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[ Abstract] Background Leber hereditary optic neuropathy ( LHON) is a maternally inherited disorder
characterized by a bilateral acute or subacute painless central visual loss in young adults, predominately in males. So
far no one theory can completely explain all clinical manifestations of LHON.  Objective This study was to
investigate whether there is a linkage between X-chromosomal and mitochondrial mutation in the inheritance of a
Chinese LHON pedigree with only male patients. = Methods This study was approved by Ethic Committee of
Affiliated First Hospital of Zhengzhou University and followed by Declaration of Helsinki. A Chinese LHON pedigree
was included in Anyang city from January 2008 to August 2016. Periphery blood of 5-10 ml was collected from 4
sufferers, 13 maternal members and 10 non-maternal members for DNA extraction and PCR sequencing. The gene
scanning and genotyping analysis were performed by ABI-PRISM 3100 genetic analyzer and Genotyper 3. 7 software,

and linkage analysis was carried out with Linkage software for the calculation of logarithm of odds ( LOD).
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Mitochondrial DNA ( mtDNA) sequence, fluorescence-based Genescan for X- chromosomal sequence were analyzed in
Results

pedigree , with 6 male sufferers,30 maternal members and 41 non-maternal members. The visual acuity was <0. 10,

the propositus and haplotype was evaluated. A total of 5 generations and 71 families were included in the
and the central visual field defection,the optic nerve flushing was found in the acute phase, different levels of the optic
nerve fibers atrophy were found in the chronic phase;visual evoked potential ( VEP) amplitude was low and peak
latency were found in the male patients,and no any ocular abnormality was seen in the maternal members, meeting a
maternally inherited characteristics, with the penetrance of 20% . The three primary mutations were not been found in
this family by PCR sequencing. mtDNA sequencing appeared 31 variation of loci in the proband,including a known
G3635A mutation, as well as an unknown ND5 A12340G missense mutation and ND4 T11809C synonymous mutation
as well as 28 polymorphism of locus, and the proband was mitochondrial haplotype F1. The maternal families were
mutation carriers of G3635A and A12340G loci, while the same mutation was not found in the normal family members
and 107 controls. The maximum two point parametric LOD score was 1.46(0=0.0) for marker DXS1060, located at
Xp22.3,and the two-point and multipoint non-parametric linkage analysis were significant (all at P>0.05).

The ND5 A12340G and ND1 G3635A mutations coexist in this LHON family,and the ND5 A12340G

mutation is a newly reported mutation. There is no evidence for an X-linked modifiers loci in this Chinese LHON family.

Conclusions

[Key words] Leber hereditary optic neuropathy/genetics; X-linked modifiers locus; Microsatellite marker;

Parametric linkage analysis; Non-parametric linkage analysis

- 711 -

Leber % 1% 4 ¥ #1 25 455 4% ( Leber hereditary optic
neuropathy , LHON ) J& — fift fy £k }37 /& DNA ( mitochondrial
DNA ,mtDNA) 5% S5 4% 5] f Y £ 5 35t 1% Y B0E IR,
1988 4 WF 5 & B % M [ % mtDNA B G11778A %
A5 Hi5E T LHON p gk ki s fe i . 24 B il
M AH 26 2 A8 5 50 45 Fh (http : //www. mitomap. org) ,
R B i 2 B B 5t B T LA A gk R T
Hir 3 AR k%A ND4 G11778A \ND1 G3460A .ND6
T14484C 7E A [d] A J& 7 LHON K & o 5 48 K %
B e Caucasian A PR ik 95% 11 J & 7 7 3
PRI AZ TRy 1A, T U NHE T 90% DL B AR =
GL1778A A8 5|2 19" . LHON py— /> 18 2 I IR
%‘5%75775%[3’]57[*@%9‘% PER . BLie YR

P 485417 2 K BOW 9 mtDNA 238 25 J5 AR, Ja A0 % 420
B ARSI AR I . A58 25 A AES miDNA

S JoT M I R 0 A OGBS 2 DA R T P A O AT
Y24 AT AT — A BRI AT L4 PR BRI A5 4 1K
R, Bu %' F 1991 4£ 21 7 LHON 1776 4 ki
A — 2 i DR L3753 P A X D 2 A 8 3 A 5 Ot 4
4, B AT RELE A S 147 /£ 5 LHON
RIS T ——X Yo R B 1
BRI AR X ik :
LHON % 5[] 1 5 & , ¥ — 4 B 4F LHON

