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Abstract 

The main reason for abnormal development of cloned animals or embryos, and inefficient animal 
cloning, is a poor understanding of the reprogramming mechanism. To better comprehend 
reprogramming and subsequent generation of pluripotent stem cells, we must investigate factors 
related to reprogramming of somatic cells as nuclear donors. As we know, fam60al (family with 
sequence similarity 60, member A, like) is a coding gene only found in zebrafish and frog (Xenopus 
laevis) among vertebrates. However, until now, its functions have remained unknown. Here, we 
generated a zebrafish fam60al-/- mutant line using transcription activator-like effector nucleases 
(TALENs), and found that both nanog and klf4b expression significantly decreased while myca 
expression significantly increased in fam60al-/- mutant embryos. Concurrently, we also uncovered 
that in developmentally arrested embryos of somatic cell nuclear transfer, nanog, klf4b and myca 
expression was down-regulated, accompanying a decrease of fam60al expression. Interestingly, we 
identified a long noncoding RNA (lncRNA) of fam60al, named fam60al-AS, which negatively 
regulated fam60al by forming double-stranded RNA (dsRNA). RNase protection assay and 
real-time PCR confirmed these findings. Taken together, these results suggest that fam60al is a 
novel factor related to the reprogramming of somatic cell nuclear transfer in zebrafish, which is 
regulated by its reverse lncRNA. 
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Introduction 
Reprogramming is the process that 

differentiated cells undergo to restore totipotency or 
pluripotency. Somatic cell nuclear transfer (SCNT), 
pluripotent or determinative factors and cell fusion in 
vitro, can all induce somatic cell reprogramming [1]. A 
study on telomerase knockout mice demonstrated 
that the reprogramming ability of SCNT exceeds that 
of induced pluripotent stem cells [2], and SCNT 
embryos share more similarities with embryonic stem 
cells, in genetic and epigenetic modifications, than 
with induced pluripotent stem cells [3]. Therefore, it 
would have attractive prospects to obtain pluripotent 
stem cells through reprograming of somatic cells by 
SCNT. 

At present, somatic cell cloning has been 
successfully generated in fish and mammals, 
including the carp [4], zebrafish [5], medaka [6], sheep 
[7], rat [8], calve [9, 10], pig [11], horse [12], dog [13], 
ferret [14], camel [15], albeit, SCNT efficiency has been 
very low (1-3%). Moreover, animals cloned from 
somatic cells have developed malformations, 
including respiratory and circulatory problems, 
immune deficiency and premature aging [16]. The 
main cause is incomplete reprogramming of somatic 
cells. Complete reprogramming of somatic cell 
depends on whether epigenetic modification of donor 
cells can be restored to the state of totipotent stem 
cells following their transfer into recipient enucleated 
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eggs in SCNT embryos [17-19]. Epigenetic 
modifications mainly include DNA methylation, 
histone acetylation, chromatin remodeling and the 
regulation of non-coding RNA, such as microRNA 
and long non-coding RNA (lncRNA). 

LncRNAs are >200 bp transcriptional sequences 
that generally have no capabilities to encode protein 
[20]. LncRNAs are the least understood of the 
genomic transcription products, and previously 
considered as transcriptional "noise" [21]. However, 
with the development of transcriptional sequencing 
technology, a large number of lncRNAs have now 
been discovered [22-24]. Recent studies have shown 
that lncRNAs play an important role in epigenetic 
modification and pluripotency maintenance in 
somatic cell reprogramming of human pluripotent 
stem cells [25, 26]. LincRNA-RoR was the first 
reported lncRNA participating in somatic cell 
reprogramming, which improved somatic cell 
induction efficiency by blocking the degradation of 
miRNA to OCT4, SOX2 and NANOG [27]. 
Meanwhile, lincRNA-p21 has been shown to act on 
H3K9 methyltransferase and DNA demethylase 
DNMT1, to maintain CpG methylation in the 
promoter region of pluripotency genes, eventually 
inhibiting the reprogramming process [28]. Antisense 
transcripts are complementary to the endogenous 
sense transcripts and make up a substantial 
proportion of lncRNAs (~50-70%). Unfortunately, 
however, they have been ignored for many years due 
to their heterogeneity, low expression levels and 
unknown function [29]. 

