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Understanding the cellular and molecular mechanisms of dominant
and recessive inheritance in genetics course

Wanjin Xing, Morigen
School of Life Sciences, Inner Mongolia University, Hohhot 010021, China

Abstract: In Mendellian genetics, the dominance and recessiveness are used to describe the functional relation-
ship between two alleles of one gene in a heterozygote. The allele which constitutes a phenotypical character over the
other is named dominant and the one functionally masked is called recessive. The definitions thereby led to the crea-
tion of Mendel’s laws on segregation and independent assortment and subsequent classic genetics. The discrimination

of dominance and recessiveness originally is a requirement for Mendel’s logical reasoning, but now it should be ex-
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plained by cellular and molecular principles in the modern genetics. To answer the question raised by students of how

the dominance and recessiveness are controlled, we reviewed the recent articles and tried to summarize the cellular

and molecular basis of dominant and recessive inheritance. Clearly, understanding the essences of dominant and re-

cessive inheritance requires us to know the dissimilarity of the alleles and their products (RNA and/or proteins), and

the way of their function in cells. The alleles spatio-temporally play different roles on offering cells, tissues or organs

with discernible phenotypes, namely dominant or recessive. Here, we discuss the changes of allele dominance and

recessiveness at the cellular and molecular levels based on the variation of gene structure, gene regulation, function

and types of gene products, in order to make students understand gene mutation and function more comprehensively

and concretely.

Keywords: genetics; teaching; alleles; dominance; recessiveness

i V£ (Dominance) 5 F& 1 (Recessiveness) J2 i 12
IR AR 2 B BRI , ot A% 2 vh e o A
Z— o dafBIR AL S R R i A — X SR A B
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PEIRBHE A OCHE, o A A XS A e i
BE— XA AR 2 A Y 32 1 43 5 B R X AR X P bR A
I 9: 3: 3. 1 HMAGER. HEESREMEIFE
B FE R B | 1, BIUNTE AL, A2, A33 AT
A HE N (Multiple alleles)H, Al 5 A2 7E—il2 i i
PE, AR E A3 76— & W ] e &8 o8 4 1
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S5 AN, TR AR R I 9 P A 1) 200 R 5 v 2 7 A 4%
TAYERA CR 2 2 F0™ ) RNA 88 15
TEYNME P RV o DR e A S A Rk A S T
DA B B 11 BT 8l RNA 78 20 i vh anf e 4 FH o A
[vi] 1) 45 57 B PR B 2 L BB RNA T4 i A
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i 2 A TR 22 PR 25 (0 ik PR S 5 R M ) 20 T AR W
SEfili o

1 gt AR e P S Pk S Rk
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S i il 1) 2 EA] 114 B R B e T i 2k ke 1Y) il 2
R BAMAEYE . TR SRS, il
it 1) B S B R T B 7 AR — AN PR K AR T el AR
EH AR E N RRARERB N EN,
MR SRR AL A FRoRBERS ™ A A TG PR 0 i 2
ENIEEN, a FORABEAERE A ECE AN EA
Caqek TS R SN I, IS A28 5 1k Aa 520
G AA FIR M BGEEE 7  h BR AT PR I
REFRR I AR, W HAEA RS AR 1 aa
A G AR B A B e R R R R T
B iEYER R, SRR AR A AR DL A e, R
PR R R o 3l B AR A B ARy B M R
(Haplosufficiency), B} H 2 —> D a8 5 Rk 12 A4k
F5 20 M B s B AE H DI REARZS o Bl 4N Tay-Sachs %5 J2&
— DL A T R AR AR Y R B AR
BFE M 3~6 N A IR A&, EHTE 4 S RTEAET
A 15q23-24 KA HEXA J [K] 4 i — Ff 75 B B AR
HB-N-Z. 1k L B i A(beta-N-acetylhexosaminidase
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A), BEHEIE BR pl 2 A i 2 4% 0 0 B2 0y GM2
P 27551 I8 (Ganglioside), T Tay-Sachs & 1P~
HEXA %57 i [R5 A 5 il 5848 S SO 4 5 1 B C W e
A SERTATEED, RRERR LM 240 b 2 4
GM2 # T H R, FE GM2 M IETE M 440
Jorh AR, SLERAEAET, F I Tay-Sachs Ji .
XIS I B 1 50 3R X T 2 i A 3B T R S A T 1) S o
BEPT AR . SR A U R T R A
RNEPRIE . PRIBRRIRAESE . Z BT LARIL 58 4 Ak
B VTG — A TR % 5507 5E Rl BB ¢ 4 PR Tk 240 JfL BT
W IE R AR, RO TE LAY |, XERE AT
HIFATFERE; 0 TKF EXKEFIAE Y
VEICRHEAESL Y , e R TR B S S R FEAE
JIT LA BRIV 2 G A 7 A — 2 1 S RE kA2 0% 2 47
E3ii

1A (Blood type) 2 4k T-£L 40 i % IHi 4T J500 1
WHATRR 5y PR A EAR . BokeEY . HiE
HANRE E 5% XEH S N & By s, =2
e PR 5 00 o [ BRI 2% 25 (International  society
of blood transfusion, ISBT)H RjiAE AZEA 33 Fhifl
B FR 4 (http://www.isbtweb.org/working-parties/
red-cell-immunogenetics-and-blood-group-terminoloy/
blood-group-terminology/), 1 5ilf K% R % U
f2 ABO I AYFI Rh MR F 58 ABO L HY R 58 21
YU R 3 FIOBERE AL, 433K A B, B it
JEA O HUIRMH PBT), ©ATE A R EE A R
(Isoagglutinogen) &K 1) 3 ANSA7 JE ], 43510
I*L IBF1 i, INAF134412.1, NM_02046)%if% 354 aa
B N & Bt FLWE % ¥ % B (GalNAc  trans-
ferase)(http://www.uniprot.org/uniprot/P16442), 1fifk
16 H W) 5 i) 2 FUE B A I b —> N 2 FLA
(N-acetylgalactosamine) I i, A Hili; 1% J2& 14 4ihs X
1 C*°>G. G">A. C7°SA il G 5A 4 4MFg3E
THRTH R SG, GP5S, LM K G**>A 4
AN EIERRUUED, G i FLWE S5 S  (Gal trans-
ferase), MEALTE H Yot F LR AR I fin | —>2f
FLbE(Galactose) i B HUlE; i BT 1* 4B X Ay
GO, GRS 87aa fF RSN RAE, FEOLEH”
AR S, FEACEEEE . T VAR I° S R AR
AESE SRR A THRE RO, IR0 48 H W B Ak

