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Abstract 

DAZ family proteins are found almost exclusively in germ cells in distant animal species. Deletion 
or mutations of their encoding genes usually severely impair either oogenesis or spermatogenesis 
or both. The family includes Boule (or Boll), Dazl (or Dazla) and DAZ genes. Boule and Dazl are 
situated on autosomes while DAZ, exclusive of higher primates, is located on the Y chromosome. 
Deletion of DAZ gene is the most common causes of infertility in humans. These genes, encoding 
for RNA binding proteins, contain a highly conserved RNA recognition motif and at least one DAZ 
repeat encoding for a 24 amino acids sequence able to bind other mRNA binding proteins. Basi-
cally, Daz family proteins function as adaptors for target mRNA transport and activators of their 
translation. In some invertebrate species, BOULE protein play a pivotal role in germline specifi-
cation and a conserved regulatory role in meiosis. Depending on the species, DAZL is expressed in 
primordial germ cells (PGCs) and/or pre-meiotic and meiotic germ cells of both sexes. Daz is 
found in fetal gonocytes, spermatogonia and spermatocytes of adult testes. Here we discuss DAZ 
family genes in a phylogenic perspective, focusing on the common and distinct features of 
these genes, and their pivotal roles during gametogenesis evolved during evolution. 
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1. Introduction 
DAZ (Deleted in Azoospermia) family genes are 

important fertility factors in many animals including 
humans. This family includes three members, Boule 
(or Boll), Dazl (or Dazla) and DAZ, encoding RNA 
binding proteins. DAZ family genes are highly con-
served. Ancestral Boule is present from sea anemones 
through humans and Dazl is conserved among verte-
brates. However, DAZ is present only in higher pri-
mates, and no DAZ homolog is found in unicellular 
organisms.  

In all species, Boule and Dazl are located in single 
copy on autosomes, while multiple DAZ genes are 

located on the Y chromosome. DAZ is produced by 
the transposition and amplification of Dazl during 
primate evolution while Boule is considered as the 
grandfather of the family. In human, an array of four 
DAZ genes (DAZ 1-4) is located in two clusters on 
the Y chromosome and mutations of these genes 
cause severe oligospermia or azospermia [1].  

DAZ family proteins are located in the nucleus 
and/or in the cytoplasm of male and female germ 
cells at different developmental stages throughout the 
gametogenesis. The localization of DAZ family pro-
teins suggests that they can regulate mRNA transla-
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tion occurring in the cytoplasm. These proteins have a 
highly conserved RNA recognition motif (RRM) for 
binding target mRNAs and at least one characteristic 
sequence of 24 amino acids, which are termed as DAZ 
repeats [1]. Dazl can regulate the expression, transport 
and localization of target mRNAs of proteins which 
control the differentiation, growth and maturation of 
germ cells. Combining with other proteins, DAZ fam-
ily members play a crucial role in male and female 
gametogenesis conserved throughout the evolution. 
Basically, DAZ family proteins have been proposed to 
function as adaptors for mRNA transport and activa-
tors of their translation. In the present paper, we will 
review the current information about the molecular 
characteristics, the expression and functions of the 
DAZ family genes and proteins during germ cell de-
velopment in several animal species. 

2. The localization of DAZ family genes  
 DAZ family genes are expressed almost exclu-

sively in the germ cells. In the human genome, three 
members of DAZ family have been identified: Boule, 
Dazl and DAZ. Boule is located on chromosome 2 as a 
single copy. Dazl is on chromosome 3, also as in single 
copy. Palindromic duplications of DAZ are found on 
the Y chromosome as two clusters of four genes (DAZ 
1-4) [1]. From the evolutionary perspective, Boule is an 
ancestral gene conserved from sea anemones to hu-
mans. The other two members of DAZ family evolved 
from Boule. Dazl appears in early vertebrate while 
DAZ comes into the Y chromosome in the primates 
about 30 - 40 million years ago, by translocation and 
amplification of existing autosomal Dazl [2, 3]. The 
DAZ transcription unit appears to contain at least 16 
exons and to span about 42 kb. Exon 1 consists of the 
initiator codon, exons 2 - 6 encode the RNA-binding 
domain, and exon 7 encodes a variable number of 
DAZ repeats. There are several variations in the se-
quence of the DAZ repeat. Each copy of the gene also 

contains a 10.8 kb region that may be amplified. This 
region includes five exons that encode an RRM do-
main. In the human male, Dazl and DAZ sequences 
share a similarity of about 90 % [2]. 

