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Abstract

RNA interference (RNAI) and PIWI-associated RNAs (piRNA) pathways use small RNAs as
sequence-specific guides to repress transposable elements. In mice, the loss of Mili, an
essential piRNA pathway factor, causes male sterility associated with mobilization of LINE
L1 retrotransposons while female mutants remain fertile. At the same time, mouse oocytes
have exceptionally active RNAI thanks to an oocyte-specific variant of RNase 111 Dicer,
which efficiently makes small RNAs from long dsRNA substrates. In oocytes of mice lacking
functional MILI and the oocyte-specific Dicer variant, we previously observed that L1
retrotransposons are redundantly targeted by both, RNAi and piRNA pathways. To test
whether enhanced RNAI may reduce the Mili mutant phenotype in testes, we used transgenic
mice ectopically expressing the oocyte-specific Dicer variant during spermatogenesis. We
report here that this genetic modification increases siRNA biogenesis and supports RNAI but

is not sufficient to reduce spermatogenic defects caused by the loss of Mili.

Introduction

Protection of the genome against transposable elements (TEs) is vital for maintaining genome
integrity across generations. Numerous mechanisms evolved to recognize and suppress TEs,
including RNA silencing pathways where small RNAs guide sequence-specific recognition
and suppression of TEs. The key RNA silencing pathway suppressing TEs in animal germline
is the piRNA pathway (reviewed in (Aravin et al. 2007; Ozata et al. 2019)), which provides
adaptive response for silencing active TEs in the genome. The mammalian piRNA pathway is
essential for mammalian spermatogenesis (Deng and Lin 2002; Kuramochi-Miyagawa et al.
2004; Carmell et al. 2007; Zheng et al. 2010).

In the female germline, piRNA pathway is essential in hamsters but not in mice (Deng and
Lin 2002; Kuramochi-Miyagawa et al. 2004; Carmell et al. 2007; Zheng et al. 2010; Hasuwa
et al. 2021; Loubalova et al. 2021; Zhang et al. 2021). Yet, piRNAs were shown to operate
during oogenesis where they target retrotransposon RNAs (Lim et al. 2013; Kabayama et al.
2017). Notably, mouse oocytes have also highly active canonical RNAI, a post-transcriptional
silencing pathway triggered by dsRNA, which also contributes to TE silencing (Svoboda et
al. 2004; Murchison et al. 2007; Tang et al. 2007; Tam et al. 2008; Watanabe et al. 2008).
Canonical RNAI in most mammalian cells is inefficient, in part owing to inefficient

processing of long dsRNA into siRNAs by RNase I11 Dicer, which is adapted to process
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small hairpin precursors of microRNAs (Zhang et al. 2002; Ma et al. 2008; Zapletal et al.
2022; Aderounmu et al. 2023). However, mouse oocytes express a unique Dicer isoform
(Dicer®), which lacks the HEL1 subdomain of the N-terminal helicase, which has an
autoinhibitory effect on long dsRNA processing (Ma et al. 2008). Dicer® efficiently cleaves
long dsRNA and supports essential role of canonical RNAI in mouse oocytes (Flemr et al.
2013).

While mouse oocytes have two functional RNA silencing pathways targeting TEs, redundant
suppression is TE-specific and concerns especially younger families of L1 and IAP (hon-LTR
and LTR retrotransposons, respectively). This was shown in mouse mutants lacking one or
both pathways: RNAi was eliminated upon deletion of oocyte-specific Dicer® and the piRNA
pathway was removed by Mili knock-out (Taborska et al. 2019). MILI is a cytoplasmic
protein, which generates primary piRNAs and secondary piRNAs by so-called ping-pong
mechanism with itself or with MIWI2 (Aravin et al. 2008; Kuramochi-Miyagawa et al. 2008;
De Fazio et al. 2011). MILI also cooperates with MIWI2 on silencing of L1 and IAP
retrotransposons in mouse fetal testes (Molaro et al. 2014; Manakov et al. 2015) and MILI is
important for clearance of retrotransposon transcripts in postnatal testes (De Fazio et al. 2011,
Di Giacomo et al. 2013).

We speculated that activation of RNAI during mouse spermatogenesis could reduce severity
of the MiliPAH/DAR phenotype. However, as we report here, expression of Dicer® during

spermatogenesis does not reduce severity of the MiliPAH/PAH phenotype in males.

