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Figure S1: Monitoring MRX nicking at nucleotide-resolution, related to Figure 1

(A) DSB formation kinetics related to Figure 1B. DSB formation at MATa hocs::SrfIcs was monitored
in the indicated strains. Data are represented as mean ± standard deviation (SD) of three biological
replicates.
(B) Grouping of DSB formation kinetics into categories “slow”, “medium”, and “fast”. If all DSBs were
cut with the same kinetics, the fraction of summed S1-seq coverage around all DSBs would have the
same average value (dashed gray horizontal line). Lower and higher values at early time points indicate
slow and fast cutting, respectively. DSBs were ordered according to their values at the 1 h time point
and manually grouped into kinetic categories. As expected, the values became more equal at later time
points, when DSB levels at medium and slowly cut sites had caught up. Genomic coordinates of DSB
sites are indicated on the x-axis. Cutting at the DSB sites typeset in bold had been evaluated by qPCR
in (Gnügge and Symington, 2020). The ranking of DSB kinetics in this independent assay was the same
as shown here, supporting the validity of our approach.
(C) Average 51-nt smoothed S1-seq coverage around the 9 most efficiently formed DSBs prior to SrfI
induction.
(D) Average 51-nt smoothed S1-seq coverage around the 9 most efficiently formed DSBs in a long-range
resection suppressed mre11-H125N strain (4 h after DSB induction). The inset shows a zoom-in with
adjusted y-axis for improved visualization of residual resection.
(E and F) Average 51-nt smoothed S1-seq coverage spreading from DSBs with medium (E) and slow (F)
formation kinetics, as defined in (B). Numbers above vertical dashed lines indicate average spreading
distance from DSBs.
(G) Average spreading distance from DSBs (resection tract length) and resection speed over time.
(H) MRX nicking activity is not titrated by multiple DSBs. (Left panel) DSB formation at the MATa
HO cut site (HOcs) (solid lines) and at the genomic SrfI cut site at chrII:256173 (dashed lines). (Middle
and right panel) Resection past the indicated sites. In the lexO-HO strain, only a single DSB is formed at
MATa HOcs, while 20 additional DSBs are formed in the lexO-HO lexO-SrfI strain. Data are represented
as mean ± SD of three biological replicates.
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Figure S2: Genome-wide S1-seq coverage, related to Figure 1

S1-seq coverage in 1-kb bins is plotted along S. cerevisiae chromosomes, mitochondrial DNA (chrM),
and the 2-micron plasmid (2µ). On top, chromosomes (gray bars) and SrfI cut site locations (pink lines
and triangles) are plotted to scale. Note the DSB-independent S1-seq signal (0 h) at the ribosomal
DNA locus (green line on chrXII) and chrM. Also note that S1-seq coverage is absent at telomere ends
because we filtered out reads with non-unique mapping (equal alignment score for best and second-best
mapping). RPM: reads per million reads.
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Figure S3: MRX preferentially nicks at a specific sequence motif, related to Figure 3

(A) exo1∆ sgs1∆ data from (Bazzano et al., 2021), containing MRX nicking information in a 300-bp
region upstream of a single DSB, were analyzed as shown in Figure 3A. Color-coded solid and dashed lines
show nicking preference (average weighted with coverage scores) and background (unweighted average),
respectively. The vertical gray line indicates the nick site and the red arrow highlights the increased C
fraction.
(B) Wild-type (WT) and exo1 nuclease-dead (exo1-nd) data from (Mimitou et al., 2017), containing
resection tract end points next to meiotic DSBs, were analyzed. Only loner Spo11 hotspots (neighboring
hotspots at least 3 kb away) were considered. Color-coded solid and dashed lines indicate data from
exo1-nd (where resection is solely due to MRX nicking) and WT strains (where resection end points
derive from a combination of MRX nicking and Exo1-mediated resection), respectively. The vertical gray
line indicates the nick site or resection end point for exo1-nd and WT, respectively, and the red arrow
highlights the increased C fraction. Note that S1-seq also detected unprocessed Spo11-bound DSBs and
recombination intermediates in this dataset, which might impact on the observed nucleotide fractions
(Mimitou et al., 2017).
(C) In vitro MRX nicking in the presence of various concentrations of the yeast Ku complex with
substrates containing (right panel) or lacking positioned Cs (left panel). The substrate structures are
shown on top, and the red asterisks indicate the position of the radioactive label. Note that longer DNA
substrates were used as compared to Fig. 3 to avoid that Ku bound at the opposite end might influence
the nick positions. The first 53 bp are identical to the substrates used in Fig. 3.
(D) Quantification of nicking assays such as shown in (C). Individual values (circles) and means (bar
heights) ± SD (error bars) of three independent replicates are shown.
(E) Melting temperature and minor groove width (MGW) along the DNA substrates used in Fig. 3C-G
(top strand).
(F) Melting temperature and minor groove width (MGW) along the DNA substrates used in Fig. 3C-D
(bottom strand).
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Figure S4: MRX preferentially nicks DNA with a specific melting temperature profile, related to Figure 4

