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Distribution of Telomeric DNA in Korean Native Chicken Chromosomes

Sea Hwan Sohn' and Eun Jeong Cho
Department of Animal Science & Biotechnology, Jinju National University, Jinju 660-758, Korea

ABSTRACT Telomeres are nucleoprotein structures at the ends of chromosomes consisting of DNA sequences arranged
in tandemly repeated units (TTAGGG).. However, this hexamers can also occur at non-telomeric sites in some avians and
vertbrate. This study was carried out to present the distribution of telomeric DNA sequences in Korean Native Chicken
chromosomes. The fluorescence in situ hybridization technique using a telomeric DNA probe was performed to the metaphase
spreads of chicken early embryonic cells. Telomeric DNA signals were detected at the ends of chromosomes including macro-
chromosomes and microchromosomes. In chicken, surprisingly, chromosome 1 showed very distinct interstitial telomeric DNA
hybridization patterns which located two interstitial sites in the p-arm at 1pl1 and 1p23, and one in the g-arm at 1q32. In
chromosome number 2 and 3 also displayed interstitial telomeric signals (ITS) in the long arms at 2q24 and 3q32, respec-
tively. The pattern of telomeric DNA distribution in Korean Native Chicken chromosomes was in agreement with a previously
reported in Gallus domesticus. The relative amount of telomeric DNA sequences in each macrochromosomes ranged from 4.6%
to 16.3%. Distribution of telomeric DNAs at the end of p-arm was much more than that of g-arm in almost chicken chro-
mosomes. The distribution of ITS in chicken chromsomes implicate to tandem chromosome fusions that might have occurred

during the process of karyotype evolution.
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g 2 n]o](telomere) = UF-E2o| FAPE AAA F Lot
o Yx3h= Ao DNASL Tz o] Bal a
SAE] DNAE F2 TTAGGGS] © HHE
FolA it dmmjojo] Agke el S FAlS
L5 sto] FAHQ ABFTIE 7HE 9l
< wivith DNA 2k F-9jo] B 42 Qle) 1 Aolrt
oA A ¥lo] A|Ee] w312 o}r]8}l7] HrkBlackburn, 1991;
Zakian, 1995; Shay, 1999; Weng and Hodes, 2000). Z12] =&
d2njo]= A w3ke] AJZFS Aot AlAl & P(mitotic
clock)2A] M2 EFArte} g2k 50~200 bp F &= &A=,
O olF Az BEES & 5 1S TF d@ol i Az AR
(apotosis)°] Loy} HWEA Alxe] w37} I8 thHarley,
1991; Wright et al., 1997; Faragher and Kipling, 1998).
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d2ujojof gt A= 1978 Tetrahymena] telomeric
sequences *-2-C. 2 vHE gk(Blackburn and Gall, 1978) ©]#,
20093 Blackburn, Greider, Szostake| ®l Z1|o] 9} €l 2 g o]
Z~(telomerase)®] Lol thek #EHA o m e o|st
e TEOR TSI dRnjole] ol Abgke] 7§
5~25 kb(Harley et al, 1990), FF$-% 50~200 kb(Kipling
and Cooke, 1990), &~ 9F 15 kb, HX| & 18 kb & =(Kozik
et al, 1998)Z B8] F o, T2 0.5 kb~20 MbE T} Fol
Hlal uj-¢- 71 A Znjoj & ek 3102 4elx AtKDelany
et al,, 2000). B=3F E+2] TTAGGG sequence®= &% 3~4%
R AFEe] 03%9= 719 108 o]de] Aol & Holil 9}
THDelany et al., 2003). YREA 02 & @2njoj= JAA 9]
ko] BxE RS XAzt oz, dF 22 FES A
3t Ao thF-E2] XH-FE-S telomeric sequence”} H A A
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o Ebx, A9, 238, #
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’5‘]-J_ o]of| telomeric DNA probeZ ©]-&-3+ %2
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o Al 2,

s e o5l A FARE |5

g A ST e R E 27] Hio}
=, o Z7] wjol=RE A Eele
& 5(2000)°] A|AISH HH S tha HEste] Fgh 1o
FATE 37579 vjd7)o|A] 24~48A|7F vl kst vk &
F 12417 Ao o] RS A3k 0.2 mg colchicine
(Sigma Chem, St Louis, MO, USA)S F13}3it}. v ko] &
259 719et AMNE o] 83510 Hljo}S WolW] 1, ©]2 D-PBS
(Gibco, Invitrogen Corp, Grand Island, N.Y, USA) &4 0.2 2
3] Al# gk T3 RPMI 1640(Gibeo) ¥l ki) Eolle Ald ¢
o2 &7 200xgol A 1087 Al EeIA AT A% Al A
e A Eoﬂ 0.9% sodium citrate(Sigma)E 718} 1583t
Ao & F 2 ds 1085 A= Hrlste] 94 EelA7
o} 1 *]2]+= methanol®} acetic acid7} 3:12 &% 1173
NS o] gdtaL o] & 33] o] WHE A]gt & WA Bk slide
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o 7PgArE el 3~4e dojemy] & Al Akl