A FUEF B B, DALY 1AB (AN 0 21 40
FIA AB BRI, RPN AB LAY, 118 RN
ﬁ‘ﬂﬂg:/ﬂ%ﬁ‘@%/ N O

1.2

fil K FE D) g FEEE T MR SE <1, HE5 T
R AE A A A AN L 20 Sk, IR 22 R 1 ot
BT R A Y TR BE O T HOE B R 254, R
THHE

BIREARIAR T RRFEMNEAR, 45
BIRBE AN 25%~35%, FEAFET 455404
Wi AE . B, k. DU B sE . i si R
FRREEREEA 40 243 EY, Hep COLIAL fil
COL1A2 JE[H i 4 b ™ ) FLAR LS 5 T i) 1 Y55t
EHEREEA TR TEEWIEL. f 300 ZR4554;
A L5 S PR T 3 A3 R R A AR 22 58 A8 i s
AN B AN 4 9iE (Osteogenesis imperfecta)—Ff [ &I i
RIS 800 AR K IR E R
YT EE T, AR R AR R R A IR (AA)
FMIEH , COL1AL B COL1A2 (15 AEHI L4l 4514 (aa)
ANRET A D Re 0 e AR T S AR, AR Ak
(Aa) B A — N IE BN, EAT) 3R 0 2% A 1 e i
B, X R B R A P A 2 (Haploin-
sufficiency), fEFERIMNATE R BIE XA FF UL
W45 1 28 1 R DR 45 1 R B B I 8 1 B A A A
PLEEE Y, (A5 R G — AN BP A R LA
F W s A R DALERF A M IE o R A, st R
AR SR AR o I A S0 e PRI e 0 I o ke
APk, AR BY A BAEEAR B DA S i S AL
ik PR B T 8y A S5 R A
1.3

I 2T 2 (4 J& B T 7K 4 %} (Channichthyidae)!” 41
B R A EA . WAL &
2 oI B TR 25 ALY I 1) S T DU SR AR (0o Bo) , He T30
Fl R E Ml e A B T 45 B Ao -, B R U Bh 4T
AT T RINUA S MR R AR R . A4
1530 o R B S JE P I i A, I 21 2 (1 R
FAUAT DLFTTE M (B4R 5 A kAl id . BEAa HLIA SR AL
AR, BHELEEHIMIEAG), LERa
BRI S5 1 TEH (B A Reds & R 2 A5+
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B —J5 i, LT3 [ RE LS A 2/ A 53R5E
H SRR BE AT G o I it 21 8 1 A R TR Y
PSR RBRET .

i T1IE 40 M Y 1GE (Sickle cell anemia)fe AZK5H
— ANESFIKF T AR B BB o 15 H PINLLT &K 14
(HbA)WIE 6 NIRRT , i TR G A
i A8 1 40 A R S A R 5 Ak 0 T 4N 2 IR (4 B
L2723 1 (HbS) o XA IR T BILLT & 5 F Y
725 (MM G A R TAT, B A R P A8 R W Tk R
MEERR L), SRk, (ML & A SR Tk, mAs Rl
{14 205 B R A AR AR A R (D% 2 P ), K o
HbS t HbA MR SCEMBE S22, AL B
A, 240 21 2R AR A B9 R LS 4
RAEWGAAL, RFEHm 85 MARNATRM 88 4%
RIRTE B — K PE T4, 1M HbS AYEE 6 D402
FRIEGFAE M, w24 A SR 10 45 25 485 Y HbS I
ZIAE BRI 48P, FIRIR L HbS & AR
EWRANEEDIRE, ek Limtt, Ahgl
B, 5ER M.

HbS 4li & 4 (HbS/HbS) 4 13 iy /™ & 4 22 IfiL 1fii
BET, {HZ24 R (HOA/HDS)— M A R BT 1M, Ui 1]
HbA Xf T HbS S&{ BL K& Bk, RISk — N 1EH
HbA 54V 3 R 7 7= 41 Hb A fiE 0% S A1 41 i BT 7 22 1) 4R,
R, RICAHATIET L o (H 2385 R SR (AN 5
J5) B8 B e s ) T 2 A A I (e iR B
SEAR T RO, 225 AR (HbA/HDS)t 2: R Bl
AL, PR Ry Bt Bk — AN IE B HDA 5057 35 (5 (1 7= 49
HbA i B A RESR LML T 75 2L A0 AR, HbA
SiEEAMN WA, BB W HKM RS
EjHR40 M HbS 454, SECEA ML & A2 AR
K CTASHE 5 HHAR Y HbS 454 A, F£IH 5 HbS
4l A (R (HbS/HbS) A [ i ik 70 T8 40 i 3% it e, ™ e )
FEIET . AT HbA S50 R R AR A 2
1M HbS 3 P AR o, 17 38 P 2 67 e P

S VR A A7 5 DR ) S S R T R 5 % S
A7 3 K I SR B B MR . AL AT BB 2 Rl ok
X, VHEFT R AN R HR f ki, A7 R A
Btk 56 R AN [A] o T4 0 T8 4 3% I RE MR, HbS
S L — e Ry B SR ] {H 445 1R (HDbA/HDS)
SHE R (BT 5D B AR R 4l AR (HDA/HDA)SE , R 1t

TESEPIZ W B DX (— ez Tk 4K), HbA/HbS 2%
G RAER R IAL MR AR, S R B e i b
P A 70 HbA 2l A Al A B T U, R HbS 25437
FE RO T PO G R T & o A, T HbA A B
ARk, HbS lif 1A (HoS/HDS) i SR B L =4 1) 9 2R
ST ARG, (FL PR T a0k ol 356 D] 78 R 7 AT v A b X A
SXTAM, P EIERA S WG R IM, BT LS B
T B AR I A A R SE TR T Y Rk Y
Tay—Sachs Jpi & — AL B F-, Tay-Sachs 225
TRXT A A PP, X TR R A IR T
FRARHY HEXA G567 55 D5 S A B 1 1 5567 BE A

i ff rp i A — 2R AR R A T Re I B RO
¢ A F~(Transcription factors, TFs). X F 4 fih %% 5K
TR F, HERY BEREAEAEN, (B
DREAE R S TREVE AT, RIFE R FEVE Y
AR A B IEARPIERE, BT DAL M R R O
SR SR R BT TRE , RN SR R AL
o RAEWWA AR AER, Framidn
SR A FRENS 5 ML IR 1 3 B A RS S I RIS
PRIERIR, BT LA 58 AR i A5 A0 5 DR 1T 75 A2 17 B 1) S ko

A S S N R TE R B B E &
A, U T dnfE s IR p53 7E DNA $it {73 1
P N oI Rk, TR TR R Rk, il
KT DNA i di e 1k 2, 165 R4 8
B2 DNA 881k DNA R A -,
1M 8% R Ok 56 A4 19 B+ (Guardian of the ge-
nome)!, UIR p53 FEHBRA, AMIAREA ps3
HE, B pb3 HE A, AR ps3 EEABA
AEMTE , AR 2 B T A A9 DNA 505158 24T 3L
B M4 o) K A g A% o

