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Abstract

Danio rerio is a model organism used to investigate vertebrate development.
Manipulation of the zebrafish genome and resultant gene products by mutation or
targeted knockdown has made the zebrafish a good system for investigating gene
function, providing a resource to investigate genetic contributors to phenotype and
human disease. Phenotypic outcomes can be the result of gene mutation, targeted
knockdown of gene products, manipulation of experimental conditions, or any
combination thereof. Zebrafish have been used in various genetic and chemical screens
to identify genetic and environmental contributors to phenotype and disease outcomes.
The Zebrafish Information Network (ZFIN) is the central repository for genetic, genomic,
and phenotypic data that result from research using Danio rerio. Here we describe how
ZFIN annotates phenotype, expression, and disease model data across various
experimental designs, how we computationally determine wild-type gene expression,
the phenotypic gene, and how these results allow us to propagate gene expression,
phenotype, and disease model data to the correct gene, or gene related entity.

Introduction

Understanding gene and protein function can provide insight to elucidate the intricate
cellular mechanisms that are responsible for the development, growth, pathology, and
senescence of organisms. Observing the results of gene mutation is the cornerstone of
elucidating and understanding gene function. The zebrafish, Danio rerio, has been used
in forward and reverse genetic screens to study gene function and understand the
mechanisms of vertebrate development (Haffter et al. 1996)(Driever et al. 1996)(Moens
et al. 2008)(Golling et al. 2002)(Varshney et al. 2013). The results of gene function
studies in zebrafish are relevant to understanding human gene function due to the
conservation of gene sequences and functions between zebrafish and humans (Howe
et al. 2013a)(Postlethwait et al. 2000). Due to similarities between zebrafish and human
organ functions and physiology, zebrafish have been used to model human diseases
that affect the cardiovascular (Smith et al. 2009) (Liu et al. 2019), nervous (Chapman et
al. 2013) (Hin et al. 2020), visual (Zhang et al. 2016), muscular (Majczenko et al. 2012)
(Widrick et al. 2016), and many other systems. In addition to understanding gene
function and disease modeling, zebrafish are increasingly used for toxicology and drug
discovery studies, as well as research that explores the effects of genotype and
environment on phenotype and disease (Zon and Peterson 2005) (Kaufman et al. 2009)
(Cassar et al. 2019) (Williams et al. 2014)(Wheeler et al. 2019)

The Zebrafish Information Network, ZFIN, is the database resource for zebrafish
research that annotates, curates, and makes data available from zebrafish research that
spans genetic perturbations, chemically induced phenotypes, and human disease
models, as well as gene expression (Sprague et al. 2008)(Ruzicka et al. 2015)(Howe et
al. 2017). ZFIN curates gene expression, phenotype, and human disease model data by
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annotating the genotypes, experimental conditions, anatomical structures, phenotype
statements, and disease models reported in zebrafish research publications (Sprague et
al. 2006)(Howe et al. 2013b)(Bradford et al. 2017). These annotations can include
genotypes with one or many alleles and experimental conditions that range from
standard conditions to manipulation of temperature, diet, chemical, or other diverse
conditions. Due to the breadth of data that represent combinations of genotype and
environment that produce a phenotypic outcome or human disease model, it can be
challenging to determine whether a particular allele or environment is causative. To
understand gene function and clarify how gene dysfunction contributes to disease, it is
necessary to separate genetic phenotypes from those caused by the environment. ZFIN
has developed a data model and algorithms that distinguish the genotype and
environment components of an annotation to parse genetic and environmental
contributors to phenotypes, using the results to infer which genes are causative of a
phenotype. Here we discuss the ZFIN annotation components and computational logic
used to infer wild-type gene expression, gene-phenotype and gene-human disease
relationships and the ZFIN webpages and download files where the data are available.

ZFIN Annotation Components

There are three main components to ZFIN gene expression, phenotype, and human
disease model annotations: 1) the genotype of the fish including gene knockdown
reagents used (Fish), 2) the experimental conditions applied, and 3) an ontological
representation of the results.