P RUAE i Jt A o

LHON K& o K4 27 A K A% 63 Sh JH ki 5 ~
10 ml, g4 4 i i35 (M3 M9 V14 F1V8) (13 £ £)
ZAB (6 13 116, V2 V5 V11 . IV13 V30 . IV
31.IV32. V7. V9 M V10) #1 10 £ 4ER: Rl 63 (IS
IVI2.IVI5.IV23.IV24 (V25 V28 \ V29, V12 f1 V

13) (& 1) o BT A R O B PR 77 52 56 38 A A 24 7R KR JH R
S — MR PR B E S SR S AT T B R IR

6 A 443y R M R 2 2 — B 5 e [ — i PR 22 36 5w 1Y
MR B2 0 58 i, a0 28 35 A7 AL B 98 5 ¢ W 7 (visual
evoked potential, VEP) i [ 55 v [&] | 2¢O & IR JiE 1L 45
R O APPSR MRS R RRE S I
*ﬂ%ﬁ*ﬁ?@l:#%%i@ﬁﬁ%%ﬁiﬁ 8 151 3k A1 )
o ABEFE T G EEFBM I 55— B IR 15 e B~ 4 P 2=
m%ﬁ*ﬁﬁt(ﬁ(ﬁ%ﬁiﬁﬂow EREER
1.2 2 WrbsiE Sl s 10 % 7r 4%
LHON 2 Witpife: (1) W —%BENA 2 A Lk
g, H AL ) BERE , £F 4 Lossen W (BB E M T X
AN ) FNAG 5 3 ) (o B LA b A 85 ) A
T, AWl IR 5 (2) BUIR [ B B 5E 5 28 2k i

35),

.
’n——'éx '

L] 10 n 12 13 u 15 1

n-
“

1 #ZREFE

— i Bkt
2008 4E 1 F Z 2016 4E 8 A Yt Bl

1.1

¥ iy

iZ LHON XEZMKREZE W BB O REM B @ BhLtk; O . RAEMH

9] 19 11 12]13 14 13 18] 17 18] 19 }o&;&é:é ué n&n H :a& Js$ 30 31 7
7] 8 3] w] 1)) 3] 1415

b SR \BE T

P 2 BT — A 5 R DU



L 712 - ARSI IR B A AR 2017 4 8 H %5 35 %55 8 ] Chin J Exp Ophthalmol, August 2017, Vol. 35 ,No. 8

BT 0R T A O R (3) SRR
AN N 1 1= O O N U SR S 1= S € 7
B AT R B U 5 (4) 18 P 0 A el 2 B2 1) v A
BMATYEZZE 0, W HRRE %2 IOk 17 -
I8 WY J5 ¥, - R A J1>0.3 HIEH ,0. ISy <
0.3 MEFEHFE,0.05< M H1<0.1 HHEHFE,0.02<
M3 <0. 05 Sy H FE4 ) <0. 02 Sy ™ E A .
1.3 Z R RN 7

KB K F A S PRI S ~ 10 ml, R A5 HE (Y
1y -G 4 vk SR BOIE (M 4 DNA . F A Primer5 %11
B R SRR R B AR (1 43 X5, R H b
LHON 3 A~ 5 & 58 8 £ il 19 3 XF 51 ¥, XF 56 ik #
mtDNA 47 PCR 475, I 57 53 %5 6% 5 P4 93 1k g i
LYK, SAP 5 EXOI i) 44k, A ABI Prism BigDye
Terminator V3. 1 fF¥ I/ T B4 ( 3£ [E ABL 2\ #)) 18
ABI-PRISM 3130XL H gl 5L (35 [F ABI 24w ) Ll
FP L KA N 2T AL (4 B E 13 2B R AR E A
10 ZAERF R G MG Z A R I K G KRR 107 K4 1E
") S AT 5 AR A R A G A
1.4 FEPRAL 3% B Bt

7 ABI PRISM® 4 42 e 5 4 2.5 fig o Pk i v LA
WA X PR 18 TR PRI, MR RN
24 A (M3 M5, M6, Mo M13. M16; V2. V5,
Vi1 V12 V13 . IV14 [ IV23 . IV24 . V25 .1V28 . IV29 .
IV30.1V31.IV32; V7. V8.V9. . V10) #47 X 4L {k
M ME REB N WHKRN 24 25 (4 6551
B 13 AR RAELE T A AR R 1 DNA #E17
PCR ¥, (1) H] ABI-PRISM 3100 K& [A 73 #7 4% ( 3£ [
ABI A &) #1724, LA GS-400HD ROX SIZE STD
EWAR . (2) FIH Genotyper 3.7 HfF: (3£ [& Invitrogen
W) BEAT 3 K Y 43 A, Linkage {4 (€[ Invitrogen
N HEAT I BT, TR S HOE AR B (R
(logarithm of odds,LOD) . #X J5 7E 7] BE A7 15 & 9 1 X
YL o, 4 X 35 Pk 2% RS 40 marker

