
Efficient and high-quality sequencing data output

DNBSEQ sequencing technology exhibits many excellent features 

such as high accuracy, low repeat rate and low index hopping rate.

A complete RNA-Seq solution

The MGIEasy RNA Directional Library Prep Kit can be used in 

combination with MGI's automation system, DNBSEQ sequencing 

platform and bioinformatics analysis software to empower 

RNA-Seq research.

Obtaining novel gene information related to 
Vtg uptake regulation

A de novo transcriptome assembly of the eel (Anguilla australis), 

and a RNA-seq based study on pre-vitellogenic (PV) and early 

vitellogenic (EV) ovaries have yielded novel gene information that 

may be involved in the regulation of Vtg uptake.

MGI’s DNBSEQ Platform based RNA-seq Reveals 
Cell Junctions Regulate Vitellogenin Uptake in 

Recommended application: Marine Genomics

Recommended model: DNBSEQ-G400RS

The Department of Zoology at the University of Otago, New Zealand, conducted RNA-Seq of eel (A. australis) 

ovarian tissues using the MGI DNBSEQ sequencing platform to investigate the role of cell junction proteins in regu-

lating the uptake of Vitellogenin (Vtg). By comparing the transcriptomes of pre-vitellogenic (PV) and early vitello-

genic (EV) ovaries, they found that gene expression patterns may help identify suitable genes involved in regulating 

Vtg uptake and provided new sequencing data for A. australis. The related findings were published in the Cells 

journal in 2022 under the title "Are Cell Junctions Implicated in the Regulation of Vitellogenin Uptake? Insights from 

an RNAseq-Based Study in Eel, Anguilla australis"1.Anguilla australis
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In oviparous animals, the embryos develop and mature independently outside the maternal body, 

making high-quality eggs essential for the successful development of offspring2. Ovarian development 

in oviparous animals involves three stages: the oogonia stage, pre-vitellogenic (PV) stage, and early 

vitellogenic (EV) stage3, 4. Vitellogenesis is crucial for oocyte development, as it involves the uptake of 

a substantial amount of vitellogenin (Vtg), the precursor to vitellin (Vn), which rapidly accumulates in the 

oocyte. This accumulation provides energy reserves and abundant nutrients for subsequent embryonic 

development4.

The eel (Anguilla australis) is a bony fish species with a unique life cycle and serves as an ideal model for 

studying reproductive physiological regulation mechanisms5. In fishes, Vtg is primarily synthesized in the 

liver under the induction of estrogen and is transported to the ovaries through the bloodstream. Vtg 

uptake into oocytes is mediated by the Vtg receptor (VTGR), and VTGR is a unique factor affecting Vtg 

uptake. Various molecular events within the ovarian follicle also influence Vtg uptake. Therefore, the 

hypothesis of mechanical and chemical barriers has been proposed to investigate whether cell junc-

tions are involved in the regulation of Vtg uptake.

Anguilla australis



The Department of Zoology at the University of 

Otago, New Zealand, employed the MGIEasy 

RNA Directional Library Prep Kit (16RXN) on the 

MGI’s DNBSEQ sequencing platform to con-

struct the total RNA library for the ovarian tissues 

of Anguilla australis, followed by high-throughput 

sequencing. They compared the transcriptomes 

from pre-vitellogenic (PV) and early vitellogenic 

(EV) ovarian tissues in wild Anguilla australis 

using an RNA-seq based method. The findings 

identified 5 downregulated and 2 upregulated 

genes among the 25 genes encoding tight junc-

tion (TJ) proteins within the granulosa cell layer 

and support the mechanical barrier hypothesis. 

Furthermore, it was observed that the endocytic 

pathway was upregulated during the PV-EV 

transition. In conclusion, this study indicated that 

gene expression patterns may aid in identifying 

suitable genes involved in regulating Vtg 

uptake and provided new sequence data for A. 

australis, including putative Vtg receptors 

corresponding to members of the low-density 

lipoprotein receptor family, Lr8 and Lrp13.

