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Inheritance and Heritability of Telomere Length in Chicken

Dan Bi Park and Sea Hwan Sohn'
Department of Animal Science and Biotechnology, Gyeongnam National University of Science and Technology, Jinju 660-758, Korea

ABSTRACT Telomeres are the ends of the eukaryotic chromosomes and consist of a tandem repetitive DNA sequence and
shelterin protein complex. The function of telomere is to protect chromosome. Telomere length in somatic cells tends to
decrease with organismal age due to the end replication problem. However, several factors at the genetic, epigenetic and
environmental level affect telomere length. In this study, we estimated heritability of telomere length and investigated
inheritance of telomeres in a chicken. Telomere length of lymphocytes was analyzed by semi-quantitative polymerase chain
reaction using telomere primer and quantitative fluorescence in situ hybridization using telomeric DNA probe. In results,
heritability of telomere length was estimated 0.9 at birth by offspring-parent regression analysis and was estimated 0.03 and
0.04 at 10 and 30 weeks old, respectively, by parental variance analysis. There was a significant positive correlation in
telomere length between father and their offspring (r=0.348), and mother and their offspring (r=0.380). In inheritance patterns
of telomere length, the influence of paternal and maternal effect on their offspring was similar. The influence of inherited
telomeres on male and female progeny was also roughly alike. These results implicated that imprinting of parental telomere
length was regulated by autosomal genes, not sex linked genes. In addition, telomere length of offspring at birth did not differ
along with their maternal age. Thus, maternal age does not affects telomere length in their offspring at birth owing to cellular
reprogramming at early embryonic stage.

(Key words : heritability, telomere length, inheritance, chicken)

M =2 FrobA, dmujol7} AEA| o] e AHA JEgFS v =

£8Rlo g FHEHGreider and Blackburn, 1985; Wright et

g 2 u]of(telomere) = FAYEL] AMA F YAHEE A al., 1996; Faragher and Kipling, 1998; Monaghan and Hauss-
Hile ACSZE TTAGGGE © el whE 7] HEx mann, 2006).

shelterino]2h= T2 B3k =2 —TLME 3 r4—(Welhnger and d2njo] dole F(fH)I £ 42 Q¥ olyz}

)] B A (feeding) o} ~E#| 29} 22 <& 374 QRlEd <

18k 3 2GS e Ao B IR Jth(Von Zglinicki, 2006;
I H53ke 2H %Xdiﬂgl °P7ejﬂoﬂ ZOUJ &g 3t} Zannolli et al., 2008; Sohn et al., 2011). 2 Z2n]o}E 3%
(Blackburn, 1991, 2001; Zakian, 1995; Shay, 1999; Blasco, Eo] A5, Aol Skl wel AlAas A Holef 75
2007). 2rjoje Alx B wuich 4% dolo] Fh5o] o o] x|}, ofg] 7kx] aRle o) 7h5 el Ho|rt
oJu=tl, ©]:= DNA 54| W lagging strand(5)2] 2Tt 7-9] EhHAl = Aol wheba dzujo] o] Holof thek f+
7t BAEA o Qld fidEe A0 o= DNAZE ¢ A2 ZIL o= FERIVe} o] 5] §4 o] HEE T
% Ao| o5} =W, o] HA|Eo] A|E ApHo] ot Watazt et A77F dA Eido] s a gl Al
o} whebd Aol w3yl W uel @zujo] Zolr} d2njo] oo thet 08 F4 Aol A dAFAtel whet
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34~82% HEU-E Hdkar Atk Broer et al., 2013). 44,
174] 9B 444|e] BAolE o R fEs B9 2o
78%% FotAaL, 4 Q13 A 1te] Fozhe-2 gl
Ao g B35} tHSlagboom et al., 1994). 12} 734
o] Al 954]9] = dSE IO R g AFox= o] 3
34%%2 F%4 Ha1slal ) thiBischoff et al.,, 2005), H=3F
USS o R & 54 259 ATl dznold] f
-2 36%E A A3 ¥ (Andrew et al., 2006), AT SH
= WEeR E OE aFdAE 82%= F4 AAst
(Vasa-Nicotera et al., 2005). ©]# 3+ A8 FHx]2] A
A Fg AT AAES Y U TS| T2, 92
o doje] FA "ol Zolgkd] 7IQlgh ARE HIth
(Horn et al., 2010). 3+, Bl&njo] Zoe] Fx o] ol
g 27] AFollA d2ujo]= X daA e} Adsie] 2A
2HEE s "t 8 U (Nawrot et al., 2004),
o|F B AFSolA Fof 244 3 "En|o] Holo] At
o] Be} A2 zhe] AFdETE AR Aehe Baste], €2
ole] FH FA uS #io] vt tE AES A
A1 5FA tHNjajou et al., 2007; Nordfjall et al., 2005, 2010;
Kimura et al., 2008). ¥H, ZfFol|A HZnjoje] fH& 7
AR 2Aebe] ARAE AAISta =, E2u|ofo
e A QAA o]F HIFA o 22 HHo| Uth= o]
JTHHorn et al., 2011). 28} ©]23} o] &
E9] Aozt 7|HdEL ofF HEAA] @2 AHlolt)h 2
iAo 11 njo] Zolo} o] theg oz el &
2ujo] Ao F3 Zngle &Alo|X| gk X F7EA] o] o
gk d2Znjo] A v AFH R o]FoA 1 Utk
(Sohn and Cho, 2010). wehr ¥ Aol M= ge] & =2njo]
Aol et 18-S F45ta, dRu|o]r} ojul gt o
2 AR Sl s =R dRujole] froe] s A
T E 7 gt
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g 2ujo] Zdold tigh 8 4 9 o] &
o] AgaErlatsta sl
= k=7l 2 S(Korean Native Chicken) 222135
il g 15 %(Single Comb White Leghorn)S &A|3kaL,
2y 258 7 199 A 7~105F s 7HIE sl
T AT7HAIE 2T 2 7Pl AAkE T H
sto] AstE AEET O FEEA Uigt 89S 285k
& Hlymphocyte)e] B Z2r]o] dol& BT £ A|Y
of #dd el el % AFS & g iy
3|(IACUC)®] T8+ Tt om, Abd 591s Wttt