(A) Melting temperature at indicated distance from the MRX nick site (vertical gray line). Solid and
dashed black lines show nicking preference (average weighted with S1-seq score) and background (un-
weighted average), respectively. Melting temperatures were calculated for 10-bp windows centered at
the indicated distance.
(B) Melting temperature profiles of the in vitro substrates used in Fig. 4C-D. Window sizes for melting
temperature calculations are indicated.
(C) Minor groove width (MGW) at indicated distance from the MRX nick site (vertical gray line) for
MRX in vivo nicking. The solid and dashed black lines show the nicking preference (average weighted
with S1-seq score) and background (unweighted average), respectively.
(D-F) Minor groove width (MGW) calculated along the DNA substrates used in Fig. 4C-D with low (D),
medium (E), and high (F) overall melting temperature.
(G) The proposed melted DNA structure in vivo (top) is aligned with the substrates used in in vitro
assays as reported in (Trujillo and Sung, 2001) and (Connelly et al., 1998). Corresponding ss/dsDNA
junctions are highlighted in red and the dominant nicking sites are indicated. For the in vivo structure,
regions of high and low melting temperature (Tm) are indicated.
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Figure S5: Impact of nucleosomes and heterochromatin on MRX nicking, related to Figure 5

(A) Reproducibility of MNase-seq assays. MNase-seq scores at each nucleotide position in ± 2 kbp
regions around all DSBs are plotted for two biological replicates (0, 1, 2, and 4 h after SrfI induction).
The Pearson’s correlation coefficient r is specified.
(B) Pho5 activity associated with cells of the indicated genotypes. See methods section for assay de-
scription and unit definition. Individual values (circles) and means (bar heights) ± SD (error bars) of
three biological replicates are shown.
(C) DSB formation kinetics related to Figure 5D. DSB formation at the SrfI cut site engineered into the
PHO5 promoter was monitored in the indicated strains. Data are represented as mean ± SD of three
biological replicates.
(D) DSB formation kinetics related to Figure 5E. DSB formation at the MATa HO cut site was monitored
in the indicated strains. Data are represented as mean ± SD of three biological replicates.
(E) Viability of the indicated strains in the presence of 1 µg/ml Rapamycin or mock control (1‰ DMSO).
Exponentially growing cells were spotted in a 1:10 dilution series on solid YP media containing the
indicated carbon source. As expected, anchoring away Sth1 leads to inviability (Laurent et al., 1992),
while anchoring away Snf2 leads to reduced growth, especially when glycerol is the sole carbon source
(Neigeborn & Carlson, 1984). Note that the used strains lack dna2-aa to prevent Rapamycin-induced
inviability due to anchoring away Dna2. A representative example of three biological replicates is shown.
(F) DSB formation kinetics related to Figure 5F. DSB formation at MATa hocs::SrfIcs was monitored
in the indicated strains. Data are represented as mean ± SD of three biological replicates.
(G) Galactose induction of a PGAL1-Citrine reporter gene inserted into the HMR locus is delayed and
suppressed if HMR silencing seed sequences are present (HMR::GAL-Citrine), but not if they are absent
(hmr::GAL-Citrine). A background strain (No GAL-Citrine) and a strain with the reporter inserted at
the unrelated (unsilenced) URA3 locus (ura3::GAL-Citrine) were used as controls. Upon addition of
the indicated galactose concentrations, samples were analyzed by flow cytometry at the indicated time
points. Citrine fluorescence distributions in the cell populations are plotted. A representative example
of three biological replicates is shown. Note the bimodal distributions for low galactose concentrations
and/or early time points, which has been observed before and ascribed to the feedback loops in the GAL
network, resulting in all-or-nothing gene induction (Acar et al., 2005).
(H) DSB formation kinetics related to Figure 5H. DSB formation at the HO cut site engineered down-
stream of HMR was monitored in the indicated strains. Data are represented as mean ± SD of three
biological replicates.
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Figure S6: Transcription impedes MRX nicking, related to Figure 6