According to their sequence, expression and 
types of germ cells in which they are expressed, the 
DAZ family genes can be divided into Dazl and Boule 
subfamilies. The first subfamily, including DAZ and 
Dazl. Dazl is required throughout germ cell develop-
ment and DAZ is functional in male germ cells such as 
the prospermatogonia/gonocytes, spermatogonia, 
spermatocytes and elongated spermatids. In most 
species, Boule is expressed in meiotic cells, while in 
some invertebrates it is found in the germline found-
ers [4]. 

3. Structural characteristics of the DAZ 
family proteins 

 DAZ family proteins contain an RRM and at 
least one DAZ repeat of 24 amino acids rich in Asn, 
Tyr, and Gln residues (Fig. 1; Table 1). Only DAZ 
proteins contain 9 to 15 DAZ repeats. Male primates 
contain multiple DAZ genes with varying numbers of 
polymorphic DAZ repeats [5-7]. The RRM motif is 
highly conserved and binds mRNAs at the untrans-
lated regions (UTRs) [8], while in some cases, the DAZ 
motif is thought to mediate interaction with others 
proteins [9]. DAZL and BOULE proteins contain a 
single RRM and a single copy of DAZ motif. The 
RRM-type RNA-binding domain contains two con-
served motifs called RNP-2 and RNP-1, correspond-
ing to beta-1 and beta-3 sheets, respectively. Among 
the three proteins, DAZL and DAZ are highly ho-
mologous. The sequence similarity of Dazl in mouse 
and human is around 85% [2]. The homology of Boule 
with the other two proteins is around 50 - 60%. On the 
other hand, the Boule of mouse and human are similar 
to those of invertebrates. 

 

 
Figure 1. Schematic representation of the structure of the human DAZ genes. Up: diagram of Boule, Dazl, and DAZ genes displaying the RNA-binding 
domains (green) and the DAZ repeats (yellow). Down: Different DAZ1-4 repeats; the colors indicate different repeat sequence. 
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Table 1. DAZ repeat sequences. 

 
Note: The left column indicates the color repeat found in Fig. 1. The right-hand column indicates the sequence for each of the repeats. Black background indicates completely 
conserved amino acid residues. Gray background indicates highly conserved amino acid residues.  

 
 

 
Figure 2. Expression profiles of Boule, Dazl, and DAZ genes during human gametogenesis. 

 

4. Space-temporal expression of the DAZ 
family genes and functions of the en-
coded proteins 

In different species, DAZ family genes are ex-
pressed at different stages in diverse types of germ 
cells during female and male gametogenesis (Fig. 2). 
Nevertheless, it is possible to find some common 
principles driving the expression and functions of the 
encoded proteins. DAZL is generally pivotal in the 
capability of germ cells to sex differentiate either in 
meiotic oocytes or prospermatogonia [10-13]. At the 
same time, it is involved in the meiotic prophase I 
progression and maturation of oocytes [14, 15] and 
male germ cells [16-18]. The fact that Dazl is expressed 
in human and mouse pluripotent embryonic stem 
cells (ESCs) gains support to a conserved role of the 
proteins in germline determination underlying latent 

pluripotency. Actually, BOULE or its homologues are 
involved in the germline specification in some inver-
tebrate species and play their functions during the 
mid-late phase of the meiotic prophase in both sexes 
of most species [19-21]. Finally, DAZ controls 
pre-meiotic and early meiotic processes in the primate 
spermatogenesis. 

4.1. Drosophila 
 Boule is the only member of the DAZ family 

genes expressed in Drosophila (Fig. 3). Bou-
le expression is limited to males and its transcripts are 
absent from flies lacking a germline. Spermatocytes 
are formed in mutants and fail to undergo meiotic 
divisions [19-21]. Comparison of the localization of 
Cyclin A in Boule mutants and wild-type germ cells 
indicates that the meiotic prophase is normal 
in Boule mutants while subsequent meiotic stages are 
aberrant. BOULE protein is present in the nucleus of 
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pre-meiotic germ cells, and subsequently moves into 
the cytoplasm at the beginning of meiosis [22]. The 
protein is likely required for the efficient translation of 
Twine, the homolog of the vertebrate Cdc25 gene. 
Cdc25 encodes a phosphatase that activates cell cycle 
progression by removing phosphate groups from 
CDC2 which is a Cyclin-dependent kinase that forms 
heterodimers with Cyclin A and Cyclin B. Although 
DAZ family proteins may have nuclear functions, in 
Drosophila BOULE exclusion from the nucleus did not 
result in a defective phenotype [22].  