offt
il
(DI
e}
4o
)
Ho
10,

2. gRT-PCRZ o|&¢ct E=0|0o{ Zo| &4

9] genomic DNA+ F-29| @] ZJulm} whA) xj<=o] 417
A AL AYsla, o|E YO ZHE Exgene™ Blood
SV kit(Gene All Biotechnology Co., LTD, Seoul, Korea)&
o] &-3lo] ¥l ). Real-time polymerase chain reaction
(PCR)Z 913} primer #| 2+ telomeric DNAS ¥4 A2
3}, reference gene 2 Z+= 18s ribosomal RNAZ 13 primer-
dimer7} FAJEA] F=E A 25} THTable 1). Quantitative
PCR LightCycler 4801 real-time PCR machine(Roche,
Mannheim, Germany)< ©]-83t] Th32} 2ol A3}
PCR WH$-E< DNA 5 uL(10 ng/uL), primer(5 pmol/uL) Z+
Z} 0.5 pL, SYBR Green(Roche, GmbH, Mannheim, Germany)
10 pL, ddH,0 4 pLE 2o 3 volume©| 20 pL7} =% 3}
1, 95CellA 5 Aefste] Hx | 7] £ 95T 10% ¥
A, 60T 452 AT, 72°C 2027 A7 wke-S 403 Wk
T, 65 CollA 123 A= 3 & AAJstsiet. o % 05T
A FEA1A SYBR Greeno] HolA vo= g2 AATE
@33 RUERSIATE Tm k2] 572 LightCycler 480 soft-
ware v1.5(Roche Diagnostics, GmbH, Mannheim, Germany)E&
o] &-3lo] R4} T} Reference genes ©|83+ 7} & H
AAte] ZA B 4k Livak and Schmittgen(2001)©] A

g 74 grow RS

Table 1. Telomeric DNA primers used for the quantitative real-time PCR

Genes Primers Sequences(5'-3") Size(bp)
Forward ~ CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGGTTTGGGTT
Target gene Telomere 76<
Reverse GGCTTGCCTTACCCTTACCCTTACCCTTACCCTTACCCT
Reference gene 18s ribosomal  Forward  GGCGGCTTTGGTGACTCTAG
148

