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Background: Quelling and DNA damage induce small RNA from repetitive DNA regions.
Results: Genetic Screen identified RT'T109 as a critical component of the siRNA production pathway in Neurospora.
Conclusion: RTT109 acts as a histone H3K56 acetyltransferase to mediate siRNA biogenesis through its role in homologous

recombination.

Significance: This study identifies a new link between DNA damage response and small RNA production at the chromatin level.

Quelling and DNA damage-induced small RNA (qiRNA) pro-
duction are RNA interference (RNAi)-related phenomenon
from repetitive genomic loci in Neurospora. We have recently
proposed that homologous recombination from repetitive DNA
loci allows the RNAi pathway to recognize repetitive DNA to
produce small RNA. However, the mechanistic detail of this
pathway remains largely unclear. By systematically screening
the Neurospora knock-out library, we identified RTT109 as a
novel component required for small RNA production. RTT109
is a histone acetyltransferase for histone H3 lysine 56 (H3K56)
and H3K56 acetylation is essential for the small RNA biogenesis
pathway. Furthermore, we showed that RTT109 is required for
homologous recombination and H3K56Ac is enriched around
double strand break, which overlaps with RAD51 binding.
Taken together, our results suggest that H3K56 acetylation is
required for small RNA production through its role in homol-
ogous recombination.

RNA interference (RNAI) is a post-transcriptional gene-si-
lencing mechanism conserved from fungi to mammals (1-3). In
most of the RNAi-related biogenesis pathways, the RNase III
domain-containing enzyme Dicer cleaves double-stranded
RNA/hairpin RNA to generate 21- to 25-nt small interfering
RNA (siRNA) duplexes. The siRNAs are loaded onto an Argo-
naute (Ago) protein-containing complex called the RNA-in-
duced silencing complex to mediate gene silencing of homolo-
gous RNAs. Despite its divergent roles in regulating gene
expression, RNAI has been considered as an ancient genome
defense mechanism that silences viral invasion and transposons
(4-8). Consistent with this role, many organisms have devel-
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oped a mechanism to produce small RNAs from repetitive
DNA sequences that result from transposon replication or for-
eign DNA incorporation (9-11).

Neurospora crassa is known to have two types of siRNA path-
ways during the vegetative stage, quelling, and giRNA? produc-
tion (10, 12). Quelling is triggered by the presence of multiple
copies of transgenes and produces site-specific siRNAs from
repetitive transgenic loci (1). We previously discovered a class
of small RNAs that are induced after DNA damage agent treat-
ment, known as qiRNA because of its interaction with Ago pro-
tein QDE-2 (12, 13). The majority of qiRNAs originate from
ribosomal DNA cluster, which is the only highly repetitive
DNA sequence in Neurospora (12). Although quelling occurs
during normal growth condition and qiRNA is produced after
DNA damage, their biogenesis is mechanistically similar. It has
been proposed that the dual functional QDE-1 (quelling-defi-
cient-1) firstacts asa DNA-dependent RNA polymerase to pro-
duce aberrant RNA (aRNA) from repetitive loci and then covert
it to double-stranded RNA precursor through its RNA-depen-
dent RNA polymerase activity (14). RecQ DNA helicase QDE-3
and the single-stranded DNA binding complex replication pro-
tein A are also involved in this process (14-16). dsRNA is
cleaved by Dicer proteins to produce siRNA, which is then
loaded onto QDE-2 to mediate gene silencing (17). Although
how siRNA is produced from dsRNA and acts are well under-
stood, little is known about how aRNA and siRNA is specifically
transcribed from repetitive loci.

