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Synopsis 

Danionella translucida, a new genus and species of danioin cyprinid fishes, is described from Burma. 
Females are mature at 10-11 mm standard length, and the largest known specimen is only 12 mm. Ripe eggs 
are few in number and relatively large, 0.4-0.6 mm in diameter. Adults are scaleless and largely transparent, 
with a complex pattern of large melanophores on the ventral surface of the abdomen. Specializations 
observed in skeletal preparations include the ‘danioin notch’ in the medial surface of the mandibles; a large 
maxillo-mandibulary cartilage; a cartilage (epibranchial5?) uniting the branchial arches 4 and 5; pharyngeal 
bones with a single row of 4 tricuspid teeth; and pectoral, pelvic, and caudal fins with fewer rays than 
reported or observed in any other members of the family Cyprinidae. 

Introduction 

The smallest known adult vertebrate is Trimmatom 
nanus Winterbottom & Emery, 1981, a member of 
the fish family Gobiidae living in coral reefs in the 
Indian Ocean. Females as small as 8mm in stan- 
dard length have ‘fully developed eggs’ (Winter- 
bottom & Emery 1981, p. 146). The largest known 
specimens are 10.2 mm in standard length (all fish 
sizes in the present paper are standard lengths). 

Until now, the smallest known freshwater fish is 
also a gobiid. Mistichthys luzonensis Herre, from 
freshwater lakes in the Bikol region of southern 
Luzon Island in the Philippines, are fully mature at 
lo-14mm (Te Winkel 1935). Another freshwater 
goby from Luzon, Pandaka pygmaea, has mature 
females of only 10-11 mm but the largest specimens 
are at least 2-4 mm longer. This species also has a 
very stout and robust body. 

In the present paper a new genus and species of 

Cyprinidae is described from freshwater in Burma, 
in which females of only 10.3-11.3 mm have ripe or 
ripening ovaries, and the largest known specimen is 
only 12.0 mm. This is the smallest known member 
of the superorder Ostariophysi and the smallest 
adult vertebrate known to inhabit fresh water. 

The new fish (Fig. 1) was collected from the roots 
of floating aquatic plants in a slow-flowing, shallow 
stream (maximum depth 1 m) in the Pegu Division 
of Burma about 100 km NE of Rangoon on 9 March 
1985 (toward the end of the long dry season). The 
only other fishes collected at this locality were 
adults of other small cyprinids (Brachydanio and 
Microrasbora), a sisorid catfish (Hara), and a small 
ricefish (Oryzias). 

Observations of the skeletal anatomy of the new 
genus and species confirm that it belongs to the 
family Cyprinidae and indicate that its phylogene- 
tic relationships lie with the danioin group of 
cyprinid genera. This group, including Brachy- 
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Fig. 1. Danionella translucida. A formalin preserved female, 11.9 mm SL. 

danio, Danio, and Parabarilius, has many species 
in Burma, including several in which adults are 
only 20 to 30mm long. The danioins are dis- 
tinguished from other cyprinids by the uniquely 
shared character of the ‘danioin notch’, a large and 
peculiarly shaped indentation in the medial margin 
of the mandibles. This feature was noted in several 
species of Danio by Howes (1979, p. 192, fig. 42). I 
have observed it in several species of Brachydanio 
and in Parabarilius but not in any members of the 
rasborin, esomin, bariliin, chelin, or other ‘infor- 
mal’ taxonomic categories currently recognized for 
various Asian cyprinids. The danioins are further 
characterized by having a moderately long anal fin 
(typically with 9-16 branched rays) and abdominal 
vertebrae much fewer than caudal vertebrae 
(southeast Asian cyprinids other than danioins and 
chelins usually have only 5 branched anal fin rays; 
in most, abdominal vertebrae are more numerous 
than caudal). There are some small cyprinids 
known only from Burma which are not readily 
placed in any of these informal categories. These 
are the monotypic genus Sawbwa, known only 
from Inle Lake, and the species of Microrasbora, 
known from Inle Lake and Pegu Division (includ- 
ing the stream where the new cyprinid was col- 
lected). I have examined their skeletal anatomy 
and conclude that they are not closely related to the 
new genus. 