(GenBank Q018752.1) RNA Reverse

ATCGAACCCTGATTCCCCGT
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scence in situ Hybridization; FISH)= 2 A] &}t ‘9‘4@?%
Ficoll(GE Healthcare, Sweden)< ©]&3l] #2] 4313 &=
0.06M KCI(Sigma Chem, St Louis, MO, USA)Z A4 #]2]
&}al, Carnoy’s -89 (methanol 3: acetic acid 1)2.2 1% A
gste] FE2-2 ARt AAE Sefo]l= EE-S RNase
(Boehringer Mannheim, Indianapolis, IN, USA) *2] & <&t
& 95 AXA7)3, FISHE AA8ISIH & FISHe o] &
3l 5 telomeric DNA probei= CCCTAAZ} 78] ¥H5{42 mers)
SZ5 PCR AH=< Dig-
PCR probe synthesis kit(Roche, Mannheim, Germany)=
labelingate] F=8]3FA T} A3 X 2] Hybridization -£-4(13
uL formamide, 5 pL hybridization buffer, 200 ng chicken telo-
meric DNA probe)s Hojre]a1, 85T ellA] 511t WA
T 385CelA 12413 o] FAekTE A3 A2jd B2
2xSSCol 72T, 5EZF A2k, PN buffer(0.1% sodium
phosphate, 0.1% Nonidet P-40)Z A2} 3} T anti-digoxigenin-
fluorescein(FITC) & 38.5CoA 3083t wH-SAZth PN
buffer® A2 7AZ3 EE-L propidium iodide solution(PI)2-
= dAsta, P19t FITC s3] A8 ZHE 7233 %
1|7 (Model AX-70, Olympus, Tokyo, Japan) S 2 53t <F
4 ST B 919 7] dES vAYE FH
2} (Model DP-70, Olympus, Tokyo, Japan)Z #<33}a1, o|&
AFEG] A4 F oln)x) 4 L2 33 (MctaMorph®, UIC,
Pennsylvania, USA)= ©]|-§-3to] 7NAE 4 10071 o]/d<]
A EZo il AP genomic DNA tiH] ZAY(FITC)<]
telomeric DNA2| B]& 2 dgn|o] 3kS AAkslit)

H & oligomersE primerZ 3l &

§7| =
2 #4317 Sl
SAS A 3 ]X](SAS Institute Inc., Cary, NC, USA)E ©]
f3to] EAHEA(ANOVA)S AAeta, A8 7+ Aagks
Mlmskic wA) o] e W Aee] Dol P
o Bl estz BABAYTE B, Bzolo] Polol 471
Mol e ¥, AN AT AW Arz BASAG
szujo] Zolo] ta 442 4ol glol w4l AASel &
HRle 2ol A 7 BB 0 hesh o] et

7= B, +e,

A7NA, 7 = Ae] dzrlo} o]

X, = $309] @zrle] do]

e, = B4 y=e] 4
B = 372 71271

10575 2 3073 7HAE] d=2nlole] 8-S vh&3t
722 AE R (linear model)< o] 83l F EAJEoZH

Bl F4 ekt
Yy=ptSte;

71, v, = A ol Sshe A 2] d2u|of
po= A B

S, = A ¥ g3}

e,; = deleat a9

1. e &, 2 I XA ZF 2l=20]of 20|
Hol dEd F, 2 Y A 3F dRujo] dolE Ml 'E‘
23h7] 95t A ES TGk, F5 AFe] 305+
26475 W 24zt Feof B a3 olw) g =9 @
Ao dzZnjo] Zolg =H3la, ole] ZIE Table 20
ﬂl/\ls} ATk 307 FEERE 22| "laZnjo] ol |
sl o, F-oF ®of dmnjo] Hol7} A 2ol Bls|
%magi 7¥7} 0.334), 0.30u o] M2 M), Frel A
Fol 645% wle F= DA =9 0.154), EE 0.22H) &
A o], FE I AAgle] WA AT F R F d2n|o
Aole] oA zol7t U & F AUNATE EIF AFo] F

A1l we} 3msh A1 3t daznje] Aol AolE U

<l
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Table 2. The relative telomere length of parent and their off-
spring at different age of Korean Native Chicken

30 wks 64 wks
Age
ACt 9-BACE ACt -BACt
Father 1.12 £ 1.75*  0.33 0.01 + 0.63* 0.15
Mother 1.26 + 0.94* 030 -0.52 + 0.59* 0.22

Offspring —0.48 + 1.48° 1 —2.68 + 1.28° 1

The values are means + standard deviation.

*® Values with different superscripts within column signifi-
cantly differ(P<0.05).

ACt is equal to the difference in threshold cycles for target
and internal control gene (18s RNA).

22%C indicates the fold change in gene expression relative
to the control.

