defaultLanguage":"en","toc":{"listStyle":"decimal","childListStyle":"decimal","title":"Table of Contents","spacing":1,"fontSize":1.2},"aid":{},"loaderColor":"#bddac0","splashColor":"#15530e","splashBgColor":"#ffffff","chaptersColor":"#ffffff","chaptersBG":"#323232","selectedChapterColor":"#a4d78d","headerBG1":"#323232","headerBG2":"#323232","headerColor":"#ffffff","tabsBG":"#ffffff","tabsColor":"#444444","chaptersBookBG":"#323232","chaptersBookColor":"#ffffff","libraryColor":"#ffffff","accessDeniedColor":"#666666","accessDeniedBg":"#f8f8f8","openBookColor":"#ffffff","openBookBg":"#009966","defaultTtsLanguage":"en-US","hideLogo":false,"hideLoadingMsg":false,"autohideHeader":true,"autohideLibHeader":true,"hideFxlNavBtns":false,"autohideReaderMode":"showOnScroll","autohideLibMode":"alwaysShow","spreadSpacing":0,"firstDoublePage":0,"defaultPageScroll":true,"pageScrollOptional":true,"defaultViewMode":"auto","viewModeOptional":true,"navAnimOptional":true,"languageOptional":true,"singleViewOnPortrait":true,"hideFxlBestFitBtn":false,"hideTOCAtWidescreen":false,"vibrationIntensity":"high","videosInMediaTab":false,"audioInMediaTab":false,"serialNavMode":"spine","bookThumbShadow":true,"ttsRate":100,"miniapps":[],"checksum":"cf5603670ab55178cfcc7953ab46b5c8","v":1.4,"showFavorites":true,"logo":"nemedussaandsponsorl.jpg","splashBg":null,"visitedChapterColor":"#cccccc","noVibration":true,"startupScreenDelay":1,"noLoadingScreen":false,"fxlFitToHeightBtn":false,"noSleep":false,"pdfMode":"pdf","autoChapter":false}
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var config = {"kotobee":{"liburl":"https://admin.kotobee.com/"},"slogan":"An interactive ebook","libraryInfo":"An interactive ebook library","annotations":true,"searchBooks":true,"searchLibrary":true,"mediaTab":true,"tts":true,"googleLookup":true,"wikipediaLookup":true,"clipboardCopy":true,"share":true,"overflowScroll":false,"preserveLoc":true,"settingsTab":true,"styleControls":true,"textSizeControls":true,"chaptersTab":true,"imagesInMediaTab":true,"showCategories":true,"notebookTab":true,"defaultLanguage":"en","toc":{"listStyle":"decimal","childListStyle":"decimal","title":"Table of Contents","spacing":1,"fontSize":1.2},"aid":{},"loaderColor":"#bddac0","splashColor":"#15530e","splashBgColor":"#ffffff","chaptersColor":"#ffffff","chaptersBG":"#323232","selectedChapterColor":"#a4d78d","headerBG1":"#323232","headerBG2":"#323232","headerColor":"#ffffff","tabsBG":"#ffffff","tabsColor":"#444444","chaptersBookBG":"#323232","chaptersBookColor":"#ffffff","libraryColor":"#ffffff","accessDeniedColor":"#666666","accessDeniedBg":"#f8f8f8","openBookColor":"#ffffff","openBookBg":"#009966","defaultTtsLanguage":"en-US","hideLogo":false,"hideLoadingMsg":false,"autohideHeader":true,"autohideLibHeader":true,"hideFxlNavBtns":false,"autohideReaderMode":"showOnScroll","autohideLibMode":"alwaysShow","spreadSpacing":0,"firstDoublePage":0,"defaultPageScroll":true,"pageScrollOptional":true,"defaultViewMode":"auto","viewModeOptional":true,"navAnimOptional":true,"languageOptional":true,"singleViewOnPortrait":true,"hideFxlBestFitBtn":false,"hideTOCAtWidescreen":false,"vibrationIntensity":"high","videosInMediaTab":false,"audioInMediaTab":false,"serialNavMode":"spine","bookThumbShadow":true,"ttsRate":100,"miniapps":[],"checksum":"cf5603670ab55178cfcc7953ab46b5c8","v":1.4,"showFavorites":true,"logo":"nemedussaandsponsorl.jpg","splashBg":null,"visitedChapterColor":"#cccccc","noVibration":true,"startupScreenDelay":1,"noLoadingScreen":false,"fxlFitToHeightBtn":false,"noSleep":false,"pdfMode":"pdf","autoChapter":false}
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