 

 
Figure 3. Expression profile of the DAZ family genes in different organ-
isms. 

 

4.2. Caenorhabditis  
The Caenorhabditis elegans homologue of Boule is 

Daz-1 [23]. Daz-1 is expressed in the germ cells of the 
larval gonads and hermaphrodites. In hermaphro-
dites, male meiosis and spermatogenesis take place in 
the L4 larval stage [23]. The germline switches from 
spermatogenesis to oogenesis (the sperm/oocyte 
switch) at the transition to the adult stage and pro-
duces oocytes thereafter. In contrast, males continue 
to produce sperm in the adulthood [23]. Loss of Daz-1 
function causes sterility in hermaphrodites, by 
blocking oogenesis at the pachytene stage of meiosis I. 
Epistasis analysis suggests that this gene exerts its 
function downstream of Gld-1, the RNA binding pro-
tein that in this species governs the early pachytene 
stage of oogenesis [24]. Spermatogenesis does not 
appear to be affected in Daz-1 defective males. In fact, 
deletion of Daz-1 produces sperm fully competent in 
fertilization [24]. In short, in C. elegans, Daz-1 appears 
to be crucial for the switch from spermatogenesis to 
oogenesis but only if the genetic background was 
conditional masculinization of germline. On the other 
hand, in C. briggsae, disruption of Daz-1 resulted in a 

complete loss of the sperm/oocyte switch [23].  

4.3. Zebrafish 
In Zebrafish, a Boule homologue, zDazl was 

identified (Fig. 3). Maternal zDazl transcripts are lo-
calized in the germ plasma of 4-cell stage in Zebrafish 
[25, 26]. At the onset of embryogenesis, mater-
nal zDazl transcripts localize at the vegetal pole and 
migrate toward blastomeres in cytoplasmic streams as 
early embryogenesis proceeds. In primordial germ 
cells (PGCs), zDazl antagonizes microRNA (miRNA) 
-430-mediated repression of the Tdrd7 mRNA which 
is necessary for the germline specification. Moreover, 
zDazl enhances protein synthesis via the 3’-UTR 
of Dazl mRNA itself and relieves miRNA-mediated 
repression of germline mRNAs by controlling poly(A) 
tail length of the target mRNAs [27]. zDazl transcripts 
are expressed in gonads of both sexes. In the ovary, 
they are localized in the oocyte cortex. 

4.4. Amphibians 
In the anuran Xenopus laevis, only the expression 

of the Dazl gene termed as xDazl has been reported 
(Fig. 3). While xDazl transcripts are present in the 
mitochondrial cloud (source of germinal granule ma-
terial) of mature oocytes, the protein is detectable in 
the germ plasma at the early blastula stages in the 
four blastomeres of the vegetal pole, which give rise 
to PGCs. In fact, depletion of xDazl causes a severe 
reduction or a complete loss of PGCs in tadpoles [28]. 
In the adult gonads, xDazl is present in all stages of 
male and female germ cell development except of 
mature spermatozoa [29]. In the urodele Axolotl, the 
other major branch of the amphibian lineage, in which 
PGCs in the absence of germ plasma are formed by 
induction, maternal Dazl RNAs are localized in the 
animal cap and equatorial region of early embryos. At 
gastrula, neurula, and tailbud embryonic stages, the 
transcripts are widely distributed and become specif-
ically expressed in PGCs approaching to the gonadal 
ridges [30].  