(A) Total RNA samples (500 ng) were denatured, subjected to electrophoresis on a 1×TBE 1.5% agarose
gel, and stained with 1×SYBR Gold. The sharpness of the 25S and 18S ribosomal RNA bands (ca. 3.5
and 2 kbp, respectively) indicate good RNA integrity.
(B) Confirmation of transcription levels next to DSB formation sites. Reverse Transcription (RT)-qPCR-
derived transcript levels (normalized to the ADH1 transcript level) are plotted verses RNA-seq-derived
transcript levels (averaged over the CDS and normalized to the ADH1 transcript level) from the (Maya-
Miles et al., 2019) dataset. Data are represented as mean ± SD of three biological replicates. Gene
names are indicated. The gray dashed line shows a linear regression. The equation of the regression
line is RT-qPCR = 0.00006 + 1.001 · RNA-seq and the regression coefficient is R2 = 0.9993, confirming
an excellent linear correlation and the applicability of the RNA-seq data set to our strains and culture
conditions.
(C) Average 51-nt smoothed S1-seq coverage spreading from all DSBs 2 h and 4 h post SrfI induction
grouped by transcriptional activity. Numbers above vertical dashed lines indicate average spreading
distance from DSBs.
(D) Average 51-nt smoothed S1-seq coverage spreading from all DSBs 2 h and 4 h post SrfI induction in
transcribed regions grouped by converging or co-directional orientation of transcription and resection.
Numbers above vertical dashed lines indicate average spreading distance from DSBs.
(E) DSB formation kinetics of transcribed and untranscribed regions. Data are represented as individ-
ual values (derived from Figure S1B) for all DSB-proximal transcribed and untranscribed regions and
summarized as box plots. A Mann-Whitney-Wilcoxon test was used to test for a statistically significant
difference and the p-value is indicated.
(F) Motif frequencies in transcribed and untranscribed regions. Data are represented as individual
values for all DSB-proximal transcribed and untranscribed regions and summarized as box plots. Motif
sequences are represented as IPUAC codes (W: A or T; S: G or C). Mann-Whitney-Wilcoxon tests were
used to test for statistically significant differences and the p-values are indicated.
(G) Local melting temperatures (10-bp windows) of transcribed and untranscribed regions. Data were
calculated for each nucleotide along all DSB-proximal transcribed and untranscribed regions and repre-
sented as bean plots and summarized as box plots. A Mann-Whitney-Wilcoxon test was used to test for
a statistically significant difference and the p-value is indicated.
(H) mKate2 fluorescence as measured by flow cytometry in strains containing the Px-mKate2-HOcs
reporter construct. Data are represented as mean ± SD of three biological replicates.
(I) DSB formation kinetics related to Figure 6E. DSB formation at the Px-mKate2-HOcs reporter con-
struct was monitored in the indicated strains. Data are represented as mean ± SD of three biological
replicates.
(J) Citrine fluorescence as measured by flow cytometry in strains containing the Px-Citrine-HOcs reporter
construct. Data are represented as mean ± SD of three biological replicates.
(K) 51-nt smoothed S1-seq coverage 2 h post DSB induction around the HO cut site (pink filled triangle)
located near the 3’ end of the Citrine reporter gene. The filled circle indicates the site where resection
was evaluated using a qPCR-based assay, as shown in (L).
(L) (Left panel) DSB formation at the Px-Citrine-HOcs reporter construct. (Right panel) Resection was
evaluated at -565 bp from the DSB, as also indicated in (K). Data are represented as mean ± SD of
three biological replicates.



Table S1: DNA oligos for the in vitro nicking assay substrates, related to Key Resources Table
of STAR methods section
The forward strand was radioactively labeled, unless stated otherwise.
aDir.: Direction (fw: forward, rev: reverse). b[BioT]: biotin-dT.