Our recent study showed that both quelling and qiRNA pro-
duction are caused by DNA damage/replication stress (18).
DNA damage agent treatment can induce quelling-induced
siRNA in the quelled strain. Similar to qiRNA, it was recently
shown in plants and animals that DNA damage is a common

2The abbreviations used are: qiRNA, quelling and DNA damage-induced
small RNA; aRNA, aberrant RNA; HR, homologous recombination; QA,
quinic acid; HU, hydroxyurea; CPT, camptothecin; DSB, double strand
break; rDNA, ribosomal DNA.
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trigger to induce small non-coding RNAs (19-21). We recently
showed that homologous recombination (HR) pathway is
required for quelling and qiRNA production. This lead to the
proposal that HR serves a mechanism to recognize repetitive
DNA and initiates aRNA transcription under DNA damage
condition (18). However, the mechanistic details of this HR-
based siRNA biogenesis pathway are not clear. A number of
chromatin remodelers are also required for both HR and siRNA
pathway in Neurospora (18), indicating that a favorable chro-
matin environment is essential for this siRNA biogenesis
pathway (18).

In this study, by systematically screening the Neurospora
knock-out mutants, we identify RTT109, a histone acetyltrans-
ferase for histone H3 on lysine 56, as a new component in the
qiRNA production and quelling pathway. In addition, we dem-
onstrate that RT'T109 and its histone acetyltransferase activity
are required for HR and the qiRNA production and quelling
pathway.

EXPERIMENTAL PROCEDURES

Strains and Growth Conditions—A wild-type strain of Neu-
rospora crassa (FGSC4200) was used in this study. The Neuro-
spora knock-out mutant strains used in this study were
obtained from the Fungal Genetic Stock Center (22). Strains
carrying the I-Scel restriction site was first transformed with an
al-1 gene containing an I-Scel site into the /is-3 locus. Plasmids
that express FLAG-tagged IScel and Myc-RAD51, were co-trans-
formed into Neurospora together with a benomyl resistance gene,
BmlR. The expression of both FLAG-IScel and Myc-RAD51 were
confirmed by Western blot analysis after quinic acid (QA) induc-
tion. Liquid cultures were grown in minimal medium (1X
Vogel’s, 2% glucose). For liquid cultures containing QA, 10~ % M
QA (pH 5.8), was added to the culture medium containing 1X
Vogel’s, 0.1% glucose, and 0.17% arginine. To induce qiRNA
production, histidine (1 mg/ml) or the indicated concentra-
tions of hydroxyurea (HU) were added, and cultures were col-
lected 48 h later (12).

Protein and RNA Analyses—Protein extraction, quantifica-
tion, and Western blot analysis were performed as described
previously (18, 23). Nuclear protein extracts were prepared as
described previously (24). Equal amounts of total protein (40
png) were loaded in each lane, and after electrophoresis, proteins
were transferred onto PVDF membrane, and Western blot
analysis was performed. Antibodies against H3K56Ac were
purchased from Active Motif (catalog no. 39281). Antibodies
against histone H3 and yH2A were purchased from Abcam
(ab1791 and ab15083, respectively). Immunoprecipitation fol-
lowed by mass spectrometry was performed based on protocol
described previously (23) to identify RTT109-interacting pro-
teins. The resulting MS files were searched against NCBI-nr
protein sequence databases for protein identification.

Total RNA extraction, enrichment of small sized RNA, and
Northern blots were performed as described previously (17).
RNA probes were made using the MAXIscript T7 kit (Ambion)
from a T7 promoter on a PCR product template. The qiRNA
probe specifically detects antisense small RNA from the 26 S
rDNA region and aRNA probes were made to detect intergenic
transcripts from the rDNA region as described previously (18).
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Quelling Assay—Quelling assays were performed as described
previously with minor modifications (25). The wild-type and the
mutant strains used for quelling assays were grown for 7-10 days
before harvesting the conidia in 1 m sorbitol. A mixture of 2 mg
pBSKal-1 (carrying the al-1 fragment) and 0.5 mg of pBT6 (a
benomyl-resistant gene-containing plasmid) was incubated
with the conidial suspension for 45 h at 4 °C. The plasmids
were then transformed into Neurospora by electroporation.
The benomyl-resistant transformants were picked onto minimal
slants and visually inspected to identify the completely quelled
(white), partially quelled (yellow), or non-quelled (orange) strains.