4.5. Mouse and Rat 
Mice with Dazl deficiency are infertile, lacking 

any formation of spermatozoa or oocytes. The inser-
tion of the human DAZ gene into Dazl-/- mouse re-
lieves some of the defects of the male phenotype [31]. 
DAZL protein is expressed in post-migratory XX and 
XY PGCs, beginning at about 11.5 days post coitum 
(dpc) before their sexual differentiation [10]. In Dazl 
null embryos of inbred genetic mice, XX or XY PGCs 
migrate to the gonadal ridges but do not develop ei-
ther male or female features. Instead, they remain in a 
sexually undifferentiated state, fail to erase and 
re-establish genomic imprinting and eventually un-
dergo apoptosis [11-13]. Interestingly, in such PGCs, 
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DNA methylation regulates negatively the Dazl ex-
pression [32]. In supporting a role of Dazl in early 
stages of germ cell formation, the differentiation of 
mouse ESCs to PGC-like cells (PGCLCs) was shown 
to be dependent on Dazl [11]. Ablation of Dazl dis-
rupts a continuum of fundamental genetic and epi-
genetic events of post-migratory germ cell develop-
ment both in vivo and in vitro. Also it results in a re-
duction in post-migratory germ cell numbers, aber-
rant expression of markers of pluripotency and dif-
ferentiation, failure to execute nuclear reprogram-
ming and to produce embryonic germ cell (EGC) lines 
and inability to progress through meiosis [11]. Studies 
in mice of mixed strain background revealed no de-
fects in XY Dazl−/− germ cells at 15.5 dpc [16]. In such 
mice, spermatogonia remain in the Dazl −/− testis and 
develop into spermatocytes in a few cases. Ultimately, 
however, even these cells undergo apoptosis and 
never develop further at the stage of pachytene 
spermatocytes [17]. In adult testis, Dazl appears in the 
nucleus of mitotic spermatogonia, achieving the 
highest level in the cytoplasm of the pachytene sper-
matocytes, and decreasing at last stages of spermato-
genesis [16, 18]. In the female, at 13.5 dpc, DAZL pos-
itive germ cells are present in the ovary, and become 
homogeneously distributed throughout the organ by 
15.5 dpc. At 18.5 dpc and postnatal day 0, DAZL pos-
itive oocytes are predominantly localized at the pe-
riphery of the ovary [14]. DAZL expression persists 
during oocyte growth and meiotic maturation [15] 
and is also functional in these stages. Dazl knockdown 
in mouse GV (germinal vesicle) oocytes leads to de-
fects in oocyte maturation while Dazl knockdown in 
eggs leads to a defect in oocyte-zygote transition [15]. 
The late functions of DAZL in oocytes may be con-
served in other vertebrates as DAZL is also expressed 
in late oogenesis in pig and Xenopus [29, 33]. The 
timing of the loss of female germ cells depends on the 
genetic background. In fact, in an inbred line of mice, 
significant loss of germ cells occurred by 14.5 dpc. 
However, in female mice with a mixed strain back-
ground, Dazl null PGCs proliferate and enter meiosis 
normally. There is substantial loss of oocytes only 
from embryonic 17.5 dpc onward. By postnatal day 4, 
there are no oocytes in the ovaries due to failing to 
progress through meiotic prophase. 

Targeted disruption of Boule results in male ste-
rility, due to the arrest of spermatogenesis at the 
round spermatid stage whereas female are apparently 
fertile. Thus it leads to the conclusion that Boule is 
dispensable for mouse oogenesis [34].  

In rats, as far as we know, the expression of DAZ 
gene family has been investigated in the adult testis 
only. DAZL protein is localized at high level in the 
cytoplasm of pachytene spermatocyte when the syn-

aptonemal complex forms. Subsequently, DAZL dis-
appears in diplotene spermatocytes when chromo-
somes desynapsed [35]. 

4.6. Human 
 DAZL was immunolocalised into the nuclei of 

germ cells (oogonia and prospermatogonia) in1st tri-
mester gonads of both sexes. At 2nd trimester, in the 
ovaries, DAZL appears in the cytoplasm of meiotic 
oocytes, whereas gonocytes with nuclear or cyto-
plasmic staining were detected throughout the fetal 
testes. Oocytes within primordial follicles showed low 
or absent expression of Dazl [34, 36]. By using in situ 
hybridization, Brkehman et al. [36] reported similar 
results and observed Dazl expression in granulosa 
cells curiously. He et al. [14] performed a detailed 
expression of the DAZL and BOULE proteins in fe-
male germ cells during the embryonic and fetal period. 
They confirmed DAZL expression in oogonia and 
meiotic oocytes. Moreover, they observed that 
BOULE is transiently expressed in oocytes at more 
advanced meiotic stages. However, very rarely they 
observed germ cells expressing both DAZL and 
BOULE, suggesting that DAZL and BOULE mark 
distinct populations of oocytes. DAZL, but not 
BOULE, remains expressed in oocytes enclosed 
within primordial follicles. Boule transcripts were 
reported in the human fetal ovary by two other papers 
[34, 37]. Finally, DAZL expression in oocytes at vari-
ous developmental stages of the adult ovary has been 
reported [38], while DAZL protein was unusually 
detected in the cytoplasm of internal theca of the fol-
licles and luteal cells of the corpus luteum [39]. 