Substrate/ Dir.a Sequenceb

Name

A/T
fw GTAAGTGCCGCGGAAATAATATATATAAATATTATTTATAATTTATTAAAATAATATCACCTCATGCATC

rev GATGCATGAGGTGATATTATTTTAATAAATTATAAATAATATTTATATATATTATTTCCGCGGCACTTAC

C
fw GTAAGTGCCGCGGAAATACTATATATAAACATTATTTATACTTTATTAAAACAATATCACCTCATGCATC

rev GATGCATGAGGTGATATTGTTTTAATAAAGTATAAATAATGTTTATATATAGTATTTCCGCGGCACTTAC

G
fw GTAAGTGCCGCGGAAATAGTATATATAAAGATTATTTATAGTTTATTAAAAGAATATCACCTCATGCATC

rev GATGCATGAGGTGATATTCTTTTAATAAACTATAAATAATCTTTATATATACTATTTCCGCGGCACTTAC

Low Tm

+ Profile

fw GTAAGTGCCGCGTGGACATTAATATTGTGGACATTAATATTGTGGACATTAATATTGCACCTCATGCATC

rev GATGCATGAGGTGCAATATTAATGTCCACAATATTAATGTCCACAATATTAATGTCCACGCGGCACTTAC

Low Tm

– Profile

fw GTAAGTGCCGCGTTTACATTAGGATAGTTTACATTAGGATAGTTTACATTAGGATAGCACCTCATGCATC

rev GATGCATGAGGTGCTATCCTAATGTAAACTATCCTAATGTAAACTATCCTAATGTAAACGCGGCACTTAC

Medium Tm

+ Profile

fw GTAAGTGCCGCGGGGACAAGATAAGATGGGACAAGATAAGATGGGACAAGATAAGATCACCTCATGCATC

rev GATGCATGAGGTGATCTTATCTTGTCCCATCTTATCTTGTCCCATCTTATCTTGTCCCCGCGGCACTTAC

Medium Tm

– Profile

fw GTAAGTGCCGCGATGACAAGAGATGAGATGACAAGAGATGAGATGACAAGAGATGAGCACCTCATGCATC

rev GATGCATGAGGTGCTCATCTCTTGTCATCTCATCTCTTGTCATCTCATCTCTTGTCATCGCGGCACTTAC

High Tm

+ Profile

fw GTAAGTGCCGCGTGGACATAGGAGGGGTGGACATAGGAGGGGTGGACATAGGAGGGGCACCTCATGCATC

rev GATGCATGAGGTGCCCCTCCTATGTCCACCCCTCCTATGTCCACCCCTCCTATGTCCACGCGGCACTTAC

High Tm

– Profile

fw GTAAGTGCCGCGAGGACAGGTGAGGTGAGGACAGGTGAGGTGAGGACAGGTGAGGTGCACCTCATGCATC

rev GATGCATGAGGTGCACCTCACCTGTCCTCACCTCACCTGTCCTCACCTCACCTGTCCTCGCGGCACTTAC

A/T long fw GTAAGTGCCGCGGAAATAATATATATAAATATTATTTATAATTTATTAAAATATTATATTATTTATTATA

TATTAATATATATTTAAAATTTAAATTTATATTTAATATAATGGGTGCCAGGGCGTGCCCTTGGGCTCCC

CGGGCGCGTACTCCACCTCATGCATC

rev GATGCATGAGGTGGAGTACGCGCCCGGGGAGCCCAAGGGCACGCCCTGGCACCCATTATATTAAATATAA

ATTTAAATTTTAAATATATATTAATATATAATAAATAATATAATATTTTAATAAATTATAAATAATATTT

ATATATATTATTTCCGCGGCACTTAC

C long fw GTAAGTGCCGCGGAAATACTATATATAAACATTATTTATACTTTATTAAAACATTATATTATCTATTATA

TATCAATATATATTCAAAATTTAAACTTATATTTAACATAATGGGTGCCAGGGCGTGCCCTTGGGCTCCC

CGGGCGCGTACTCCACCTCATGCATC

rev GATGCATGAGGTGGAGTACGCGCCCGGGGAGCCCAAGGGCACGCCCTGGCACCCATTATGTTAAATATAA

GTTTAAATTTTGAATATATATTGATATATAATAGATAATATAATGTTTTAATAAAGTATAAATAATGTTT

ATATATAGTATTTCCGCGGCACTTAC

PC210 fw G[BioT]AAGTGCCGCGGTGCGGGTGCCAGGGCGTGCCCTTGGGCTCCCCGGGCGCGTACTCCACCTCAT

GCA[BioT]C

PC211 rev GA[BioT]GCATGAGGTGGAGTACGCGCCCGGGGAGCCCAAGGGCACGCCCTGGCACCCGCACCGCGGCA

CT[BioT]AC



Table S2: Quantitative PCR primers used in this study, related to Key Resources Table of STAR methods
section
aDir.: Direction (fw: forward, rev: reverse).