 

Research Description

The research team captured wild short-finned 

eels from Lake Ellsemere at South Island, New 

Zealand in 2019. They were identified as pre-vi-

tellogenic (PV) and early vitellogenic (EV) eels 

based on morphological features. The total 

body weight was measured, and the ovaries and 

liver were weighed after dissection to calculate 

somatic indices: Gonadosomatic Index (GSI) and 

Materials and Methods

Sample collection and RNA extraction
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Library preparation and sequencing

Bioinformatics Analysis and identification 
of target genes

Data quality was assessed using FastQC v0.11.9, 

and de novo transcriptome assembly was per-

formed with Trinity v2.845. Ovarian developmen-

tal stages (PV/EV) were specified for each 

sample in Trinity. The raw reads were processed 

Total RNA was extracted from ovaries using the 

NucleoSpin RNA kit following the instructional 

manual. Then, the total RNA concentration was 

measured and the relative purity was deter-

mined, with a 260/280 nm absorbance ratio of 

about 2. Agilent 5300 was used to further assess 

the quality and integrity of RNA: RNA Integrity 

Numbers (RIN) was 7.1 ± 1.5 (PV stage, n = 6) and 

10 (EV stage, n = 6).

Total RNA was constructed into strand-specific 

cDNA library using the MGIEasy RNA Directional 

Library Prep Kit V2.1 from MGI, followed by 

high-throughput sequencing. The brief steps 

are as follows: the mRNA in samples was first 

enriched with oligo-dT, and then fragmented, 

and reverse transcribed; after adapter ligation 

and PCR amplification, cDNA libraries were 

transformed into DNA nanoballs for paired-end 

100 bp (PE100) sequencing on the DNBSEQ 

platform.

Hepatosomatic Index (HSI). Ovarian fragments 

were fixed in 4% paraformaldehyde for histolog-

ical analysis and rapidly frozen for RNA extraction 

and next-generation sequencing.

using the align_and_estime.pl script from Trinity. 

Reads were aligned using Bowtie v1.2.0, and 

quantification was performed at the gene level 

using RSEM v1.3.2 and SAMtools v1.8. Transde-

coder v5.5.0 was used to identify candidate 

coding regions in the assembled transcript 

sequences. Using Trinotate v3.2.1, in combina-

tion with the information from BLASTx and 

BLASTp from the UniProtKB/SwissProt data-

base, to conduct functional annotation.

The target genes (GJs and TJs) encoding the 

proteins that make up cell junctions, and genes 

involved in endocytosis mediated by clathrin, 

intracellular vesicle trafficking, and Vtg pro-

cessing were searched on the annotated tran-

scriptome. The deduced protein sequences 

were retrieved, while the names of genes corre-

sponding to Anguilla australis were searched 

through NCBI-BLASTp, and differential expres-

sion (DE) analysis was performed. In cases where 

multiple gene IDs were associated with the same 

functional annotation for filtered genes, only 

one gene ID was used based on the highest 

read count, unless they were confirmed to 

correspond to different gene sequences after 

nucleotide and protein alignments. In addition, 

after using DeSeq2 v1.26.0 for count transforma-

tion, gene heatmaps related to the Vtg uptake 

pathway were visualized with the R package 

pheatmap v1.0.12.

The complete open reading frame of Vtgr was 

used to deduce the corresponding protein 

sequences, and the CD-Search tool on NCBI 

was used to analyze its conserved domain 

database before phylogenetic analysis. In order 

to construct a phylogenetic tree, amino acid 

sequences of members of the LDLR family 

(Low-Density Lipoprotein Receptor 8, LR8; 

Low-Density Lipoprotein Receptor-Related 

Protein 13, Lrp13; Low-Density Lipoprotein 

Receptor-Related Protein 4, LRP4) from differ-

ent species were retrieved from NCBI. After 

aligning the sequences with the ClustalW algo-

rithm, a phylogenetic tree was constructed 

using the Maximum Likelihood method in MEGA 

v7. 

de novo
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using the align_and_estime.pl script from Trinity. 

