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Effect of Matemal Age on Chromosome Abermrations and Telomere Quantity in Chick Embryos
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ABSTRACT The rate of fetus with abnormal chromosomes increase with maternal age. Nondisjunction of aging oocyte chro-
mosome is a major reason for the increased rate of abnormalities. Telomeres are the ends of eukaryotic chromosome, which are
essential for chromosome stability and are related in cell senescence. This study was carried out to analyze the chromosome
aberration rate and amount of telomeric DNA in chick embryo along with maternal age. Fertilized eggs and blood were sampled
from White Leghorn layers starting at 20 weeks through to 70 weeks age at 10 weeks interval. Chromosome aberration rate was
analyzed by karyotyping. The amounts of telomeric DNA in embryonic cells and lymphocytes were quantified by Quantitative
Fluorescence in situ Hybridization method. The chromosome aberration rate in chick embryos significantly differed with maternal
age. The chromosome aberration rate increased at early laying period and beyond 70 weeks of maternal age. Therefore, chromosome
aberration rate was affected by maternal age due to ovulated oocytes state. However, the amount of telomeric DNA on embryonic
cells did not differ significantly with maternal age. Thus, maternal age does not affects telomere quantity in their embryos due to
cellular reprograming at early embryonic stage after fertilization.
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M E 3 Bl A 2549 WS oA So] I WRle g dEA U
(Bloom and Buss, 1966; Fechheimer et al., 1968; Bloom, 1972,
DAL 7] "o} AP A7) GAA] o) o] 1 9] 1974; Lodge et al., 1973; Mong et al., 1974; Snyder et al.,
ol Ao 7 AHA Jom, ol BA 4 ARy DI B 1975).
Hol & Ao g B YJriDorland et al., 1998). 7] SHH, =3}9) Feste] ®l 2 v o(telomere)ol] tHEH A7}
WA Y T GAA o) el ZIQ1E Hiol Abd-S AbHERE 2 gds] AYPH A ], 2Erojs A= A
ofle} &, siA], B, & T Ef 7EECIAME ol A ®l Dol EA)5h= TTAGGGY] T ¥HE 47| d 574
=7t ol &2 Ao g A d=tl(McFeely, 1967; Gustav- g A2 A3 nucleoprotein . ZA] FAA| 2] o Ao =
sson, 1990; King, 1990; Long, 1990; Power, 1990), 51 & HAH AT sl 3lo= IHA AthZakian, 1995; Blackburn,
o YoIHE B3} 1A = %7] ujole] AFFe A o)A 1991; Shay, 1999). AW E0] 79, AEZZGA Tk B4 &
o] 1 FH 9919S B3t thBloom, 1969; Fechhei- Al(end replication problem)Z <13} B2 wjojo] AAS X
mer, 1981, 1990; Miller et al., 1971, 1976). ©]&g+ Z7] wjo}<] sHAl a1, 9478 Aol o]ate] o] MaE A JMAE
FAA o] Fe A AE FA A F BA Y sl i Hosh= 752 @A Hof AE AFE(apotosis)©o] Lojut Al

WE A Y(Faddy et al., 1992; Faddy, 2000)9} tHate] 732 A 58P} 13T Z10|t(Greider and Blackburn, 1985; Wright
FgA 7z 18 Q1A ¥ (Hasslod and Hunt, 2001) et al., 1996; Faragher and Kipling, 1998). ol o] &l Zn]o]
7} 7 2 dRlolH, olutdl = oAl M, MER B A ol gk A7+ wi¢ A e)7|= sk, Ffs=clA vzt
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ZHAE Y 5 A7 A =3tEEA A BE ZF
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S, 2005; A2 F, 2006), RIS AFATIE B
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atar, vk FE 1AIRE 458 Aol do] FHRe 7S &
o] 70 0.2 mg colchicine(Sigma, St Louis, MO, USA)S
SHATE wieFo] TR EW GhS 9H2g 3 799 AAlS
2351 vjRE WO 32 D-PBS(Gibeo, Invitrogen Corp., Grand
Island, NY, USA) &40 2 A|H3t & U &Ho] Z3td <
AEEHOZ &7 1,200 pm 2 1087 AR AIZTH
AMaze]l A A E= 0.9% sodium citrate(Sigma) -8 0. Z A
37.5 CollA 1583 A 2ltHt). o]F 14 *]2]= Camoy's &
ol (methanol ¥} acetic acid, 3:1)2 ©]-8-3}a] 94 33] HkE A
ettt O At W BiE slide®] 73k ol AL
A AxdEGd 3~41E-S Hojzmg]al A AxA
Z%H EE-2 10% Leishman 32 Y(Sigma)oll 5&3F 23}
31, 388 73 (BX-50, Olympus, Tokyo, Japan) 2 77 3
207 ool TS E5Ete 7+ FU)del gk
3