%1 LHON RZEH L E 0 K 5 #

s

b/

04 34 U i 5 PR 7 A

&

2 FR

FIEE (V)T iz 13 4, Hi2higfE 1.5
A RIS AT DL SURR A 285 00 AL 3R A0 PR 4% 2 W 3R L PR
Feaf R Tk (& 2) o BUIRAE T 0. 15 BT A
ArA] ULXCHR K oD I X, sk A A R IE R, B
T 2005 47 6 JI 3 BCHR AR Iy 0 [\ BT B L AR A 0
S, TE A A B R, R e 1A A ORI T B & T
31/30 em B H JE M 1B WK L2 AE R IRE B IEH .
ZRFRIL T Z 0, B R 30 &4, AERER R
41 2, PR HEE 16 A5 53.3% , &tk 14 A,
07 46. 7% . A KRB A TA 6 6 &0, ¥ k5,
R F 2 I B AR 9 LE AL 0 4 7R E R L RIS A A
AR IHAL) LHON AR (R 1) , 75 B Rl
FRAE, Z 1% o LHON bR 365k 20% , 6 il & 115 1
3107 109 IV 14 V8 1 A i 4 1 43 51| oy 40 .30 .35 .30,
22 FI13 %, )N BESRARAE A IR 43 391 2 £ /50 em
$r45/80 cm .0.04.0.01.0.02 F1 0.1, 72 HR 43 51 %k
£/60 cm %(#5/60 cm 0. 04 .0.01.0.02 F10.1(F£2),
7. V14 F1 V8 MLy ¥G AR WK . BEE 5t 1%
AR 1, K AR T, BBt R

B2 SEiEEEREEE 0RO R 0 R R
MAEREEM P AR B.ZER

#*2 LHON XZEBEIGKEFS

( MARSHFIELD %% #2 JF 5
NCBI-uniSTS 48 2 ) # 478 wwe ) sm xm

it EOARITR))

T4, Linkage #fF 2 # W6 50 0.6-1.0 0.8-1.0

NS . mie6 52 0.5-0.8 0.6-0.8
A &40 LOD {H, Merlin 1. 1.2 Vs 35 L0 L0
AR (2 [ Invitrogen 2\ #] ) Vi1 34 1.0 1.0
V13 30

ﬂ‘%wj)ﬁjkgﬁﬁﬁlﬁ*ﬁﬁ V30 32 1.0 1.0

(non-parametric linkage score, ~ N31 30 L0 1.0
W 5 0.8 0.8

NPL) K Z mi NPL fH, M § 1.0 1.0

0.1-0.6 0.3-0.8 FEEMLE F¥

Cyrillie Z ff ( 25 [ Invitrogen

NFED MR B E X ek

Tk : LHON : Leber 3t f% P 4 22995 22 ; VEP . }i

{1}

#11 BEHH RER %é Ws
% EH %) (%) HIR KR
Ef - ER s om0 gdes0em B0 BB 6
Ok
e OEE M3 OB 50 30 H4E/80 em BHE/60 em PE B

m7 55 35 0.04 0.04 F R
o - B "E 2
[ AL A (R Y 30 0.01 0.0 FE &
bk

V14 33 22 0.02 0.02 B R
EE O ¢ R

V8 B 16 13 0.10 0.10  BE R

{E : LHON : Leber i f& VA4 280 48 5 — - AR R AR



hAE SIS IR Bl 2%k 2017 4E 8 H %5 35 %45 8 #]  Chin J Exp Ophthalmol, August 2017, Vol. 35,No. 8