Results & Discussion

We sought to generate an animal model with a Cre-inducible Dicer® variant to selectively
activate RNAI in vivo. To that end, we have produced a transgene Tg(EGFP-10x66-pCAG-
lox71i-Dicer®HA-T2A-mCherry), for simplicity referred to as Dicer™(©-HA) hereafter (Fig.
1A). The transgene was designed for inducible expression of Dicer®A protein, a C-
terminally HA-tagged Dicer® variant, and mCherry reporter. Dicer®™A was separated from
the mCherry protein by a T2A self-cleaving peptide (Ryan et al. 1991). Expression was
driven by the CAG promoter, a strong synthetic promoter used for high expression in mice
(Miyazaki et al. 1989; Okabe et al. 1997). The transgenic vector also carried homologous
arms for ROSA26 locus insertion and two heterologous loxP sites for CRE recombinase

(Araki et al. 2010) flanking the CAG promoter oriented away from Dicer®"A coding
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sequence. In this configuration, the promoter can be inverted by the CRE recombinase to
activate Dicer®HA expression (Fig. 1B). The cloned transgene and insertion into ROSA26 in
ESC showed that the promoter can flip and activate expression in the opposite direction upon
transient transfection of a Cre-expressing plasmid (Fig. 1C-F). While the efficiency of
Dicer9-HA expression activation was low, presumably due to poor transfection efficiency of
ESCs, these data implied that transgene’s design works. Thus, we have used two ESC clones
to establish a transgenic mouse line, which was successfully achieved with one of the clones
(Fig. 1G). Testing of Cre-mediated transgene activation suggested that overexpression of
Dicer9HA is detrimental for the survival of mice, as we did not obtain any progeny with
activated transgene expression when using Sox-CRE and ActB-CRE drivers (Fig. 1H). At the
same time, we discovered that the uninduced transgene in the ROSA26 locus had leaky
expression, which varied across organs, with the highest expression observed in testes (Fig.
11).

To estimate the amount of leaky transgene expression, we compared Dicer®H expression
with expression of full-length Dicer tagged in the endogenous locus with the HA tag (SOM
allele, described in (Taborska et al. 2019)). In the liver, the leaky expression of DicerT9(©-HA)
appeared equivalent to that of the endogenous full-length Dicer while in the testis Dicer®H4A
was strongly overexpressed (Fig. 1J). The leaky expression of Dicer®H protein was also
confirmed by high level of mCherry fluorescence in testis of Dicer™(©-HA animals (Fig. 2A).
HA epitope staining in histological sections revealed cytoplasmic signal in spermatogenic
cells, including pre-meiotoic, meiotic and post-meiotic cells (Fig. 2B). The highest signal
appeared in elongated spermatids but other spermatogenic cells in seminiferous tubules

exhibited well-detectable signal (Fig. 2B).

The cause of the apparent switch in transcriptional direction of the transgene (EGFP was not
detectable in testes, Fig. 2A) is unclear. The integrated transgene in ESCs was expressing
EGFP but not mCherry as designed (Fig. 1C), yet after genome reprogramming events in the
germline cycle in vivo, transcriptional direction of the transgene became reversed.
Furthermore, the leaky transcription does not follow the established expression pattern of the
CAG promoter (Okabe et al. 1997), which we have observed in several independent
transgenic lines (Nejepinska et al. 2012; Buccheri 2024), indicating activation of a cryptic

promoter.

We tested whether the leaky expression of Dicer™(©-H4) increases siRNA biogenesis and

RNAI. For RNAI, we have used a system (Fig. 2C) where a MosIR transgene is expressing
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long dsRNA hairpin and a targeted reporter carries a complementary sequence in its 3’UTR
(Nejepinska et al. 2012; Buccheri 2024). This system was recently used to analyze RNAI in
mice where one endogenous Dicer allele was converted to Dicer®-like variant by removing
exons encoding the HEL1 subdomain (Dicer/HE ! allele) (Buccheri 2024). Similarly, we
produced mice carrying Dicer™©-HA) MosIR, and Mos reporter transgenes, and compared
Mos reporter levels in mice carrying the Dicer™(©-HA transgene in the presence or absence of
the MoslIR transgene. We have observed strong RNAI effect in heart and muscle in the
presence of the MosIR transgene (Fig. 2D,E), which is consistent with effects observed in
Dicer/HELY* mice (Buccheri 2024). At the same time, absence of RNA. in other organs,
which are expressing higher levels of the truncated Dicer variants (Fig. 11 and 2D), is
consistent with MosIR transgene expression being a limiting factor for RNAi (Buccheri
2024). In any case, these data show that the Dicer™(©-HA) transgene produces highly active

Dicer variant able to support RNAI in the heart and muscles, even when low-expressed.