Name Amplicon Dir.a Sequence

oRG46 MATa HO cut site (HOcs) fw TCAATGATTAAAATAGCATAGTCGGGT

oRG47 MATa HOcs rev CGTCAACCACTCTACAAAACCA

oRG50 RsaI cut site (RsaIcs) @ HOcs +98 bp fw TGGTGACGGATATTGGGAAGA

oRG51 RsaIcs @ HOcs +98 bp rev CGCCACGACCACACTCTATA

oRG52 RsaIcs @ HOcs +640 bp fw ACTTATCTTTATCTTATTCGCCTTCTTG

oRG53 RsaIcs @ HOcs +640 bp rev GAGAAGACTTGTGGCGAAGA

oRG54 ADH1 fw GTTAAGGGCTGGAAGATCGG

oRG55 ADH1 rev TTGTTGGAAAGAACCGTCGT

oRG341 SrfIcs @ chrII:256173 fw CCTTGACTTTTAGCGTGGAAGA

oRG342 SrfIcs @ chrII:256173 rev TGGCCATTGTTTGCGTTTATAT

oRG496 HMR-HOcs (@ chrIII:295659) fw GTGACACCCAGGTTGCCG

oRG497 HMR-HOcs (@ chrIII:295659) rev AATGTCATCAAAAGGCGGCC

oRG641 mKate2-TCYC2-HOcs fw ACGTGTAGTAACTCTTTGAAGCT

oRG642 mKate2-TCYC2-HOcs rev TGATTACGCCAAGCTCGAAA

oRG645 Citrine-HOcs-HA fw CCAAAGATCCAAACGAAAAGAGA

oRG646 Citrine-HOcs-HA rev GCCTGTCTCGAGTTAAGCGT

oRG709 AluI cut site (AluIcs) @ mKate2-TCYC2(242 bp)-HOcs -431 bp fw ATTGGTTGGTGGTGGTCATT

oRG710 AluIcs @ mKate2-TCYC2(242 bp)-HOcs -431 bp rev CAACGTAATAAACACCTGGCATT

oRG711 AluIcs @ mKate2-TCYC2(153 bp)-HOcs -435 bp fw CTGATGGTGGTTTGGAAGGT

oRG712 AluIcs @ mKate2-TCYC2(153 bp)-HOcs -435 bp rev CCACCAACCAATTTCAAAGC

oRG721 StyI cut site (StyIcs) @ Citrine-HOcs -591 bp fw TTTCTGTCTCCGGTGAAGGT

oRG722 StyIcs @ Citrine-HOcs -591 bp rev GGCATGGCAGACTTGAAAAA

oRG723 AluIcs @ Citrine-hisG-HOcs -542 bp fw GCCATGCCAGAAGGTTATGT

oRG724 AluIcs @ Citrine-hisG-HOcs -542 bp rev ATTCCAATTTGTGACCTAAAATGT

oRG790 PPHO5-SrfI cut site (SrfIcs) fw GCAGCGCACATAAGATGACT

oRG791 PPHO5-SrfIcs rev GTCGCACGCTCTCTTTACAG

oRG802 MseI cut site (MseIcs) @ PPHO5-SrfIcs -223 bp fw GTGTGAGTGCCAAGGTTGTA

oRG803 MseIcs @ PPHO5-SrfIcs -223 bp rev TTTTCGCATAGAACGCAACTG

oRG806 MseIcs @ PPHO5-SrfIcs -538 bp fw AGAGTAGTATGGTCCGGCAC

oRG807 MseIcs @ PPHO5-SrfIcs -538 bp rev GCGCTGATGTTTTGCTAAGTC

oRG808 MseIcs @ HMR-HOcs -607 bp fw TTCCTAAAGTGTTGCCAGCG

oRG809 MseIcs @ HMR-HOcs -607 bp rev TCCGGGTCTGGTAATGGATG

oRG876 COG8 fw GCAAAGTGGAAGGCGAAGAT

oRG877 COG8 rev TCAGCCTTGTCTTCTGTTTTGT

oRG878 HFA1 fw ACAGAGCAGTAGTGGAGTTCA

oRG879 HFA1 rev TGTCCACCAACCTAGTTAGCT

oRG882 HSP10 fw ACCGTGTCCTTGTCCAAAGA

oRG883 HSP10 rev CCTACGGCAACAACTTCAGC

oRG888 MCT1 fw CCGGTCTGGTTGATGATTTAGAG

oRG889 MCT1 rev GGAAGGGGATGTTGTATGGG

oRG892 NPC2 fw CCCACCAAACACCAAACCAA

oRG893 NPC2 rev AGACCTCACCGTTAGCAGAA

oRG896 OLE1 fw GACAGAAGAACCCCTCGTGA

oRG897 OLE1 rev CAGTTGGGAATTCGTGGTGG

oRG898 PMP2 fw TGATGAGCACGTTACCAGGT

oRG899 PMP2 rev TGGTAGAAATGATGGCGATACA

oRG903 RIM13 fw CCTTAAACAAGACGTGCCCA

oRG904 RIM13 rev CCGTATCGAGGCAAGCAATT

oRG907 RPS31 fw TGAGATTGAGAGGTGGTGGT

oRG908 RPS31 rev ACCTTCAGCATCGACCTTGT

oRG909 TIM50 fw CAAGTTCCCGCTCGATTTGA

oRG910 TIM50 rev TAAATGTTTGCCCGCCCATT



T
a

b
le

S
3

:
A

d
a

p
te

r
a

n
d

p
ri

m
er

o
lig

o
n

u
cl

eo
ti

d
es

u
se

d
fo

r
d

ee
p

-s
eq

u
en

ci
n

g
lib

ra
ry

p
re

p
ar

a
ti

o
n

,
re

la
te

d
to

K
ey

R
es

o
u

rc
es

T
a

b
le

o
f

S
T

A
R

m
et

h
o

d
s

se
ct

io
n

a
D

ir
.:

D
ir

ec
ti

on
(f

w
:

fo
rw

ar
d

,
re

v
:

re
ve

rs
e)

.
b
M

o
d

ifi
ed

b
a
se

s
a
re

d
en

o
te

d
a
s

fo
ll

ow
s:

/
5
P

h
o
s/

:
5’

-p
h

o
sp

h
a
te

,
N

:
ra

n
d

o
m

n
u

cl
eo

ti
d

e,
/3

In
v
d

T
/:

3’
in

ve
rt

ed
T

h
y
m

id
in

e,
*:

p
h

o
sp

h
o
ro

th
io

a
te

b
o
n

d
,

a
n

d
/
5
B

io
sG

/
:

5
’

B
io

ti
n

.
L

ow
er

ca
se

le
tt

er
s

in
d

ic
a
te

b
a
rc

o
d

e
in

d
ic

es
.

N
a
m
e

T
a
rg

e
t/

U
sa

g
e

D
ir
.a

S
e
q
u
e
n
c
e
b

o
R

G
4
6
2

1
st

a
d
a
p
te

r
(P

5
)

–
v
er

si
o
n

1
re

v
/
5
P
h
o
s
/
C
G
T
C
T
G
C
A
G
N
N
N
N
N
N
N
N
N
N
N
N
A
G
A
T
C
G
G
A
A
G
A
G
C
G
T
C
G
T
G
/
3
I
n
v
d
T
/

o
R

G
4
6
3

1
st

a
d
a
p
te

r
(P

5
)

–
v
er

si
o
n

1
fw

/
5
B
i
o
s
G
/
C
A
C
G
A
C
G
C
T
C
T
T
C
C
G
A
T
C
T
N
N
N
N
N
N
N
N
N
N
N
N
C
T
G
C
A
G
A
C
G
*
T

o
R

G
3
1
6

2
n
d

a
d
a
p
te

r
(P

7
)

–
v
er

si
o
n

1
fw

/
5
P
h
o
s
/
G
A
T
C
G
G
A
A
G
A
G
C
A
C
A
C
G
T
C
T
G
A
A
C
T
C
C
A
G
T
C
A
C
/
3
I
n
v
d
T
/

o
R

G
4
6
4

2
n
d

a
d
a
p
te

r
(P

7
)

–
v
er

si
o
n

1
re

v
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G
C
T
C
T
T
C
C
G
A
T
C
*
T

o
R

G
7
2
9

1
st

a
d
a
p
te

r
(P

5
)

–
v
er

si
o
n

2
&

3
fw

/
5
B
i
o
s
G
/
A
C
A
C
T
C
T
T
T
C
C
C
T
A
C
A
C
G
A
C
G
C
T
C
T
T
C
C
G
A
T
C
*
T

o
R

G
7
3
0

1
st

a
d
a
p
te

r
(P

5
)

–
v
er

si
o
n

2
&

3
re

v
/
5
P
h
o
s
/
G
A
T
C
G
G
A
A
G
A
G
C
G
T
C
G
T
G
T
A
G
G
G
A
A
A
G
A
G
T
G
T
/
3
I
n
v
d
T
/

o
R

G
7
3
1

2
n
d

a
d
a
p
te

r
(P

7
)

–
v
er

si
o
n

2
fw

/
5
P
h
o
s
/
G
T
A
G
C
G
T
A
G
A
G
C
N
N
N
N
N
N
N
N
N
N
N
N
A
G
A
T
C
G
G
A
A
G
A
G
C
A
C
A
C
G
T
C
T
G
A
A
C
T
C
C
A
G
T
C
A
C
/
3
I
n
v
d
T
/

o
R

G
7
3
2

2
n
d

a
d
a
p
te

r
(P

7
)

–
v
er

si
o
n

2
re

v
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G
C
T
C
T
T
C
C
G
A
T
C
T
N
N
N
N
N
N
N
N
N
N
N
N
G
C
T
C
T
A
C
G
C
T
A
C
*
T

o
R

G
8
1
6

2
n
d

a
d
a
p
te

r
(P

7
)

#
1

–
v
er

si
o
n

3
fw

/
5
P
h
o
s
/
G
T
C
A
C
T
G
A
G
C
A
T
N
N
N
N
N
N
N
N
N
N
N
N
A
G
A
T
C
G
G
A
A
G
A
G
C
A
C
A
C
G
T
C
T
G
A
A
C
T
C
C
A
G
T
C
A
C
/
3
I
n
v
d
T
/

o
R

G
8
1
7

2
n
d

a
d
a
p
te

r
(P

7
)