YRR ps3 A R A RE N RIETE A G
Direl, WA A p53 B LA (R (++) T ps3 &
F RS IE W 1, 4T RR 8 TR B (W] U6 Y 2R 4%
WA R SRR FIEYE. (H Tps3 &R 24514 (+/p53)
WA —RAER pb3 SN, Rk —PEEN
S pS3 A, SEOE B URK RIET SR
A—ANEHEANFH pS3 B, MELUE KA T6e
B p53 PURMK, SUBMZE pS3 PURIARA )
fE, ff pS3 R EFEFEFRIMEMRNY, FIH dominant
negative(\mMEAIH]), B Tp53 & 2414 (+/p53)
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AR D, N T AR MU AL PR T 5, SRR p53
S50 LA S A A Pk S A R

2 ARguR I A e v SR

21 L P ) B DR B T e ) 1 S ) R DR B Sy i 5
FEPDAL, A —SEIE I A i 8 5T, T A
sk A RNA YR INRE, FR O AR g 5 5L
(Noncoding genes), 41 rRNA ., tRNA 3 [H DL T4
kLB R GG RNA L, 1 MicroRNA |
IncRNA ¢ RNA E:[K  rRNA Fl tRNA H:[H L4 Il
W, IRE YR ELEEN. A RNA f
28S. 5.8S. 5S F1 18S 4 Fi, M 285, 5.8S. 18S
JE—A 458 MR BT HR I . AR 5 A
458 JERFE, HABEHAE 20~30 MEEHEIC; 5S
rRNA 7 FF A7 200~300 > ITHEP LUK —SE AR LA . iy
T IRNA R A A 2 0y, DRI Bt e — 3
rRNA 25 (0 5E R 5 4% i BV FCAG 53¢ 4 rRNA S BEZH ¢
IR, HZ2HOUMIER Y rRNA A5 RE R IE4H il
R AR AR R ALk, BT DAAS 235 i 30 44 M 9 2 1
BT A, B RS ) rRNA JE R Bk Y .
Genomic tRNA  Database(http://gtrnadb.ucsc.edu/
Hsapil 9/)HIA AJEAT 506 4G 20 Fhbr 2 S 12 1Y
tRNA B, ] LUE X T 64 DM, FI46% e
BAEW T (RNA H 10 Z2405E, FHiLHELS
rRNA K10, 2748 (I HEAS t(RNA S50 3 [ — g2 e
)8

HZAYIAA —IE 45 RNAMCRNA),
snoRNAs ., microRNAs, siRNAs. snRNAs. exRNAs,
piRNAs Pl &K ncRNAs(ll Xist F1 HOTAIR)4E i 4
KRB/ RNA B T 4E A & T 37 Y11 DNA & i1 5t
FEHEAE AN, 3 BETH 1T AR 2 14 9 i 2 11 50k P )
a7, miRNA @1t 5 mRNA 4% mRNA
ok fitp OO0 T FE AR, X o D R LR R A 7 R R 4% . D
miRNA A] GBI ZMFEIEA, JLHH miRNA 5]
REVAT TR A B A 2R, FE AT 5
A5 T] RS 22 AR A 1P IR X 48 miRNA K& ] 1) 12 7
5 B SR AR OG0 B 2 B I A 3R B Ok
FE o HEE T8 miRNA T 5 (4§ L R i 2 RE 1
FrolE g R B Ay, H R 2 RE e —
FEE R BN H o

3 JEPIRGESCE 5 R Ak SR e Ik

— MBI A A PR A Sy ke R T R — A B A
RN GBI i D aap e W = MR R 58 5 e e e X
LK Z [A17E DNA JF 9] EAAAEZE 5, bl s 5748 A ik
G, IEE BT R IR B EL R P I TE T g B B
X5 AR A A BUE, R R R R IR
KA T, Wam RN RE MR, XA
DLITFARTL GE 78 L E SR AL AR R, PR o 8 WL S5
[ (Epialleles)!'”, tEEX 4 @M S5k, fERIEK
s B T ae g A 280, WE s .
9 #1187 32 (Alternative splicing) . 3¢ W 5t 1% 748 57
(Epigenetic variation) . /)N RNA #5455,

3.1

1o S FLAZ AR W AR A0 e e R AR ), (BN
EEERE ) RS B S vy e w N i SR S B |
AR s 2y, TR R AL AN Th R GA, B
PR W45 % BL [F (House-keeping genes). {HH Z {5 A
ETERE A P s R 2k B R e BT B RIS,
PRI 2R o e 2 1 R ARD , BPR Oy 2H AURE S 1 IR
(Tissue-specific genes), ik DX I B Fi% 5L
W s+, WREsh+ &4 T80E, BT 6E
AN AR B A HA 2 ORI A B R] s 3Rk, SE R
AU PR e A 6 5 TR A S Pk 5 B 3 N 1% % U
IZEE DR ) R A AR T 5 RS 1) e B AR Ak

/NERL agouti T (A (BRI (4) R AU F B B R
RS B R I PeE , /I Bloc 2 J 3R 40 R
## (a-melanocyte stimulating hormone, a-MSH)5
extension K& [K 4 ith ) 2 K7 51 2 324K 1(Melanocortin 1
receptor, Mcln%is, el BRB RN A R A
Z (Eumelanin), ffi BN RBE, #Eill/DE agouti B
{4, 1¥) agouti fi5 5 25 1 (Agouti signal protein, ASP)J&
ASP JE B PEIE , 4ifh ASP (558 1. ASP H
H7E B R AR 4 ~ 6 REF =4, S5k
5 Melr 854G, 0 528 8 3 40 M 5 15 B0 (0 (R
M2 (Pheomelanin), 55 6 KLLJF ASP JEE{5 1Kk,
ERB RIS - ERAR, SEUEREN RN
BT A — /N B AR B B R, R R BRI 2
agouti (U] ) TR 201 ASP JE R G 1R 2 4 S [,
A1 A5 or B R4 ASP S [N T LA 2 B R 2R 58 0
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BT, 0 AN ASP JE RN S A 3 N E,
M S'E 3MKICH Raly ., Eif2s2 Fi1 ASP JL[H . Raly %t
R gmis X, Eif2s2 JER 43R A & ASP &A1) 57
PR X AL 170 kb G 26 ASP JE A 4 g i X & T
Raly JER Y 584 X Z Ty A &AL A 5
PIER A AR T, T Raly ZEH RS 8 F 55 ASP
EAES AL RS RE, REERPEOL2KA
WO E AP, AT agouti BEE DI, R
agouti £ [1AIZRIS XA S, (Hg 3T,
Tk Iy R T UL, AR BRI ASP A8 R 42
BT B ALt A S BBk 3l ASP iR
FI7E B AR HAth 2 20 B R ik, 5 502 RO
RO R, 51K THBEERE,