Many aspects of zebrafish biology make them an 
attractive model for researchers. For example, they 
share high gene homology with human and other 
vertebrates [30], and have large fecundity and the 
potential for development in vitro. Moreover, because 
nuclear transfer technology has been well established 
in zebrafish, and the development of nuclear 
transferred embryos can be directly observed [5, 
31-33], they are suitable candidate for studying 
somatic cell reprogramming mechanisms. 

Fam60al, a coding gene only found in zebrafish 
and frog among vertebrates within our knowledge 
[34], had an unknown function till now. Here, we 
discovered that the expression of nanog, klf4b and 
myca was significantly affected in fam60al knockout 
zebrafish embryos. Excitingly, fam60al, nanog, klf4b 
and myca also exhibited differential expression in 
kidney cell-derived zebrafish SCNT embryos. 
Moreover, we identified a reverse transcriptional 
sequence of fam60al, named fam60al-AS. The 
overlapping sequence of fam60al and fam60al-AS 
could form dsRNA, which negatively regulated 
fam60al expression. These results suggest that fam60al 

is a novel factor related to somatic cell nuclear 
reprogramming in zebrafish, which is negatively 
regulated by its reverse transcriptional sequence. 

Materials and Methods 
Zebrafish strain and maintenance 

In this study, AB strain zebrafish and their 
embryos were maintained under standard conditions 
at 28.5°C. Embryos development stages were strictly 
in accordance with previously described [35]. 

Establish of fam60al knockout zebrafish line 
with TALENs 

Firstly, use the software 
(http://boglabx.plp.iastate.edu/TALENT/TALENT/
) to predict appropriate gene knockout sites for 
fam60al disruption, before constructing the TALEN 
plasmids as previously described [36]. Two target 
sites were designed in the gene coding area, not 
overlapping with fam60al-AS, which intended to 
delete most of the fam60al coding sequence. Fam60al 
double knockout targets were as follows: Target-left 1 
and Target-right 1 (5’-TCGTCAAGTTCTCGGTTC-3’ 
and 3’-TATGAGGAGAACTTCAGA-5’, respectively), 
and Target-left 2 and Target-right 2 (5’-TGCAA 
GAGCAGGACCTGGC-3’ and 3’-CAAGAAAGTGAA 
AAACA-5’, respectively). The final TALEN plasmids 
were linearized using NotI and transcribed using the 
mMESSAGE mMACHINE Sp6 Kit (Ambion, USA). 
TALEN mRNAs (125 ng/uL of each: Target-left 1 and 
Target-right 1, Target-left 2 and Target-right 2 
monomer mRNAs) were microinjected into zebrafish 
embryos at the 1-cell stage. TALEN-injected zebrafish 
embryos (F0) were raised to adulthood and 
outcrossed with wild type zebrafish (WT) to obtain 
F1. The mutations in F1 were analyzed by PCR and 
sequencing. PCR primers are listed in Table S1. PCR 
amplify as follows: 3 min at 94°C, followed by 32 
cycles of 30 s at 94°C, 30 s at 60°C, and 45 s at 72°C. F3 
embryos (including ¼ fam60al-/-) were obtained by 
self-crossing of F2 with the same mutation. Figure S1 
showed the flowchart of establishing fam60al-/- line. 

Construct of SCNT embryos in zebrafish 
The SCNT embryos were constructed based on 

the method described previously by our group in 2009 
and 2011 [32, 33], which included preparing nuclear 
transfer buffer, head kidney donor cells, unfertilized 
zebrafish eggs and performing nuclear transfer 
operations. The SCNT embryos were cultured at 
28.5°C. 