Fish

Zebrafish are an effective vertebrate model organism to understand gene function
through gene mutation. Mutant gene loci are curated as alleles of genes and are part of
a genotype together with the background strain when that information is provided.
Zebrafish are also amenable to transgene insertion to knock out genes, insert mutant
genes, or over-express genes to manipulate gene function (Amsterdam et al. 2004)
(Kimelman et al. 2017) (Clark et al. 2011). ZFIN creates transgenic allele records for
transgene insertions, and these alleles are represented in the genotype when
applicable. Site specific mutagenesis using CRISPRs and TALENS is also used in
zebrafish to screen for candidate genes (Jao et al. 2013) (Zu et al. 2013). Zebrafish
crispants, FO founder zebrafish created using CRISPRs, are also used to phenocopy
loss of function mutants (Bek et al. 2021). In addition, gene function can be investigated
in zebrafish using morpholinos, which knockdown the gene by targeting RNA, effectively
silencing the gene product (Nasevicius and Ekker 2000) (Ekker and Larson 2001). ZFIN
groups Morpholinos, CRISPRs, TALENSs in a class called Sequence Targeting
Reagents (STR) due to the sequence specific nature of these reagents. Both alleles and
STRs have relationships to the genes they knockout or target. Because there are many
ways in which gene function can be investigated in zebrafish, a flexible data model is


https://doi.org/10.1101/2022.12.05.519159
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.12.05.519159; this version posted December 8, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

How ZFIN Assigns Phenotypes, Disease, Expression to Genes

93 needed to determine causative genes. To understand all of the genes that are affected
94  due to either mutation or knockdown, ZFIN uses a data model that groups the genotype
95 and applied STR in an object called Fish. The Fish represents the genotype and any

96 STRs that have been used for gene knockdown.

97 Experimental Conditions

98 Zebrafish are used in a wide array of experimental contexts. To represent the

99 experiments reported in research publications, the conditions applied are curated using
100 ontology terms from the Zebrafish Experimental Conditions Ontology (ZECO) (Bradford
101 et al. 2016) along with terms for the Zebrafish Anatomy Ontology (ZFA) (Van Slyke et
102  al. 2014), Chemical Entities of Biological Interest (ChEBI) (Hastings et al. 2016), and
103  NCBI Taxon (Federhen 2012). The ZECO ontology contains the main types of
104  conditions with high-level nodes that include standard conditions for zebrafish
105  husbandry as described in The Zebrafish Book (Westerfield 2000), control conditions
106  (such as venhicle injections), biological treatment (such as exposure to bacteria),
107  chemical treatment, diet alterations, housing conditions, in vitro culture, surgical
108  manipulation, lighting conditions, temperature exposure, radiation exposure, and water
109  quality. ZECO terms from the biological treatment branch are combined with NCBI
110  Taxon terms to annotate conditions where another organism is added to the
111 environment or when the zebrafish are raised in germ-free environments. The chemical
112 treatment branch of ZECO is combined with chemicals from the ChEBI ontology to
113 annotate the chemical that was used in the experiment. The surgical manipulation
114  branch is combined with terms from the ZFA ontology to denote the anatomical
115  structures that underwent ablation, resections, or other surgical manipulations. For
116  instances when a cellular component, such as an axon, is ablated, GO-CC terms are
117  used along with ZFA terms.

118

119 Ontological Representation of Results

120  ZFIN uses multiple ontologies to annotate gene expression, phenotype, human disease
121 model, and gene function results. Disease, expression, and phenotype annotations

122 include the Fish and experimental conditions. To complete disease annotations, terms
123 from the Disease Ontology (DO) (Schriml et al. 2019) are added. To describe the

124  location of the expression or phenotype annotation, terms from the ZFA, the Zebrafish
125  Stage Ontology (ZFS) (Van Slyke et al. 2014), Gene Ontology Cellular Compartment
126  (GO-CC)(Ashburner et al. 2000)(Carbon et al. 2019), Spatial Ontology (BSPO) (Dahdul
127 et al. 2014), and ChEBI are used. Expression annotations include the gene that is

128  expressed as well as the assay type using terms from the Measurement Method

129  Ontology (MMO)(Smith et al. 2013). Phenotypes pertaining to the biological process or
130  molecular function of a gene use GO Molecular Function (GO-MF) or GO Biological

131  Process (GO_BP) terms in the annotation. All phenotype annotations use terms from
132  the Phenotype and Trait Ontology (PATO) (Gkoutos et al. 2005). Gene function is

133  annotated with the gene symbol and gene function terms from the Gene Ontology (GO)

4
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134  (Ashburner et al. 2000)(Carbon et al. 2019) as well as evidence terms from the
135  Evidence and Conclusion Ontology (ECO)(Nadendla et al. 2022). All ZFIN annotations
136  reference the publication that reported the results.