Danionella new genus 

Type species. - Danionella translucida new species. 
Diagnosis. -Differs from all other Cyprinidae in its 
minute adult size, 10-12 mm; and from all or almost 
all other members of the family in the low number 
of its pectoral fin rays (15), pelvic fin rays (14) and 
principal caudal fin rays (9/9 instead of the other- 
wise invariable or almost invariable 10/9). It differs 
from all other cyprinids so far as known in having a 
large maxillo-mandibulary cartilage, and a car- 
tilage connecting the fourth branchial arch to the 
fifth ceratobranchial. It differs from most other 
cyprinids in having only a single row of four phar- 
yngeal teeth (tricuspid). 

Scales absent. No barbels. Lateral line appar- 
ently absent on head and body (no canals or pores 
observed). Abdomen rounded. Dorsal fin, orig- 
inating in posterior part of body, with 2 simple and 
6 branched rays (last ray not divided to base). Anal 
fin large, origin near middle of body, with 2 simple 
and Xl-14 branched rays (last ray not divided to 
base). Caudal fin moderately forked, simple princi- 
pal rays (uppermost and lowermost principal ray of 
caudal lobes) of same thickness as branched princi- 
pal rays (not greatly thickened as in some 
Rasbora). Innermost rays of pectoral and pelvic 
fins large and well developed (not minute and 
poorly developed or weakly staining as in 
Rasbora). Caudal peduncle with a midventral keel 
for its entire length and a middorsal keel extending 
for posterior half of its length. Abdominal ver- 
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Fig. 2. Danionella trunslucida. 11.2mm, lateral view of axial skeletal features. 

tebrae much fewer than caudal; vertebrae 13-14 + 
19-20 = 32 or 33. 

Swim bladder with anterior and posterior cham- 
bers widely separated (Fig. 2); in all other cyprinids 
examined the posterior chamber is much elongate 
and its anterior end is adjacent or very close to the 
anterior chamber of the swim bladder. Gut a sim- 
ple, short straight tube. (In the specimen illustrated 
the vent apparently opens between the pelvic fins. 
In the other cleared and stained specimens the gut 
extends more posteriorly and the vent lies just in 
front of the anal fin origin. One of the specimens 
which was not cleared and stained appeared to 
have an anteriorly situated vent like that in the 
specimen illustrated.) 

Danionella translucida new species (Fig. 1-12) 

Holotype. - NRM TRR/1985106.3013,10.8 mm ma- 
ture female. Burma, Pegu Division, Sittang River 
basin, Dayame Chaung 1 mile N of Daik-u, 
9 March 1985, T.R. Roberts. 

Paratypes. - NRM TRRA985106.3014, 35: 8.7- 
12.0mm, collected with holotype (including 10: 
10.0-11.7 mm cleared and stained with alcian blue 
and alizarin red for skeletal study). 

Proportional measurements (expressed as times in 
standard length). - Proportional measurements 
were taken using camera lucida from a series of 20 
specimens including mature females, and the four 
smallest as well as four largest specimens from the 

entire type series. (Head, eye, depth of body and of 
caudal peduncle were measured on all or most of 
the specimens, length of anal fin base and of caudal 
peduncle on about half the specimens, but height 
or length of fins only on a relatively small number 
of specimens with intact fins.) 

Head length 4.3-4.8; eye diameter 12.2-14.7; 
greatest depth of body (just before anal fin origin 
4.1-5.4; depth of caudal peduncle 8.3-10.3; length 
caudal peduncle 3.3-3.7; pectoral fin length 7.1- 
7.8; pelvic fin length 12.0-17.8; dorsal fin height 
7.69.5; anal fin height 6.5-7.1; anal fin base 5.3- 
6.4. 

Coloration (Fig. 3). - Observed in life, Danionella 
were colorless and almost perfectly transparent ex- 
cept for the eyes. The large posterior chamber of 
the swim bladder was very evident; melanophores 
were not noted. 