AR JERIATE o]2] gt o2 Alh(Zeichner et al., 1999)
S H] 53 rl$-~(Kotrschal et al., 2007), 7H(Brummendorf et
al., 2002), 4x(Choi et al., 2010), S| *](Sohn et al., 2008) &
A BE FElA Aol Tt uhet dZnjo] Aolrt
Frolzlth, g 74 fol| = slo| By 055 =i we W
z‘sﬂ:rL /(—ﬂﬁ__e.. \;H)\}oi oﬂe:lo]] Lq._E_ E%]iu]o] 5}&_4 Q FISH
Wi o g B3 Al 1055 W] 2.93%, 305E w] 1.99%,
6077 W 1.44% 2 80FH W 1.29%= o] S7Istel wh
g} d2njo] o] FojH o Fhiditt= AARE AAlSt
3 JTHKim et al., 2011). A, F-o} = 3t d=njo] Zo]
o] EAollA FE ol BAIGlo] o] & Tt Aol gle BoR
R e Wl 2l 24 4 9 3 el

Qe Row wehbAu, Aol 27kl bt clel 83
751 OO]JJ' tEo] drbao g ofido] FAHT T dtn

214 I THBenetos et al., 2001; Nawrot et al., 2004). ©]
Eﬂiu]oi 7101_04 /\“l 7]—34 7‘(]-0]{. 04/‘3 _Q_EEO] oﬂ/\E
270] danjo] A&&S WFAU, o] F e X A
A ZF e X QA o] BG4 stet o] dtka skt

mO

ol

(Okuda et al., 2002; Aviv, 2006). ¥F, 29} =] 9] 3%, A
ARl A F7lo] Al vls dzZmjo] Zolrt o 71 A

U

o8 Hu3la 9l3(Choi et al., 2008; Sohn et al., 2008), &
o] 2%, 1053 8077 ezt dzrlo] Lol S
25 o 71316 A o5 2 Ael} §le Ao unst
3 JTHKim et al., 2011).

M

2. @zojof Zole| KM
g NS dzvle] Zolo] tig FAHE FY] 9

sl =AY Z 4772 A6k, R
dhAl 25 0] 'l Znjo] Zo]E qRT-PCR
ATk o5 FHE FHL Ao RRE HE AR S
A} ZF frAbEe] ofgh vy Z 7 Fof A 2l 1o
3| A4S o] g3dte] At 9 ASEA g S 4
sttt 39 35 =2 A7, V= 045X — 1.52(P<.0001)
2 Ui, o]59] A3 09007 A TkFig. 1).
3, 105758 2 30577 A5 d2njo] Holo {4
2 BAE @Ay 0E5ES o8kl 7~871A19 FA
= J

E.{

A W 6~145 A xe] viadn) 7Hzﬂe S ZA

stath ZF A Se d=n|o] ke Q-FISH WHa 57
A3lal, B Bkl o3k f-48-S 43 A 10% ol A

S|
= 0.033, 305FH M= 0.041 2 UERTH(Table 3, 4). o)<}
zZ

do] 4A hA|e] dznjof oo et FHHE vt =
6 - ¥ =0.45X — 1.52
4 - P<.0001.

<. h?=0.90.

offspring TL
o

Father TL

Fig. 1. The regression analysis of father on offspring in telomere
length of Korean Native Chicken.

Table 3. Analysis of variance of telomere length and heritability
estimation at 10 weeks White Leghorns

Sum of Mean Expected mean 12

Source df
squares squares squares
Total 63 0.288
Between sire 6 0.029  0.00487 oo+ko?  0.033
Among
progeny 57 0258  0.00453 oy

within sire

1 2,
k = n—— = 9.00
n

s—1 2
= 0.000038, o}, = 0.004530
402
b’ = ———= 0.0330
o, toy,
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Table 4. Analysis of variance of telomere length and heritability
estimation at 30 weeks White Leghorns

Sum of Mean Expected mean 12
squares

Source df

squares  squares

Total 61 0.249

Between sire 7 0.284  0.00498 o2 +ko®  0.041
Among
progeny 54 0.0348  0.00462 o

within sire

k = Sl(n > ) = 7.6175

o = 0.000047, 02, = 0.004620

5 40?
h'= ———= = 0.0405
0, +o0

W

o ERTEEEE
go] 7ol glx, Wolo] vlie] f44 2o g 2

2 Holu, 7ol ZUIslEA
a1ldl] el Wol7t vYehde A

S A 9 e Aoz Huyu rkSohn et al,
2008a, 2011, 2011a, 2012, 2013; Beloor et al., 2010). AF+2]
73, dmrlo] Holo g = 34 Fho] 34~82%=
HaElo] Atel] wE 429 Fo] uj-¢- ArSlagboom
et al., 1994; Bischoff et al., 2005; Vasa-Nicotera et al., 2005;
Andrew et al., 2006; Broer et al., 2013). ©]2]3+ 548 4
9] Wel/k A ABEA R AAEL APAE whe}
4 W AAEY Aot o] them, Y] the
@ 94 8Qloz dlstel AR} 7] Wel thehd 2
shep AL, <17k o]9] FRE g dznlols] FA4
34 A7 38 ATAOR ol Folx 3 g, Erhi
73, ol9] f3S 0.52(Olsson et al., 2011)2, Hu}2]
A2l 7%, 0.09(Voillemot et al., 2012)2 43 Zo] F
g Aotk ol AY dFEY] A" WA AH & F
of Apol7k Aska, K3 FEE AT, QR 0% v

o2 gQld =EHol dso® Y FHo] g4 7]