#
1

–
v
er

si
o
n

3
re

v
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G
C
T
C
T
T
C
C
G
A
T
C
T
N
N
N
N
N
N
N
N
N
N
N
N
A
T
G
C
T
C
A
G
T
G
A
C
*
T

o
R

G
8
1
8

2
n
d

a
d
a
p
te

r
(P

7
)

#
2

–
v
er

si
o
n

3
fw

/
5
P
h
o
s
/
T
C
A
G
T
A
C
G
A
G
T
C
N
N
N
N
N
N
N
N
N
N
N
N
A
G
A
T
C
G
G
A
A
G
A
G
C
A
C
A
C
G
T
C
T
G
A
A
C
T
C
C
A
G
T
C
A
C
/
3
I
n
v
d
T
/

o
R

G
8
1
9

2
n
d

a
d
a
p
te

r
(P

7
)

#
2

–
v
er

si
o
n

3
re

v
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G
C
T
C
T
T
C
C
G
A
T
C
T
N
N
N
N
N
N
N
N
N
N
N
N
G
A
C
T
C
G
T
A
C
T
G
A
*
T

o
R

G
8
2
0

2
n
d

a
d
a
p
te

r
(P

7
)

#
3

–
v
er

si
o
n

3
fw

/
5
P
h
o
s
/
C
A
G
C
A
G
T
C
T
T
G
A
N
N
N
N
N
N
N
N
N
N
N
N
A
G
A
T
C
G
G
A
A
G
A
G
C
A
C
A
C
G
T
C
T
G
A
A
C
T
C
C
A
G
T
C
A
C
/
3
I
n
v
d
T
/

o
R

G
8
2
1

2
n
d

a
d
a
p
te

r
(P

7
)

#
3

–
v
er

si
o
n

3
re

v
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G
C
T
C
T
T
C
C
G
A
T
C
T
N
N
N
N
N
N
N
N
N
N
N
N
T
C
A
A
G
A
C
T
G
C
T
G
*
T

o
R

G
8
2
2

2
n
d

a
d
a
p
te

r
(P

7
)

#
4

–
v
er

si
o
n

3
fw

/
5
P
h
o
s
/
A
G
T
T
G
C
A
T
C
A
C
G
N
N
N
N
N
N
N
N
N
N
N
N
A
G
A
T
C
G
G
A
A
G
A
G
C
A
C
A
C
G
T
C
T
G
A
A
C
T
C
C
A
G
T
C
A
C
/
3
I
n
v
d
T
/

o
R

G
8
2
3

2
n
d

a
d
a
p
te

r
(P

7
)

#
4

–
v
er

si
o
n

3
re

v
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G
C
T
C
T
T
C
C
G
A
T
C
T
N
N
N
N
N
N
N
N
N
N
N
N
C
G
T
G
A
T
G
C
A
A
C
T
*
T

o
R

G
8
2
7

T
ru

eS
eq

U
n
iv

er
sa

l
a
d
a
p
te

r
3
’

p
a
rt

fw
A
C
A
C
T
C
T
T
T
C
C
C
T
A
C
A
C
G
A
C
G
C
T
C
T
T
C
C
G
A
T
C
*
T

o
R

G
8
2
8

T
ru

eS
eq

U
n
iv

er
sa

l
a
d
a
p
te

r
3
’

p
a
rt

re
v

/
5
P
h
o
s
/
G
A
T
C
G
G
A
A
G
A
G
C
A
C
A
C
G
T
C
T
G
A
A
C
T
C
C
A
G
T
C
A
C

o
R

G
3
1
8

T
ru

eS
eq

A
d
a
p
te

r
(P

5
)

fw
A
A
T
G
A
T
A
C
G
G
C
G
A
C
C
A
C
C
G
A
G
A
T
C
T
A
C
A
C
T
C
T
T
T
C
C
C
T
A
C
A
C
G
A
C
G
C
T
C
T
T
C
C
G
A
T
C
T

o
R

G
7
5
7

T
ru

eS
eq

A
d
a
p
te

r
(P

7
),

In
d
ex

1
re

v
C
A
A
G
C
A
G
A
A
G
A
C
G
G
C
A
T
A
C
G
A
G
A
T
c
g
t
g
a
t
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G

o
R

G
7
5
8

T
ru

eS
eq

A
d
a
p
te

r
(P

7
),

In
d
ex

2
re

v
C
A
A
G
C
A
G
A
A
G
A
C
G
G
C
A
T
A
C
G
A
G
A
T
a
c
a
t
c
g
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G

o
R

G
4
9
8

T
ru

eS
eq

A
d
a
p
te

r
(P

7
),

In
d
ex

3
re

v
C
A
A
G
C
A
G
A
A
G
A
C
G
G
C
A
T
A
C
G
A
G
A
T
g
c
c
t
a
a
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G