Rapid amplification of cDNA ends (RACE) 
Total RNA was extracted using TRIZOL reagent 

(Ambion, USA) and the first chain cDNAs were 
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synthesized according to the SMART™ RACE cDNA 
Amplification Kits (Clontech, USA). 5' RACE and 3' 
RACE transcript fragments were amplified using 
nested PCR in positive and negative directions, 
respectively. The primers used are listed in Table S1. 
The corresponding PCR fragments were sequenced 
and spliced to obtain the full-length transcription 
sequences of fam60al and fam60al-AS (Figure S2, 
Figure S3). 

Genome walking 
The genome of zebrafish embryos were extracted 

according to the phenol chloroform method and the 
adapter connectors were added to the genome DNA 
based on the Universal GenomeWalker™ 2.0 kit 
(Clontech, USA). Fam60al-AS genomic information 
was obtained by PCR amplification, sequencing and 
splicing. The primers for genome walking are listed in 
Table S1. 

Coding Potential Calculator (CPC) 
CPC is an online software that assesses the 

protein-coding potential of transcripts [37]. It has a 
user-friendly web-based interface 
(http://cpc.cbi.pku.edu.cn/). First to paste the fasta 
sequence in the box, then to click run to output the 
analysis result. 

Dot blot 
Total RNA was extracted from embryos at the 

shield stage, 24 hours post-fertilization (hpf) and 72 
hpf using TRIZOL reagent. Then 0.1-1 mg total RNA 
was purified using PolyATtract mRNA Isolation 
System IV (Promega, USA). 100 ng of purified mRNA 
and RNA denaturing agent were mixed for 10 min at 
65°C, before placing onto nylon membranes. The 
membrane was then baked for 2 h at 80°C, 
pre-hybridized for 20 min at 42°C, hybridized 
overnight at 42°C using a DIG-labeled probe and 
washed with 2×SSC (twice for 5 min) and 0.5×SSC 
(twice for 5 min). The membrane was blocked for 30 
min at 37°C with 5% protein powder dissolved in 
phosphate buffered saline (PBS), incubated for 1 h at 
37°C or overnight at 4°C with 1:5000 diluted anti-Dig 
antibody (Roche, Switzerland) in the blocking 
reagent, washed in PBS with Tween20 (PBST) thrice 
for 10 min each time and stained with nitroblue 
tetrazolium/5-bromo-4-chloro-3-indolyl phosphate 
stock solution (NBT/BCIP) (Roche, Switzerland). 

Whole-mount in situ hybridization (WISH) 
WISH was conducted as previously described 

[38]. The antisense probes and sense probes were 
synthetized using T7 RNA polymerase and Sp6 RNA 
polymerase, respectively. The images were captured 
using a Nikon digital camera. The primers 

(fam60al-WISH-F/R, fam60al-AS-WISH-F/R) are 
shown in Table S1. 

Semi-quantitative reverse transcriptase PCR 
(RT-PCR) and real-time quantitative PCR 
(RT-qPCR) 

Total RNA of different developmental stage 
embryos was extracted using TRIZOL reagent. The 
samples were digested for 30 min using RNase-free 
DNase, and obtained cDNAs through transcription in 
vitro using the ReverTra Ace reverse transcriptase kit 
(Toyobo, Japan) and random primers. The RT-PCR 
conditions were as follows: 3 min at 94°C, followed by 
28/35 cycles of 30 s at 94°C, 30 s at 60°C, and 45 s at 
72°C. 28 cycles for amplification of β-actin and fam60al, 
35 cycles for amplification of fam60al-AS. RT-qPCR 
was conducted on a Roche LightCycler 480 real-time 
PCR system, using 2xSYBR green real-time PCR mix 
(Toyobo, Japan). The amplified conditions were 94°C 
for 1 min, followed by 40 cycles of 10 s at 94°C, 10 s at 
60°C, and 15 s at 72°C. The RT-PCR and RT-qPCR 
primers are shown in Table S1. 