137  In summary, ZFIN gene expression, phenotype, and disease model annotations are

138  multipartite including the genotype and applied knockdown reagents as Fish, the

139  experimental conditions, and the ontological representation of the results. See Table 1a-
140 ¢ for examples of gene expression, phenotype, and human disease model annotations.

141 Database Logic for Gene Expression, Gene-Phenotype, Gene-
142 Disease Associations

143 As described in the previous section, each data type provides different information used
144  to construct an annotation. To be able to understand the function of a single gene, it is
145  necessary to isolate the environmental factors from the genetic interactions within an
146  annotation and ensure correct attribution of the experimental outcome to a single gene,
147  if appropriate. To facilitate the correct representation of data sets and data displays,

148  ZFIN has established query logic or algorithms to parse the details of existing

149  annotations and display on the gene page those data that show where a gene is

150 normally expressed and the phenotypic results of mutation or knockdown of that specific
151  gene.

152 Wild-Type Gene Expression

153  Understanding the wild-type expression profile of genes is essential to understand what
154  systems and structures a gene contributes to developmentally and is necessary as a
155  comparator when evaluating gene expression in mutant or gene-knockdown zebrafish.
156  ZFIN curators annotate gene expression in both wild-type and mutant backgrounds as
157  well as what experimental conditions are present. To determine wild-type gene

158  expression, algorithms are designed to identify gene expression in Fish that have wild-
159  type backgrounds, no mutant alleles, in standard or control conditions. Gene expression
160  results that meet these criteria are displayed on the gene page (Figure 1) and are

161  provided in the ‘Expression data for wild-type fish’ download file available on the

162  downloads page (https://zfin.org/downloads). Mutant or non-wild-type zebrafish gene
163  expression can be found on the Fish page, via the search interface, in the download file
164  ‘ZFIN Genes with Expression Assay Records’, and on STR pages. The STR page

165  displays expression in Fish only where a single STR is used in a wild-type background
166  (Figure 4).

167
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169  Figure 1. Gene page gene expression. Gene expression displayed on the gene page is limited
170  to gene expression results in wild-type backgrounds. The Wild-Type Expression Summary

171  displays a graphical ribbon that denotes the anatomical systems and stages that have gene
172 expression annotations. The table lists the anatomical terms, stages and citations.

173 Affected Gene for Phenotype and Disease Model

174  To determine the function of a gene, it is instructive to look at the phenotypic outcomes
175  of mutant and gene-knockdown zebrafish. Phenotype can encompass many levels of
176  observation from morphologic changes at the level of the whole organism to changes in
177  gene expression and protein location within a cell. To draw conclusions about what

178  functions a gene has in the cell or organism, it is necessary to ensure that the

179  phenotypes attributed to the gene are solely caused by changes to that gene. ZFIN has
180 developed algorithms to determine the total number of altered or affected genes in a
181  Fish, which is used to determine the causative gene. The number of affected genes is
182  determined by counting distinct genes associated with alleles and STRs that are

183  associated with a Fish. When the affected gene count equals one and the experimental
184  conditions are standard/generic control, the phenotype or disease association is inferred
185  or calculated to be caused by the gene associated to the Fish either by is_allele

186  relationship or by STR target relationship. There are various ways to arrive at gene

187 count = 1. As illustrated in Figure 2, Fish can have one affected gene but can be more
188  or less complex in their genetic makeup. For example, a Fish with a single allele with
189  one affected gene, a Fish with multiple alleles where all alleles affect the same gene, a
190  wild-type Fish injected with one or more STRs targeting one gene, and a non-
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191  phenotypic transgenic line injected with one or more STRs that target one gene all have
192  only a single affected gene.
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194  Figure 2. Logic for determining how many genes are affected in a Fish and whether or not

195 associated phenotype data can be shown on a gene page. A) A logic flow diagram describing
196  the algorithm used to determine how many genes are affected in a Fish and whether phenotype
197 data can be shown on a gene page. B) A table of examples of Fish that result in variable

198 numbers of affected genes.

199

200 We have recently added rules to the algorithm that do not count tp53 as an affected

201  gene in Fish where morpholinos against tp53 were used in addition to other non-tp53
202  morpholinos. This rule accommodates the way zebrafish researchers use morpholinos
203 against tp53 to deal with non-specific effects of morpholinos (Robu et al. 2007).