3. @& 2ol &4

2 Aol o] &3t 33 HRIW(Fluorescence in situ Hybri-
dization; FISH)2 Sohn et al.(2007)°] & 71 5o X241
(bovine male specific probe)S ©]|-&3}o] =33} FISH W<
thar HEste] A&tk

E AJE 93k 5 telomeric DNA probe®] A2 CCCTAA
7} 79 HEE(42 mers)E @Y oligomersE primerZ sl S
¥ PCRAHZS Dig-PCR probe synthesis kit(Roche, Mannheim,
Germany)E ©]-8-31o] A|22A} X3 ol 2} labelings}$3Th. Dig-
PCR probe synthe51s HPH-2 PCRS 3AA] dig-labelingS Al
Pol= A0 E FZ F labelingd DNAE o g A&
A= Aol Atk FISHE $4)E A48 FE-2 5 mg RNase
A(Roche)7} BHEl 2xSSC &olol] W31 37°C] & 20
A1 3027t A 2lste] RNAE AlA g & AR AlH sk, <
B2 GA|A F2oA AZA AT A S (hybridiza-
tion solution) 13 1L formamide®} 5 11.2] hybridization bu-
fferoll 2 #1(100 ng/ L)2] 7371 telomeric DNA probeE
Al zsta B Setol =] Holrtd & vEgaE Y
7F3ALE] S rubber cement® UE-3F U3 72T 1083
2] 3l probe9} FEE DNAE WA 7|21 38.5CllA] 124]
b old HFAA. o] F S| =5 2x8SC el ' 72°C
A 5387 H =] T A-29] PN buffer(0.1% sodium phosphate,
0.1% Nonidet P-40)= Al A3ttt HE ©HA & glste] &t

o] anti-digoxigenin-fluorescein(Roche)< B o{=e] 11 38.5C
ol A 3037+ A2 g ¥ PN buffer= A2 akar ghaollA Az
A ZT}. w7 A4S 218) propidium iodide solution(Sigma) 20
pLE goljzmd T AW F8AE Y nail polish® 535}
Ak A7 e E28 A wdle] A8 2HE AR
&3 A0 (model AX-70 with WIB filter, Olympus, Tokyo,
Japan) S 2 probe®] 3 S #Esta H A 5099709 &
71%4S gxg8 7hegModel DP-70, Olympus)® 2<% 5]
AFFE ol 21738 v o]n] x| 24 Z 2 18] (MetaMorph, UIC,
Pennsylvania, USA)2 ©]-8-31%] telomeric DNA2| 734 &
g B
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A S Aleee] 27 Hﬂo}i—rlﬂ A E FEsl] & 5742 WS 5(2003)0] AAIR = A Ee] APt o
B A&t 5Y 20 ZA] GbandingS AASF = @ Z8tar, A F7HA BuE SN(Gallus domesticus)®] A3 3
242 aath (Ohno, 1961; Pollock and Fechheimer, 1976; <=A1€k2} @8-,
gkt Alefete] 3 oAk Fig 13} 2o} 3= Alee I 1987; Ladjali-Mohammedi et al., 1999)%} H] w3t w = 3= |
A= =782 <k 8%<] & <A A (macrochromosomes) <} et vhe] nfek AEH EAL gle Ao dddt
31%42] A28 A A (microchromosomes) & T3 % a2, A G4
A= 7o) 7z, AFle] Zweolttk =t A o JAA) 2. 5 HAMA|o| Telomeric DNA 232 4+
Sl 3l Feld 535 Levan et al.(1964)°] A A3 LA o A o] FEnjo] B oFdS A E A AlZtE A
A s, 19 A= 7 X1 metacentric chromo- AA) ol telomeric DNA probes ©]-8-3lf FISHE ‘/FB
somes®] i1, 2% @A = 1 T3 =711 submetacentric chro- SkAth 4 237 Fig. 29k o] W] RE GA & B
mosomes, 3%, S 2 7H G| = Teto] A2l §lE acro- ol dznjoj7} Bxaha, o Bt ol v A ¥
centric chromosomes®|™, 491 2! 6% AAA = Theto] thas o HERASIT: =3, o A £ 1, 29 53wl g
© acrocentric chromosomes®| T}, aHA, A A1HQ] Zo} W Aol interstitial telomeric signal(ITS)2] EA17F 1= ATt
8 A= Tk} geke] dolzt A9 B]S=gh metacentric S A G dEroe] X 9AE B} BEs] At
chromosomes©|t}. o732} o] k= A et AAA ] T4 7] S13ted Fig. 39 ol¢] =e|H A=E APdatirt. |l o

