Korean Journal of Microbiology (2016) Vol. 52, No. 1, pp. 116-119 pISSN 0440-2413

DOI http://dx.doi.org/10.7845/kjm.2016.5070 elSSN 2383-9902
Copyright (© 2016, The Microbiological Society of Korea

H e

S20M HZ0]0] XS BES7| Het M2 R HEHo| Tl
2ol - eEt

QUsfejstm Adatstfet A aeta)

Development of a novel genetic assay for telomere recombination in
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ABSTRACT: Stable maintenance of telomere is required for cell proliferation and survival. Although telomerase is the primary means for
telomere maintenance, recombination is another important pathway to maintain telomeres. In this study, we developed a genetic assay
for telomere recombination using the internal TG1.3 repeats present in subtelomeric regions of yeast. The recombination frequencies
were dependent on the presence of the internal TGy repeats. PCR amplification of the regions near URA4A3and CANT markers using
genomic DNA isolated from FOA" Can' colonies indicated that each isolate had lost the chromosome end including the markers. In
addition, the recombination frequencies increased with longer internal TG-3 repeats. Our results suggest that the FOA" Can” colony
formation is the consequence of recombination between the internal and terminal TGi3 repeats.
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Fig. 1. DNA structure of yeast telomeres and assay for telomere
recombination. (A) Schematic representation of the subtelomeric X and
Y’ elements as well as the terminal and internal TG, .; repeat sequences.
(B) The internal TG;.; repeat sequence and URA3 marker were inserted
into the upstream region of CAN1, and the resulting strains became FOA®
Can’. Recombination between the internal and terminal telomeric repeats
results in deletion of both URA3 and CANI markers, and the recombinants
become FOA" Can'. P (proximal), M (marker), and D (distal) indicate the
regions amplified by PCR in Fig. 2B.

P} 0 2 kR E A2 2R vk, o] 49 TG 7
E A% 0 2 HiEE= EXJo] Qlti(Wellinger and Zakian,
2012). &, W &= GV} 13702 Bf2)st) 18] weke]
gl 2 njof HhE XA HGof| QIR 5o Wi iof] EA5h= 2 HEF Y’
X Q1K element) 7} LFERATE Y? Q1A = 0-4 7] 7F HHE =
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18] SolalE % AR AR ulojoli= Y7 X Afo] E
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Table 1. Yeast strains used in this study
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Alslof] A3 = G W 5= YPH499 (MATa ura3-52
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Strain Genotype References
YPH499 MATa ura3-52 lys2-801 ade2-101 trp1-A463 his3-4200 leu2-Al Sikorski and Hieter (1989)
YMK17 MATa ura3-52 lys2-801 ade2-101 trpl-463 his3-4200 leu2-Al chr V::(TG1.3)2 -URA3-CANI This study
YMK18 MATa ura3-52 lys2-801 ade2-101 trp1-463 his3-A200 leu2-Al chr V::URA3-CAN1 This study
YMK31 MATa ura3-52 lys2-801 ade2-101 trp1-463 his3-A200 leu2-Al chr V::(TG.3)1>-URA3-CAN1 This study
YMK33 MATa ura3-52 lys2-801 ade2-101 trpl-463 his3-A200 leu2-Al chr V::(TG.3)47-URA3-CAN1 This study

* The lengths of (TG1.3)12, (TG1.3)26, and (TGy.3)47 repeats are 30-, 70-, and 123-bp, respectively.
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Fig. 2. Telomere recombination is dependent on the presence of internal
telomeric repeats. (A) Measurement of the internal TG ; repeat-dependent
telomere recombination frequencies. The recombination frequencies in
the presence (YMK17) or absence (YMK18) of the internal TG,.; repeat
are shown in the left. Schematic representations of the (TG).3)s-URA3-
CANI region of YMK17 and YMK18 are shown in the right. The average
and standard deviations from ten independent experiments are presented.
(B) PCR amplification of P, M, and D regions indicated in Fig. 1B using
genomic DNA isolated from the FOA" Can' colonies. C denotes the FOA®
Can’ strain, YMK17.
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Fig. 3. Effect of the intemal TG;.; repeat length on telomere recombination.
The telomere recombination frequencies were compared between the
strains containing different lengths of internal TG repeats. The strains
YMK33, YMK17, and YMK31 contain the internal TG,.; repeats of 30,
70, and 123 bp in length, respectively. The average and standard
deviations from ten independent experiments are presented (P < 0.001).

