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POLGISMNZEF1. 3. 4. TRT 55555 FRERIFE XS

R E T mtDNAFN4 977 bpHi kB9 &M
ZF R AT G R AR BEF E¥E aheT

(TRMEERER AR I DL 22 Bt A drBhoA 2 g, W T AS P 2 i A2 F SR 8, M 325035,
RN BERFR 2 MR 28— BE e A B 2 rholy, N 325000)

BE A THRERPOLGIULZFI1. 3. 4. TRE L HHETFE 694 K MEESTmDNAF 7| K 2 Ao
4 977 bpe K 4975k, FHWHOAREILE T 12001354 F 2 A= 101 014 F 7% ) B3 6945 AF A, 2PCR
MFHHPOLGISF 2T 1. 3. 4. TRE, 4 mRn 54090 5 2 T4 ¢.948 G>AR R 69 3545 T A7
K. 9F) Fc.948 G>A R T 44 544 F JE AT AF96) I F 2T BB AR A 4ImtDNA AL F 7, )8 £ XPCRILA
ATV .948 G>AR TATA . 9] c.948 G>AR K 6 3345 T JEAT RA9BI AT FRAT AR 694 977 bphk ..
R DT 120003545 F 2 K ILPOLGIS 2 T4 ¢.948 G>A R 94(7.5%), T2 & F 3+ B8 (0%,
P<0.05). ¢.948 G>AR ZAmMDNAL A ¥ RE F Haf R L%t F £ F(P>0.05). VEH XiZ8)
LT, REHA 2 F ML E B REEMARELADL F 3 T RL(P<0.05), 125 .c.948 G>ARE
A9 354 TIEAT ARG B R B RHK LR A4 5 F L R L LAmDNA 4 977 bpsk % %(7/9, 77.8%) 2%
& T AT B4R(2/9, 22.2%, P<0.05)F= Fc.948 G>A R K 695545 F 42 £8(2/9, 22.2%, P<0.05). vA B4 R4
T, B9M TG R AT 465 POLGI ¢.948 G>AR A AR KM, 354 T JE KALIRDNA K 45 & 69 R AR
RERIGZ, 27T f6 T ZPOLGI ¢.948 G>AR L 71 #2; ¢.948 G>AR R 7T 623 AnmtDNA 4 977 bpsk
K, It T XAR T fe, FBHM T3 ) T &,

FE8A Y9N T POLGI; mtDNA; 4 977 bplik 2k

Mutations in Exons 1, 3, 4, and 7 of Polymerase Gamma-1:
Its Correlation with Asthenospermia and Its Effects on mtDNA
Mutation and 4 977 bp Deletion

Li Ping'*, Hong Dan", Miao Shuang', Zheng Jiujia’, Lou Zhefeng', Huang Xuefeng?, Jin Longjin'*
('Zhejiang Provincial Key Laboratory for Medical Genetics, School of Laboratory Medicine and Life Science, Wenzhou Medical University,
Wenzhou 325035, China, *Reproductive Medicine Center; First Affiliated Hospital, Wenzhou Medical University, Wenzhou 325000, China)

Abstract The aim of this study is to investigate the correlation between mutations in exons 1, 3, 4, and 7
of polymerase gamma-1 and asthenospermia and to study the effect of POLGI mutations on mtDNA mutation and
4 977 bp deletion. We collected 120 semen samples from patients with asthenospermia and 101 normal semen sam-

ples from the healthy donors based on WHO criteria. The mutations of POLGI exon 1, 3, 4, and 7 in these samples
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have been analyzed by sequencing. MtDNA sequences and 4 977 bp deletions have been analyzed in nine astheno-
spermia samples with ¢.948 G>A mutation, nine asthenospermia samples without ¢.948 G>A mutation, and in nine
healthy semen. samples. The POLGI exon 4 ¢.948 G>A mutation was found in 9 (7.5%) of 120 asthenospermia
samples, which was significantly higher than that of the control group. The accumulated mutation frequency at the
mutation sites with different mutation number was significantly higher in the asthenospermia group with ¢.948 G>A
mutations than that of the control group, but not significantly different from the asthenospermia group without ¢.948
G>A mutations. The mtDNA 4 977 bp deletion rate was significantly higher in the asthenospermia group with ¢.948
G>A mutations (7/9, 77.8%) than that of the control group (2/9, 22.2%), or of the asthenospermia group without
¢.948 G>A mutations (2/9, 22.2%). The accumulated mutation rate of mtDNA at some sites was increased in the
asthenospermia samples, which was not caused by POLG1 ¢.948 G>A mutation. The ¢.948 G>A mutation increases
mtDNA 4 977 bp deletion, thus affecting sperm mitochondrial function and leading to decreased sperm motility.