To obtain evidence that SIRNA production is enhanced across tissues, we sequenced small
RNAs from liver, spleen and testes and analyzed levels of small RNAs previously shown to
be upregulated by the Dicer®HEL! variant. Optn and Anks3 loci are harboring inverted repeats
with potential to produce long dsRNA upon transcription (Tam et al. 2008; Watanabe et al.
2008; Flemr et al. 2013). Optn-derived 21-23 nt small RNA levels were low but apparently
upregulated in liver in Dicer™(©-HA animals comparably to Dicer/"E-Y* mice (Fig. 2F). Optn
and Anks3 loci in spleen and testis were not expressed at sufficient levels to produce endo-
siRNAs. We thus analyzed mirtrons, a class of non-canonical miRNAs, whose precursors
were shown to be suboptimal substrates for the full-length Dicer but were efficiently cleaved
by the Dicer*"EL! variant (Zapletal et al. 2022; Buccheri 2024). The miR-3102 precursor is a
prominent non-canonical mMiRNA example, having a longer stem carrying a miRNA tandem,
which is cleaved twice by Dicer. We have observed increased levels of miR-3102 in
Dicer™©-HA) Jiver while canonical miRNAs did not exhibit such a change (Fig. 2F). The same
effect was observed in spleen (Fig. 2F) and testes (Fig. 2G). Additional miR-7060 and miR-
7068, two mirtrons previously found to be upregulated in the presence of the DicerAHEL!
variant (Zapletal et al. 2022; Buccheri 2024), had also increased levels in testis (Fig. 2G).
These data suggest that the Dicer™(©-H4) transgene supports efficient sSiRNA production also

in testis.

Finally, we tested whether the expression of the Dicer™©-HA transgene in spermatogenic

cells could reduce the Mili mutant phenotype. We previously observed that RNAi and piRNA
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pathways in mouse oocytes redundantly target the same L1 and IAP subfamilies, which are
also expressed in spermatogenic cells (Taborska et al. 2019) and upregulated in Mili mutants
(De Fazio et al. 2011; Di Giacomo et al. 2013; Molaro et al. 2014; Manakov et al. 2015). In
addition, RNA-seq suggested these L1 subfamilies produce increased amounts of 21-23 nt
siRNAs but not 24-32 nt piRNAs in Dicer™(©-H4 testes (Fig. 3A). We thus hypothesized that
activation of RNAi via Dicer® expression might provide suppression of L1 and IAP
retrotransposons, which might compensate some effects of the loss of the piRNA pathway.
Accordingly, we used Mili®A" mutant animals (De Fazio et al. 2011), which were used to
examine piRNA and RNAI redundancy in oocytes (Taborska et al. 2019), crossed them with
Dicer™(©-HA) animals, and analyzed testicular histology of MiliPAHPAH in the presence and
absence of Dicer®. However, these results showed that the Dicer® expression does not

improve spermatogenesis defects present in MiliPAHPAH mutants (Fig. 3B).

Conclusions

Taken together, in the mouse female germline the piRNA pathway is nonessential and shows
redundancy with RNAI in targeting L1 and IAP retrotransposons. On the other hand, in
testes, when RNAIi is activated by the same mechanism as in oocytes, there is no observable
functional redundancy with the piRNA pathway, which would reduce severity of the
MiliPAHDAH phenotype.
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Materials and Methods
Animals

Animal experiments were carried out in accordance with the Czech law and were approved
by the Institutional Animal Use and Care Committee (approval no. 34-2014). Tg(EGFP-
lox66-pCX-lox71i-Dicer®HA-IRES-mCherry) mice were generated from genetically modified
ESCs in the Czech Centre for Phenogenomics. Briefly, the transgene was inserted by
homologous recombination into the ROSA26 locus in ESCs; the insertion was facilitated with
a CRISPR-Cas9 vector (Flemr and Buhler 2015). Selected ESC clones were injected into
morulae and seven chimeric mice were obtained from 233 transferred embryos. The selected

line was then bred for at least five generations with normal C57BI/6NCrl mice.