Assay for DNA Damage Sensitivity—A spot test was used for
measuring the sensitivity of different strains to various DNA
mutagens. The conidia concentration of conidia suspensions
was measured and dropped onto sorbose-containing agar
plates with indicated serial dilutions. The plates were incubated
for 3 days at room temperature. Camptothecin (CPT), histi-
dine, or ethyl methanesulfonate was added into agar medium at
a final concentration of 0.1 pug/ml, 6 ug/ml, and 0.2%, respec-
tively. The description of the expression I-Scel in Neurospora
will be described elsewhere.?

Homologous Recombination Assay—The HR assay was per-
formed essentially as described (26). The Neurospora strains
were grown for 7-10 days before harvesting the conidia in 1 m
sorbitol. The EcoRI linearized bar-containing plasmid (pGS1-
1KR, contains bar gene flanked by 1 kb of homologous sequence of
mtr) was incubated with the conidial suspension on ice for 30 min.
The fragment was transformed into Neurospora strains by
electroporation. The transformed conidia were plated onto
low nitrogen-containing top agar containing 0.4 mg/ml
bialaphos. The bialaphos-resistant transformants were
picked onto bialaphos-containing slants, and resistant trans-
formants were further selected on p-fluorophenylalanine-
containing slants. The HR rate was calculated as the ratio
between the p-fluorophenylalanine-resistant colonies to the
total bialaphos-resistant colonies.

Chromatin Immunoprecipitation (ChIP)—ChIP experiment
was performed as described previously (18). A double strand
break (DSB) was induced by culture in liquid medium contain-
ing QA for 2 days. The tissues were fixed in the culturing
medium containing 1% formaldehyde for 15 min with shaking.
After fixation and washing, cell lysates were subject to sonica-
tion with three cycles of 25 pulses with duty cycle 40 and output
control 4. The samples of 2 mg of protein were precleared with
40 pl of slurry equilibrated with Gamma Sepharose beads for
2 h at4 °C with rotation. The blocking beads were resuspended,
and the lysate was transferred to a new tube. The monoclonal
c-Myc antibody or antibody specific for H3K56ac was used to
detect enrichment of Myc-RAD51 or H3K56Ac around DSB.
The ChIP samples were diluted 1 to 2.5 before use as templates
for quantitative PCR analysis. Tubulin gene was used as an
internal control to normalize the ChIP-quantitative PCR data.
Specific primers detecting the al-1 gene were qal-1F (5'-
AAGGTGTTGGACGCTTTGGT-3') and qal-1R (5'-GTACT-
TGACGCCCATCCTCTCT-3'). Primers detecting the am-1

3Q.Yang and Y. Liu, unpublished data.
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FIGURE 1. RTT109 is required for qiRNA and quelling pathway. A, QDE-2
Western blot analysis of a panel of Neurospora knock-out strains, including
rtt109 (NCU09825), from the unbiased screen. All of the strains were grown in
histidine (1 mg/ml) for 2 days. B and C, Northern blot analysis of qiRNA and
aRNA products from the wild-type strain and rtt709 mutant. Cultures were
treated with 1 mg/ml histidine for 2 days. Ethidium bromide (EB)-stained
membranes were used as loading controls. D, quelling efficiency of the indi-
cated strains. The numbers in the parentheses indicate the number of strains
examined after the quelling assays.

gene were amf (5'-CGGTTACCGTGTCCAGTTCA-3") and
amR (5'-CTAGAGACGCCGAGTCAGCA-3'). Primers detec-
ting the tubulin gene were q03 (5'-CTCCTCCTCCTCGTCAA-
CACCA-3') and q04 (5'-CTCAAGATGTCCTCCACCTTCG-3).