@ AAA ol dEZnjole] EXE A oF Do}
HEo] ITSE 1M FAA19] 1932, Ipll, 1p233} 28 A4
o] 2q24 9 31 A 3g32 F-9loll EAIEtE A o= EA

‘5 ‘: H Ak 53] 1TSe] Y21+ 2] C-band positive site<} A 2]
Q)

. {5hs Aoz ekt ol g 5 A4 3 Aol

ﬂl

.’ v ® v, B¥ 9F}S Nanda and Schmid(1994)7} A&+ 43t A <]
.- u X8t Aoz e, ©]52 FISH Wi S o]83ke] A
- in 3 ’ 222 T telomeric DNA sequence= A4 A|2] 2t by
° . . o} olg} 1, 2, 3 2 B4 23 G TS/} B2}

e o £ 2 AN vt Ik o] F ol Bt A9, o8], F, v
. < L 2§ 7FeRE EFE 1639 2FE 3SR telomeric
Mgl Aol tiite] ZhEReA
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a9l oF Ytz B2 non-telomeric site] = telomeric

o
sequence”} wXE 3 2151 TH(Nanda et al., 2002). @2 |

2 olg} g dAAe o Wek RS A A= HAOR o5
‘ ‘ . ‘ . ©] DNAE A9 tif-2 A8 ¥hE 947] L8] TTAGGG(tan-

demly repeated(TTAGGG), hexamers)@ T = o] ) th(Black-
burn and Gall, 1978). 221} H 4414 5% DNAS ¢
1 2 3 4 25 B} gestA vekd = e v A AE fA
g4 7)ol /e we} telomeric DNA sequence”} W=

| e A A o BEAE EASHE Aol ohlehs A olel
' .» @o ! AEFoA grela vk /5 A TS EAl= =iA
(£A1%E 5, 2004; Wnuk et al., 2008), L(Santani et al., 2002),
5 6 7 Z W Al (Lee et al., 1993) 5 ©12] 2 FFE(Meyne et al., 1990)°]]
AEE e et 2 A F(Wiley et al., 1992) 2 oj<}
Fig. 1. Metaphase spread and partial karyotype of the Korean -2 o] F(Abuin et al., 1996)7FA] ThFet Fol|a] LA 1

Native Chicken after G-banding. glt} o] 3t ITSE A3t g o x| 3| w2 2
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Fig. 2. Metaphase spread and partial karyotype of chicken chro-

mosomes after FISH using telomeric DNA probe.
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Fig. 3. Distribution and location of telomeric DNA in Korean

Native Chicken macrochromosomes.

Fro]| At A o] Wrto] ol F-9jof|A] DNAS] Atthof u}
2 B3 3y F B3 91A] W telomeric DNAZ| 411 %
o=zx JYehd Axg A2 ¥ thHastie and Allshire, 1989;
Bolzan and Bianchi, 2006). ¥¥+4 0 2 ITSw= SUA& 2&
3= YA o A (pericentric region)¥} ©]& ¢ 414 (consiti-
tutive hetrochromatin) §-9]ol| Rt} o] &A= Aoz &
24 th(Meyne and Moyzis, 1994; Santani et al., 2002).
Table 1= g A e A4A EEXH 7} telo-

Table 1. The locations and amount of telomeric DNAs in each macrochromosomes of chicken

Relative amounts of telomeric DNA(%) in® Ratio of .
Chro. No. p values
p-arm Interstitial Total ap