Preserved specimens have a complex and very 
distinctive pattern of large melanophores, especi- 
ally on the side of the abdomen and on the entire 
ventral surface of the body. Dorsal surface of head 
and body without melanophores except for a small 
number of large melanophores on head over pos- 
terior part of brain. Dorsal half of side of body 
without melanophores except for a midlateral 
longitudinal row of fine melanophores overlying 
horizontal septum on posterior half of body. Lat- 
eral and ventral surface of head with few or no 
melanophores except for series of small regularly 
spaced melanophores in three parallel rows on 
branchiostegal membrane. Fins colorless and 
transparent except for a few elongate melano- 
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Information processing in the brain is based on the complex inter-
play of large populations of neurons that are distributed across the 
nervous system. When neurons are integrated into circuits, func-

tions emerge that cannot be predicted from the properties of indi-
vidual cells. The study of neural networks is therefore essential for 
a complete understanding of higher brain functions such as percep-
tion, motor control, learning, and social behavior.

It is technically challenging to elucidate network function with 
cellular resolution. Technical advances in imaging resolution and 
speed, labeling, and optogenetics1–7 have enabled the use of opti-
cal techniques for the measurement and perturbation of neuronal 
population activity. Yet the size and opacity of vertebrate brains have 
prevented researchers from accessing the majority of neurons in the 
brain and forced them to focus on smaller regions.

An exception is the zebrafish larva, which, owing to its genetic 
accessibility, small size and optical transparency, has been used 
successfully as a vertebrate model system for studies of distributed 
neuronal network function at the whole-brain scale with single-cell 
resolution. This has permitted network activity measurements and 
circuit analyses at a scale that has not been possible in other verte-
brates8–16. However, larval networks are not mature and are rewired 
over the course of development. The early stage of development in 
the larval brain limits the study of complex behaviors that require 
an adult brain, including learning of complex tasks, courtship, com-
munication and other social behaviors.

An ideal model organism would combine the advantages of 
invertebrates and zebrafish larvae—namely, small brain size and 
optical access—with the behavioral and neural complexity of an 
adult vertebrate. Furthermore, such an organism should be easy 
to breed and amenable to genetic manipulation, including tar-
geted gene knockout and insertion of transgenes. Here we dem-
onstrate that a freshwater Danionin fish species from Myanmar,  

D. translucida (DT), possesses these properties. DT adults are 
among the smallest living vertebrates17, with a body length of about 
12 mm (Fig. 1a). Bone anatomy studies18–21 suggest that the minia-
turization in the genus Danionella is made possible by pedomorphic 
bone development.

Here we show that DT have, to our knowledge, the small-
est adult vertebrate brain. Despite their small size, they display 
a rich behavioral repertoire, including schooling, shoaling and 
other social behaviors. We report that DT males generate vocal-
izations with complex temporal structure. We developed a toolkit 
for genetic manipulation of DT by adapting the Tol2 transposase 
system for gene insertion and by creating a sequencing library to 
enable CRISPR–Cas9-mediated gene editing. Using these tools, we 
created transgenic fish expressing the fluorescent calcium indica-
tor GCaMP6f, and in proof-of-principle experiments we recorded 
spontaneous and auditory-stimulus-evoked calcium signals.

Results
Brain anatomy. DT heads are transparent when observed under a 
stereomicroscope (Fig. 1b): the hemispheres of the telencephalon 
and the optic tectum are visible in the intact head, and the back 
of the eyes can be seen through the brain. This extent of optical 
clarity probably results from the absence of skull above the brain21. 
In our specimens, Nissl-stained coronal sections through the head22 
showed that the skull surrounds the brain only laterally and ventrally 
(Fig. 1c, Supplementary Video 1). We estimated the total number 
of neurons in the DT brain as 650,000 (Methods), which is more 
than an order of magnitude less than in adult zebrafish23. We next 
asked whether this reduced number of neurons is accompanied by 
a corresponding reduction in brain weight. However, attempting to 
weigh the brain or to determine brain volume from histological sec-
tions would have led to measurement errors resulting from a liquid 
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film or from tissue shrinkage, respectively. We therefore resorted 
to 7T MRI of an intact DT specimen at 35-µ m isotropic resolution 
and determined that the brain volume was 0.6 mm3 (Supplementary 
Video 2 and ref. 22). A review of the literature24,25 and the FishBase 
database (http://fishbase.org/) confirmed that DT has the smallest 
adult vertebrate brain reported so far (Fig. 1d).