0.

o

-

g Fo 2 Helrh

3. gzojojel R 24
SolA zrlo] Polo] fHe] P AHRIA G
Z

FANGS hFo s A el 244 3F "lZu]o] Zo]
= B

2 Uehstm, B AR AlSE 0346, Fd 7Hll= 0357,
22} 7hllE 0355 2 2y 7hllE 0396202 2% 593

A Algel T a7 B e A A
Bsio] i) 71K ol BEE AABT Uk 27] ATl
Akgre] 2%, ohwlA s} @ Te)5 ofeluish A5 2kl @

o

=
32} B3 human telomerase mRNA(hTR)Y & 20jo] £
Ao F8g 4&S = DKC1 42 EAgoz da
nlo] Zole= X AAA 9 ZFsHAl A= o] dkar AAEH

Th(Nawrot et al., 2004). ¥HH, o]2]gk o] 23} 4Ht=]A] op
A&} A2 2ol ®=n]o] Zole] Fapido] EAlta, ofny
o} A2 Fholl e iAol gitke ol &= Al7Ista slet, ol
£ o x]e] & =zn]o] Zl(imprinting)©] &G A gl 2l

+ telomerase reverse transcriptase(hTERT)U telomerase sub-

Table 5. Correlation coefficients of telomere length between
parent and offspring

Relationship Correlation coefficients p
Father-offspring 0.348 <.0001
Father-son 0.346 <.0001
Father-daughter 0.357 <.0001
Mother-offspring 0.380 <.0001
Mother-son 0.355 <.0001
Mother-daughter 0.396 <.0001
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Fig. 2. The regression analysis of parent on offspring in telomere length of Korean Native Chicken.
(A) father vs. offspring, (B) father vs. son, (C) father vs. daughter, (D) mother vs. offspring, (E) mother vs. son, (F) mother vs. daughter

2 GASHE AIA olAlo] A Ee] dRn]o] Zold]
S n| Rtk 319t (Njajou et al., 2007). E=3F FA1 2] germ-
line cellE2] €l Znjo] Aol =2 telomerase W& &
Takar vl ohFe WlolE Ui a slet), A S 22
nlo] Zo|= paternal gamate?] EZr|o] Zolo} L3 T
o] IF= AlAlste] HEZnjo] Ao|7} RET= Fo] g3k
< vEetn O]-“E}(Nordf all et al., 2005, 2010; Kimura et
al., 2008). 33, ZFollA ok JFA] LFS kakapoS ©f
do g dREnlo] oo o] FEE BAE A, F
(ZZ2)Brh= B(ZW)e] ' =Zn]o] do|7} A& A JakE vl
A, ot =4 daxuts A daxe] o|dHIA
(heterogamy)Z A¥o] Sl& Aolet FHeth =, W A4

Aol YA FAATE FAHA AR A1e A3 A
2 2AsAY, AAAA AR A4 A ke
ol 7|22 st "lZnjo] Holg] 7Jr°1% zAgtar A
A8} th(Horn et al., 2011). 4|9k, L 2
= olEHE E UE Fe= E*‘EUM dole FE o
L gow AFHo] glo] Ak dEE A RR dRn
o] dolof] gt Fd F2 A QA e FHSHA A A
Al EAsh= d2ujo] #H FHAES] 2ol o Td
He Aow Adtdn

& [o

4. 2AH Aol e LA xho| ezojof Lol
5] Aol WA o] Wznlo] Zolo] A P



Park and Sohn : Inheritance and Heritability of Telomere Length 223

Table 6. Telomere length of mother and their offspring at
different maternal age

44 wks 64 wks
Age
ACt p-AAct ACt 2-aAct
Mother  —0.52+0.74"™ 1 1.34+1.18  0.27 <.0001
Offspring —2.33+0.92 1 —257+120 1.18 0.2431

The values are means + standard deviation.

P indicates significant values within the same row.

ACt is equal to the difference in threshold cycles for target
and internal control gene (18s RNA).

224C indicates the fold change in gene expression relative
to the control.

A A T AN DO MFY D (47
d RAZRE HASE 2] d2njo] ZolE Hlw BA
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I} e AR ekt ol 2] wesle] G we
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