204  Previously, a Fish that had two morpholinos, one of which was against tp53, would be
205 considered to have two affected genes and the phenotype would be excluded from

206 gene pages. The algorithm now ignores tp53 morpholinos in the Fish and the resulting
207  group of morpholinos is used to obtain the affected gene count, with data propagated to
208 the gene page when the gene count equals one (Figure 3).
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210  Figure 3. Display of MO-tp53 Fish data on Gene page. A) Phenotype data for Fish WT+MO1-
211 emx3+MO4-emx3+MO4-tp53 in standard conditions as reported in Viktorin et al. 2009. B) The
212 phenotype summary section on the emx3 gene page has a ribbon that denotes systems,

213 stages, biological processes and cellular components that have annotations, with individual
214  annotations displayed in the table. Thumbnail images are displayed when available. Phenotype
215  corresponding to Fish in A is denoted by red bracket.

216
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217  In addition to counting the number of affected genes the algorithms account for

218 transgenic lines, both those that are treated as wild-type equivalents by the research
219  community and those used to alter the expression of a gene. ZFIN annotates transgenic
220 genomic features (alleles) as phenotypic or innocuous based on the transgenic

221  construct associated with them. The phenotypic relationship is used with constructs that
222  drive expression of either an endogenous zebrafish gene or a gene from another

223  species (Table 2). These constructs are expected to produce protein products that can
224  have a phenotypic effect. The innocuous relationship is used with constructs that drive
225 the expression of fluorescent proteins, or are unable to transcribe a protein product

226 unless inserted near a native promoter, such as gene trap constructs. Information on
227  the innocuous or phenotypic relationship between a genomic feature and a construct is
228 available in the ‘Innocuous/Phenotypic Construct Details’ download file. Fish containing
229 genomic features that have a phenotypic relationship to a construct are excluded by

230 affected gene count algorithms because phenotype and disease annotations using such
231 Fish cannot be attributed to a single gene. Fish that have genomic features with an

232 innocuous relationship to a construct are counted as wild-type equivalents by the

233  affected gene count algorithms. The resulting data allow us to determine

234  computationally the affected gene count. In addition to gene count and innocuous or
235  transgenic genomic features, the experimental conditions are also taken into account
236  when determining whether the phenotype or disease model data can be attributed to a
237 gene. When the experimental conditions are standard or generic control and the

238  affected gene count is one, the resulting phenotype or disease association is inferred to
239  be caused by the one affected gene. These data are then propagated to the gene page,
240 gene related entity pages, and download files.

241  Similar rules are employed for determining whether phenotype is caused by an STR or
242  may be the result of a combination of genetic affectors. On the STR page, phenotype in
243  Fish with only a single STR targeting a single gene in a wild-type or non-phenotypic

244  transgenic background is displayed in the section where the label starts with

245  “Phenotype resulting from” followed by the STR name (Figure 4). For more complex
246 Fish or when the STR has multiple targets, the phenotypes are displayed in a section
247  labeled “Phenotype of all Fish created by or utilizing” followed by the STR name(s).

248

249

10


https://doi.org/10.1101/2022.12.05.519159
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.12.05.519159; this version posted December 8, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

How ZFIN Assigns Phenotypes, Disease, Expression to Genes

Exprassion

Gene expressian in Wild Types + MO1-vcana
Expressad Gane Anatomy Figures

cuhs almevenlmuks caal & 28 o Lez el ol 2003
Fm. 8 bwm Chen of al, 2012

anath atncventncular canal Q. £ @ from Lea or ol 20a

1-20f2

Phenniype

Phenotype resulting from MO1-veana

Fhenotype Fish Figures

Elood profein decreased amourt, abnormal InbU01 g + MW -vcana Fig. 4 i rom Mtker Dede ef &t A0t
entacaniy cushitg aembalogy, sbacomal AR+ WO yezna Fig. & fom Chen 2 24, 2042
pericardim edemaous, abnormal 1i500Tg + MO -vcana Fig. 4 @ from Muller Delle et al, 207
croncafinc giomenuls facks parts or has fowsr parts of type glomendar basement membsane glomeralar endothelium fencstra. abnoma AB + MOA-veena Fig. € g from Mikier Daile ot ab, 2016
pronenfin: padocyte decreased length, abnomal AR =W vzma Fig & @from Muler Tielhe of 2l 7046