Behavior. Although DT’s small brain size and low number of neu-
rons are desirable for the optical study of neuronal networks, they 
raise the question of whether the species is capable of complex 
behaviors. We thus tested whether DT displays behaviors known to 
require maturity in other fish species, such as courtship, shoaling, 
schooling and intraspecies communication.

DT lives in large schools and is a communal breeder. We 
observed courtship episodes between fish within silicon tubes 
in undisturbed community tanks during the first 5 h of the light 
period. Typically, females lingered inside the tubes when they were 
ready to spawn. Males approached the females almost instantly after 
entering the tube and engaged in apparent courtship behavior. After 
a short sequence of rapid back-and-forth movements and changes 
in orientation, the male and female came to rest with the male push-
ing against the posterior part of the female’s body, and the female 

released eggs (time from male approach to egg release: median, 2 s; 
range, 1–38 s; n =  6; Supplementary Video 3). Females left the tube 
shortly after spawning (time from spawning to female exit: median, 
6 s; range, 1–10 s), whereas the male remained positioned on the egg 
clutch for several tens of seconds (time from spawning to male exit: 
median, 39 s; range, 1–83 s).

Shoaling and schooling are behaviors with key roles in forag-
ing, predator avoidance and mating strategies in fish26. Groups 
of fish that ‘shoal’ remain together, whereas ‘schooling’ describes 
shoals in which multiple individuals show coordinated movement 
and aligned body orientation. We tested for shoaling and school-
ing in a group of 12 adult DTs (aged 5–7 months) by monitoring 
their collective behavior in a shallow tank (24 ×  24 cm2; Fig. 2a). To 
quantify the extent of shoaling, we calculated the nearest-neigh-
bor distances for each pair, and found that the average distance 
(1.9 ±  0.5 cm, mean ±  s.d.; n =  15,000 frames; repeated twice with 
similar results; Fig. 2b) was significantly smaller than the nearest-
neighbor distance calculated under the assumption of complete spa-
tial randomness (3.6 cm; P =  1.2 ×  10−3, Clark–Evans test) and the 
average distance extracted from the shuffled dataset (3.4 ±  0.8 cm;  
P ≪  1 ×  10−5, Kolmogorov–Smirnov test). Additionally, fish coor-
dinated their orientations, as demonstrated by the nonuniform 
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Fig. 1 | D. translucida body size, transparency and miniature brain. a, Images of a gravid female (top) and a male (bottom). b, Image of the head. Black 
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d, Comparison of brain weight versus body weight for different vertebrates. Outlines are modified from ref. 25. Blue dots represent known adult fish, based 
on data from ref. 24 and FishBase (http://fishbase.org). Red dot, DT; green dot, zebrafish.
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film or from tissue shrinkage, respectively. We therefore resorted 
to 7T MRI of an intact DT specimen at 35-µ m isotropic resolution 
and determined that the brain volume was 0.6 mm3 (Supplementary 
Video 2 and ref. 22). A review of the literature24,25 and the FishBase 
database (http://fishbase.org/) confirmed that DT has the smallest 
adult vertebrate brain reported so far (Fig. 1d).

Behavior. Although DT’s small brain size and low number of neu-
rons are desirable for the optical study of neuronal networks, they 
raise the question of whether the species is capable of complex 
behaviors. We thus tested whether DT displays behaviors known to 
require maturity in other fish species, such as courtship, shoaling, 
schooling and intraspecies communication.