3.2

e FF BT 32 (Alternative splicing) /& ELA% JE [H %
1 mRNA FifA(pre-mRNA)J5 , 57445 pre-mRNA
N T, DHESNE 710 B s P b R 81 5l 3 41
FrAtse N & b 1, EUE A BEE R A [E b
220 B A A [ (9 2 1 5T, DT A4 A [ AV o
PSR B Y - RIS, efih
BREL H 3 H BB Gt o 2R R s R, B
ZANE FRINEEEHE Y 95% i 58 LR AT B 1
BRI Y Bt R B — S S 7 R DR AT R
BT 4% (Allele-specific alternative splicing, ASAS)¥
G JROR B ST BN AT AT A O RS M b
SR, IR AR EAR, ArfEsER
TR (R b A 3 A 6 S DR A S 5 B P e A

Wnt {55 A2 2 i AL Sh IR A A b BE
W EZEHRER -, ZES@REDA — Axin 1,
HEAT 8 ~4h R F Axin(axis inhibition)J& [l 45 . /N
B — R 45 B L (Kinked tail) S RM T 17 S
fafk b Axin FER H 22 302 — Axin™(axin-fused)
o | g A ME Al A i PO, AxinPY A A
P FER, EAEE A Axin FEREE 6 N & F a6 A
T —N i ¥ B T~ TIAP(Intracisternal-A particle) 73K,
AP {3 A 2512 Axin™ pre-mRNA w57 121271,
FRTEHE 7. 84 E+, BIFEHF T 1Y 1~596 aa (154
Axin™MEH, Axin™NEHS S 832 aa AYEF AR
Axin FHFIE MR ZRIK, 8 AR Axin HEAA

AEFFITE ONK, B0 Bk Il R Y, Rk
Axin"/+/NEUY kinked FEELAR S, A HRAG A, TAP 4
AFFAESE AT Axin™ pre-mRNA & A= e #E 5
B2, B AxinTYAXInT 4l ARt e A A 1E BT 4
i) Axin mRNA, T LA 28 AxinY/Axin™ BUIRSEIE
A UEHEN 4 kined F2 ELIE B AR IF A H B AT E
5w, WA, BT IAP #BfiH) DNA HI {4
2 WL 8 A4 46 i (Epigenetic modification), Axin™'/+/)\
BRI kinked )8 E 7% 5 76 B K rp 22 90O 50 42 40 B
(Penetrance) 138 ¥ J¥ (Expressivity) 2%,

118 5 BOPH A Hh A Aa R R M 1 Y sxI(Sex le-
thal) i R & — A~ e B 35 F2 45 A [R]85 1) 461 5
MR X QR SRS W ARSI E (XA,
PEFREON 1 IF, sxl ZEH Y 8 ANHME 5P 2 = b g
FHEEY I, TR 7 AN BTF PR — R
ZIk, 51% Fi# tratransformer)£ & 1Y 4 440 5
TR AR, By A LB 15—
ShE T, PRHEE BB WAk g1 & o — A R
dsx(doublesex)f) 6 AAh I Tt & A= vE LT H2, BY
A FOFN SIS, PHEER dsx BRAES
SRR PR R R B RO A, S R T 2 R e
BPE R 0.5 BURF i, sxI LR 8 AN A F AR
HEE =5 B F NS B AR EN T, S
PERRETZ L, RmiRE G — M R/ER R, X
iR UE tra JER A 4 AR S P ARG RS (HHEE —4h
B NER AR EE, SEEEA R A 6
W) tra B, TH&, FUEAY dsx BEAY 6 MM R T A
A gy —FIE e Pe e BY 4, BT H5E 1 Ah 1,
TIN5 NAMEFIHERIBE R BRE dsx &, 5%
SRR TR A E RS, O R SR e
S sxI ., tra Al dsx 453 Rl p e i RO, R
ENFHFARMR AR R Axin™ ABFELE e AR T BT 45
7 5L R S e B B e 22 R, ARl — R AN
[F BT = W] 51 R AR TR E R ARG 5,

WP T RUIE (Papilio polytes) i 3 % B a5 #1245
21 2R XU (Pachliopta aristolochiae), B AIZS .
AT &P, TR XU dsx i PRt S o e R B
e s, (XA FEFEA 3 FORE B B B2
T2, BR T — R BT Y TE B A B A 5 i A
AL, A P BT R P e e S R Rk, T
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SE T MEPE Tt XUER B i RS sson B, R A
DR (%) 5 A 3k 8 B 122 01 X ok e e ME LS Y
AR

e KRB CACNALA JEH ) mRNA B T
FHPE 4530 18 B ) — N ol A S, e B
N FRAZ AR A 55 (IRES) B H o5 — AP 45 4 A1 o)y
e S Z e ARFMZIE 0l ACTP? . IEH K alACT
JE— AL F, & Purkinje 4IRS T A FEH
Rk, R ph AR ALK, B 5M ol ACT % T
Z 1 2 R4 & W% (PolyQ tract), 51 A& A58/
SR 6 A(Spinocerebellar ataxia type 6, SCA6)
TRAE o XS FE A B PR AR 7 P09 AR mRNA (191
PEVES R T s, & HIEMX Y6 ER
(Bifunctional genes), iXAF M EEDR 25 3R AT IX 73 55 o1 K&
PRI s HE 8 Bt v n 1 52 2k
3.3

2 W38 % 7% 5 (Epigenetic variation)J& 48 3 [F 1
DNA JFHIA B AL, AELHDIRE & A T At (48
o 51 R R a5 A5 A48 55 114 32 22 i [K )& DNA AL
HE B, 255 kA X P F W st % 748 S 10 S50
R B I B o 2 WL 4543 56 [H (Metastable epialleles),
] PR 22 &A1 3 [H (Epiallele), fE#ERaE # L P2k
WL R ASAFAEDY, SR ILF haEs s, SRR
F IV