Fach
AHEAL St

1 O1(Fluorescence in situ Hybridization; FISH)S 9] 3¢
o vljo} W MFE T Az BE FHlE v} 2t wljo} Al

Fo) o= Akt TS wRlol dbska, 79l A
A& o]-83te] ulZ(blastocoele)THS WU AT o] F H =

S
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23] HrFetdth A7 TS 1,550 pmo.E 3587
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Z3la, o]2 D-PBSE 23] AE AHEATE ©1F 0.06 M
KCI(Sigma) -840 8 1587+ A&=]2]3}aL, Carnoy's &40
2 33] o} vHE uAAEE AAEATh 1" MEE
N 3~4-E-S WY BEE SEto|l=e rpgAE e =2
i Egfol= x| A AR o] 1% F- FISHel A3t

A

ol
R

oL |

e

4. 20| Z2HE 0|25t A

Z7] vijo} 2 WP ML) dFu|o] g £S5 9Jste
Sohn et al.(2007)°] A1 %4 33K Q1*H(Quantitative Fluo-
rescence in situ Hybridization; Q-FISH)S Y5 =435}e] AA|
3}t Q-FISHE $J3+ 9] telomeric DNA probe?] #|2H-e-
(CCCTAAY,Z TA3% 42 mers T oligomersE- primerZ 3}

QIR

2 o
oot 0K

=



Lee et al.: Chromosome Aberrations and Telomere Quantity in Chick Embryos 295

=3

Polymerase Chain Reaction(PCR)S 43§35}, S+ AHE
PCR-DIG Probe Synthesis Kit(Roche, Mannheim, Germany)E
o]-8-3}] digoxigenin labelingS 353t &E2kol= TES 10
©g2] RNase A(Sigma)7} g+ 2x SSC &l W31 37 C
9] & FFoA 3087 HYdt T AR A|F
80%, 90%, 100% olgt&= ©=A|Z T}, Hybridization -89-S
13 ¢ L formamide®} 5 «L 4% hybridzation solution(8x SSC, dex-
tran sulphate 40%, DNA MBB grade 4 mg/mL; Roche) 2 te-
lomeric DNA probe 2 #L(200 ng) o2 #A|Z=3F T & &2}
ol=¢] yPgateld] "olmelw AW Ie2E WE3A:
o5 78 CollA 10:23t *]2]3}o] probe<} EF DNAS ¥/d
A171aL, o] % 38.5 TollA 12413 o7 FgA1Z] # 2% SSC,
PN buffer(7 mM sodium phosphate, pH 8.0, containing 0.1% No-
nidet; Roche)Z A &3t A A& 151 anti-dig-fluo-
rescein isothiocyanate(FITC; Roche)S Eojrtg]al 38.5 Coll
2] 3057t Bl FSIaL PN buffer® A2 F Haol A AxA1Z)
o}k vl A8 propidium iodide(P)S ©]-&3t] £ X & 7
HZ2t~E Y1 nail polishZ UE3IGch 343 &d <
&2 PI9} FITC s3] 28 FHE F-33 d3dn7
(Model AX-70, Olympus, Tokyo, Japan)©-2 25|31 probe
o] Aot s AT #EE IS A" 7 2 Mod-
el PM-70, Olympus) 2 &< & o|u]=] 4 ZZ 723 MetaMorph,
UIC, Pennsylvania, USA)& ©]&35}e] &(PI) thH] & 1Y telo-
meric DNA (FITC)9] FEHIE EX3= Wio = g2
o gHhE G Ak

mlo

Zn 3 3
1. 27 o430 whE AA H{olS| HAHA| o4t HIE
2A wslo] mE AL G ko] AT A
o/l gt YIS WX =R Lolr 7] fJste] Fo|E |
& 2058 A 70FH 7R 105 7HE o2 AN 1,07270
o] FATES FAEA
2k % Aol w2 *g Fe %7] HHOM AAA] o] HEek

Uehd vie} Aok 2 Od? 754, A=l Ak Hfjote]
AA o] MIEE 0.49~5.17%% AFt Ao w2 #9974 2}
°17b ARATHp<0.05). B A% T HF 4t %
o FdiFog & dMNA o) BIEE Holtp} A &
71(30~60F7) A FHE = 2F
F3) o]%F bl o] NIy} EolxE e VeI