Genotyping

For genotyping, tail biopsies were lysed in DEP-25 DNA Extraction bufter (Top-Bio)
according to manufacturer’s instructions. 1 pl aliquots were mixed with primers and Combi

PPP Master Mix (Top-Bio) for genotyping PCR. Genotyping primers are listed in Table S1.

Organ harvesting

Organs collected from sacrificed animals were either directly used for analysis or snap frozen

and stored at -80° C for later use.
Tissue histology

Testes from 10-week-old mice were fixed in Bouin's fixative (Sigma-Aldrich, HT10132-1L)
for 2 hours, washed several times with ice-cold PBS, and stored in 70% ethanol at 4°C until
processing. Tissues were embedded in paraffin, sectioned at 6 pm thickness on a microtome,
mounted from warm distilled water (42°C) onto silane-coated microscope slides, and dried
overnight at 42°C. The tissues were then stained with hematoxylin solution (Gill No. 2) for
1.5 minutes, washed with running water, and stained with Eosin for 30 seconds. Slides were

mounted with xylene-based mounting medium and coverslips.
Immunofluorescence analysis of histological sections

Testes were fixed in Hartman’s fixative (Sigma-Aldrich, H0290) overnight at 4°C. Tissues
were dehydrated in ethanol, embedded in paraffin, sectioned to a thickness of 2.5-6 um and

used for immunofluorescence staining. Sections were deparaffinized and then boiled for
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18 min in 10 mM pH 6 sodium citrate solution for antigen retrieval. After 45 min blocking
with 5% normal donkey serum and 5% bovine serum albumin (BSA) in PBS, sections were
incubated for 1 h at room temperature or overnight at 4 °C with the primary antibodies used at
1:1000 dilution. Nuclei were stained with 1 pg ml—1 DAPI for 10 min, slides were mounted
in ProLong Diamond Antifade Mountant (Thermo Fisher Scientific) and images were

acquired using the Leica SP8 confocal microscope.
Cell culture

Mouse ESCs were cultured in 2i-LIF media: KO-DMEM (Gibco) supplemented with 15%
fetal calf serum (Sigma), 1x L-Glutamine (Thermo Fisher Scientific), 1x non-essential amino
acids (Thermo Fisher Scientific), 50 uM B-Mercaptoethanol (Gibco), 1000 U/mL LIF
(Isokine), 1 uM PD0325901, 3 uM CHIR99021(Selleck Chemicals), penicillin (100 U/mL),
and streptomycin (100 pg/mL).

Transfection

For transfection, ES cells were plated on gelatin-couated 24-well plate, grown to 80% density
and transfected using Lipofectamine 3000 (Thermo Fisher Scientific) according to the
manufacturer’s protocol. The total amount of transfected plasmid DNA was 1 ug/well. Cells

were collected for analysis 48 hours post-transfection.
Western blot

Mouse organs and ES cells were homogenized mechanically in RIPA lysis buffer
supplemented with 2x protease inhibitor cocktail set (Millipore) and loaded with SDS dye.
Protein concentration was measured by Bradford assay (Bio-Rad) and 80-100 pg of total
protein was used per lane. Proteins were separated on 5.5% polyacrylamide (PAA) gel and
transferred on PVDF membrane (Millipore) using semi-dry blotting for 60 min, 35 V. The
membrane was blocked in 5% skim milk in TBS-T, Dicer was detected using anti-HA 3F10
monoclonal primary antibody (High Affinity rat IgG1, Roche #11867431001; dilution 1:500),
anti-HA rabbit primary antibody (Cell Signaling, #3724, dilution 1:1,000) and incubated
overnight at 4°C. Secondary anti-Rat antibody (Goat anti-Rat 1gG, HRP conjugate,
ThermoFisher #31470, dilution 1:50,000), HRP-conjugated anti-Mouse 1gG binding protein
(Santa-Cruz #sc-525409, dilution 1:50,000) or anti-Rabbit-HRP antibody (Santa-Cruz #sc-
2357, dilution 1:50,000) was incubated 1 h at room temperature. For TUBA4A detection,
samples were separated on 10% PAA gel and incubated overnight at 4 °C with anti-Tubulin
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(Sigma, #T6074, dilution 1:10,000). HRP-conjugated anti-mouse IgG binding protein (Santa-
Cruz, #sc-5254009, dilution 1:50,000) was used for detection. Signal was developed on films
(X-ray film Blue, Cole-Parmer #21700-03) using SuperSignal West Femto