In the male, BOULE was detected in the adult 
testis, namely in the cytoplasm of pachytene sper-
matocytes. It persists through meiosis and decreases 
in early spermatids. DAZ is expressed in spermato-
gonia, early and late spermatocytes, and postmeiotic 
germ cells up to sperm [40, 41]. Some studies showed 
that after complete deletion of DAZ genes, sperm 
production continues but at extremely low levels and 
rare instances of natural conceptions. This maybe ex-
plained in part by some functional overlap between 
DAZ and Dazl [42-47]. 

Interestingly, overexpression of Dazl, Boule and 
DAZ induced both human ES and induced pluripo-
tent stem (iPS) cells to differentiate into PGCLCs, and 
enhanced their subsequent maturation and progres-
sion through meiosis [37, 48], supporting a role of 
these proteins in PGC specification also in mammals. 

5. Regulation of mRNA translation by 
DAZ family proteins 

 Precursor mRNAs (pre-mRNAs) undergo pro-
cessing including capping at the 5’ end, 3’ polyad-
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enylation, splicing and editing in some cases to gen-
erate mature mRNAs. Following their export to the 
cytoplasm the distribution, stability and utilization of 
mRNAs is highly regulated (e.g. by RNA-binding 
proteins). The post-transcriptional regulation of 
mRNAs is considered crucial in embryogenesis and 
gametogenesis. In the embryo, the spatial and tem-
poral regulation of translation of selected mRNAs is 
frequently achieved by maintaining them in a silent, 
repressed state until their translation is activated 
whenever and wherever the encoded protein is 
needed. During gametogenesis, many genes are tran-
scribed several days before translation occurs, re-
quiring a network of mRNA storage and translational 
control. The ability of DAZ family members to bind 
specific mRNAs, typically through their 3’-UTRs, 
suggests that they may also play roles in controlling 
mRNA fate in the cytoplasm, with experimental evi-
dence being available in some cases. 

As reported above, all three DAZ family proteins 
possess a highly conserved RRM which is able to bind 
3’-UTR sequences of target mRNAs (Fig. 4). Although 
these proteins are considered as main translation ac-
tivators, they may exert post-transcriptional regula-
tion at various levels during both germline specifica-
tion/determination in the embryo and subsequent 
gametogenesis in both sexes. Interestingly, though 
DAZ family proteins are predominantly present in the 
cytoplasm, occasional nuclear localization is also ob-
served. For example, in flies, BOULE protein is ini-
tially in the nucleus of early spermatocytes, and then 
transits to the cytoplasm just before metaphase. Simi-
larly, human and mouse DAZL is nuclear in gono-
cytes and may translocate from the nuclei of sper-
matogonia into the cytoplasm of spermatocytes. Some 
evidence, however, (e.g. see, [22]) suggest that the 
nucleus is only a storage place of DAZ proteins.  

5.1. Target mRNA for DAZ family proteins 
 Several target mRNAs for DAZ family proteins 

have been identified in different species [49-53]. 
DAZL has a high-affinity sequence-specific recogni-
tion of a GUU triplet in 3’-UTR of mRNAs. It is the 
RRM motif of DAZL protein that recognizes GUU 
triplets in the 3’-UTR, which is essential in germ cells 
development. Mutations of bases within the GUU will 
severely impair the affinity of binding [53].  

In Drosophila, Twine mRNA is translational reg-
ulated by BOULE. TWINE protein is a CDC25 phos-
phatase which is necessary for the G2/M transition in 
spermatocytes [49]. zDAZL protein specifically binds 
to the ‘GUUC’ sequences in the 3’-UTR of the Twine or 
zDazl transcripts [52]. Mouse DAZL binds to the con-
sensus (GUn)n in the 5’-UTR of Cdc25C mRNA [50]. 
Mouse DAZL is found to bind nine known mRNA 

encoding proteins involved in a variety of cell func-
tions [51]. These include, for example, germ cell ad-
hesion to Sertoli cells (Testis specific-1 (Tpx-1), cyto-
skeleton assembly (F-actin-capping protein subunit 
beta, Cappβ1), protein degradation (proteosome 
α7/C8 subunit, Pα7/c8), translation initiation (G-rich 
RNA sequence binding factor 1, GRSF1), a TATA 
box-binding protein (TBP)-like (Telomeric repeats 
binding site 2, Trf2). Among these, it includes the 
mRNA for Cdc25A encoding a threonine/tyrosine 
phosphatase involved in cell cycle progression, that is 
identified as the major target of the Drosophila Boule. 
In addition, Chen et al. confirmed that the increased 
translation of three mRNAs testis expressed gene 19.1 
(Tex19.1), microtubule-associated protein homolog 
(Tpx2), and Dazl itself was dependent on DAZL pro-
tein accumulation (Table 2) [15].  