Table 1. Frequencies and types of chromosome aberration in

embryos with maternal age in White Leghorn layers

No. of embryos No. of embryos Types of
Age with normal with abnormal chromosome
karyotype karyotypes aberration
20 wks 165 (94.8%) 9 (5.2%) mos,n/2n; 1
mos,n/3n; 1
n=39.7; 3
3n=117,ZZW; 2
3n=117,277Z; 1
3n=117,ZWW: 1
30 wks 162 (99.4%) 1 (0.6%) mos,n/3n; 1
40 wks 202 (99.5%) 1 (0.5%) mos,n/2n; 1
50 wks 177 (99.4%) 1 (0.6%) 2n=71272-4; 1
60 wks 202 (99.5%) 1 (0.5%) n=39.Z; 1
70 wks 145 (96.0%) 6 (4.0%) mos,n/2n; 2
n=39,Z; 2
3n=117,22Z; 1
3n=117,2ZW; 1
GaA o] o] Fej 2= LA (monoploid), ""HHiﬂ(tn'ploid)
2 w44 BAFo]AlE(1n/3n, 2n/3n mosaicism)©] THF-E-S =}
983, 1 Mol S} olege] ol WAk W
oA,

o] B A2 =78, ZZ T= ZW=EA 38%2] X 4
A e} 2709 A FAAR FAE S Atk AAAe] FEl=
metacentric, submetacentric, acrocentric =& e 7} A3},
dgo] 7153 E GYA= 8~10% F=olx, YHA=
Aol Aol FEl £F AMAZ vepdt) A GAFQ1 29
AA = SHA 7|2 metacentrico] ™, WA A= 7~8HA|
37121 metacentric 3 E FTHOhno, 1961; Owen, 1965; Borgaon-
kar, 1969; Pollock and Fechheimer, 1976; <=A18k} @3-=1, 1987,
WS 5, 2003). T 27] wljole] GAA o] g Wl
AR, A B8] vl o) el WAo] =1, o) W
SAZ} A vls) i Eouk HiF 2~5% o]
THFechheimer, 1981; Bloom, 1974; 2313 5, 1993). ¥ A3}
ol A Yehd Bt G ol Mk 1.8% xR V& 4
Tl Hlal tha e A3RS Kol dXA)] o] FE= bl
%321 monoploid9} monoploid-diploid mosaic®] 7} =4
Ueht 7] Basd A dAEe Fdolglk o]k ul
9] A A A Yol S Rhe] Ao = <l

HoHd
e e
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Fig. 1. Chick normal and abnormal karyotypes obtained from
embryonic culture; Normal female karyotype 2n=78, ZW
(a), Normal male karyotype 2n=78, ZZ (b), Abnormal
karyotypes 2n=77, ZW,-4 (c), n=39,Z (d), 3n=117, ZZW
(e), 3n=117, ZWW (f), n/3n mosaicism (g).

92 Fdol wpe} dxpH oz SR Te] FAL BES
stod ndel o] A7 FAEE 7 HAY TE ARt s
A FAAE AT ZA FY vlol W n/2n mosaicism B
= chimerism &4te] Yeh= Ao g de*] 9 thFechhei-
mer, 1990).

{17t 2hof BA| AEo] F7Fgel whet A dhrpe]
9 A4 71E 9} tEo] FE&o] A738HA ®th(te Velde and
Pearson, 2002). 1%l W& FEi&] FaE A £8E9)
Akt 4 e 2 AS o] WA FAIE IS A
fARES] S717F o] 1o A =, olE F U
olel W& AA FiH&e STP FElE Aol oS 2
1o g HyEI tiMiller et al., 1980; Wilcox et al., 1988;
Hakim et al. 1995). Sl oAM= AF F7tdl e F4&