RNase protection assay 
RNase protection assay was conducted using 

purified mRNAs of embryos at the sphere stage and 
24 hpf, as previously described [39]. Each sample was 
divided into three parts: the experimental group, the 
positive control group and the negative control group. 
Firstly, the negative control group was degenerated at 
95°C for 15 min. Then, three groups of samples were 
digested with DNase for 30 min. RNase A was added 
to the experimental group and the negative control 
group. RNaseOut was added to the control group. All 
samples were treated at 37°C for 1 h and retrieved 
using TRIZOL reagent. ReverTra Ace reverse 
transcriptase and random primers were used to 
amplify cDNAs. DsRNA in the fam60al and 
fam60al-AS overlapping region was detected using 
PCR. The PCR primers used (dsRNA-F and 
dsRNA-R) are shown in Table S1. 

Microinjection of fam60al-AS mRNA 
Fam60al-AS sequence was firstly obtained using 

PCR and then the PCR fragment was subcloned into 
pCS2+ vector. Fam60al-AS mRNA was synthesized in 
vitro according to the mMessage mMachine SP6 kit 
instructions. 50 ng/uL mRNA was microinjected into 
1-cell stage zebrafish embryos. The embryos at the 
sphere and shield stage were collected for RT-qPCR, 
respectively. The fam60al-AS amplification primers 
(fam60al-AS-F and fam60al-AS-R) are shown in Table 
S1. 

Data analysis 
The statistical results were showed with 
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mean±SEM. The independent sample T test was used 
to compare the mean value between the two groups. 
A P-value < 0.05 was considered statistical 
significance. All experiments were repeated at least 
three times. 

Results 
Identifying an antisense transcript of fam60al in 
zebrafish 

We obtained the full-length fam60al cDNA, 
encoding 216 amino acids, using 5' RACE and 3' 
RACE. Interestingly, in the process, we found an 
antisense sequence of fam60al with 1169bp, which we 
named fam60al-AS. There is a 405bp overlapping 
region between the antisense transcript and fam60al at 
the 5th and 6th exon. As the incomplete information 
in this region of the current zebrafish genome 
(GRCz11), we amplified the sequences using genome 
walking and found that fam60al-AS consisted of only 
two exons (Figure 1A). We identified fam60al-AS as an 
lncRNA by predicting its coding ability using CPC. 

In order to further confirm the reliability of the 
RACE results, we synthesized the antisense and sense 
probes of fam60al and fam60al-AS, excluding the 

overlapping region, respectively. Both dot blot and 
WISH assays demonstrated hybridization signal of 
the antisense probes, whereas we observed no 
hybridization signal using the sense probe (Figure 1B, 
1C). These results indicate that fam60al-AS, the 
antisense transcript of fam60al, is indeed present in 
zebrafish. 

Expression patterns of fam60al and fam60al-AS 
during early embryonic development 

We analyzed the expression patterns of fam60al 
and fam60al-AS during early embryonic 
developmental of zebrafish using RT-PCR (Figure 2A) 
and RT-qPCR (Figure 2B). Fam60al was expressed as a 
maternal transcript, indicating its role in the early 
development. As the developmental process 
progressed, fam60al expression gradually decreased 
over the period from 1-cell stage to 120hpf. 
Meanwhile, we only weakly detected expression of 
fam60al-AS before the high stage. Its expression 
increased over the period from sphere stage to 24hpf, 
and then decreased from 48hpf to 120hpf. We also 
found the relative expression level of fam60al was 
significantly higher than fam60al-AS at the same stage. 