F AL RE A A b SR B ek, HIF:
AN AR, W& —Fh a2 5, L DNA H 2
e & Ok S o 2 B, Rz 3
BRI, ard/N A agouti FEHA — AR
SEIETE ASP FE[R 4 A5 X [ UiAE A T — AN T
IAP, FRoA A®Y SEf7 LN | 22500 5 JE 1 () K AR B
B (LTR)HA JG sh 72, BX 5l agouti F K] A% 4 5 [X.
Rk, SE AP REKRBEKEE, Hii AP
Xt BFAE T ASP (LK (A) 21 . {H TAP 9 LTR b
) CpG 252 # 34k, LTR 4bAY41EE F H4K20
F3Lqk B M2l LTR 33 FryseR.. i
MRS & SRR E R, SS8ubAdEa
B ARPYA J A AR AP SR S IN A7 51 R AR A
T B A ()R T agouti (4 (FadE), FROMIR
agouti®®, RPN A T AR i Ny S A

Tt I U5 1 8 1 2 o5 73 R IR 114 3 325 DT 52 i) 56 7
FER B B AE SRRk

FEH ZH EfliC (Genomic imprinting) & — Fh 455k 1Y
FWEAE AL 5, A A YA S B R Y 3Rk 5 A Bk
TEAR AR R AREA, FARMFE A0
LUK B ACA AT REA DIRE , TR H BEAS TR,
JZINR, XA X A3 AR S Rk B o i %

1983 Ak s hff S B HCE NHE A 2 R R
e LA SR, KI— K Dorset A FHA H
RIS, R M E MR R LA i e 2, iR
/L, B4 R<Solid Gold”,  “Solid Gold” 5 ¥f £
IR RE A 50% K&, MEMERS A, WoR
RN E Yo R i M B RS, X S R
FRM callipyge($i T 3CRE MR, ZAEH AL
kw4 CLPGP . {H 1980 4FRAX A5 1 & Bl
F callipyge £k ¢ 5 B A4 B 2 3 52 B &) A
4 callipyge J51t, HAZEIK callipyge 2815 B4
R EASF A JE P A callipyge, L CLPG 3k
AR E eSS Ep D, HikE ] CLPG S 3
R 2 5k H 245K callipyge 23 F(CLPGP+) [ 244
& callipyge £ HAHZZBL( AR Pat iz 507 R
HARA), FERFIFAZETIN 50% callipyge, i
J& T5%HF A B 25% K0 callipyge, £ B,
At R 22 &R CLPGP/+ £ Bl callipyge, i
CLPGP*/CLPGM™ &l & 1A H1 Fe P A B A= I FR Mat
FORZAFA LR HAEA), 5B R4S R+
IR RISk B ACA 55k B BEAS 1 [a] — 4~ 4507
FE IR A AR5 B AN 7], CLPGP2 Xof B A 18 4637 L[]
JEAE, CLPGM™ Xif iy A A 25 (3 JE DR S Bk, {H 24
EAE—E B (CLPG™YCLPGMY, M FIfa sk £
He, CLPGM X CLPGP™ S {0 3 K iy b Pk, 3kl R
LWFR A polar overdominance(H M8 & )P*)

2355, Bk CLPG N &= —1~2 1 Mb
KPRAF BRI Es ik, Hrh 2= 4 DM HEVEILSE
Fikp gt 8 F BT ENIC BN . BEGAIN, DLK1,
PEG11 #1 DIO3, ik A M 1 1 Jc 3 ik 09 F 4 14
RNA(noncoding RNA, ncRNA) 3 : GTL2 .|
anti-PEG11, MEGS8 #1 MIRG L} C/D snoRNAs #l
miRNAs. DNA /¥ &3, CLPG %{v 3 [H 15 i A= Y
1 X 50 52 B 1 HJZ DLKL 5 GTL2 S Z [l DNA
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4% AR R H A PR RS 03 T /KT b PR S 0 35 TR 9 S 4 5 R 105

F¥ 80 R A — AN IR #5828 (A G i X
ANRAR IR R A A X S I R N, A
IR EE R, DN 58 A48 AT RE A T A £
P, BleE R TR LR TE R CLPG
LRI R (14 B LA B P 0 5 S O, & B CLPGPY/+
- CLPGP*/CLPGM*" 3 [K A i F #F /& DLK1 A
PEG11 ) mRNA @ik, 1 GTL2, antiPEG11,
MEG8 & MIRG ] RNA /K- 5 W A= R 4l & A +/+5F:
TolX 5], BIFERG KF B AR A callipyge R
R CHC AR, (A %08 B Ay b, &8t
DLK1 EM7E CLPG™/+ callipyge “FHIE 45 ML K
HAEAE, MAE CLPGP/CLPGM* | +/+#1 CLPGM/+
B R S LR A AN ), BB RT REJE DLKI
FE 51 callipyge PRI B4 Y CLPG(+) 1] g
FEANUUER T, (XA JBEA B 56 DR 2 155 1 R 3k
M 28748 J5 i) CLPGP S5 (o 3L R S 2 Wil () DLKL F0
PEG11 J:[H 45 18, (H CLPGM™ 25y B K 21 5 5k
antiPEG11 Ml MEG8 % ncRNA Fikf, ixuk
ncRNA 2:4iifi] DLK1 #1 PEG11 mRNA &%, W
It CLPGP*/CLPGM™ L [K Bl v A2 Y CLPGP* 45 37 7
F3EhNAY DLKI1 #1 PEG11 mRNA #¢£EE CLPGM™
SN IS neRNA HEW T, ASAEBHIEH LB
ARV Z 1) DLK1 8, BikR I callipyge FRIA;
CLPGMa+ %L K Y HJ& ncRNA M4, K i 2 20
LB ALA R KA CLPGPY+ 3L [ B T
DLK1 #l PEGI1 # mRNA, HARZHEZK ncRNA
Wi, HLUEEE2A DLKI & H, RM
H callipyge I, Sy faf — A~ A 7 ik 2 5
(SNP)ZAEAL 55 | A b K B8 7 AT & B A8 1Y
CLPG fii fi ) CpG H HEALFEAK (Hypomethylation) i
AR T RA Y IR B 2R, R R ) ) R PR A L

4 Wi ELEN P TE Gt A LS LR PR ek
Btk

AR LB E g AR b S5 B R %
GRS AL, Re6s 0 Wk S, (AP kb
AIBE DA 5y X o A S R . AR IE H g (o
R RSt XX, B XY, X5 Y FHAEREG 6
A, B b HUA R Y 5 fR X (Pseudoautosomal regions,
PARSs)[R]E, BTl B i BE KA 22, R 43 XA [

FEUATPER XY Jetafk b4 R 2508 H U Ay
R, AEERERE

LR XX JE— X R R, H A %
PRI A, B BA BRI Z 5y Ak
MR SE S, oA A X etk ]
BB, 55—, I E—A 40 m
T, HHE X ESER WA RGN, AN
PEARZS o BORE 5 1006 - X 3% A3 R R 4l A (XA XA
o XXM e w5 H AR, A A b
P4 X T A SR S AR R], 140 B A% RS
A EER X YR, (BT X RN
AR (XA B X%,