Chemiluminescent Substrate (Thermo Scientific).
RT-gPCR analysis

Cultured cells or mouse organs were harvested, washed in PBS, and homogenized in Qiazol
lysis reagent (Qiagen); total RNA was isolated by phenol-chloroform extraction according to
the manufacturer's protocol. 1 pg of total RNA was reverse transcribed using LunaScript RT
SuperMix Kit (New England Biolabs) according to the manufacturer’s instructions and 1 pl
cDNA was used as a template for a 10 pul qPCR reaction. qPCR was performed on
LightCycler 480 (Roche) and the Maxima SYBR Green qPCR master mix (Thermo Fisher
Scientific) was used for the gPCR reaction. gPCR was performed in technical triplicates for
each biological sample. Average Ct values of the technical replicates were normalized to the
housekeeping genes Hprt, B2m and Alasl using the AACt method (Pfaffl et al. 2002). gPCR

primers are listed in Table S1.

Small RNA sequencing (RNA-seq) and bioinformatic analyses

Small RNA sequencing from testes and its analysis was done as described previously
(Buccheri 2024). Libraries were sequenced by 75-nucleotide single-end reading using the
Illumina NextSeq500/550 platform. Data were deposited in the Gene Expression Omnibus
database under accession ID GSE267971.
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Figure 1 Inducible Dicer™(©-HA transgene. (A) A scheme of the inducible Dicer

transgene. (B) Dicer®H expression in transient co-transfection of a transgene plasmid with
and without a Cre-expressing plasmid. Dicer®HA was detected using an a-HA antibody. (C)
EFGP and mCherry expression in the transgenic ESC clone #10H 48 hours after transfection
of a Cre-expressing plasmid. (D) A rare HA-positive cell in the transgenic ESC clone #3D 48
hours after transfection of a Cre-expressing plasmid. (E) FACS analysis of Cre-induced
expression of mCherry in the clone #10H. (F) gPCR analysis of EFGP and Dicer™(©-HA RNA
levels in the transgenic ESC clone #10H 48 hours after transfection of a Cre-expressing
plasmid. RNA levels are shown relative to untransfected clone #10H cells. (G) Overview of
FO chimeric animals among 23 live born pups. The three framed founders transmitted the
transgene into the next generation. (H) Ubiquitous transgene activation appears lethal — no
mice were born when Dicer®H4 expression was induced with two different Cre-drivers. (1)
Despite the CAG promoter is oriented into the opposite direction than Dicer expression, the
transgene has leaky expression even without induction, which varies among organs, testis
being the organ with the highest leakage. (J) Comparison of endogenous HA-tagged Dicer
expression (DicerSOM/SoM) and leaky HA-tagged transgene expression (Dicer ™©-"A) in liver
and testes suggests that the transgene produces an equivalent of endogenous Dicer amount in
liver while in in testes it is strongly overexpressed. The nature of the lower band in the
DicerSOMSOM Jane is unclear, possibly it is Dicer™(©-HA4) Joading contamination since DicerSoM
allele expression yielded only a single band in testes (Zapletal et al. 2022).
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Figure 2 Effects of leaky expression of the Dicer™(©-HA) transgene. (A) Leaky
expression in testes yields detectable levels of mCherry reporter from the transgene. (B)
mCherry from the Dicer™(©O-"Atransgene appears to be most expressed in post-meiotic cells
but it is well detectable in pre-meiotic and meiotic cells as well. Red = a-HA staining, blue =
DAPI, size bar = 100 pm. (C) A scheme of the transgenic RNAi system using the transgene
Tg(CAG-EGFP-MosIR) as a source of dsRNA and the transgene Tg(CAG-mCherry-Mos) as
a sequence-specific target. (D) gPCR analysis of RNAi-targeted reporter in Dicer™©-HA mice
carrying CAG-EGFP-MosIR transgene relative to control mice lacking CAG-EGFP-MosIR.
(E) gPCR analysis of CAG-EGFP-MosIR transgene expression in DicerS°MWt pkr-/- organs
from (Buccheri 2024) for comparison with (D). Expression is presented as fold difference
relative to Hprt. Data come from three (muscle and spleen) or five (other organs) biological
replicates analyzed in technical triplicates (Buccheri 2024). (F) The Dicer™©-HA transgene
increases Optn endo-siRNA levels in liver and mirtron levels in liver and spleen. (G) The
Dicer™(©-HA) transgene increases mirtron levels in testes. Vertical scale depicts counts per
million (CPM) of 19-32 nt reads.
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Figure 3 Expression of truncated Dicer® variant yields more LINE L1 siRNAs in testes
but it does not reduce the Mili mutant phenotype. (A) Quantification of putative sSiRNA (21-
23 nt) and piRNA (24-23) nt reads in RNA-seq data from normal C57BI/6 (+/+), Dicer/#ELI/*
(AHEL1/+) and transgenic (+/+, Tg(O-HA)) animals. Abundance of reads perfectly mapping
to L1 element subfamilies with full-length intact elements analyzed in oocytes (Taborska et
al. 2019) was calculated per 1 million 19-23 reads for each sample and is shown relative to
+/+, which was set to one. Data were obtained from age-matched mice, one animal per
genotype. (B) Histological sections of 10 weeks-old mice. Dicer™©-HAtransgene
heterozygote mice on the Mili®A"* background show normal seminiferous tubule histology.
As previously described (De Fazio et al. 2011), MiliPAH/PAH mice show the same phenotype as
Mili”~ with early pachytene as the most advanced stage of germ cell development. Zygotene
is the most common stage found in tubules, and a fraction of tubules represents Sertoli-cell
only appearance. The Dicer™(©-"A transgene heterozygote on the MiliPAHPAH hackground
shows tubules containing zygotene spermatocytes, however the presence of Sertoli-cell only
tubules is more pronounced than in MiliPAHPAH mouse. In addition, the tubules show frequent
occurrence of cell clusters (giant cell formation with eosinophilic cytoplasm and an indistinct
cell border) projecting into the tubular lumen (red asterisks). These observations suggest an
additional defect beyond that previously described in mice lacking active MILI, attributed to
the presence of the Dicer™(©-H4 allele. Z — zygotene, EP — early pachytene, SCO — Sertoli
cells only.
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Table S1 Primers