Phenotype of all Fish created by or utilizing MO1-vcana

shncrmal 28 + MO vea

proneptrc ghmaniis acks pars or has dewer pads of fype glomensar hzsemerd memhrane glamemilar endolhelum tenest_abnormal A + MO vcana stancant ronddions tig BEytrom Wiflerilete ef i ik
proneptric podocye decreased lergrh, abnomal AD 1 MO -veana stancare condifions Tig. § B from WulerDele et al, 2
tronentric padnryie increased wikth. ahnarmal AR + MDA -veana stancan eondifions Fip Bmfrom WillerTele efal 7ME
afnoventncular canal snarip exprssion adsent, abnormal WI +MNvcana™  chemical reamen: amodarore ™ hig. 2gitrom Lee et al, A

1 5cf3 ~ Show all

250
251  Figure 4. STR page. Expression display is limited to fish with a wild-type background under

252 standard or control conditions. Phenotype display is divided into two sections, the first labeled
253  “Phenotype resulting from MO1-vcana” contains phenotype only in wild-type or innocuous

254  transgenic fish with standard conditions. Phenotype in more complex fish or under non standard
255  conditions as well as the phenotype from the previous section is displayed in the section labeled
256  “Phenotype of all Fish created by or utilizing MO1-vcana”.

257

258 Conclusion

259  The development, growth and senescence of organisms is the result of an elegant
260 orchestra of gene expression, protein function, pathology, and the environment.

261  Understanding gene and protein function is essential knowledge that provides insight
262 into the cellular mechanisms of developmental and disease processes. Gene function
263  has traditionally been elucidated using gene mutation and targeted gene knockdown.
264  Genetic and experimental condition manipulation, either singly or in combination,

265 produces phenotypic outcomes. Zebrafish have been used in forward and reverse

266  genetic screens to study gene function, model human disease, understand toxicology,
267 and discover drugs. ZFIN curates genetic, genomic, phenotypic, and disease model
268  data that result from zebrafish research. The algorithms used by ZFIN support the

269 identification of wild-type expression patterns, genes that are causative for phenotypes,
270 and disease models from data collected in a wide variety of genetic backgrounds and
271 experimental conditions. The resulting data are presented on the gene, STR, and

272  disease pages as well as in specialized download files. The aggregation of these data
273  on discrete pages and download files allows users to quickly synthesize data about
274  gene function, phenotypic outcomes and disease models without having to compile
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manually the research from many genotypes, gene knockdowns, and experimental
conditions.

Funding

National Human Genome Research Institute at the US National Institutes of Health [U41
HG002659 (ZFIN) and U24 HG010859 (Alliance of Genome Resources)].
Table 1a. Gene Expression annotations
Gene Fish Experimental Stage Expression Reference
Condition
pax2a AB Standard conditions | Pharyngula:Prim- | Optic furrow ZDB-PUB-180407-9;
[ZECO:0000103] 25 [ZFS:0000031] | [ZFA:0005491] | PMID: 29625437
pax2a aldh1a?*"% Standard conditions | Segmentation:10- | Lateral plate ZDB-PUB-011002-4;
[ZECO:0000103] 13 somites mesoderm PMID: 11688558
[ZFS:0000025] [ZFA:0000121]
pax2a | cyp26a1™7*™7 | Chemical treatment: | Segmentation: 1- | Midbrain ZDB-PUB-061227-41;
all-trans-retinoic 4 somites hindbrain PMID: 17164423
acid [ZFS:0000023] boundary
[ZECO:0000111], neural keel
[CHEBI:15367] [ZFA:0007045]
pax2a AB+MO6- Standard conditions | Segmentations: Epibranchial ZDB-PUB-110119-6;
pax8+MO7-pax8 | [ZECO:0000103] 5-9 somites field PMID: 21215261
[ZFS:0000024] [ZFA:0007061]

Table 1b. Phenotype annotations

Fish Experimental Stage Phenotype Reference
Conditions
sox9g™37/ws7 Standard Larval:Day 5 Ceratohyal ZDB-PUB-970210-30; PMID:
conditions [ZFS:0000037] cartilage 9007254
[ZECO:0000103] decreased size,
abnormal
[ZFA:0001400],
[PATO:0000587]
hul11688Tg+MO1- | Chemical Larval:Protruding- | Heart contraction | ZDB-PUB-181004-5; PMID:
tnnt2a(TL) treatment by mouth increased rate, 30279735

environment:

[ZFS:0000035]

abnormal
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isoprenaline
[ZECO:0000238],
[CHEBI:64317]

[GO:0060047],
[PATO:0000912]