 

Table 2. Target mRNAs of DAZL protein. 

Target mRNAs of DAZL protein 
Confirmative targets  Putative targets 

Tpx-1,Pam, GRSF1, Trf2, Cappβ1, H47, clone 
D2, Pα7/c8, Cdc25A, Tex19.1, Dazl itself 

 Bub1b, Cdc20, Arid1A, Smarca5 

 
 
Finally, co-immunoprecipitation with DAZL 

from UV-cross linked mouse testicular extracts iden-
tifies the mRNAs encoding mouse VASA homologue 
(MVH) and a synaptonemal complex component 
(SYCP3), two proteins playing a pivotal role in germ 
cell development [54,55]. 

The Vasa gene also known as Ddx4, is originally 
identified in Drosophila as a maternal-effect gene re-
quired for the formation of the abdominal segments 
and germline specification. It has been found in many 
other invertebrate and vertebrate species [56]. Analy-
sis of these VASA homologs has revealed a highly 
conserved role for VASA protein among different 
organisms, as well as some important differences in 
its regulation. VASA is an ATP-dependent RNA hel-
icase of the DEAD-box family. In Drosophila it is re-
quired for promoting translation of at least two RNAs, 
Nanos and Gurken, two key determinant mRNA for 
the fly oogenesis. VASA is localized in the cytoplasm 
of mouse and human PGCs at early embryonic stages, 
consistent with the idea that its activity is required for 
the germline development, likely for preserving plu-
ripotency. In the human, VASA is expressed in mi-
grating PGCs [57], while in the mouse, it is found in 
PGCs as they arrive into the gonadal ridges. In both 
species, VASA protein is also expressed in fetal and 
adult germ cells in both males and females and par-
ticularly in spermatocytes and mature oocytes [57, 58]. 
SYCP3 is a major component of the lateral elements of 
the synaptonemal complex of the meiotic germ cells. It 
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is initially expressed in both female and male 
pre-meiotic mouse PGCs, but it becomes subsequently 
confined to female PGCs entering into meiosis in the 
fetal ovary [59], and in postnatal meiotic male germs 
[60]. Vasa and Sycp3 knockout male mice have similar 
phenotypes with Dazl gene knockout mice [54]. 
Moreover, the protein levels of SYCP3 and VASA 
decrease significantly in survival germ cells within 
testes of Dazl knockout mice [51, 54, 55]. Importantly, 
DAZL protein increases the translation of the mRNA 
of both proteins. In vitro, DAZL protein directly binds 
to the 3’-UTR of Vasa mRNA, and the translation of 
reporter mRNAs containing the 3’-UTR of Vasa is ac-
tivated by DAZL in oocyte micro-injection experi-
ments [54]. 3’-UTR of Vasa and Sycp3 contain multiple 
GUU triplet bases, but the nucleotide sequences in 
both sides of the GUU are different [53]. 

5.2. DAZ family proteins and microRNAs 
MicroRNAs are small non-coding RNAs with a 

length of 21-23 base pair. Recently, Kedde et al. re-
ported that a germline-specific RNA-binding dead 
end (DND) protein, suppresses miR-430 function 
through blocking miRNA accessibility by binding to 
U-rich mRNA regions (URRs) in zebrafish and human 
germline cells [61]. Moreover, the loss of DND func-
tion or its target sequences make Nanos and Tdrd7 
3’-UTRs susceptible to miR-430-mediated repression. 
In the Zebrafish embryo, miR-430 contributes to re-

strict Nanos1 and Tudor 7 (Tdrd7) to PGCs by inducing 
mRNA deadenylation, mRNA degradation, and 
translational repression of Nanos1 and Tdrd7 mRNAs 
in somatic cells [62]. DAZL binding to the 3’-UTR can 
relieve the miR-430-mediated repression of TDRD7, 
concomitant with an increase in poly(A) tail length 
[27]. Therefore, through blocking miRNA mediated 
RNA degradation, Dead end and DAZL help to ena-
ble the expression of specific genes in the germline, 
crucial for the preservation of germline fate (Fig. 4). 