SR, X T X B R A 2% A IR (XX & P i
T, ORI . AR A X e alk
o) — S5 e IR G T R BE LIS TG, i HL— HLZR TS
XA AL 43245 04 BT A AR A BT 2 PR X AR e 0
) X e Rkl M R TEARAS o XN RS A 45 R &
R R B A AT P SR SR SRR XXM T
P, T AR A0 A A A T R AR A SRR X(XY)
BIEE, 2PR B SE XAX otk AR T XA
AR AR R TS M X AN BRI R A AR . &
PEM R XA QTS X AR B . oA
DL R RAI Y o H T ORER 40 G i 2 11 5 A 2 R 2 4
AU RIBM S, It A Fl a BERTE L PEny s
RFA FBoR ok, BeF XA X AR
FEA PR B A LUR R A . N2 F & X E
Wbk 1 A5G , SRR A 0 i R BEIR . 2 B AR (XAXY)
IR M A R ) XA RIS, MR
X, MRMLALOE . WA AR RN T
Btk S S R A MR, e S R B R T
P

IR ak e A S A AN i ok, HoA ik
i 2 20 A 2T Skt 3 T S S etk BT
DAARIETEME X 4% B 7E s MR g sp A5 20,
SUBEA B 6 A T S 40 e v o 22 0 R HE T gk
Ho HXTTARLEAE AR AN P 3k & R T X &
FEMF, HRAAR. BT X YRR,
i 5 & AR FERRRG & B R, wia T eE S8 XAX°
VR0 I B BRI X B4R S T 28, X%
Bl FabE L R 22 A A R B R B MR, Bk
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FERA R T k. B0 A5 Lesch-Nyhan £
AR ST X% K DR G B 1 U Iy I My Tl R A
¥ %% 1 (Hypoxanthine guanine phosphoribosyltrans-
ferase, HPRT)MJAE G & LAY X 1% B Fa k51495

A XX b T XPRIER AL, BN EN:
XPRUpg 4N 5 T 2%, FPLH Lesch-Nyhan J&E,

FLE R R B — X R IR AR i XX Aok,
i —AEHH Lesch-Nyhan R E, 1Mi %5 —AN1E# %),
A XXMPRT L3 Lesch-Nyhan gt 3 JE 25 2
AERY HPRT JER =W ELAY “BRIE" T HF AR R SR 2
N 4mis AT DIBERY HRPT B, 12 i T 280k 41 i
PN A A TR A SR TR A X e (e AR R i T ik = A T
AEMY HRPT B, /BRI H AT 9R B8 Y A R S5 A7
FEDIVE M, H 3K SE A0 i I T AT X o3 B AR XS PR
MAEHEEIR B Lesch-Nyhan JAEAk, HIZ<& 14k
R T RRPEMIR . IR B0 G HOEEA , HOIE
KPR B AR X BRI, M2 A Al
BB BBE SR T X QA RRENLRIE e, o
T X I S A7 35 DR S e A6 A7 5 DRI g o vl X
B AN AR, TEAR ER T & — X 4
A7 5 LA 3 S5 A T ) SR 0 .3

5 HEPALRIBREIR i P ML) e

S A0 R A ol g 35 DR 7R3 et P A R e
RAY, AL L O e R AR e S A, AR b
JIT A 1) 22 TUER J2 iy 22 b 5 [R5 28 A S5 DR 4 )
AT N AR B AR R R 2L 1 B s ok
MR, FLSERRAAETE “BRIEDRR” . AT
VO A 1 A5 o7 5 DR 92 S 18 J e bR s e M PR A 24 K
Z2 B0 B0 2 B 5% MR A 5C i I Ath 3 [N (st A
T 50 AT A8 A . H 5 2Z R DG A Ath I PR L 28 2 A B
WEE R A=A, W2 maFRAT I e i & A 5L
P4 d P R R

TEfL e erp, B ARV (Bpistasis) i iR T 4t
k[R]85 S I G T 47 S e R AR A T 5 181 4 v A
FER DI RE R A S B, BN A — (5 5
i e AR S i O, AR I R IR A AR UME
TP LRI, R AR R T U,
DU HC A 55 DR B TE 3 1™ ) AN RE R B AR 4B
AT B . I — LI R 2 ] A I R AR At

T P B T A T R SR R X A R, HAE
SRR ) Zh e S HoA B T RE SR I TR &L
TR 53k R B N, Lo PEvEIR & 7 A OGS
FSRSEN I I R S

A5G AL P RE 1S5 S B i KR DR e 3k, AT 52 ol ik
PRy Rk o anAT iR iy /N B agouti @ P SE A B A
ARY APV Je RN LA SR A IR I 0 18] 345 K Y
o EAE Y, L LTR 3 35 T CpG #t FF 34k,
Pz BRSO T, BRI e S
i FEH A B agouti PEAR (i agouti) .

ISR AL R 75 T G B O A S S L,
HERR T AR KA A . A ILL 8 11 5
poRoIN = R W A R - S B ISP o (P 9 N
[] 1) G M L A AE N AR R T AN [F] B BB AR . PR
A o FIRAS B I ZLA 2 R R DU 2R 1A (02B2) 2 Hi A=
G AR N AL AP RRIE S, o A1 B KHER 53 4b
JUAS BT 4B DY SRR AE IR G & 7 ac 8 v 17 5 DA B
PRI B P O IR AR LIS 20, T o262 2RI I
LA, o2y2 EMMJLHMImETER . ItAlR—1
TRV LA LRI WE 7 3 R LR AR TS A PR R A R
Fo JREGE B A ER R S ik i 48 B A AR Ak
JEAR, AL 218 5 5 R R T 7 A0 28 L A I
LR, AR MG A A RO R AR (H
A JE TR, 42 b b e BE 4R, iR L
CLER IR R R RO A 3 . U PUIAIG 3, A4
B, WM E AR AR, BIRJLnER S
ORI, AED B IEHS R BB, A
RIS N 7E AR ORI S 75 oK o R AN [m) (4 PR 45
o, ATRES OGP ACK BRI, TR A
FIRHY RN .