o
R

G
3
1
9

T
ru

eS
eq

A
d
a
p
te

r
(P

7
),

In
d
ex

4
re

v
C
A
A
G
C
A
G
A
A
G
A
C
G
G
C
A
T
A
C
G
A
G
A
T
t
g
g
t
c
a
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G

o
R

G
3
2
0

T
ru

eS
eq

A
d
a
p
te

r
(P

7
),

In
d
ex

5
re

v
C
A
A
G
C
A
G
A
A
G
A
C
G
G
C
A
T
A
C
G
A
G
A
T
c
a
c
t
g
t
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G

o
R

G
3
2
1

T
ru

eS
eq

A
d
a
p
te

r
(P

7
),

In
d
ex

6
re

v
C
A
A
G
C
A
G
A
A
G
A
C
G
G
C
A
T
A
C
G
A
G
A
T
a
t
t
g
g
c
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G

o
R

G
3
2
2

T
ru

eS
eq

A
d
a
p
te

r
(P

7
),

In
d
ex

7
re

v
C
A
A
G
C
A
G
A
A
G
A
C
G
G
C
A
T
A
C
G
A
G
A
T
g
a
t
c
t
g
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G

o
R

G
7
5
9

T
ru

eS
eq

A
d
a
p
te

r
(P

7
),

In
d
ex

8
re

v
C
A
A
G
C
A
G
A
A
G
A
C
G
G
C
A
T
A
C
G
A
G
A
T
t
c
a
a
g
t
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G

o
R

G
7
6
0

T
ru

eS
eq

A
d
a
p
te

r
(P

7
),

In
d
ex

9
re

v
C
A
A
G
C
A
G
A
A
G
A
C
G
G
C
A
T
A
C
G
A
G
A
T
c
t
g
a
t
c
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G

o
R

G
7
6
1

T
ru

eS
eq

A
d
a
p
te

r
(P

7
),

In
d
ex

1
0

re
v

C
A
A
G
C
A
G
A
A
G
A
C
G
G
C
A
T
A
C
G
A
G
A
T
a
a
g
c
t
a
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G

o
R

G
7
6
2

T
ru

eS
eq

A
d
a
p
te

r
(P

7
),

In
d
ex

1
1

re
v

C
A
A
G
C
A
G
A
A
G
A
C
G
G
C
A
T
A
C
G
A
G
A
T
g
t
a
g
c
c
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G

o
R

G
7
6
3

T
ru

eS
eq

A
d
a
p
te

r
(P

7
),

In
d
ex

1
2

re
v

C
A
A
G
C
A
G
A
A
G
A
C
G
G
C
A
T
A
C
G
A
G
A
T
t
a
c
a
a
g
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G

o
R

G
7
6
4

T
ru

eS
eq

A
d
a
p
te

r
(P

7
),

In
d
ex

1
3

re
v

C
A
A
G
C
A
G
A
A
G
A
C
G
G
C
A
T
A
C
G
A
G
A
T
t
t
g
a
c
t
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G

o
R

G
7
6
5

T
ru

eS
eq

A
d
a
p
te

r
(P

7
),

In
d
ex

1
4

re
v

C
A
A
G
C
A
G
A
A
G
A
C
G
G
C
A
T
A
C
G
A
G
A
T
g
g
a
a
c
t
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G

o
R

G
7
6
6

T
ru

eS
eq

A
d
a
p
te

r
(P

7
),

In
d
ex

1
5

re
v

C
A
A
G
C
A
G
A
A
G
A
C
G
G
C
A
T
A
C
G
A
G
A
T
t
g
a
c
a
t
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G

o
R

G
7
6
7

T
ru

eS
eq

A
d
a
p
te

r
(P

7
),

In
d
ex

1
6

re
v

C
A
A
G
C
A
G
A
A
G
A
C
G
G
C
A
T
A
C
G
A
G
A
T
g
g
a
c
g
g
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G

o
R

G
7
6
8

T
ru

eS
eq

A
d
a
p
te

r
(P

7
),

In
d
ex

1
8

re
v

C
A
A
G
C
A
G
A
A
G
A
C
G
G
C
A
T
A
C
G
A
G
A
T
g
c
g
g
a
c
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G

o
R

G
7
6
9

T
ru

eS
eq

A
d
a
p
te

r
(P

7
),

In
d
ex

1
9

re
v

C
A
A
G
C
A
G
A
A
G
A
C
G
G
C
A
T
A
C
G
A
G
A
T
t
t
t
c
a
c
G
T
G
A
C
T
G
G
A
G
T
T
C
A
G
A
C
G
T
G
T
G