% R5hee) ot o3 Fed AREA S84 35

£ A2 voke] AR ofg ME R Azvlo] FaF 24

2857, 45579 9 657 A AR e R A FEES
ZY7} 98%, 92% B 73%=E VFEFRAL, T3 92%, 84% B
63%= e A $7)0 A & S43 At Fs
R 13} ¥} 1tKYilmaz-Dikmen and Sahan, 2009). $HH, =4t
Aol F7Hetel wet the-F ST 22 oA A o]
F Rz 7) S718hedl, 53] 354 o]l &4kt A o]
HI== F43] o tHCuckle et al., 1987; Hecht and Hook,
1996; Olsen et al., 1996). o] =A| A& o] Z7}gol wa}
249l w37t 715 A =3tE dAke] A T E A4
T =iy AT S B o] HIETE FolAHA ¢
) o1e REA HEE 5 F 2] wolel QA
ol Adrrl vl BElE £ o) dAlel YIg AL
Z Ala¥tiLamb et al., 1997; Volarcik et al., 1998; Wells
and Delhanty, 2000). 715 2 7Faoll QolX= 24 28 &
Z7] wjote] APES 7t GAAe] A B 7 x2A] o]
of 7]R1= 3 o] WA W=7} e FFoA v =2 A
o7 BaEa JtMcFeely, 1967; Miller et al., 1976; Fech-
heimer, 1981, 1990; Gustavsson, 1990; King, 1990; Long, 1990;
Power, 1990). 715 2 7Fafoll 21o] =8l w2 njjote] &
A o) A WL ol #3F AT AL B vt
7F glo, B 7] wljoke] FAA)] o) FEL B 71
AZPlA 715 et ZA T2 A, =8l wE A
2 wfAe] A o] WIEo] Wl JA| Q17+e] Y wh
WA BA Ao get Z7lHE Aoz ARd,

o

o

2. 2| oiHof| whE A Hiote| Rl=0(o] &haf EM

5ol AR e AAE F AAF wjote] HRu]o] gheF
W3} kS A B 14} White Leghorns thAHC 2 2053
AN 705 7HA 105 A0z AAE BEF Axo} TY
A7)0l 2L o] & A7) 27 Hljo} A ELe] dlzu]o] g
&S QFISH WHoz ¥43513th

SA| Ad WS A9} o] Ak wljote] ’l2mjo] 3
2 Table 201 A|A|E v}e} a1, o]E2] FISH W3- Fig 29}
2ok B4 A g W Az P dazeo] I8
2 1.72%%] ¥hE 27] vlolE 2.67%= AW Al wet
d2u]o] $H-&-9] AfolE HERNUTE WE8F AZE 7Eo
2 Ao do] =71she whet A EW telomeric DNAS] &+
&S A 0)AL FolF o g AEE S E Utk
olg]gt e U] 3 BESNA Aol Sl
g} g2 ejo] Zol7} Zhasithe A7 AdET A 94
= o 24 AFK(Frenck et al.,, 1998), 2(FE<= 5, 2008),
R (E=A1Z 5, 2008) ToNME HISEE S Holal Qi
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Table 2. Relative amount of telomeric DNA in chicken lympho-

cytes and their embryonic cells along with maternal age

Amount of telomeric DNA (%) on

Maternal
Embryonic cells from
age Lymphocytes . .

their fertilized egg
20 wks 2.30+0.09" (n=19) 2.65+0.05 (n=41)
30 wks 1.80:£0.09° (n=9) 2.66+0.06 (n=29)
40 wks  1.6440.21° (n=36) 2.6740.04 (n=29)
50 wks  1.58+0.14° (n=8) 2.65+0.06 (n=30)
60 wks  1.27+0.16° (n=9) 2.7140.14 (n=32)
70 wks 1.40+0.09° (n=10) 2.66+0.06 (n=56)

Mean 1.7240.36 (n=91) 2.6740.21 (n=217)

4 Values (Means + SD) with different superscripts in same column
significantly differ (»p<0.01).

Fig. 2. Telomeres on chick embryonic nucleus by FISH using
a telomeric DNA probe; Embryo from 20wks hen and
the amount of telomeric DNA (ATM) is 2.65 (a), from
30 wks, ATM 2.66 (b), from 40 wks, ATM 2.67 (c),
from 50 wks, ATM 2.65 (d), from 60 wks, ATM 2.71
(e) and from 70 wks, ATM 2.66 (f).

FHgolle A9 FFS MAA G5 & 5 UMk o2l &
e HZ EFFE ol 2 A dZnjo] Lol tigh A
TFAME =] HiL e FoR Hxo| AME B 55
21 Dolly(Wilmut et al., 1997)¢] 73-9-, 2o Al3Eo] Fe A=
mjol7} FHA w=stell 233 A Alolet AAIFOE FoIH| o
o] 7gete] ezw]o] Zolof] JEg Frhes Aol Shiels

et al., 1999; Miyashita et al., 2002). =, o]u] Fo}x & Zn|o]
E 7H g8 FU AT o2 RE B E Al =3t
FXE= Ao 2 =sld JfA o] e v]ojr} uljole] ©lZ
ofo] A A o2 JIFS vHTh ARt o] Yt A}ol=
g A AE EAA] ofd o JjA| o] AEE o]&3t= TF

FATe A d2uo] ol AN 52 AR U5
2739 o s EFETE B e AT AF4ER A
Alskal QItiLanza et al., 2000; Tamashiro et al., 2000; Betts et
al., 2001; Tian et al., 2000; Jiang et al., 2004). ©]+= &< 32
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