DT lives in large schools and is a communal breeder. We 
observed courtship episodes between fish within silicon tubes 
in undisturbed community tanks during the first 5 h of the light 
period. Typically, females lingered inside the tubes when they were 
ready to spawn. Males approached the females almost instantly after 
entering the tube and engaged in apparent courtship behavior. After 
a short sequence of rapid back-and-forth movements and changes 
in orientation, the male and female came to rest with the male push-
ing against the posterior part of the female’s body, and the female 

released eggs (time from male approach to egg release: median, 2 s; 
range, 1–38 s; n =  6; Supplementary Video 3). Females left the tube 
shortly after spawning (time from spawning to female exit: median, 
6 s; range, 1–10 s), whereas the male remained positioned on the egg 
clutch for several tens of seconds (time from spawning to male exit: 
median, 39 s; range, 1–83 s).

Shoaling and schooling are behaviors with key roles in forag-
ing, predator avoidance and mating strategies in fish26. Groups 
of fish that ‘shoal’ remain together, whereas ‘schooling’ describes 
shoals in which multiple individuals show coordinated movement 
and aligned body orientation. We tested for shoaling and school-
ing in a group of 12 adult DTs (aged 5–7 months) by monitoring 
their collective behavior in a shallow tank (24 ×  24 cm2; Fig. 2a). To 
quantify the extent of shoaling, we calculated the nearest-neigh-
bor distances for each pair, and found that the average distance 
(1.9 ±  0.5 cm, mean ±  s.d.; n =  15,000 frames; repeated twice with 
similar results; Fig. 2b) was significantly smaller than the nearest-
neighbor distance calculated under the assumption of complete spa-
tial randomness (3.6 cm; P =  1.2 ×  10−3, Clark–Evans test) and the 
average distance extracted from the shuffled dataset (3.4 ±  0.8 cm;  
P ≪  1 ×  10−5, Kolmogorov–Smirnov test). Additionally, fish coor-
dinated their orientations, as demonstrated by the nonuniform 
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distribution of relative body orientations (Fig. 2c). To test whether 
shoaling and schooling behaviors are visually mediated, we repeated 
the collective-behavior recordings in darkness (under infrared illu-
mination). The absence of visual cues abolished both shoaling and 
schooling (Supplementary Fig. 1). In summary, DT adults showed 
visually mediated shoaling and schooling behavior.

A hallmark of social behavior is intraspecies communication. 
Whereas the majority of teleost fish communicate visually, hydro-
phone recordings confirmed that the DTs communicated via 
an additional modality: they generated vocalizations (Fig. 2d–f, 
Supplementary Audio 1 and 2) consisting of short pulses (< 2 ms) 
characterized by a sharp signal onset (Fig. 2d) and amplitudes of 
around 140 dB (reference pressure of 1 µ Pa, measured at distances 
of < 13 cm; maximum of 160 dB)—acoustic signals audible without 
amplification even outside the tank. Pulses were generated pre-
dominantly at frequencies of about 60 and 120 Hz, correspond-
ing to peaks in the interpulse-interval histogram at about 8 and 
17 ms (Fig. 2e,g). They were structured in bursts ranging from  
about 30 ms to minutes in duration (Fig. 2e,f; distribution peak at 

~50 ms, Supplementary Fig. 2). Many bursts occurred in clusters in 
which they were separated by intervals of about 60–300 ms and with 
total durations from tens of milliseconds to minutes (distribution 
peak at ~500 ms; Fig. 2e and Supplementary Fig. 2b). In undisturbed 
DT community tanks, vocalizations occurred frequently during the 
day, with the majority during the first half of the day and coincid-
ing with the hours of most frequent egg spawning, and only infre-
quently at night (Fig. 2h).

To determine whether only one or both sexes vocalize, we 
monitored the vocalization behavior of small groups of defined 
sexes, and found that female-only groups did not generate sounds 
(Fig. 2i), in contrast to groups consisting of a single male and four 
females or of five males. We thus concluded that only DT males 
generate vocalizations.

To investigate the potential function of vocalizations, we asked 
whether they are modulated by social context. We assumed that 
if vocalizations were unrelated to social factors, their number 
would scale linearly with the number of fish in the tank, whereas 
a nonlinear dependence would suggest influence by social factors.  
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distribution of relative body orientations (Fig. 2c). To test whether 
shoaling and schooling behaviors are visually mediated, we repeated 
the collective-behavior recordings in darkness (under infrared illu-
mination). The absence of visual cues abolished both shoaling and 
schooling (Supplementary Fig. 1). In summary, DT adults showed 
visually mediated shoaling and schooling behavior.