E]{Flg 2A). FOA" Can" 22U 7} A 5] 7] $JaA] U
5 HEE o] B @ 5jrl= 28 Fig. 1Bo|| A Aokt 21
HhAl o] g 2 ujo] 2 23}of| ]3] FOA' Can" 2217}
the A& YAste datol) Fig. 1BE} -2 A2
LH URA3 CANT 7712} F-9]of| g 913 Aol o
oufok BlEE o] & E¢15}7] 95ke] PCR HPH-S AFE-5HS]
t}. Z}7}9] FOA" Can' 22U S-S A vijz| oA vljoFs}e]

m\l '—] a,
rlo =

o o X
o
)

[e]

nTg
°

DNAZ 223} 3 Fig, 1Boj EAE 2| %|(P, M, D) Z %3}
= Q= primer&-& ARE-5F] PCR-S 4=8) 8} th(Fig. 2B). T

Z-2 2 FOA® Can’¢l YMK17 DNAES A}851912 ufj= P,
D %]} 2= PCR AHEo] ¥H2HE] ¢ O L}, FOA' Can’ 22U
O] 22 DNAS AL8 51918 Tl ool aro] PCR 41
APYE L Ll A] 4 ol PCRo] A3 ol gk
. 01% Shll S EI URAS CANT ) 2318 )
to] A< Hjeirhs 218 SAsHs Avtoltk
Q41 2 A58 DNA o] 242 A F AT o
2 QofLp 2, FOA" Can' 22U Alo] dzn|o] 4|23k
o AP U3 TGy ¥ A 210] o] 7L FOA” Can' 2
U A Wl S Fojol & Aoltt. ol & AEal] $15t
o U5 TGy ¥HE A Q0] o7k A2 ThE 55 Al 25}e]
FOA' Can' 22U QA WE 2 24319}, 1 A3}, kAo

Z

€] Z0]7F30 bpd w2} 70 bpd W= T Ao 7k et 123
bpR Ao A wi= Ao 108)] 7h7to] g Wert F7kst
L AL A thFig. 3). A5 AR Yeias BE AL
B¢l FEo] 4= bpo| A} H @ d}rH(Heyer, 2015). whekA] @2

o] Alzgh WIEsh v A A oo lelahA] o 2 of

i /\L_



20]0) HEBIS BESH| Yot RAst pwy - 119

uhiE 30 bpo} 70 bp©] whELA Ao] Qb Al AL A TS
Ast7elis Vs 7] oo @ 2k v, 123 bpo) v
B e dulo] Azge] vl
7] wh o] Azgt NEst 343 %
2bA] Fig. 32 1 G170 4] 25 FOA' Can' 221 A14o]
seelol Aol it Aolel ool $ik
£ Aol At AR Wolo] S5 o
TGrs WA DS o] §5to] Wiznjof 4 4+
£ 5K PES At B A asks PAEgl

ol

2

Sis
o
S
o
s
2
fto
2
of
ol
)

B —u
_1

L

o

—111

U=
Wz ujo] DNASI A= Azl Yoliths A mol
olov, dznjo] Azt FFE Fi AR $ARS
el Qe 4 Qs F& ek A5 Aol ww o
20]0]2] TGy M A 22 NHE 5L guanosine 217]2] 74
7S A AT o Lol A el
o mlsmatch7} o] A7 A Hloh 1P o= EL5t 8w
2R 2o WaEEE A o ahe] Aijow, 71
Z e AT = e 2R A2 o] 2T 7Hs
35 v AR 4= gieh whebA] 2 Atel A AEet R ujo] 7Y
zgo] A ALz o 7] o2 doU=A]5 Agte =

.