- 713 -

T %SG E F miDNA

%3 LHON ZRSEIEE mtDNA £UF K 31 MEEM =

DXS996 X 5 MK dibr Y, K

T, B3 AFFRRAE  ,  EER RER EER ek;zf E§é§ RN 24 {75 X e R4
DA R s 5w e o —
R 3) b e TS S P8 MR i R (U DXSI233
B 1 B 2 A8 A7 55 G3635A oy 16304 T—C - 7 7 o7 15 B 3 PR 5 LOD B K 0. 76
2 A K e 38 1 1 8 AR i g, Drloop 16311 ¢ - = 2 (6=0.0), H Al 4 4452 Bt ix
D-loop 16519 T—C - prs prs
ND5 A12340G i ND4 T1I1809C. ..~ . oSG i o Wi LOD [ <-2, WiHIES
T11809C K fn] X 2845 ,A12340G  RNRI 1438 A>G sy R 2 BT f 2 5 48 S 800 B 45 R
N 2% R 4 28 AN 5 RNR2 2706 A—G - P JE %P > 0.05 4 5 |
jﬂ%ka,IJé‘x (P RNR2 3107 3107del 1CRS BEIE B ] ( %= ) F
PIHEMESMEREZE, v sess G>A  SIION  %e7s R CYRILLIC #k {4 %} DXS1233
ZICUEH & T ORIk A (R DL 3970 Co>T  syn = 2 DXS7100 , DXS7107 , DXS1060 .
Fl, 2 ks 0 aime o oo 0 M D DXS996 DXS1223 3 17 # £ f
ROUTAMEWY P>0.05,%  wp2 5147 C— A Emtyn 7 7 RURE £ i R & B AL 4y 2 L f
AR TR 2307 oK % B L 43 85 gg Zx }f e B . ([ 4), F W X il 4 9 R 77 18
s B g S s i syn = i . . . X
fiEfk . BER G Y E B 0 00 CT i B B VA B LIE 2 Y
G3635A F1 A12340G &A%, 107  ATP6 8860 A-G  T-A P P Fr sy R i) 4R 2 R 0. 68 ¢M
K 1E %] WE 5 v R A AE g A ND3 10310 G—A syn £ i
ND3 10321 T—C V-A b P 3 itj'i/l,}
(K 3), ND4L 10609 T—C  M-T 7 7
MRS EPRIC I F 414 VP4 10976 Gyt 5w 2 f ST i E )k 2 i LHON
; e s ND4 11719 G—A syn I 2 .
HEEH X ROEITERE se 1o msr g x R AM 4 A~ E LHON K R
BT, ARFFSE P % X % ~ps 12340 ASG  T2A HRAE & el G3635A AR P H R
i p}/’ ] ek ST SN X L NDS5 12406 G—A V-1 I P 2 ,Jﬁ./\ e H B
BiE L R s A B X e fa e o - ¥ 5 W B K %/EP GRAF —F(, H
KB rEE (L, b BN 80% , X nps 1282 C>T  syn 52 5 i KRG AR K Btk A
B IE R A%k 0.000 1, D5 13928 6-C ST = = IR W, 5 o X R e A
ND6 14476 G—A  DIION 2 b
MEHFE 0=0.0 B, InEY NG W T
CYB 14766 C—T T-1 P P
DXS1060 LOD {4 1.46, 3% cve 15326 Sl ¥ 20 I 7 7 G3635A By % Wr X & 1 H A
i F Xp22.32 iy DXS1060 {i 7k : LHON ; Leber i & ML i 2 7 22, mDNA. Ze itk 4 NP ERXRZPHRFE S KR

DNA; - JE

MU A] REAAAE 5 LHON A 3¢
B X et (K E BB L . A
| MARSHFIELD 5 NCBI-uniSTS %% # £ 76 DXS1060
B X 3 Pk ik DXS1233  DXS1223 DXS7107 .DXS7100 Fi

RCCTAGCCGTTTATCL
E & gccacectectagecetageececgttecac

VAW AWV e

rAGCCACCTCT

AGEEIAEECE..

Jﬁ%@{}f?{&@i\f\* f\/\ﬁ\ﬁf\r s\’\& IES e
:‘J:\ g CECACC 'r\ C f'rl A‘ :\c C r\ A‘I GECCo :I Ii‘l —\i\d{cﬁ- JELEH

I'I' B .'l' AGCEC I'I'I A GLCCG I'.' I'I' T E jEH%EﬁE @

A G3635A

\
& 6 C'C A EC

G GACTTCAAMACYCTACTCCCACTAA
ggacttcaaactcteactcccactaa

I @

b : .-o-; i -—
G AETTOCAARBECETACTEE D AC T X
A T11809C

Wi 4y B 81207 1 4,
1:8FI2:5, 4 % He il 43 B
H6:2.4:3 1:0FL: L, AR HRH 5 R BHH
FeBil 14, o ME ) 960, Buds' ™ 5 5 i

A AAAGTAATARCCATOGCACACTA
a &8 8 8 gt & aTas2cCatygcacacTtca

AT
ale

L J
S rzs
AT AAARE T AATAACCATECACACT A NR

i N N\ N\

LTI A h s TI AT I L e CAT T oEer ey THREA
Q?QQ?%?TTﬁﬁéﬁﬁﬁéﬁﬁCArlfT.ﬂ%%*z
. P EE WY RN SR wicr @