A hallmark of social behavior is intraspecies communication. 
Whereas the majority of teleost fish communicate visually, hydro-
phone recordings confirmed that the DTs communicated via 
an additional modality: they generated vocalizations (Fig. 2d–f, 
Supplementary Audio 1 and 2) consisting of short pulses (< 2 ms) 
characterized by a sharp signal onset (Fig. 2d) and amplitudes of 
around 140 dB (reference pressure of 1 µ Pa, measured at distances 
of < 13 cm; maximum of 160 dB)—acoustic signals audible without 
amplification even outside the tank. Pulses were generated pre-
dominantly at frequencies of about 60 and 120 Hz, correspond-
ing to peaks in the interpulse-interval histogram at about 8 and 
17 ms (Fig. 2e,g). They were structured in bursts ranging from  
about 30 ms to minutes in duration (Fig. 2e,f; distribution peak at 

~50 ms, Supplementary Fig. 2). Many bursts occurred in clusters in 
which they were separated by intervals of about 60–300 ms and with 
total durations from tens of milliseconds to minutes (distribution 
peak at ~500 ms; Fig. 2e and Supplementary Fig. 2b). In undisturbed 
DT community tanks, vocalizations occurred frequently during the 
day, with the majority during the first half of the day and coincid-
ing with the hours of most frequent egg spawning, and only infre-
quently at night (Fig. 2h).

To determine whether only one or both sexes vocalize, we 
monitored the vocalization behavior of small groups of defined 
sexes, and found that female-only groups did not generate sounds 
(Fig. 2i), in contrast to groups consisting of a single male and four 
females or of five males. We thus concluded that only DT males 
generate vocalizations.

To investigate the potential function of vocalizations, we asked 
whether they are modulated by social context. We assumed that 
if vocalizations were unrelated to social factors, their number 
would scale linearly with the number of fish in the tank, whereas 
a nonlinear dependence would suggest influence by social factors.  
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distribution of relative body orientations (Fig. 2c). To test whether 
shoaling and schooling behaviors are visually mediated, we repeated 
the collective-behavior recordings in darkness (under infrared illu-
mination). The absence of visual cues abolished both shoaling and 
schooling (Supplementary Fig. 1). In summary, DT adults showed 
visually mediated shoaling and schooling behavior.

A hallmark of social behavior is intraspecies communication. 
Whereas the majority of teleost fish communicate visually, hydro-
phone recordings confirmed that the DTs communicated via 
an additional modality: they generated vocalizations (Fig. 2d–f, 
Supplementary Audio 1 and 2) consisting of short pulses (< 2 ms) 
characterized by a sharp signal onset (Fig. 2d) and amplitudes of 
around 140 dB (reference pressure of 1 µ Pa, measured at distances 
of < 13 cm; maximum of 160 dB)—acoustic signals audible without 
amplification even outside the tank. Pulses were generated pre-
dominantly at frequencies of about 60 and 120 Hz, correspond-
ing to peaks in the interpulse-interval histogram at about 8 and 
17 ms (Fig. 2e,g). They were structured in bursts ranging from  
about 30 ms to minutes in duration (Fig. 2e,f; distribution peak at 

~50 ms, Supplementary Fig. 2). Many bursts occurred in clusters in 
which they were separated by intervals of about 60–300 ms and with 
total durations from tens of milliseconds to minutes (distribution 
peak at ~500 ms; Fig. 2e and Supplementary Fig. 2b). In undisturbed 
DT community tanks, vocalizations occurred frequently during the 
day, with the majority during the first half of the day and coincid-
ing with the hours of most frequent egg spawning, and only infre-
quently at night (Fig. 2h).

To determine whether only one or both sexes vocalize, we 
monitored the vocalization behavior of small groups of defined 
sexes, and found that female-only groups did not generate sounds 
(Fig. 2i), in contrast to groups consisting of a single male and four 
females or of five males. We thus concluded that only DT males 
generate vocalizations.