5.3. DAZ family associated proteins 
DAZ family proteins interact with several types 

of proteins including DAZ associated protein 
(DAZAP), poly(A)-binding proteins (PABPs), dynein 
light chain (DLC1), DAZ-interacting protein 1 
(DZIP1), and GASZ protein.  

Using Daz as bait in a yeast two-hybrid system, 
two DAZAPs were identified [9]. DAZAP1 encodes a 
RNA binding protein, which is widely expressed 
throughout different tissues and is expressed most 
abundantly in the testis. DAZAP2 encodes a ubiqui-
tously expressed protein with unrecognizable func-
tional motif. DAZAP1 and DAZAP2 binds similarly to 
both DAZ and DAZL. DAZAP1 may play several 
roles in the regulation of RNA metabolism [63] and is 
highly expressed in the mouse testes, predominantly 
in late stage spermatocytes and post-meiotic sperma-
tids where it likely regulates the splicing of Crem, 

Crisp2 and Pot1a transcripts involved 
in male germ cell maturation [64]. 
DAZAP1 deficiency in mice results in 
spermatogenic arrest [65]. DAZAP1 is 
also immulocalized in human luteal 
cells, granulosa cells and oocytes of the 
rat ovary. Co-immunoprecipitation 
experiments show interaction of DAZL 
protein with DAZAP1 in the ovarian 
tissues in vivo [66]. DAZAP1, like 
DAZL, is known to be an 
mRNA-specific activator of translation, 
but this appears independent of its 
ability to bind DAZL, suggesting these 
functions are separable [67]. 

In order to exert many of their 
regulative action, DAZ family proteins 
often combine with other RBPs [68]. In 
human germ cells, DAZ and DAZL 
co-localize with a member of the Pu-
milio family, namely Pumilio 
RNA-binding family member 2 (PUM2) 
[69]. Pumilio proteins are usually 
translation repressors and are known 
to be needed for maintaining germline 
stem cells in Drosophila and C. elegans. 

 
Figure 4. Putative mechanisms of mRNA translation regulation by DAZL proteins. (1) By 
interacting with translation initiation factor PABPs, DAZL proteins might promote the assembly 
of 80S ribosome. (2) DAZL proteins might interact with PUM2 protein, forming a stable 
complex able to inhibit mRNA translation. (3) DAZL proteins might favor mRNA polyadenyl-
ation by extending poly (A) tail and enhancing mRNA stability. 
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PUM2 forms a stable complex with DAZ and DAZL 
through both DAZ and RRM motives. Moreover, 
PUM2 was expressed also in human ES cells [70]. 
Human BOULE is also able to interact with PUM2 
besides forming homodimers [70]. BOULE and PUM2 
can form complex on a subset of PUM2 RNA targets 
distinct from targets bound by PUM2 and DAZL. This 
suggests that RNA sequences bound by PUM2 may be 
influenced by protein interactions. The functional role 
of PUM2/DAZ family member complexes remain 
unknown but based on the role of Pumilio in transla-
tional repression, can be speculated to involved in 
negatively regulating translation. In this regard, it is 
mentioned that PUM2 and DAZL are able to bind the 
same 61 potential RNA targets [71] (Fig. 4). 

Evidence exists that DAZL promotes translation 
initiation on specific mRNAs by interacting with 
PABPs [72]. These are well-known factors crucial for 
the translation initiation. PABPs bind the poly (A) tail 
and contacting factors bound at the 5’ end which ef-
fectively circularizes the mRNAs and promotes ribo-
somal subunit recruitment. Many stored germ cell 
mRNAs have short poly (A) tails and recruitment of 
PABPs by DAZL allows PABPs to enhance translation 
initiation independent of a long poly (A) tail. 

DAZL can specifically interact with the DLC1, a 
component of the dynein-dynactin motor complex. 
Interaction occurs with the C-terminal end of the 
DAZL protein. The sub-cellular distribution of DAZL 
in cell lines is microtubule-dependent and a selected 
number of DAZL -bound mRNAs could accumulate 
in the perinuclear area [73]. These suggest that DAZL 
may function as an mRNA transporter [73]. But at 
present the functional study of DAZL to 
transport mRNAs was done in somatic cells and not 
in germ cells. mRNA transport can contribute to the 
localized translation of mRNAs. In other words, 
DAZL may direct the localization of some mRNAs to 
specific regions within germ cells and/or be involved 
in the localization of repressed mRNA to sites of 
mRNA storage where they may be retained in a stable 
but translationally silent state. Relief of repression 
may require the loss of repressor proteins (e.g. PUM2) 
as well as the recruitment of PABPs. Thus it may be 
speculated that the translational activity of mRNAs 
bound by DAZL may be affected by their sub-cellular 
localisation as well as by translational regulatory fac-
tors [73]. Dazl is also translocated to stress granules 
(SGs) upon heat stress. SGs are cytoplasmic particles 
of eukaryotic cells, which form during cell stress and 
act as storage sites for repressed mRNAs [74]. Fur-
thermore, stress granules assembly activity is signifi-
cantly diminished in the early male germ cells of Dazl 
knockout mice. The DAZL-containing stress granules 
seem to play a protective role against heat 