£ TA

A 7123406

B3 LHON RZR R 5318BE G3635A A12340G F1 T11809C i & fill 5
B ASEIEERRE R B B 52 A 3635A (i 3k ) BBk R R BRI IE
""" o) B S HEAT R AR A G3635, H W R B B SBiEE AB RARE A Y
P57 A AL 123406 (17 3k ) , AEBE 2R B0 AN IE 5 X I 34405 5 BT A= 78 A12340,
BY¥PARBMAE  COEIEH 11809 i 2287 11809C (#ik )



. 714 - ARSI IR B A AR 2017 4 8 H %5 35 %55 8 ] Chin J Exp Ophthalmol, August 2017, Vol. 35 ,No. 8

R4 BEEZXLEE23NMFENEEES. I, B X e o fR ali 5 g8 Ar al X G o 1k Ay
=54 LOD {4 . F &K % & NPL - . ‘
e N e e L Ao R X e (0 p i L B, A B
gy LR FAZHLOD 0 BE L SR L. FOEME R AEAE L LHON % i
(M) 90 01 02 03 04 05 NLE NPL fif

AR SR L DAL, BIP XC % 16 A 25 DR A7
S DT A B AS T 9 41 38 1Y) 5 3 R O

DXS1233  13.33  0.76  0.57 0.36  0.16  0.02 0.00  0.30  0.12 0.39  0.09
DXS7100  13.50 -4.89 0.17 0.21 0.13 0.04  0.00 0.05 0.30  0.38 0.09

) .
DXS7107  13.50 -4.34  0.66  0.56  0.33  0.10 000 0.35 0.10 0.38  0.09 S I 1y B4R o
DXSI060  15.12  1.46  1.13  0.78  0.43  0.14 0.00 0.57 0.05 0.38  0.09 AW %F 25 4~ LHON F &R 9t 47

DXS996  15.66 -4.68  0.42  0.41  0.28 0.12  0.00 0.05 0.30 0.3  0.09 A
T oA, Horh 24 AR 3 A
DXS1223  16.75 -4.36  0.65  0.55  0.33  0.10  0.00 0.35 0.10  0.38  0.09 o " . o
DXS8051 1729 -4.59  0.39  0.34  0.18  0.02  0.00 0.34 0.11 0.3  0.09 JERRASH [ 1A AT 1
DXS987 2218 1272 -1.28 -0.65 -0.34 -0.14  0.00 -0.02  0.60 -0.02  0.60 MNEARBAET A 1 DR AR,
DXSI226 2759 -5.24  0.48  0.39  0.18 0.01  0.00 0.10 0.20 -0.02  0.60 = .
i HACH 55V &0 , AR DF X K R ifF
DXSI214  33.54 -10.89 -0.68 -0.31 -0.17 -0.08  0.00 -0.02  0.60 -0.02  0.60 py o o :
AN e
DXS1068  37.33 -6.12 -0.65 -0.35 -0.18 -0.07  0.00 -0.02  0.60 -0.02  0.60 Fror#ro FEABETE R LHON 2y X
DXS993 4221 -5.82 -0.23 -0.02  0.05  0.05 0.00 -0.00 0.60 =-0.03  0.60 e (R Btk G, WA S BOEBI DTG

DXS991 52.50 -19.37 -0.97 -0.30 -0.03 0.05 0.00 -0.04 0.70 -0.04 0.70 DXS] 060 ﬂEli j( LOD {E yg 1 46 .ijé‘ E)q _‘Lz
DXS986 57.37 -9.15 -1.70 -0.74 -0.29 -0.07 0.00 -0.02 0.60 -0.02 0.60 ’

29 BY N |SRRY=EN X7 N S
DXS990  60.62 -5.88 -0.36 -0.05 0.06 0.07 0.00 0.0  0.60 ~-0.02  0.60 V7 5T B 3 1, fFL O 30 £ R B AT 1Y 5
DXSII06  66.58 0.04 0.01 -0.00 -0.0 -0.01 0.00 0.02 0.40 -0.03  0.60 AFRiC A9 W S LOD {H ¥ N A (E, i B
DXS8055  70.91 0.43  0.35 0.27  0.18 0.10 0.00 0.20 0.20 -0.05  0.60 DXS1060 7] HE 5 A~ 5 B 1 25 30 ] fig 15
= ’