6 & ik

B R T S v i A A A A 5 O
SZ—o WAMEBBUUEYH R CRERFH £ DNA,
HEAR] “FEN”, dIokM it AR K DNA 22
W, Ry R R AE—B DNA RIhaEE k. FeA]
WMHEAR] AR S FRrE, BrEAIA S A
JERft AT RENE, fPARE TR (A1l
Hoe R AT L H UL AR B s R,
Wi 5 5 7 R AR el B, X A Rl R 1Y
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WA B A — o S LA o S B IRl
TARRE R R ZA AR, EnRAs | B AR, B Ak
W RAEAREFR, HIFARNL, BLbr EE iR
HEIIRRIRAS . “IhaE” AREBE 2, HAEMRE /e
AR A BHERN A A A A 5 W, i EL AR AT 4 i
WA TN T E L “ThRE™, JEHEAEMRAS KK
EEX

“HERT R RAAR . wASRY, (H CIRE” EhA
0. Sha&Ry, BIF T 4T WA A IZA
eE, Hix “457 A A —E BRERIE I
AE”, EUERILL “MNIAIIRE” . FEMBEARER I
IO, 2l T AL R AT A A . RS LA
FLBSNA IR o R A LAY 2
T AR R ALY A 2 W e SO T AR AR, A
B T F AT el 4R 2 1] RS e 20 A R
Je—RhAR B B RO T NE o (AU BRI
Tk B A WL EE FZ R ARG, s R BURZ 16 0L
IR AR IR . Tt IR AT, A
SETESY T MUK B FEVERT, 0 H IR A Y
FERERREAEA AT BRI MR Aok, WL
) AP PR AL AN AU IR e — X S5 a7 e PR 14 P o e
e, RN ERG 2R, W2 e
N S R A NPV R AY/NE i 0 B N S v e 2
PR ) S HEFLAE R T REARE 1 A Ak I S 5 e v
AT UNSRFATHEHE 2 (07 FE IR AE 231 7K - 20 M 7K
b R TR SO B, AR S 5
I AR — 5T BRI 58U R/
B S SONBRE, ALREL A TR N R L I fig
ST, axim PR S RE N TR SC R, AMUAER
TE 53 T4 2 B0 AR S0 ] S M AR PR 2
S O B3 BTN TR TR th 2R R B A
P iR, E AN X A G S A A i B
fp LN B DNRE, AR TR A R I R 254 | A2 5
Fese . L AR BIESE > TRE RO R
5 Z il i AR AL R R LR R R Rk, #E AR
TROULAS 75 W22 () A IR R AR %, LA DR A A i 4 8
HR R A S R A R DA LA TR 2=, XA
SE L R R R A H AR

5% 30k
(1] T, BEdis, SR, FIE. WO TR T HR AL 1y

(2]

(3]

(4]
(5]

6]

[7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

BN, ERIg 55, 2011, 24(17): 2059.
Myerowitz R. Tay—Sachs disease-causing mutations
and neutral polymorphisms in the Hex A gene. Human
Mutation, 1997, 9 (3): 195-208.

Yamamoto F, Clausen H, White T, Marken J, Hakomori S.
Molecular genetic basis of the histo-blood group ABO
system. Nature, 1990, 345: 229-233.

Vuorio E, de Crombrugghe B. The family of collagen
genes. Annu Rev Biochem, 1990, 59: 837—872.

Di Lullo GA, Sweeney SM, Korkko J, Ala-Kokko L, San
Antonio JD. Mapping the ligand-binding sites and dis-
ease-associated mutations on the most abundant protein in
the human, type I collagen. J Biol Chem, 2002, 277(6):
4223-4231.

Marini JC, Forlino A, Cabral WA, Barnes AM, San Anto-
nio JD, Milgrom S, Hyland JC, K6rkko J, Prockop DJ, De
Paepe A, Coucke P, Symoens S, Glorieux FH, Roughley PJ,
Lund AM, Kuurila-Svahn K, Hartikka H, Cohn DH, Kra-
kow D, Mottes M, Schwarze U, Chen D, Yang K, Kuslich
C, Troendle J, Dalgleish R, Byers PH. Consortium for os-
teogenesis imperfecta mutations in the helical domain of
type 1 collagen: regions rich in lethal mutations align
with collagen binding sites for integrins and proteoglycans.
Hum Mutat, 2007, 28: 209-221.

Sidell BD, O'Brien KM. When bad things happen to good
fish: the loss of hemoglobin and myoglobin expression in
Antarctic icefishes. J Exp Biol, 2006, 209(Pt 10):
1791-1802.

RIGGS A, WELLS M. The oxygen equilibrium of
sickle-cell hemoglobin. Biochim Biophys Acta, 1961, 50:
243-248.

Harrington DJ, Adachi K, Royer WE Jr. The high resolu-
tion crystal structure of deoxyhemoglobin S. J Mol Biol,
1997, 272(3): 398—407.

Wellems TE, Hayton K, Fairhurst RM. The impact of ma-
laria parasitism: from corpuscles to communities. J Clin
Invest, 2009, 119 (9): 2496-505.

Makani J, Komba AN, Cox SE, Oruo J, Mwamtemi K,
Kitundu J, Magesa P, Rwezaula S, Meda E, Mgaya J, Pal-
langyo K, Okiro E, Muturi D, Newton CR, Fegan G,
Marsh K, Williams TN. Malaria in patients with sickle cell
anemia: burden, risk factors, and outcome at the outpa-
tient clinic and during hospitalization. Blood, 2010, 115(2):
215-220.

Spyropoulos B. Tay-Sachs carriers and tuberculosis resis-
tance. Nature, 1988, 331(6158):666.

Read AP, Strachan T. Human molecular genetics 2. New
York: Wiley; 1999. ISBN 0-471-33061-2. Chapter 18:
Cancer Genetics.

Halazonetis TD, Kandil AN. Conformational shifts
propagate from the oligomerization domain of p53 to its
tetrameric DNA binding domain and restore DNA binding
to select p53 mutants. EMBO J, 1993, 12(13): 5057-5064.
Milner J, Medcalf EA. Cotranslation of activated mutant
p53 with wild type drives the wild-type p53 protein into
the mutant conformation. Cell, 1991, 65(5):765-774.
Zhang AT, Langley AR, Christov CP, Kheir E, Shafee T,
Gardiner TJ, Krude T. Dynamic interaction of Y RNAs
with chromatin and initiation proteins during human DNA
replication. J Cell Sci, 2011, 124(Pt 12): 2058-2069.

Farh KK, Grimson A, Jan C, Lewis BP, Johnston WK, Lim
LP, Burge CB, Bartel DP. The widespread impact of
mammalian MicroRNAs on mRNA repression and evolu-
tion. Science, 2005, 310(5755): 1817-1821.

Meltzer PS. Cancer genomics: small RNAs with big im-



108

2 f§ Hereditas (Beijing)

2015 537 %

[19]

[20]

(21]

(22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

pacts. Nature, 2005, 435(7043):745-746.

Finer S, Holland ML, Nanty L, Rakyan VK. The hunt for
the epiallele. Environ Mol Mutagen, 2011, 52(1): 1-11.
Vrieling H, Duhl DM, Millar SE, Miller KA, Barsh GS.
Differences in dorsal and ventral pigmentation result from
regional expression of the mouse agouti gene. Proc Nat
Acad Sci USA, 1994, 91: 5667-5671.