RESULTS

A Genetic Screen Identified RTT109 to Be Essential for the
DNA Damage-induced qiRNA Production and Quelling—We
sought to characterize the mechanism of the DNA damage-
induced qiRNA production by carrying a systematic genetic
screen using the Neurospora knock-out library (18). Previously,
we demonstrated that DNA damage agents, such as histidine,
HU, or ethyl methanesulfonate, are able to induce the produc-
tion of qiRNA and QDE-2 protein expression in Neurospora
crassa (12, 27). In addition, DNA damage-induced QDE-2
expression is abolished in the mutants that are defective in
quelling and qiRNA pathways (12). To identify new compo-
nents of the quelling and qiRNA pathways, we reasoned that
mutants that are deficient in the DNA damage-induced QDE-2
expression would also be defective in the quelling and qiRNA
pathways. Therefore, we screened >4000 Newurospora knock-out
mutants using QDE-2 Western blot-based analysis to identify
mutants with impaired histidine-induced QDE-2 expression. In
addition to the homologous recombination components and
chromatin remodelers that are characterized previously (18), we
also found that the knock-out strain of NCU09825 was deficient
in the histidine-induced QDE-2 expression (Fig. 14). Sequence
analysis showed that the predicted protein encoded by
NCU09825 shares a strong sequence homology across the
entire open reading frame with the RT'T109 protein in budding
yeast.

The yeast RTT109 has been demonstrated to be a bona fide
histone acetyltransferase for histone H3 on lysine 56 (H3K56)
both in vivo and in vitro (28 —30). Its histone acetyltransferase
activity is largely dependent on its association with either of two
histone chaperones, VPS75 and ASF1 (28, 29, 31). Interestingly,
even though RTT109 and its sequence homologs are structur-

ACEVEN

MARCH 28, 2014 +VOLUME 289-NUMBER 13

The Role of H3K56Ac in Small RNA Production

ally similar to its functional counterpart in flies and humans,
p300/CBP, they share no sequence homology (32, 33).
H3K56Ac catalyzed by RT'T109 plays an important role in DNA
damage response/repair as mutants that are deficient in
H3K56Ac are sensitive to genotoxic stress (29, 34, 35). This
sensitivity is at least partly due to its role in the deposition of
newly synthesized histones and histone replacement during
DNA replication and repair (36, 37). However, little is known
about the function of RTT109 beside its role in DNA damage
response.

To investigate the phenotype of RTT109 in the qiRNA and
quelling pathway, we first examined the damage-induced
qiRNA production in the rt£109%° mutant. Fig. 1B shows that
histidine treatment induced qiRNA (21-25 nt) production in
the wild type strain (12, 18), but such a response was abolished
in the r£t109 mutant. Then, we examined the expression of the
rDNA-specific aRNA (~0.3-1 kb) (12), the precursor of
qiRNA, and found that the histidine-induced aRNA production
was also abolished in the rz£109 mutant (Fig. 1C), indicating
that RTT109 is required for qiRNA synthesis in a step that is
upstream of aRNA production.

Previous studies show that quelling pathway and damage-
induced qiRNA pathway are mechanistically similar (10, 14,
18). Thus, we asked whether RTT109 is also required for the
quelling pathway. To test this, we performed quelling assay
after transformation of cells with an al-1 transgene. As shown
in Fig. 1D, 29% of the wild-type transformants exhibited quell-
ing, as indicated by the change of conidia color from orange to
yellow or white. In contrast, quelling efficiency of the rt£109°°
strain is only 2%, which is similar to that in the gde-3 strain,
indicating that similar to QDE-3, RTT109 is also required for
quelling. Taken together, these results suggest that RTT109 is a
novel component involved in qiRNA and quelling-induced
siRNA biogenesis pathway.

H3K56 Acetylation Is Essential for the Quelling-induced
Small RNA Production—To examine whether RT'T109 is a his-
tone acetyltransferase for H3K56 in Neurospora, Western blot
against H3K56Ac was performed in both wild-type and r£t109
strains. Fig. 2A shows that H3K56Ac was abolished in the r££109
mutant. This global loss of H3K56Ac was restored when a con-
struct that expresses the c-Myc-tagged wild-type RTT109 was
transformed into the r££109°° strain. On the other hand, point
mutations of the conserved catalytic aspartate residues (29) to
alanines (D145A and DD304305AA) completely abolished
H3K56Ac. These results indicate that RT'T109 is an essential
histone acetyltransferase for H3K56Ac in Neurospora.