To investigate the potential function of vocalizations, we asked 
whether they are modulated by social context. We assumed that 
if vocalizations were unrelated to social factors, their number 
would scale linearly with the number of fish in the tank, whereas 
a nonlinear dependence would suggest influence by social factors.  
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Hybrid genome assembly 
and annotation of Danionella 
translucida
Mykola Kadobianskyi , Lisanne Schulze , Markus Schuelke  & Benjamin Judkewitz  

Studying neuronal circuits at cellular resolution is very challenging in vertebrates due to the size and 
optical turbidity of their brains. Danionella translucida, a close relative of zebrafish, was recently 
introduced as a model organism for investigating neural network interactions in adult individuals. 
Danionella remains transparent throughout its life, has the smallest known vertebrate brain and 
possesses a rich repertoire of complex behaviours. Here we sequenced, assembled and annotated the 
Danionella translucida genome employing a hybrid Illumina/Nanopore read library as well as RNA-
seq of embryonic, larval and adult mRNA. We achieved high assembly continuity using low-coverage 
long-read data and annotated a large fraction of the transcriptome. This dataset will pave the way for 
molecular research and targeted genetic manipulation of this novel model organism.

Background & Summary
The size and opacity of vertebrate tissues limit optical access to the brain and hinder investigations of intact 
neuronal networks in vivo. As a result, many scientists focus on small, superficial brain areas, such as parts of 
the cerebral cortex in rodents, or on early developmental stages of small transparent organisms, like zebrafish 
larvae. In order to overcome these limitations, Danionella translucida (DT), a transparent cyprinid fish1,2 with the 
smallest known vertebrate brain, was recently developed as a novel model organism for the optical investigation 
of neuronal circuit activity in vertebrates3,4. The majority of DT tissues remain transparent throughout its life 
(Fig. 1). DT displays a variety of social behaviours, such as schooling and vocal communication, and is amenable 
to genetic manipulation using genetic tools that are already established in zebrafish. As such, this species is a 
promising model organism for studying the function of neuronal circuits across the entire brain. Yet, a continu-
ous annotated genome reference is still needed to enable targeted genetic and transgenic studies and facilitate the 
adoption of DT as a model organism.

Next-generation short-read sequencing advances steadily decreased the price of the whole-genome sequenc-
ing and enabled a variety of genomic and metagenomic studies. However, short-read-only assemblies often strug-
gle with repetitive and intergenic regions, resulting in fragmented assembly and poor access to regulatory and 
promoter sequences5,6. Long-read techniques, such as PacBio and Nanopore, can generate reads up to 2 Mb7, but 
they are prone to errors, including frequent indels, which can lead to artefacts in long-read-only assemblies6. 
Combining short- and long-read sequencing technologies in hybrid assemblies recently produced high-quality 
genomes in fish8,9.

Here we report the hybrid Illumina/Nanopore-based assembly of the Danionella translucida genome. A com-
bination of deep-coverage Illumina sequencing with a single Nanopore sequencing run produced an assembly 
with scaffold N50 of 340 kb and Benchmarking Universal Single-Copy Orthologs (BUSCO) genome completeness 
score of 92%. Short- and long-read RNA sequencing data used together with other fish species annotated pro-
teomes produced an annotation dataset with BUSCO transcriptome completeness score of 86%.

Methods
Genomic sequencing libraries. For genomic DNA sequencing we generated paired-end and mate-pair 
Illumina sequencing libraries and one Nanopore library. We extracted DNA from fresh DT tissues with phe-
nol-chloroform-isoamyl alcohol. For Illumina sequencing, we used 5 days post fertilisation (dpf) old larvae. A 
shotgun paired-end library with 500 bp insert size was prepared with TruSeq DNA PCR-Free kit (Illumina). 
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neuronal networks in vivo. As a result, many scientists focus on small, superficial brain areas, such as parts of 
the cerebral cortex in rodents, or on early developmental stages of small transparent organisms, like zebrafish 
larvae. In order to overcome these limitations, Danionella translucida (DT), a transparent cyprinid fish1,2 with the 
smallest known vertebrate brain, was recently developed as a novel model organism for the optical investigation 
of neuronal circuit activity in vertebrates3,4. The majority of DT tissues remain transparent throughout its life 
(Fig. 1). DT displays a variety of social behaviours, such as schooling and vocal communication, and is amenable 
to genetic manipulation using genetic tools that are already established in zebrafish. As such, this species is a 
promising model organism for studying the function of neuronal circuits across the entire brain. Yet, a continu-
ous annotated genome reference is still needed to enable targeted genetic and transgenic studies and facilitate the 
adoption of DT as a model organism.