AB+CRISPR1-
cyplb1+CRISPR2-
cyplbl

Standard
Conditions
[ZECO:0000103]

Larval:Day 6
[ZFS:0000038]

Ventral
mandibular arch
immature,
abnormal
[ZFA:0001273],
[PATO:0001501]

ZDB-PUB-210703-31; PMID:

34208498

x17Tg

Heat shock
[ZECO:0000166]

Larval:Protruding-
mouth
[ZFS:0000035]

Posterior macula
mislocalised,
abnormal
[ZFA:0000558],
[PATO:0000628]

ZDB-PUB-190426-5; PMID:

31022185

Table 1c. Human disease model annotations

Fish Experimental Human Disease Reference
Conditions

rps19¥°6/55% Standard conditions | Diamond-Blackfan | ZDB-PUB-140728-17;

[ZEC0O:0000103]

anemia
[DOID:1339]

PMID: 25058426

WT+MO1-rpll1l

Standard conditions

Diamond-Blackfan

ZDB-PUB-151021-8;

albicans
[ZECO:0000232],
[NCBITaxon:5476]

[ZECO:0000103] anemia PMID: 26484089
[DOID:1339]

WT Chemical Epilepsy ZDB-PUB-160311-7;
treatment: [DOID:1826] PMID: 26961169
pentetrazol
[ZECO:0000111],

[CHEBI:34910]

AB Fungal treatment by | Candidiasis ZDB-PUB-200119-2;

injection:Candida [DOID:1508] PMID: 31952292

Table 2. Innocuous and phenotypic constructs
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Genomic relationship Construct Construct
Feature description
rw021Tg Contains Tg(atoh7:GFP) Promoter for
innocuous atoh7 drives
sequence feature expression of
GFP
nculO02Tg Contains Tg(hsp70l:cyfip2_C179R- | Promoter for
innocuous EGFP) hsp70l drives
sequence feature mutant cyfip2
that produces
protein change of
Cto R at position
179
ua3162Tg Contains Tg(opnlswil:nrl) Promoter for
phenotypic opnlswl drives
sequence feature expression of nr/
ns103Tg Contains Tg(rag2:Hsa.ALDH1A2) Promoter for
phenotypic rag2 drives
sequence feature expression of
Human gene
ALD1A2
expression
303
304
305
306
307
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Exclude morphant phenotypes
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Expression

Gene expression in Wild Types + MO1-vcana

Expressed Gene Anatomy
cdhb atrioventricular canal
snai1b atrioventricular canal
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Figures

Fig. 2 (@ from Lee et al., 2015
Fig. 8 from Chen et al., 2012

Fig. 2 i@ from Lee et al., 2015

Phenotype resulting from MO1-vcana

Phenotype

blood protein decreased amount, abnormal

endocardial cushion morphology, abnormal

pericardium edematous, abnormal

pronephric glomerulus lacks parts or has fewer parts of type glomerular basement membrane glomerular endothelium fenestra, abnormal
pronephric podocyte decreased length, abnormal

1-50f6

Phenotype of all Fish created by or utilizing MO1-vcana

Phenotype

endocardial cushion morphology, abnormal

pronephric glomerulus lacks parts or has fewer parts of type glomerular basement membrane glomerular endothelium fenestra, abnormal
pronephric podocyte decreased length, abnormal

pronephric podocyte increased width, abnormal

atrioventricular canal snai1b expression absent, abnormal
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Fish

AB + MO1-vcana

AB + MO1-vcana

AB + MO1-vcana

AB + MO1-vcana

WT + MO1-vcana

Fish

In500Tg + MO1-vcana
AB + MO1-vcana
In500Tg + MO1-vcana
AB + MO1-vcana

AB + MO1-vcana

Conditions

standard conditions
standard conditions
standard conditions

standard conditions

Figures

Fig. 4 i@ from Mdller-Delle et al., 2016
Fig. 8 from Chen et al., 2012

Fig. 4 (@& from Mdller-Deile et al., 2016
Fig. 6 @@ from Mdller-Delle et al., 2016
Fig. 6 @ from Mdller-Deile et al., 2016
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Figures

Fig. 8 from Chen ef al., 2012

Fig. 6 @@ from Mdaller-Deile et al., 2016
Fig. 6 i@ from Mdaller-Deile et al., 2016

Fig. 6 @ from Mdller-Deile et al., 2016

chemical treatment: amiodarone Fig. 2 i@ from Lee et al., 2015
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