Reads were aligned using Bowtie v1.2.0, and 

quantification was performed at the gene level 

using RSEM v1.3.2 and SAMtools v1.8. Transde-

coder v5.5.0 was used to identify candidate 

coding regions in the assembled transcript 

sequences. Using Trinotate v3.2.1, in combina-

tion with the information from BLASTx and 

BLASTp from the UniProtKB/SwissProt data-

base, to conduct functional annotation.
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intracellular vesicle trafficking, and Vtg pro-

cessing were searched on the annotated tran-
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were retrieved, while the names of genes corre-

sponding to Anguilla australis were searched 

through NCBI-BLASTp, and differential expres-

sion (DE) analysis was performed. In cases where 

multiple gene IDs were associated with the same 

functional annotation for filtered genes, only 

one gene ID was used based on the highest 

read count, unless they were confirmed to 

correspond to different gene sequences after 

nucleotide and protein alignments. In addition, 

after using DeSeq2 v1.26.0 for count transforma-

tion, gene heatmaps related to the Vtg uptake 

pathway were visualized with the R package 

pheatmap v1.0.12.

The complete open reading frame of Vtgr was 

used to deduce the corresponding protein 

sequences, and the CD-Search tool on NCBI 

was used to analyze its conserved domain 

database before phylogenetic analysis. In order 

to construct a phylogenetic tree, amino acid 

sequences of members of the LDLR family 

(Low-Density Lipoprotein Receptor 8, LR8; 

Low-Density Lipoprotein Receptor-Related 

Protein 13, Lrp13; Low-Density Lipoprotein 

Receptor-Related Protein 4, LRP4) from differ-

ent species were retrieved from NCBI. After 

aligning the sequences with the ClustalW algo-

rithm, a phylogenetic tree was constructed 

using the Maximum Likelihood method in MEGA 

v7. 
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Results

Characteristics of Ovarian Development 
Stages

As the transition from the PV stage to the EV 

stage occurred, GSI, HIS, and OD significantly 

increased. Further histological analysis of ova-

ries confirmed the developmental stages based 

on morphological characteristics. Compared to 

PV oocytes, the oocytes in the EV stage showed 

a substantial increase in size due to the accu-

mulation of lipid droplets and vitellogenin (Vtg 

incorporation). PV oocytes showed only a small 

amount of lipid droplets, and there were no signs 

of Vtg accumulation in their cytoplasm (Figure 1).

De novo transcriptome and downstream 
analysis

An average of 14.25 million reads of  PE100/sam-

ple on the DNBSEQ platform generated a total 

of 282,469 transcripts from 171,620 putative 

genes. Of these, 25.6% were functionally anno-

tated. After low-expressed genes were filtered 

out, functional annotations were assigned to 

64.1% (20,810) of the remaining 32,447 genes. 

Initial clustering analysis revealed that samples 

clustered into two distinct phenotypic catego-

ries, PV and EV.

During the PV-EV transition, the expression of 

genes related to three biological processes 

(endocytosis, membrane organization, and 

cation transmembrane transport regulation) and 

one molecular function (potassium channel 

inhibitor activity) was upregulated. In contrast, 

there were 15 downregulated gene categories 

across various GO groups, primarily associated 

with RNA metabolism and eggshell formation. 

Finally, a total of 4,878 genes showed differential 

expression, with 2,851 genes upregulated and 

2,027 genes downregulated as the stage pro-

gressed from the PV to the EV stage (Figure 2 

and Figure 3).

Figure 1. Histological sections of the ovaries of wild eels (2019) at the pre-vitellogenic stage (PV: (A)) and early vitellogenic 

stage (EV: (B,C)). The significant increase in oocyte size and the presence of vitellogenin (Vtg) (arrows) distinguish the EV stage 