DXSI00I  75.79 -12.68 -1.24 -0.62 -0.29 -0.11  0.00 -0.03 0.70 -0.04  0.70
VE 1 38 4 471005 R 0 L B R
DXSI047  82.07 -17.56 -1.37 -0.61 -0.25 -0.07 0.00 —-0.04 0.70 -0.04  0.70 Pt 18 £ pric {5 B A 21
DXSI227  88.33 -11.87 -1.71 -0.82 -0.38 -0.13 0.00 -0.04 0.70 -0.04  0.70 BAGMERRNAG X, HtFEMlzEH
DXS8043 9422 -5.89 -0.56 -0.31 -0.17 -0.08 0.00 -0.02 0.60 -0.03  0.70 HE BT T T 5 % & 5 B A
DXS8091  96.14  0.03  0.00 -0.01 -0.01 -0.01 0.00 0.02 0.40 -0.03 0.70
ot > T — 3 S 423 3 22 2\ v
DXSI073 10235 -13.28 -1.36 -0.71 —-0.37 =016 0.00 —-0.03  0.60 —0.03  0.60 AR K BLPTAT bR I G R ik
— HH DXS1060 & /115 BH 1 &5
018 NFREY K H ABI PRISM® Linkage Mapping Set Version 2.5,5 4N 40 b5 25 915k H AR R ERPEZR  0t
>, =T Ay
MARSHFIELD 503 5 55 NCBLuniSTS 50 fi 7 . 6 eh i {5 B 5595 {1 MARSHFIELD s pe,  OP PR B 20 B B R S B 3G 73 8 o 4 1A
DXS1233 % DXS1223 Z ]34k 6 M hRassy, T MR g 0.68 oM LOD: (it fite; B, HEBR TIZKX R P FE S LHON & 95

NPL: 4 2 5% B 4B AHOCHY X i B8 1 i TR A P RE PR . AR
0-0 BF 9 H B 5l T Pk 1 ABT PRISM® 4 432 it

SPEE 2.5 WA s T Ak X e e AR i 18
MR EY N EK RN 24 4
UHEAT X e R B oy B, 45 R BoR
DXS1060 [ LOD fii % 1.46(9=0) .3
i 2, 78 DXS1060 5 X i 8 4& i 2 A
AREES . A T — P UL H R S
BB R T 5 AR 4 bR B iE—
Ak AT 3 B A b, A5 R A o B M
Shankar 2 B 5% BH 1 1% 867 5 B bR
EWE ) B R 1,04 oM, Jir ik
I AR 25 9 43 A B B R, A BF 9 H B ik
RS S 0 402 6D 74 i 5
§iti§?§ 0. 68 cM, H.43 i 45 34 47 , B ik A% BF 5¢ o
B4 LHON R MMME 1K F 6 bl b m i kst sk T VIR IURE 4060 25 10 X0 I B4 SR S 3
M S o ARBEEE RN E T 2800 f

LHON 7778 28 B7 A — 4% J& PR XU i 3o A5 455 2 A e AL, B ESEAHT 2 FhOTiE X bR R EB M, &5 R 1Y
XFREEREE X ek BimE S5 LHON ) mtDNA B, LS ET RO 1 RSB b Oy A R T A
RAF RIS, R EHFH&E TR Z Ak AMFFE R FEAT X Y o A3 B4 B 2 X 4R X g fk




st gh IR B 2L Ak 2017 4F 8 HEE 35 5% 8 ) Chin J Exp Ophthalmol , August 2017, Vol. 35, No. 8 - 715 -

PEAT AR, IR R BE— PR 40 L, BOH AR IF AR
Pk KL LR R W) HEAT S 1) T 1 B A

Zf BFTIR AW S A5 R BN %A 551 R
% LHON % & [A] i #£ 7 NDS A12340G F1 ND1 G3635A2
ANRAL L, Hof NDS A12340G %748 {37 ki 0 15 KR
o X Q@ AEBUIHTERIES , Z KR X ik b
AAFAE S LHON 5 R 5 ) 56 PR i —— X 34 BB i
SEPAL i, AN S LHON F 2o A — A% 3 PR U i 38t
PR, JHE 55k SR s 2 S0 S 1 L ) i 5 ok — 2 4R
iF %K A AT RE 2 H T LKL R — A% JE DR XU e 1 A
2B SR AP A T8 A A 2R, s A 4 b 2 A LR
T A5 0 SR B = 1 miDNA L {L 45 2 F R &
B SRR B IR 5 A R BT

2% ik

[1] Wallace DC, Singh G, Lott MT, et al. Mitochondrial DNA mutation
associated with Leber’s hereditary optic neuropathy[ J]. Science, 1988,
242(4884) : 1427-1430.

(2] ", kT8, SRR, 45 2k ik DNA T8821G i 5 55 Leber it %

PERR A 20 A8 B A G [T ). rh AR R 2 33t 4% 27 2 75, 2015,32.(4)
485-489. DOI:10.3760/cma. j. issn. 1003-9406.2015. 04.007.
Gao M, Zhang S, Zhang Z], et al. A novel mutation T8821G in
mitochondrial DNA may be associated with Leber “s hereditary optic
neuropathy[ J]. Chin J Med Genetics,2015,32 (4) :485-489. DOI.
10.3760/cma. j. issn. 1003-9406.2015. 04. 007.