Name 5’ — 3’ sequence note
mCherry_gPCR_Fwd ACCATCGTGGAACAGTACGAAC genotyping; Tg(O-HA)
mRosa26_Revl GATAAGGCTGCAGAAGGAGCGG genotyping
mRosa26_Fwd1l CACGTTTCCGACTTGAGTTGCCTC genotyping; wild-type
mCherry_Fwd CAACGTGACTCTACACCAAGTC genotyping
Mos.revl GCCTTGTTTTGACCATAAATGCCG genotyping
EGFP.Fwd.seq TGGCTACTCCGTGCATCTGG genotyping
Mos1071.Fwd GTGACAACGCTAGAGGATGTTCCG genotyping
mPKR_il1_Fwd1l GATATAACCAGCTCAAGTGTTTGC genotyping
mPKR_E2_gen_Rev GAGCAAAAAGTTCATCAGGAACC genotyping
mPKR_E6_Revl GCCTGGTTGGGTATAGACTGCTTG genotyping
mDcr_il_Fwd2 CAGAGGGCTAGAGCATACAAACAC genotyping
mDcr_int7_R2 CCCTCGAATTTTGGGACTAACTGC genotyping
mDcr_il_Fwd_seq GAGGACTACACCATCGTGGAACAG genotyping
mDcr_int7_Rev3 CGTGGTAAGTGGCTTTATACACC genotyping
mDcr_E6_fwd GACCACTACCAGCAGAACACCC genotyping
pCAG_Fwd3a GGCTCTGACTGACCGCGTTAC gPCR
mCherry.2 rev CCCTTGGTCACCTTCAGCTTG gPCR
EGFP_Rev_seq GCTGAACTTGTGGCCGTTTACG qPCR
mHGPRT.1_457_Fwd GCTACTGTAATGATCAGTCAACGG qPCR
mHGPRT.1_670_Rev CTGTATCCAACACTTCGAGAGGTC gPCR
mB2MG.1_342_Fwd GCAGAGTTAAGCATGCCAGTATGG gPCR
mB2MG.1_514 Rev CATTGCTATTTCTTTCTGCGTGC gPCR
mALAS.1_1274 Fwd CACTGGAAGAGCTGTGTGACGTG gPCR
mALAS.1_1463_Rev CTGGCAATGTATCCTCCAACACAG qPCR
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