Duhl DM, Stevens ME, Vrieling H, Saxon PJ, Miller MW,
Epstein CJ, Barsh GS. Pleiotropic effects of the mouse le-
thal yellow (AY) mutation explained by deletion of a ma-
ternally expressed gene and the simultaneous production
of agouti fusion RNAs. Development, 1994, 120(6):
1695-1708.

Bultman SJ, Michaud EJ, Woychik RP. Molecular char-
acterization of the mouse agouti locus. Cell, 1992,
24: 71(7): 1195-204.

Black DL. Mechanisms of alternative pre-messenger RNA
splicing. Annu Rev Biochem, 2003, 72 (1): 291-336.

Pan Q, Shai O, Lee LJ, Frey BJ, Blencowe BJ. Deep sur-
veying of alternative splicing complexity in the human
transcriptome by high-throughput sequencing. Nat Genet,
2008, 40 (12): 1413-1415.

Nembaware V, Lupindo B, Schouest K, Spillane C, Schef-
fler K, Seoighe C. Genome-wide survey of allele-specific
splicing in humans. BMC Genomics, 2008, 9: 265.

Zeng L, Fagotto F, Zhang T, Hsu W, Vasicek TJ, Perry WL
3rd, Lee JJ, Tilghman SM, Gumbiner BM, Costantini F.
The mouse Fused locus encodes Axin, an inhibitor of the
Whnt signaling pathway that regulates embryonic axis for-
mation. Cell, 1997, 90(1): 181-192.

Vasicek TJ, Zeng L, Guan XJ, Zhang T, Costantini F,
Tilghman SM. Two dominant mutations in the mouse
fused gene are the result of transposon insertions. Genetics,
1997, 147(2):777-786.

Lu Z, Liu W, Huang H, He Y, Han Y, Rui Y, Wang Y, Li Q,
Ruan K, Ye Z, Low BC, Meng A, Lin SC. Protein en-
coded by the Axin(Fu) allele effectively down-regulates
Wnt signaling but exerts a dominant negative effect
on c-Jun N-terminal kinase signaling. J Biol Chem, 2008,
283(19):13132—-13139.

Flood WD, Ruvinsky A. Alternative splicing and expres-
sivity of the Axin(Fu) allele in mice. Heredity (Edinb).
2001, 87(Pt 2):146—152.

Rakyan VK, Chong S, Champ ME, Cuthbert PC, Morgan
HD, Luu KV, Whitelaw E. Transgenerational inheritance
of epigenetic states at the murine Axin™ allele occurs after
maternal and paternal transmission. Proc Natl Acad Sci
USA, 2003, 100(5):2538-2543.

Kunte K, Zhang W, Tenger-Trolander A, Palmer DH, Mar-
tin A, Reed RD, Mullen SP, Kronforst MR. doublesex is a
mimicry supergene. Nature, 2014, 507(7491): 229-32.

Du X, Wang J, Zhu H, Rinaldo L, Lamar KM, Palmenberg
AC, Hansel C, Gomez CM. Second cistron in CACNA1A
gene encodes a transcription factor mediating cerebellar
development and SCAG6. Cell, 2013, 154:118—133.

Rakyan VK, Blewitt ME, Druker R, Preis JI, Whitelaw E.

[34]

(35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Metastable epialleles in mammals. Trends Genet, 2002, 18:
348-351.

Rakyan VK, Preis J, Morgan HD, Whitelaw E. The marks,
mechanisms and memory of epigenetic states in mammals.
Biochem J, 2001, 356: 1-10.

Dolinoy DC, Weinhouse C, Jones TR, Rozek LS, Jirtle RL.
Variable histone modifications at the Avy metastable epi-
allele. Epigenetics, 2010, 5(7): 637—644.

Waterland RA, Jirtle RL. Transposable elements: targets
for early nutritional effects on epigenetic gene regulation.
Mol Cell Biol, 2003, 23(15): 5293-5300.

Cockett NE, Jackson SP, Shay TL, Nielsen D, Moore SS,
Steele MR, Barendse W, Green RD, Georges M. Chromo-
somal localisation of the callipyge gene in sheep (Ovis
aries) using bovine DNA markers. Proc Natl Acad Sci USA,
1994, 91(8): 3019-3023.

Cockett NE, Jackson SP, Shay TL, Farnir F, Berghmans S,
Snowder GD, Nielsen DM, Georges M. Polar overdomi-
nance at the ovine callipyge locus. Science, 1996,
273(5272): 236-238.

Freking BA, Murphy SK, Wylie AA, Rhodes SJ, Keele JW,
Leymaster KA, Jirtle RL, Smith TP. Identification of the
single base change causing the callipyge muscle hyper-
trophy phenotype, the only known example of polar over-
dominance in mammals. Genome Res, 2002, 12(10):
1496-1506.

Smit M, Segers K, Carrascosa LG, Shay T, Baraldi F,
Gyapay G, Snowder G, Georges M, Cockett N, Charlier C.
Mosaicism of Solid Gold supports the causality of a
non-coding A to G transition in the determinism of
the callipyge phenotype. Genetics, 2003, 163(1): 453—456.
Davis E, Jensen CH, Schroder HD, Farnir F,
Shay-Hadfield T, Kliem A, Cockett N, Georges M, Char-
lier C. Ectopic expression of DLKI1 protein in skeletal
muscle of padumnal heterozygotes causes the callipyge
phenotype. Curr Biol, 2004, 14(20): 1858-1862.

Georges M, Charlier C, Smit M, Davis E, Shay T, Tordoir
X, Takeda H, Caiment F, Cockett N. Toward molecular
understanding of polar overdominance at the ovine calli-
pyge locus. Cold Spring Harb Symp Quant Biol, 2004, 69:
477-483.

Murphy SK, Nolan CM, Huang Z, Kucera KS, Freking BA,
Smith TP, Leymaster KA, Weidman JR, Jirtle RL. Calli-
pyge mutation affects gene expression in cis: a potential
role for chromatin structure. Genome Res, 2006, 16(3):
340-346.

Takeda H, Caiment F, Smit M, Hiard S, Tordoir X, Cockett
N, Georges M, Charlier C. The callipyge mutation en-
hances bidirectional long-range DLKI1-GTL2 intergenic
transcription in cis. Proc Natl Acad Sci USA, 2006,
103(21): 8119-8124.

De Gregorio L, Jinnah HA, Harris JC, Nyhan WL,
Schretlen DJ, Trombley LM, O'Neill JP. Lesch-Nyhan
disease in a female with a clinically normal monozygotic
twin. Mol Genet Metab, 2005, 85: 70-77.

GrEhE: BEE)