[3] Martinez-Romero [, Herrero-Martin MD, Llobet L, et al. New MT-NDI
pathologic mutation for Leber hereditary optic neuropathy[ J]. Clin Exp
Ophthalmol ,2014 ,42(9) :856-864. DOI:10. 1111/ceo. 12355.

[4] Wray CD,Friederich MW ,du SD, et al. A new mutation in MT-NDI m.
3928G>C p. V208L causes Leigh disease with infantile spasms|[J].
Mitochondrion,2013,13 (6) : 656-661. DOI:10. 1016/j. mito. 2013.
09.004.

[5] Shidara K, Wakakura M. Leber’s hereditary optic neuropathy with the
3434 9011 mitochondrial DNA point mutation[ J]. Jpn J Ophthalmol,
2012,56(2) :175-180. DOI:10. 1007/s10384-011-0106-3.

[6] ¥k, KR, Tk, 55, Leber it £ 1 LA 2895 248 1 s R 5 Ak K
LRI AL 3 5 3 B (0] A 925 IR AL 2 3K, 2016, 34 (10) ¢
920-924. DOI:10. 3760/ cma. j. issn. 2095-0160.2016. 10.012.
Huang LZ, Li TQ, Wang B, et al. Clinical phenotype and maternal
mutation analysis of Leber hereditary optic neuropathy[ J]. Chin J Exp
Ophthalmol ,2016,34 (10) : 920 —924. DOI: 10. 3760/cma. j. issn.
2095-0160.2016.10.012.

(77 W, R FIEL, S IR , 45, Leber jt £ {4 1L 2800 28 — ¢ 5 A9 2R AL

oy T s A A WE ST [T ], v AR S B HRORE 2 3K, 2012,30 (10) ¢
936-940. DOI:10.3760/cma. j. issn. 2095-0160.2012. 10. 019.
Tian B,Zhou HZ,Zheng SG,et al. Mitochondrial molecular genetics for
a pedigree with Leber hereditary optic neuropathy [ J]. Chin J Exp
Ophthalmol ,2012,30 (10 ) : 936 — 940. DOI: 10. 3760/cma. j. issn.
2095-0160.2012.10.019.

[8] Huoponen K, Vilkki J, Aula P, et al. A new mtDNA mutation associated
with Leber hereditary optic neuroretinopathy [ J]. Am J Hum Genet,
1991,48(6) : 1147-1153.

[9] Johns DR, Neufeld MJ,Park RD. An ND-6 mitochondrial DNA mutation
associated with Leber hereditary optic neuropathy[ J]. Biochem Biophys
Res Commun,1992,187(3) : 1551-1557.

[10] Huoponen K, Vilkki J, Aula P, et al. A new mtDNA mutation associated
with Leber hereditary optic neuroretinopathy [ J]. Am J Hum Genet,
1991,48(6) :1147- 1153.

[11]Ryan SE, Ryan F, O'Dwyer V, et al. A real-time ARMS PCR/high-
resolution melt curve assay for the detection of the three primary
mitochondrial mutations in Leber’s hereditary optic neuropathy[ J]. Mol
Vis,2016,22: 1169-1175.

[12]Eustace RS,Ryan F,Barton D, et al. Development and validation of a
novel PCR-RFLP based method for the detection of 3 primary
mitochondrial mutations in Leber’s hereditary optic neuropathy patients

[J/OL].Eye Vis (Lond),2015,2 :18[2016-08-10 ]. https://www. nchi.
nlm. nih. gov/ pme/ articles/ PMC4657363/. DOL ; 10. 1186/ s40662-015-0028-0.

[13]Bu XD, Rotter JI. X chromosome-linked and mitochondrial gene control
of Leber hereditary optic neuropathy : evidence from segregation analysis
for dependence on X chromosome inactivation[ J]. Proc Natl Acad Sci
US A,1991,88(18) :8198-8202.

[14]Ji Y,Jia X, Li S, et al. Evaluation of the X-linked modifier loci for
Leber hereditary optic neuropathy with the G11778A mutation in
Chinese[ J]. Mol Vis,2010,16 :416-424.

[15] Anderson S, Bankier AT, Barrell BG et al. Sequence and organization of
the human mitochondrial genome[ J]. Nature,1981,290(5806) :457-465.

[16 ] Andrews RM,Kubacka I, Chinnery PF,et al. Reanalysis and revision of
the Cambridge reference sequence for human mitochondrial DNA [ J/
OL]. Nat Genet, 1999,23 (2) : 147[2016 —08 =20 ]. http://www.
nature. com/doifinder/10. 1038/13779. DOI:10. 1038/13779.