1 1.03+0.09 3.00+0.28 0.93+0.10 4.96+0.39 0.90 0.0001

2 2.01+0.67 1.3540.22 1.48+0.26 4.84+1.00 0.74 0.0001

3 1.63+0.24 1.78+0.26 1.90+0.31 5.31+0.64 1.17 0.0001
4 2.04+0.38 2.52+0.60 4.57+0.94 1.24 0.0001
5 3.1120.55 2.77+£0.45 5.88+0.93 0.89 0.0031

6 4.94+0.84 5.63+1.05 10.57+1.82 1.14 0.0016
7 10.95+2.22 5.34+0.93 16.29+2.67 0.49 0.0001
8 7.36+1.83 5.07+0.82 12.434+2.36 0.69 0.0001
z 3.69+0.97 2.47+0.50 6.16+1.39 0.67 0.0001
W 9.57+2.99 6.48+1.78 16.05+4.34 0.68 0.0003
Mean 4.41+0.83 2.04+2.21 3.35+1.97 8.78+4.56 0.76 0.0001

*Values are means+S.D.

°P values are the probability by #-test for the means of telomeric DNA quantity on the p- and g-arm.
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meric DNAS] g-4-&2 4 A A3 Aolth b= Al ete
7} A dznjo] a2 46~163% Y= —‘ME]
ok &3] 7H AAA ) 163%= 7P =2 THES UE
WAL, 6, 8 31 W FA7E 1~59 8L 7 AA4A <l Ba]
A 2 2 telomeric DNAS] 32 §Higo] =7 UEhith &=
gh 3, 4, 681 AAAE ALl e dY d8A= K-
arm) YErE T Teb(p-arm) YT F-9]9] telomeric DNA &+
o] FUA R £33, 53] 7 A A e T det
o] Fhfo] At Ak F-9lol wls) Ao 2uf 7hF =A vEt
ok gk, 1 AAA ] A, oF dke] danjo] &
BT} interstitial @ 20]oje] df-&o] AN =4 eS8
kit & M3zl dmnjo] ek g Aol gk F 7 &
232 Bloom et al.(1993)°] telomeric restriction fragment(TRF)
Ao F o]o] Aol7} 250 kb~2.2 MbY & B gk o] ¢}
ket B2 ghEo] AAIE 1 1EH, Lejnine et al.(1995) 3~
100 kb= #4335 31, Venkatesan and Price(1998)= 8~20 kb
91S Hauslgiet ey A2 B} HE 3 southern blot B
2 0|83k T telomeric sequence 2.2 2 Delany et al.(2000)
£ o]l 4el7} 0.5 kb~2 Mb FE=US BH3]aL, genome ‘¢
TTAGGG sequence®| “Jt2 gtigo] 3~4% F =2 th2 &
of & vj$- E& FFUS Ky} 3 ojlg2 d =R
ujoje] 7] 9 A E 7= 2 southern blot ¥R ol 23]
9] telomeric DNA Bl S 3702 Feto & JFa1, Class [ &
0.5~8/10 kb2 sequenceZA] ©] &2 Akal ¥ telomeric DNAZ
A AEe] e 75 dazZnjojol= Hlo] §li= DNAZA]
2 interstitial telomeric DNA sequence®l] 3d3l= o)L
Class T 10~35/40 kbeo] 7|2 Ao w2 715 d2n
o2 FE3HH, Class M= 40 kb~2 Mb= 7| 7+ wj-$ &
¥ o] Z 7}A]= sequence® microchromosome2] telomeric DNA
7} oldl] s Ao ® FEataith o] ¢k 2ol He telo-
mere Ae]ol gt 492 A9] southern blot WH S 2 TRFS]
Aol Attt 12l o] # gk #4112 blottingdte &
o} DNAQ| Zx2o] @3} 31(Gan et al., 2001), 3} o] €
zrjo] do|7} @A o ® 4 A5, S ok=t sl &
AR ol Atk mebA ol gt EAH & Bekstaat H2olle
Fol A3 dznjoje] H‘?ﬁ_‘% @2 % 9l FISH 71H&
o] g3l Wl Bk A& o 2 7 &8l Quantitative Fluore-
scence in situ Hybridization(Q-FISH) 715 ¢] 7|2 o] telome-
ric DNA2] 3 EAof o] gHth £ Ao o] 8H Q-
FISH ¥'-2 TTAGGG oligonucleotidesE probeZ ©]-8-3}<]
g3F AEE signal®] A2 digital image analysis system S 2
A sk o R AMAET o} 1] A XA = |

Zujojo] JA gF =3 o] 71s3ltHRufer et al., 1998;
Poon et al., 1999; Law and Lau, 2001). ©] < Z} g2
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