To examine whether the histone acetyltransferase activity of
RTT109 is required for siRNA biogenesis in Neurospora, we
examined the production of rDNA-specific aBRNA. As shown in
Fig. 2C, whereas the wild-type RTT109 was able to rescue the HU-
induced aRNA and qiRNA production, the RTT109 D145A and
DD304305AA mutants were deficient in this response. This result
indicates that RTT109 acts as a histone acetyltransferase in the
qiRNA production pathway.

HU treatment resulted in an increase of H3K56ac level (Fig.
2, A and B). Fig. 2C also shows that the production of aRNA in
Myc-RTT109 strain was higher compared with the wild-type
strain. This is correlated with the higher level of H3K56Ac in
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FIGURE 2. Histone acetyltransferase activity of RTT109 is required for
qiRNA production. A, H3K56Ac Western blot of the wild-type and rtt7109°
strains. Cultures were grown in media with/without 1 mg/ml HU for 2 days. H3
Western blot was used as a loading control. B, Western blot analysis showing
the level of H3K56Ac in the indicated strains. C and D, Northern blot analysis
showing the levels of the rDNA-specific aBRNA and giRNA in the indicated
strains. Cultures were grown in media with/without 1 mg/ml HU treatment
for 2 days. EB, ethidium bromide.
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the Myc-RTT109 strain (Fig. 2B). To further confirm H3K56Ac
is required for qiRNA production, we generated an H3K56R
knock-in mutant strain in which lysine 56 of H3 was mutated to
arginine. The H3K56R homokaryon strains was obtained by
microconidia purification and confirmed by DNA sequencing.
As expected, the H3K56R strain is deficient in HU-induced
aRNA production (Fig. 2D), further indicating the importance
of H3K56Ac in the qiRNA production pathway.

To better understand how RTT109 functions, we sought to
identify RTT109 interacting proteins by immunoprecipitation
of the Myc-tagged RTT109 from Neurospora and followed by
mass spectrometry (Fig. 34). One of RTT109-interacting pro-
teins was identified to be the Neurospora homolog of the yeast
VPS75, which has been shown to be in complex with RTT109 in
yeast and is important for H3K56Ac both in vivo and in vitro
(31, 38). It was previously reported that another histone chap-
eron ASF1 is also essential for H3K56Ac (28, 31, 35). To exam-
ine whether VPS75 and ASF1 act together with RTT109, we
examined the H3K56Ac levels in the Neurospora vps75 and asf1
knock-out mutants. We found that both ASF1 and VPS75 are
required for H3K56Ac (Fig. 3B). Furthermore, the production
of HU-induced aRNA and qiRNA was also dramatically
reduced in the asfl and vps75 mutants (Fig. 3, C and D). These
results further support that the importance of H3K56 acetyla-
tion in the qiRNA biogenesis pathway.

RTTI09 Is Required for Homologous Recombination—To
understand how RTT109 involves in the qiRNA and quelling
pathway. We examined the physiological function of RTT109
in Neurospora. It was previously reported in yeast that the
rtt109 mutant is sensitive to DNA damage (28 -30), and the
basal level of RAD52 foci is increased in the r££109 mutant (29).
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FIGURE 3. VPS75 and ASF1 are required for qiRNA production. A, silver-
stained SDS-PAGE gel showing the affinity purified Myc-RTT109 products.
Cell extracts of the rtt109/C and rtt109° strain expressing Myc-RTT109 were
used for purification. B, Western blot showing the levels of H3K56Ac in the
indicated strains. Cultures were grown with/without 1 mg/ml HU for 2 days. C
and D, Northern blot analysis of aRNA and giRNA production in the indicated
strains. EB, ethidium bromide.

Consistent with these findings, we found that the Neurospora
rtt109 and H3K56R mutants are also very sensitive to DNA
damage agent treatment (Fig. 44), including camptothecin,
histidine, and ethyl methanesulfonate, indicating a role for
H3K56Ac in the DNA damage response or repair.