W RS fRAAES] 7152 B8] Azl et $-21
olFE WEHE AR 7tk
H e

g 2ujol5 g A o7 FAI5h= A Al 2] FA I A=
of B2 o} vl & A2 u]o] {2 o= telomerase 7} 71 &
a3t bRtk A 2ot Hmrjo] HAE L EHE T
a3t o7 ARGty E Ao Ao danjof i
EABH= TG REEA E2 0] §-5fo] dl=m]of 223}
2 4 le s’ S APkl e E A=
= W TG WHEA B o] EA] o Fhof| Gk ’igke
, A=l FOA" Can® 22U 2 X E] &3 S 44 DNAS A}
5Fo] URA32} CANI marker o4 £-9]S PCR X3 A3},
2YE2 markerE 29RF A Tk Fo7F AL H
o2 yebgnh Bk oy, B 21 W TG WHEA G2
ARESFS o A2 Wl o 7ol o] gt At
FOA' Can 22U A o] YL U0 TG 3 RHEA H Ato]
o A zgte] 7191tk A ofmfgtch

oo H o o 4z
= rE =

N
ik

o] =E2 FHEATLAHNRF-2015R1DIATA01057298)
of AH|= S E S

References

Baudin, A., Ozier-Kalogeropoulos, O., Denouel, A., Lacroute, F., and
Cullin, C. 1993. A simple and efficient method for direct gene
deletion in Saccharomyces cerevisiae. Nucleic Acids Res. 21,
3329-3330.

Chen, C. and Kolodner, R.D. 1999. Gross chromosomal rearrangements
in Saccharomyces cerevisiae replication and recombination
defective mutants. Nat. Genet. 23, 81-85.

Chris, K., Michaelis, S., and Mitchell, A. 1994. Methods in yeast
genetics. pp. 207-217. Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, New York, N.Y., USA.

Doksani, Y. and de Lange, T. 2014. The role of double-strand break
repair pathways at functional and dysfunctional telomeres. Cold
Spring Harb. Perspect. Biol. 6, a016576.

Draskovic, I. and Londono-Vallejo, A. 2014. Telomere recombination
and the ALT pathway: a therapeutic perspective for cancer.
Curr. Pharm. Des. 20, 6466-6471.

Heyer, W.D. 2015. Regulation of recombination and genomic main-
tenance. Cold Spring Harb. Perspect. Biol. 7, a016501.

Lustig, A.J. 2003. Clues to catastrophic telomere loss in mammals
from yeast telomere rapid deletion. Nat. Rev. Genet. 4,916-923.

Paques, F. and Haber, J.E. 1999. Multiple pathways of recombination
induced by double-strand breaks in Saccharomyces cerevisiae.
Microbiol. Mol. Biol. Rev. 63, 349-404.

Sikorski, R.S. and Hieter, P. 1989. A system of shuttle vectors and
yeast host strains designed for efficient manipulation of DNA in
Saccharomyces cerevisiae. Genetics 122, 19-27.

Teng, S.C. and Zakian, V.A. 1999. Telomere-telomere recombination
is an efficient bypass pathway for telomere maintenance in
Saccharomyces cerevisiae. Mol. Cell Biol. 19, 8083-8093.

Webb, C.J., Wu, Y., and Zakian, V.A. 2013. DNA repair at telomeres:
keeping the ends intact. Cold Spring Harb. Perspect. Biol. 5, pii:
a012666.

Wellinger, R.J. and Zakian, V.A. 2012. Everything you ever wanted to
know about Saccharomyces cerevisiae telomeres: beginning to
end. Genetics 191, 1073-1105.

Korean Journal of Microbiology, Vol. 52, No. 1