 

 
Figure 1. Fam60al and its antisense transcript, fam60al-AS, in zebrafish. (A) Fam60al and fam60al-AS gene structure. Red marks the antisense overlapping 
sequence. CPC predicted fam60al-AS as an lncRNA. (B) Dot blot of the shield stage, 24 hpf and 72 hpf embryos, using sense and antisense probes of fam60al and 
fam60al-AS. Antisense probes have hybridization signal, while sense probes have no hybridization signal. (C) WISH of 24hpf and 72hpf embryos using sense and 
antisense probes of fam60al and fam60al-AS. Antisense probes have hybridization signal, sense probes have no hybridization signal. (scale bar: 200 μm). 
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Figure 2. Fam60al and fam60al-AS expression at different developmental stages in zebrafish. A: RT-PCR analysis of fam60al and fam60al-AS expression 
during early development, normalized to β-actin. B: RT-qPCR analysis of fam60al and fam60al-AS expression. The 2-ΔΔct method was used for measuring the 
expression levels and normalized to β-actin. 256-cell stage fam60al-AS expression level was set to 1. 

 

Fam60al is negatively regulated by fam60al-AS 
Pearson correlation analysis revealed a moderate 

negative correlation between fam60al and fam60al-AS 
(correlation coefficient: -0.604, P < 0.05), suggesting 
that fam60al-AS might negatively regulate fam60al. We 
further generated fam60al-AS overexpressed embryos 
by injecting fam60al-AS mRNA into zebrafish 
embryos at 1-cell stage, and we observed significantly 
down-regulated expression of fam60al at the 
subsequent sphere stage (Figure 3A). This experiment 
confirmed the negative correlation between fam60al 
and fam60al-AS. How did fam60al-AS influence 
fam60al expression in vivo? RNase protection assay 
showed that embryonic mRNAs at the sphere stage 
and 24hpf following treatment with RNase A could 
amplify the overlapping region of fam60al and 
fam60al-AS by PCR. While we firstly denatured 
embryonic mRNAs at 95°C and then treated with 
RNase A, we failed to obtain any amplified product 
(Figure 3B). The amplified products were confirmed 

by sequencing. These indicate fam60al and fam60al-AS 
can form dsRNA in the overlapping region. Therefore, 
we conclude that fam60al-AS forms dsRNA with 
fam60al, which negatively regulates fam60al 
expression. 

Established a zebrafish fam60al knockout line 
using TALENs 

To investigate the role of fam60al during the early 
development of zebrafish, we designed two pairs of 
TALENs to target two sites in the fam60al exon region 
(Figure 4A). 2091bp sequence between two target sites 
was completely deleted in fam60al knockout zebrafish 
line (fam60al-/-), which confirmed by PCR and 
sequencing. The double sites mutant fam60al could 
only encode a shortened 33 amino acid peptides and 
avoided the production of redundant protein in single 
site mutant (Figure 4B). Different kinds of genetype 
zebrafish were detected by tri-primer-PCR (Figure 
4C). 
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Figure 3. Fam60al-AS negatively regulates fam60al expression by forming dsRNA. A: RT-qPCR analysis of fam60al in fam60al-AS overexpressed 
embryos. Overexpression of fam60al-AS at the sphere stage, resulted in down-regulation of fam60al expression. *P < 0.05; ** P < 0.01; WT: wild type; OE: over 
expression. B: RNase protection assay analyzing the dsRNA formed in the overlapping region of fam60al and fam60al-AS at the sphere stage and 24 hpf. PCR bands 
were detected at the sphere stage and 24hpf with RNase A or RNaseOutTM digestion, while no PCR band was observed at the sphere stage and 24hpf following 
denaturing at 95°C and digestion with RNase A. 