Two major mechanisms are involved in repairing damaged
DNA, the HR and the non-homologous end joining pathways
(39). Because we previously showed that HR is required for both
quelling- and damage-induced siRNA production (18), we
hypothesized that H3K56Ac catalyzed by RT'T109 is involved in
HR. To test this hypothesis, we examined homologous recom-
bination rate at the methyltryptophan resistance (mtr) locus in
different Neurospora strains by transforming cells with a con-
struct containing the bialaphos-resistance gene (bar) that can
disrupt the mtr gene by homologous recombination (26). The
targeting of bar gene into the mtr gene by HR will result in
transformants that are resistant to both bialaphos and the
amino acid analog p-fluorophenylalanine. As shown in Fig. 4B,
the wild-type strain has a recombination rate of ~20%, which is
a typical HR rate in Neurospora. As expected, the HR rate was
nearly 100% in a ku80 knock-out mutant in which the non-
homologous end joining pathway is abolished and HR becomes
the dominant repair pathway. As expected, the HR rate was
dramatically reduced in the r££109 mutant. This result indicates
that RTT109 and H3K56Ac play a critical role in the HR
process.

To understand how H3K56Ac responds to DNA damage
agent treatment, we treated the wild-type Neurospora cells with
different concentration of HU for 2 days. We observed a global
induction H3K56Ac after HU treatment (Fig. 54). However,
the level of H3K56Ac did not further increase at high concen-
trations of HU treatment. Because qiRNA production will be
abolished under high concentration of HU treatment where
DNA replication is completely stopped (18), this result suggests
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FIGURE 4. RTT109 is required for homologous recombination. A, a spot
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nation assays showing the HR rates of the indicated strains (n = 3). Error bars
indicate S.D.

that H3K56Ac is necessary but not sufficient to result in qiRNA
production.

Next, we examined how H3K56Ac functions in the process of
homologous recombination. H3K56Ac has been proposed to
function in nucleosome assembly/disassembly (36, 37). A
recent study revealed that H3K56ac can direct replacement of
H2A.Z with H2A by altering the substrate specificity of a chro-
matin remodeling complex (40). Because yH2A formation
around the DSB site is the first step of DNA damage response/
repair (41). We first examined whether H3K56Ac will affect
yH2A formation. As expected, yH2A in the wild-type strain
was barely detectable without DNA damage and was induced
after treatment by CPT, a topoisomerase I inhibitor (Fig. 5B).
The basal levels of yH2A were higher in the rtt109 and vps75
mutants than that in the wild-type strain, indicating a higher
basal level of DNA damage or replication stress in these
mutants. However, YH2A can still be further induced in the
presence of CPT in the r££109 and vps75 mutants (Fig. 5B). This
result suggests that H3K56Ac is required in the homologous
recombination process in a step that is downstream of yH2A
formation.

Then, we examined that whether H3K56Ac is enriched
around DSB during homologous recombination. We used a
Neurospora strain with an I-Scel cutting site flanked by al-1
sequence at the kis-3 locus.? In this strain, FLAG-tagged IScel
and Myc-RAD51 was co-expressed under the control of QA-
inducible promoter. Thus, a DSB will be created by FLAG-IScel
at the I-Scel restriction site flanked by al-1 sequences at the
his-3 locus in the presence of QA. We examined the enrich-
ment of Myc-RAD51 around the DSB by ChIP assay. As shown
in Fig. 5C, a significant enrichment of Myc-RAD51 was
observed around al-1 DSB site (~10-fold). This result con-
firmed the production of DSB followed by homologous recom-
bination repair after I-Scel induction. Similarly, we also
detected a significant enrichment of H3K56Ac around the al-1
DSB flanking region but not at a control (am-1) locus. The
correlation between the enrichment of H3K56Ac and Myc-
RAD51 around the DSB site further suggests that H3K56Ac
facilitates HR process.
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DISCCUSION