from the PV stage. As shown in (B), EV ovaries typically contain few PV oocytes. Black arrowheads indicate lipid droplets.
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LRP4—) from different species were retrieved from NCBI (see species and accession num-
bers in Figure S2). After alignment of sequences using the ClustalW algorithm [51], the 
tree was constructed in MEGA v7 [52] using the Maximum Likelihood method based on 
the JTT matrix-based model [53] applying 1000 bootstrap replicates. A discrete Gamma 
distribution was used to model evolutionary rate differences among sites (2 categories, +G 
parameter = 1.7003). The rate variation model allowed for some sites to be evolutionarily 
invariable ([+I], 8.87% sites). All positions with less than 95% site coverage were elimi-
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GSI (from 0.89 ± 0.17% to 3.28 ± 0.69%, t = 7, df = 10, p value < 0.0001), the HSI (from 0.57 ± 
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271 ± 6 m, t = 14.56, df = 10, p value < 0.0001), respectively. Further histological analysis 
of ovaries confirmed the developmental stages assigned using morphological traits while 
sampling. An evident increase in oocyte size due to great accumulation of lipid droplets 
and yolk proteins (Vtg incorporation) was seen in EV oocytes when compared to PV oo-
cytes, which only showed a few lipid droplets and no signs of Vtg accumulation in their 
cytoplasm (Figure 1). 

 
Figure 1. Histological section from pre-vitellogenic (PV: (A )) and early vitellogenic (EV: (B,C )) ova-
ries from wild-caught A. australis (year 2019). A noticeable increase in oocyte size and the presence 
of yolk proteins (arrows) differentiate the EV stage from the PV stage. EV ovaries normally contain 
few PV oocytes, as noted in (B). Black arrowhead: lipid droplets. 

3.2. De Novo Transcriptome and Downstream Analysis 

An average of 14.25 million 100 bp paired-end reads per sample were sequenced 
(min: 12.73, max: 14.65). The de novo assembly generated 282,469 transcripts for 171,620 
putative genes, of which 43,975 (25.6%) were functionally annotated. After filtering out 
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Figure 2. (A) All the GO terms that show upregulation in the ovary of A. australis progressing from the PV to the EV. (B) 15 down-

regulated GO terms from Biological Process (BP), Molecular Function (MF), and Cellular Component (CC) categories during 

the PV-EV transition. Notably, terms related to the integral component of the membrane and identical protein binding are 

marked with a red asterisk.
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Figure 2. (A ) All up-regulated GO terms in A. australis ovary when progressing from the PV stage 
to the EV stage. (B) Fifteen most down-regulated GO terms from Biological Process (BP), Molecular 
function (MF), and Cellular Component (CC) categories during the PV-EV tr ansition. The integral 
component of membrane and identical protein binding terms are accompanied by a red asterisk. 



Gene expression of cell junctions during 
the PV-EV transition

Of the 25 identified genes encoding various 

types of TJ-constituting proteins, seven genes 

exhibited differential expression. During the 

transition from the PV to the EV stage, only two 

genes were upregulated, while five genes were 

downregulated. Currently, this finding further 

reinforces the idea that the stage-specific 

changes in the abundance of TJ-constituting 

proteins may contribute to the regulation of 

vitellogenin (VTG) intercellular transport, as sug-

gested by evidence from other bony fish species. 

In addition, it was observed that the expression 

of five genes encoding Gap Junction (GJ) pro-

teins showed no significant differences between 

stages, thus not supporting the hypothesis of GJ 

proteins participating in the chemical barrier 

regulating VTG uptake (Table 1).

Figure 3. (A) The volcano plot illustrates significant differentially expressed genes between A. australis ovarian tissues in the PV 

and EV stages. Using the defined threshold (q value < 0.05; -1 ≥ log2FC ≥ 1), a total of 4,878 genes exhibited differential expres-

sion among 32,447 genes. Within this group, 2,027 genes displayed downregulation (blue dots), while 2,851 genes demonstrated 

upregulation (red dots) during the PV-EV transition. (B) The heatmap displays sample clustering based on Euclidean distance. 

Each sample (numbered 1-6) stands for a biological replicate corresponding to either the PV or the EV stage.

Table 1. Expression of genes encoding cell junctions in A. australis ovarian tissue during transition from the PV to the EV stage
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Figure 4. Heatmap depicting differentially expressed genes involved in clathrin-mediated endocytosis, vesicular trafficking, 

and proteolysis, which may participate in the VTG uptake approach of A. australis. Color intensity represents ovarian gene 

expression comparisons between the PV and EV stages. The color scale gradient, ranging from red to blue, corresponds to 

high to low gene expression levels. The heatmap illustrates genes that are upregulated and downregulated during the PV-EV 

transition. Each row represents the expression of a gene across biological replicates from either the PV or EV stage (columns). 