 

 
Figure 4. Establish of fam60al knockout line with TALENs in zebrafish. A: Schematic showing fam60al gene knockout target sites. Target 1 was on exon 2 
and Target 2 on exon 4. B: Primer design sites, transcript map and protein coding sequence for fam60al in fam60al-/- line. Primers F1 and R1 were designed to amplify 
the fam60al gene fragment deleted 2091bp in fam60alw/- and fam60al-/-. Primers F1 and R2 were designed to amplify the wild type fam60al gene fragment in fam60alw/w 

and fam60alw/-. Fam60al-/- encoded a premature termination 33 amino acids peptide. C: PCR results of different genetype zebrafish. Primer set 1: amplified fragment 
of primers F1 and R1, Primer set 2: amplified fragment of primers F1 and R2, M: DNA marker, *: fam60al-/-, #: fam60alw/w, and the rest for fam60alw/-. 

 

Fam60al regulates the expression of 
pluripotency-associated genes 

In the mutant embryos without fam60al 
expression, we observed decreased expression of 
nanog and increased expression of myca at the sphere 

stage. We also found down-regulated expression of 
klf4b and nanog, up-regulated expression of myca at 
the shield stage. Fam60al-AS expression had no 
significant difference between WT and fam60al-/- 
mutant embryos at the sphere and shield stage as its 
quite lower expression (almost 100 times lower than 
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fam60al expression) and the repeated CT values 
fluctuated slightly among different samples (Figure 
5). 

Fam60al participates in somatic cell 
reprogramming in zebrafish 

To further investigate the role of fam60al in 
somatic cell reprogramming, we generated SCNT 
embryos using zebrafish kidney cells. We conducted 
SCNT 29 times, with the embryo number varying 
from 72 to 103 in each experiment, 90.1% (2010/2231) 
of the transplanted eggs failed to cleave after nuclear 

transfer, and 9.23% (206/2231) of the SCNT embryos 
arrested at the sphere stage. Only 0.67% (15/2231) of 
the SCNT embryos successfully developed into the 
shield stage (Figure 6A and 6B). 

Expression of fam60al, fam60al-AS, nanog, klf4b, 
and myca were all down-regulated at the sphere stage 
in the SCNT embryos compared with WT embryos. At 
the shield stage, we observed decreased expression of 
nanog and klf4b and increased expression of myca in 
the SCNT embryos, while no significantly different 
expression levels of fam60al and fam60al-AS (Figure 7). 

 

 
Figure 5. mRNA expression levels of fam60al, fam60al-AS, nanog, klf4b and myca in wild type embryos and fam60al mutant embryos at the 
sphere and shield stage. The 2-Δct method was used for measuring the expression levels. β-actin was used as the internal control. *P < 0.05, **P < 0.01. 

 

 
Figure 6. Developmental profiles of nuclear transplants at different stages. A: The average number of different batches of kidney cell nuclear transfer 
embryos. N(failed) = 77.34 ± 5.65, N(sphere) = 8.03 ± 1.83, N(shield) = 0.52 ± 0.54. B: Percentage of kidney cell nuclear transfer embryos at different stages. SCNT embryos 
failed to cleave. SCNT embryos arrested at the sphere stage. SCNT embryos successfully developed at the shield stage. 

 

 
Figure 7. RT-qPCR detected the expression in SCNT embryos and wild type embryos at the sphere and shield stage. The 2-Δct method was used for 
measuring the expression levels and β-actin was used as the internal control. *P < 0.05, **P < 0.01. WT: wild type; SCNT: somatic cell nuclear transfer. 



Int. J. Biol. Sci. 2018, Vol. 14 
 

 
http://www.ijbs.com 

85 

Discussion 
In this study, we provide the first evidence of 

fam60al as a novel factor involved in somatic cell 
nuclear reprogramming in zebrafish. We also identify 
a new antisense lncRNA that negatively regulates 
fam60al in zebrafish. 