Quelling-induced small RNAs and DNA damage induced
qiRNAs are produced in Neurospora during the vegetative stage
from repetitive DNA loci (4, 5). We previously showed that
homologous recombination process are essential for the pro-
duction of these small RNAs and is likely the mechanism to
distinguish the repetitive sequences from the rest of the
genome. All of the key components in HR are required for
siRNA pathway, including RAD51, RAD52, RAD54, and repli-
cation protein A (14, 15, 18). Consistent with this model, several
chromatin remodelers that are required for the small RNA pro-
duction are also required for HR (18). These results suggest that
HR among the repetitive DNA sequences allow the formation
of appropriate chromatin structures that are specifically recog-
nized by the RNAi pathway to produce aRNA and siRNA. In
this study, we identified the H3K56 acetyltransferase, RTT109,
as a new component of the quelling and qiRNA pathway. Fur-
ther supporting the critical role of HR in repetitive DNA-in-
duced small RNA production, we showed that RTT109 is
required for homologous recombination in Neurospoa. Our
results not only identified a histone acetyltransferase in a small
RNA biogenesis pathway but also suggest that H3K56ac is
required for the homologous recombination process in eukary-
otic organisms.

Previous studies in yeast have shown that the histone chap-
erones VPS75 and/or ASF1 stimulate the H3K56ac activity of
RTT109 (28-31). Consistent with these studies (29, 31), we
found that RTT109 interacts with VPS75 in Neurospora (Fig.
3A), and both ASF1 and VPS75 are critical for H3K56Ac in
Neurospora. In addition, qiRNA production is also impaired in
the asfl and vps75 mutants, further supporting the role of
H3K56Ac in siRNA biogenesis.

Defects in the H3K56ac result in increased sensitivity to
genotoxic stress that cause DNA damage during replication
(28, 29, 34). It has been proposed that H3K56Ac participates in
the replication- and repair-coupled nucleosome assembly (36,
37). Similarly, we also showed that the rt£109 mutant is sensitive
to DNA damage. Furthermore, we showed that the rtt109
mutant is deficient in HR, suggesting that the DNA damage
sensitivity of the r££109 mutant is due to its impaired HR-de-
pendent DNA repair pathway. Furthermore, the global level of
H3K56Ac level is increased after DNA damage treatment (Fig.
5A). Importantly, we showed that H3K56ac occurs at a defined
DSB locus that is correlated with RAd51 enrichment (Fig. 5, C
and D). It has been shown that H3K56ac promotes rapid
nucleosomes replacement or facilitates the deposition of his-
tone in the context of transcription, DNA replication, and
repair (36, 37, 40, 42). Because several chromatin remodelers
have been shown to play a role in HR (18), it is possible that
H3K56Ac may also participate in the chromatin remodeling
process to create a favorable chromatin environment for HR to
proceed. However, the exact function of H3K56Ac in HR
remains unclear. We have tried to obtain a strain that has a
defined DSB in the rt£109 mutant background to examine
whether RTT109 is required for RAD51 loading onto the sin-
gle-stranded DNA after DSB. However, we were not successful
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FIGURE 5.H3K56Ac and Myc-RAD51 is enriched around DSB. A, Western blot analysis showing the level of H3K56Ac in the rtt109 and wild-type strains grown
in indicated concentration of HU. B, Western blot analysis showing the level of yH2A in the indicated strains. yH2A was examined after cultures were treated
with 0.1 ug/ml CPT treatment for 2 days. C, ChIP-quantitative PCR analysis showing the enrichment of MycRAD51 around the I-Scel-induced DSB, which is
flanked by the al-7 sequence. A primer set detecting the am-1 gene is used as a negative control D, ChIP assays showing the H3K56Ac enrichment around the

DSB following the same procedure in C (n = 3). Error bars indicate S.D.

after repeated attempts, probably because the rt£109 mutant is
very sensitive to DNA damage (Fig. 44).

Since our discovery of qiRNA, it is recently shown that DNA
damage can also induce small non-coding RNAs in both plants
and animals (19 -21). Thus, a common pathway may be respon-
sible for the DNA damage-induced small RNA production in
fungi, plants, and animals. Because H3K56Ac is involved in
both DNA damage repair and small RNA biogenesis pathways,
our study uncovers a mechanistic link at the chromatin level
between DNA damage response and small RNA production.
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