stress-induced apoptosis by the sequestration of spe-
cific signaling molecules, such as receptor for acti-
vated C kinase 1 (RACK1), and the subsequent 
blockage of the apoptotic MAPK pathway [75]. 

In 2004, Frederick et al. [76] reported the identi-
fication of the DZIP (DAZ-Interacting Protein) gene, 
which encodes at least three different protein isoforms 
that contain a C2H2 zinc-finger domain. 
The DZIP gene is expressed predominantly in human 
embryonic stem cells and fetal and adult germ cells; 
moreover, two DZIP protein isoforms colocalized 
with DAZ and/or DAZL proteins in these tissues. 
Using co-immunoprecipitation assays, these authors 
provided also evidence indicating that DZIP may as-
sociate with DAZ and its other cofactors in an 
RNA-binding protein complex that functions in both 
ES cells and germ cells. The biological role of DZIP1 
is, however, still not clearly defined and it has been 
reported to be involved in the regulation of various 
molecular processes. The DZIP1 protein is a compo-
nent of the Hedgehog (Hh) signaling pathway and 
has a putative regulatory role in Hh signalling and 
ciliogenesis. Patrícia et al. [77] located DZIP1 protein 
predominantly in stress granules in the cytoplasm 
and showed that it is a component of ribonucleopro-
tein complexes in HeLa cells. Ribonomic analysis of 
associated mRNAs identified networks of genes in-
volved principally in cell cycle regulation and gene 
expression. 

Wang et al. [78] showed that gain of function 
of Gasz, a gene previously reported to participate in 
meiosis of postnatal spermatocytes, led to the most 
robust upregulation of PGC formation from both 
human and mouse ESCs. In contrast, Gasz deficiency 
resulted in pronounced reduction of germ cells during 
ESC differentiation and decreased expression of 
VASA and DAZL in gonadal ridges during early em-
bryonic development. Finally, co-immunoprecipi-
tation assays demonstrated that GASZ protein inter-
acted with DAZL, through the protein domain sterile 
alpha motif (or SAM) and that the GASZ and DAZL 
complex is able to up-regulate the expression of germ 
cell genes including Oct4, Stella and Vasa. 

6. Conclusions 
Although the founder cells of the germline are 

specified differently in invertebrates and vertebrates, 
several studies have shown that germline specifica-
tion also in distant species first depends on the global 
inhibition of mRNA transcription and epigenetic re-
programming in the founder PGCs. After specifica-
tion, PGCs begin a long journey to form the gametes. 
They first migrate inside the embryo to join the so-
matic gonadal cells and subsequently adopt a sexual 
identity to eventually initiate meiosis and gameto-
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genesis. However, transcriptional repression and ep-
igenetic reprogramming in PGCs are unlikely to be 
the primary ways used by PGC descendants to regu-
late gene expression during differentiation. Several 
lines of evidence suggest that RNA based mechanisms 
are pivotal in germ cell differentiation. Many of the 
important regulators of germline development are 
RNA binding proteins and loss of these factors causes 
dramatic effects on germline development. DAZ fam-
ily proteins are central RNA binding proteins in this 
process. These proteins appear to be associated with 
common features of germ cells of distant species in 
both sexes, indicating that unique functions that dif-
ferentiate germ cells from somatic cells are likely to be 
conserved in animal species. Both distinctive process 
of gametogenesis, the specification/determination of 
germ cells and meiosis, appear controlled by the DAZ 
family proteins through the post-translation regula-
tion of germline specific proteins at various levels 
including the transport, stabilization/degradation 
and transduction of the coding mRNAs. The phylo-
genetic history of the DAZ family proteins and the 
multiform ways by which they may regulate 
post-transcriptional activity of several target mRNAs, 
likely represent a unique example of regulators of 
germline development conserved in the evolution. 
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