Expression of genes related to recep-
tor-mediated endocytosis mechanism 
and Vtg processing during the PV-EV 
transition

Further analysis using RNA-seq was conducted 

to explore the gene expression associated with 

VTG recognition, clathrin-mediated endocyto-

sis, molecular mechanism for vesicular trafficking, 

and VTG protein hydrolysis. In the A. australis 

ovarian transcriptome, two genes encoding 

putative Vtgrs (from the LDL receptor family: Lr8 

and Lrp13) were identified. Notably, their expres-

sion showed no significant differences between 

the EV and PV stages. This finding strengthens 

the notion that putative Vtgr expression is not a 

limiting factor for VTG uptake. In the transcrip-

tome, it was observed that, except for the down-

regulation of cathepsin L1 and nothepsin gene 

expression, most cathepsins did not exhibit 

differential expression between the PV and EV 

stages. This implies that cathepsins may be reg-

ulated after transcription.
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Figure 4. Heatmap of differentially expressed genes involved in clathrin-mediated endocytosis, ves-
icle trafficking, and proteolysis that could be involved in Vtg uptake pathway in A. australis. Ovarian 
gene expression, represented by colour intensity, is compared between the PV stage and the EV 
stage. Colour scale gradient from red to blue represents levels of gene expression ranging from large 
to small, respectively. Up- and down-regulated genes during the PV-EV transition are shown. Each 
row represents the expression of a gene across all biological replicates from the PV stage or the EV 
stage (columns). 

4. Discussion 

A de novo transcriptome from A. australis ovarian tissue was successfully constructed, 
and an RNAseq approach was used to compare the transcriptomes from PV and EV ova-
ries. After histological analysis, the sampled groups of wild-caught eels (n = 6 per stage) 
were a clear representation of these developmental stages, characterising the progression 
into the early period of vitellogenic growth, when Vtg uptake and accumulation starts to 
be evident. Great ultrastructural changes occur to the ovarian tissue during development, 
which are also reflected in its RNA profiling. Normally in teleost fish, ovarian RNA com-
position changes from a low amount of 18S and 28S rRNA and high amount of 5S rRNA 
at early stages of development, to higher abundance of 18S and 28S rRNA in more ad-
vanced stages [58–61]. A similar pattern was found in A. australis total RNA profiles from 
both stages, reflecting the differences in the RIN values (Figure S1). The GO enrichment 
analysis also reflected the differences in transcription between PV and EV stages. While 
only 3 BP terms (endocytosis GO:0006897, membrane organization GO:0061024, and reg-
ulation of cation transmembrane transport GO:1904062) and 1 MF term (potassium chan-
nel inhibitory activity GO:0019870) were up-regulated during the PV-EV transition, more 
than 15 terms were instead down-regulated in each GO category, mainly related to RNA 
metabolism and egg coat formation. 
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Summary

This study identified the differential expression of 

genes encoding TJ-constituting proteins during 

the PV-EV transition, indicating their role in reg-

ulating VTG intake into the oocyte surface. 

Genes related to clathrin-mediated endocytosis 

and vesicular trafficking components were 

significantly upregulated during the PV-EV tran-

sition, suggesting their potential importance in 

controlling VTG accumulation at the follicle 

membrane. Additionally, two genes encoding 

Vtgrs were discovered in the A. australis, repre-

senting Lr8 and Lrp13 members of the LDL 

receptor gene family, respectively.

The RNA-Seq strategy in this study utilized the 

MGIEasy library prep kit and was conducted on 

the DNBSEQ sequencing platform. DNBSEQ-G400 

utilized a brand-new cartridge system, enabling 

flexible support for various sequencing modes. It 

featured an optimized optical and biochemical 

system, allowing full-load PE100 (FCL) sequenc-

ing to be completed in approximately 38 hours.
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