Next-generation short-read sequencing advances steadily decreased the price of the whole-genome sequenc-
ing and enabled a variety of genomic and metagenomic studies. However, short-read-only assemblies often strug-
gle with repetitive and intergenic regions, resulting in fragmented assembly and poor access to regulatory and 
promoter sequences5,6. Long-read techniques, such as PacBio and Nanopore, can generate reads up to 2 Mb7, but 
they are prone to errors, including frequent indels, which can lead to artefacts in long-read-only assemblies6. 
Combining short- and long-read sequencing technologies in hybrid assemblies recently produced high-quality 
genomes in fish8,9.

Here we report the hybrid Illumina/Nanopore-based assembly of the Danionella translucida genome. A com-
bination of deep-coverage Illumina sequencing with a single Nanopore sequencing run produced an assembly 
with scaffold N50 of 340 kb and Benchmarking Universal Single-Copy Orthologs (BUSCO) genome completeness 
score of 92%. Short- and long-read RNA sequencing data used together with other fish species annotated pro-
teomes produced an annotation dataset with BUSCO transcriptome completeness score of 86%.

Methods
Genomic sequencing libraries. For genomic DNA sequencing we generated paired-end and mate-pair 
Illumina sequencing libraries and one Nanopore library. We extracted DNA from fresh DT tissues with phe-
nol-chloroform-isoamyl alcohol. For Illumina sequencing, we used 5 days post fertilisation (dpf) old larvae. A 
shotgun paired-end library with 500 bp insert size was prepared with TruSeq DNA PCR-Free kit (Illumina). 
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DATA DESCRIPTOR

OPEN

PacBioによるゲノム解析

完了

各臓器のRNAseq

完了

Genome

公開⽤ゲノムブラウザ

プロトタイプ完成



動物種 ゲノム 予測タンパク質 転写産物

ゼブラフィッシュ 95.9 % 98.8 % 

ダニオネラ (先⾏研究) 90.3 % 84.7% 95.5 %

ダニオネラ (本研究) 94.8 % 94.6% 97.1 %

BUSCO解析結果

⾼精度の透明⿂ゲノム情報を整備

BUSCO: Benchmarking Universal Single-Copy Orthologs, ゲノムアセンブリ、遺伝⼦セットの完全性を評価する指標



○ 既報データと推奨汎⽤ブラウザ (IGV) を⽤いた遺伝⼦検索

確⽴したゲノムデータとブラウザを⽤いて⾼精度の遺伝⼦検索が可能

• 透明⿂の遺伝⼦検索においてゲノム配列およびmRNA発現データを⾼精度に取得可能
• 今回開発したプラットフォームにエピゲノムデータなどの情報を追加することが可能

予測遺伝⼦

RNAseq

C末端配列が⽋失

mRNA発現データなし

pecam1

pecam1
○ 本研究データと今回開発した専⽤ブラウザを⽤いた遺伝⼦検索

RNAseqデータ



• 成体における病態形成、進展過程のイメージング研究

• AIを活⽤した⼈機共同解析による細胞・組織作動原理の理解

• 成体組織構造の形成・再⽣過程のイメージング研究（神経・
⾎管ネットワークの形成、再⽣・修復、臓器連関、成体幹細
胞など）

• 組織透明性の獲得・維持機構の研究

透明⿂を⽤いた⽣体イメージング研究



お問い合わせ、⼤学院⽣・博⼠研
究員希望は菊地までお願いします

国⽴循環器病研究センター研究所
菊地 和 kikuchi@ncvc.go.jp