[17]Qu J, Li R, Zhou X, et al. The novel A4435G mutation in the
mitochondrial tRNAMet may modulate the phenotypic expression of the
LHON-associated ND4 G11778 A mutation[ J]. Invest Ophthalmol Vis
Sci,2006,47(2) :475-483. DOIL.:10. 1167 /iovs. 05-0665.

[18]Wei QP,Zhou X, Yang L,et al. The coexistence of mitochondrial ND6
T14484C and 12S rRNA A1555G mutations in a Chinese family with
Leber’s hereditary optic neuropathy and hearing loss [ J]. Biochem
Biophys Res Commun, 2007 ,357 (4) : 910 -916. DOI. 10. 1016/j.
bbre. 2007. 04. 025.

[19]Brown MD, Zhadanov S, Allen JC, et al. Novel mtDNA mutations and
oxidative phosphorylation dysfunction in Russian LHON families[ J].
Hum Genet,2001,109(1) :33-39.

[20] Yang J,Zhu Y, Tong Y, et al. Confirmation of the mitochondrial ND1
gene mutation G3635A as a primary LHON mutation [ J ]. Biochem
Biophys Res Commun,2009,386(1) :50-54. DOT.10. 1016/j. bbre.
2009.05.127.

[21]Zhang AM,Zou Y ,Guo X,et al. Mitochondrial DNA mutation m.3635G>A
may be associated with Leber hereditary optic neuropathy in Chinese
[J]. Biochem Biophys Res Commun,2009,386 (2) :392-395. DOI;
10.1016/j. bbre. 2009.06.051.

[22]Carelli V, Achilli A, Valentino ML, et al. Haplogroup effects and
recombination of mitochondrial DNA ; novel clues from the analysis of
Leber hereditary optic neuropathy pedigrees [ J]. Am J Hum Genet,
2006,78(4) :564-574. DOI:10. 1086/501236.

[23 JAEA P, T, 4 % [ Leber 8t fE PERL I 200 8 11778 RAZ K R 57+
B WRsE (1], IRABHIF5E,2009,27 (7) :582-586.

Du LP, Ma X, Jin XM. Heteroplasmy of Leber “s hereditary optic
neuropathy families with 11778 mutation[ J]. Chin Ophthal Res,2009,
27(7) :582-586.

[24 ] Shankar SP, Fingert JH, Carelli V, et al. Evidence for a novel x-linked
modifier locus for leber hereditary optic neuropathy [ J ]. Ophthalmic
Genet,2008,29(1) :17-24. DOI1.10.1080/13816810701867607.

[25]Giordano L, Deceglie S, d“Adamo P, et al. Cigarette toxicity triggers
Leber’s hereditary optic neuropathy by affecting mtDNA copy number,
oxidative phosphorylation and ROS detoxification pathways [ J/OL ].
Cell Death Dis,2015,6 : €2021[2016-08-10]. http://www. nature.
com/ cddis/journal/v6/n12/full/cddis2015364a. html. DOI; 10. 1038/
cddis. 2015.364.

(26 ] 5B A, Wk Kk M. Leber 5t £ P AL 1 25555 22 BF 78 JE e Fpk i [0 ] 352
f£,2013,35(2) :123-135. DOI:10. 3724/SP. J. 1005.2013. 00123.
Zhang AM, Yao YG. Research progress of Leber hereditary optic
neuropathy[ J]. Hereditas,2013,35(2) : 123 -135. DOI. 10. 3724/
SP. J.1005.2013.00123.

[27 ] Procaccio V,Bris C,de la Barca JM C et al. Perspectives of drug-based
neuroprotection targeting mitochondrial J]. Rev Neurol ( Paris) ,2014,
170(5) :390-400. DOI:10. 1016/j. neurol. 2014. 03. 005.

[28]Kerrison JB, Miller NR, Hsu F, et al. A case-control study of tobacco
and alcohol consumption in Leber hereditary optic neuropathy[J]. Am J
Ophthalmol ,2000,130(6) :803-812.

[29 5K FHFH. Leber it 4 WL pf 22 g R WF ST E JR [ ] vh #5290 IR B} ¢
4 ,2015,33(8) :755-759. DOI; 10. 3760/ cma. j. issn. 2095-0160.
2015.08.018.

Zhang YY. Research progress of Leber hereditary optic neuropathy[ J].
Chin J Exp Ophthalmol,2015,33(8) :755-759. DOI.10. 3760/ cma.
j. issn. 2095-0160.2015.08.018.

(Y H 1 :2016-12-16)
(A 3C g < X1 8