Nuclear reprogramming involves the process of 
reactivating specific genes in embryonic cells and 
silencing specific genes in somatic cells. Nanog, Klf4 
and c-Myc, as pluripotency-associated genes, are 
silenced in differentiated somatic cells, but expressed 
in early embryonic undifferentiated stem cells [40]. 
Nanog prevents pluripotent cells from differentiating 
by inhibiting the expression of development related 
genes [41]. Cells without Nanog initiate the 
reprogramming process, but are unable to acquire the 
traits of developmental totipotency [42, 43]. 
Maternal-to-zygotic transition (MZT) represents a 
major reprogramming event in zebrafish. Nanog as 
one of the key transcription factors (TFs) in the 
pre-MZT transcriptome regulates the first wave of 
zygotic gene activation [44]. In this study, we found 
that nanog expression was down-regulated 
accompanying with the absent expression of fam60al 
in fam60al knockout embryos at the sphere and shield 
stage. Interestingly, we also observed decreased 
expression of fam60al and nanog in SCNT embryos at 
the sphere stage. These results indicate cross-talking 
between fam60al and nanog in SCNT reprogramming. 

The balance between KLF4 and c-MYC is 
important for inducing mammalian pluripotent stem 
cells. KLF4 inhibits the programmed cell death 
induced by c-MYC [45, 46], and, in turn, c-MYC 
prevents the anti-proliferative function of KLF4 [47]. 
In zebrafish, we previously reported that Klf4 and 
c-myc could be used to evaluate the reprogramming 
process in SCNT embryos, and the balance between 
Klf4 and c-myc was important for the reprogramming 
process [33]. In this study, we showed that 
expressions of klf4b, myca, fam60al and fam60al-AS 
were significantly decreased in SCNT embryos at the 
sphere stage. The lower expression of klf4b and myca 
may attribute to the down-regulated of nanog which 
failed to trigger the first wave of zygotic gene 
activation [44]. Interestingly, when SCNT embryos 
initiated reprogramming and developed into the 
shield stage, we observed decreased expression of 
klf4b and increased expression of myca. Furthermore, 
klf4b was significantly down-regulated while myca 
was significantly up-regulated in fam60al mutant 
embryos at the shield stage. These results indicate 
cross-talking between fam60al, klf4b and myca. 

Fam60al and fam60al-AS expressions were 
significantly decreased in SCNT embryos at the 

sphere stage while had no significant difference at the 
shield stage. Sphere stage is critical for the onset of 
zygotic transcription and important developmental 
stage for SCNT reprogramming because 93.2% 
(206/221) of the SCNT embryos arrested at this stage. 
These results provide molecular evidence that fam60al 
plays a vital role in the initiating reprogramming 
process instead of maintaining pluripotency in 
zebrafish. The expression differences of nanog, klf4b 
and myca in SCNT embryos at the shield stage may 
attribute to the incomplete reprogramming. 

More than 1,000 lncRNAs have been reported in 
zebrafish, which contains 566 antisense exonic 
overlapping sequences of the coding gene [24]. 
Antisense lncRNA plays an important role in 
regulating the sense coding gene in transcription, 
splicing, mRNA processing, stability, transport and 
translation [48-50]. It is critical for antisense lncRNAs 
to form dsRNA with the sense protein coding gene in 
regulation [39, 51, 52]. We identified the dsRNA 
formed between fam60al and fam60al-AS, using the 
RNase protection assay. Moreover, we confirmed that 
fam60al-AS negatively regulates fam60al expression. 
While in fam60al knockout zebrafish, fam60al-AS 
expression just the opposite exhibited a 
down-regulating trend, although with no significant 
differences with the wild type embryos at the sphere 
and shield stage. We speculate that there might be 
some elements in fam60al deleted fragment that can 
regulate fam60al-AS expression, or the lower 
expression of fam60al-AS is regulated by other 
molecules. 

In summary, we discovered fam60al as a novel 
factor participating in the initiating reprogramming 
process in zebrafish. We also identified, fam60al-AS, 
the antisense lncRNA of fam60al, which negatively 
regulated fam60al expression by forming dsRNA. 
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