Key words asthenospermia; POLGI; mtDNA; 4 977 bp deletion

AR, BEAT T A J LA R RS 15 % (1) i Ja
ARG IERHE BB T KGR, CaBN—1 4%
BROCHMEEES . BHERZIRIAE L A%
RE W —2F, Horh AT Z150% 52 K5 1 5 5 0 otk
Dhfehafs oM. K s o bk T E B
B IE AR, LR 08 ) R SR T R &
YeE RS 732 RS RE 1) — I Z e br . AR PEWHORER
YR KRS 738 o Ma~d 4S9, F7adi<25% H.
a+b<50%1] 12 Wi 4y 55 K -+ JiE (asthenospermia, AST).
FHT, S9R5TRE R0 R v AR B, ] B Jastfe . I
. s, SRR R, MR E R R
PR LRk, TR R 73R A8 5 BE & 1) 2 2k
Kao%5P, Panoups5H. B JL 72 S HISelviZe i 5T
WoR, R (1 AR T Bk e #5 DA
A5 RS G AR T AT O . DNAR A iy &
H AT 40 1 ME—— N2 5 mtDNA K FIUFIRS IEAE S 1)
DNAZ &7, DNAZE G Mgy 4l /2 — > 5 it — Bk
A, AN Ak I S8R S R 7] 11 B8 R 21 i
G i DNAZE A5 By (14 4k 0 (Pol yA)FTPOLGHE
P NS5 4tk b, dr % W POLGIKE, %k
RIILA7234 40 1, HoP ARS8 1A A0 B A7 ECAG
R EE T, $52~2340 57 B A 45 mtDNA
REMMTIGE. BFFEW], A AL 3E(Pol YA)
P C A Bty 1) 2R 45 T 465 P SBRTTINAR ity (1) 37— S 'A% R A1 V)
il 285 A A R, 0 ) LA 5" — 3" DNASK & Bl 7% M A
3'— 5" IR AN DI BEARE 1E 5 1 L R 5 vt AR PR v
LN i (1) A% 198 411 U7) il 45 e e s 30 3 44 v TG 1)
B IE S M SR mmtDNA S H PR FL Y, 4l AH G HR
18, T4 DNASR A By (T A KP4 155 22 K

P EASGE AR S BT S a0 A, AIE B HEAE mtDNA S il A
RIEE R A 2 EE RN, (APOLGIHE
DR AR AE 555 1R HH I A R R mtDNA 58 A2 Al
BER IR AR R, $RIER D DL

1 MR 5RZX
1.1 ARFER

550K FORE R IE R IRCEORE VbR AR B
INBERIR 22 5 — B B AR B 2 ot o 59K TIE
12 W 2 IR WHOCE DY RRO)AR HEP . 3% L1201
KI5 KR (a2<25% Hat+b<50%) 1) & 3, T ¥4E
1832464, adt Mla+bJi b1 A 73 %51 7] 72 14.60+8.41
123.08+10.97. 1F F X MRS bR A5 >k 11 28960 ) i
SN KRGS G o7 el S Al BE 4l
BB LAVE) I 1) 53 (55 J7 AR 58 3R 4 4% TR
ARG AR R BB . AR T 10149 1E %
Kb A (aZi>25% H.a+b>50%) 1 % 40, -3 4E 8
31547, aZi fla+b R T 11 50 % 53 ) 4 55.09+8.04 1
71.07+8.83. 55K 1RE AN 1E & % B2 AR AR T 4541
R BRSO BT RGE(CASAYVIM T, T K b A
TERBERTARRI~S R, TR bR A, 7537 °C
7K#+20~30 min, 56K G AT 04T
1.2 FEi{5H

POLGIH: IPCRY™ 14 51 W) 4 5 SCHER[12]% v
(1), kiR IL K 24X PCRY™ 14 5| ) < 4l SCHR[13]
Wi, HAPCRY BIKLINNA 977 bpHl 2 Py 4MI 514 /&
| Primer Primer 5.0%44 B AT & v 1, 514 AR
S RN WKL AT S Bl TR
Y TREEARAT R A A 4. PCREAEFIAF . DNA
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#1 PCRY 1559
Table 1 PCR primers used in this study

HEH L5153

NS5 —3")

PR #E

Gene Forward primer (5'—3") Reverse primer (5'—3") Product length Remarks

POLGI  CCA GCT CCG TCC CCG CGT CCG A CTC TCG AGA GCA TCT GGA TGT CCAATT G 165 bp Exon 1
TTT GGT CTC ACT TGT GTC CC GCA ACA GAG ACA CGT GCC 429 bp Exon 3
TCC ACA CCA CCAAGC AGT GGT GGA ACC AGA GCA AGG GAC AT 357 bp Exon 4
TGA GCT GTG CCA TGT CAG TG TAC AGA GCC AGT CCA CTA GG 396 bp Exon 7

mtDNA  AAC CACAGT TTC ATG CCC ATC TGT TAG TAA GGG TGG GGA AGC 495 bp nested PCR
ACC CTATTG CAC CCC CTC TAC CTT GTC AGG GAG GTA GCG ATG 358 bp nested PCR

Bl G A TR ORIE) A R A w77 s
TR RE . Trisik 71 4 Promega /s 7] 33 10 43 %%, & H i
K AyMerk A ] (177 i o

1.3 7%

13.1 #FALBEADNAKIRI  KbrARAL
J& FIPBSTE#:2~3 7%, K+ UTUE MI300~500 pLii 44
(200 mmol/L Tris-HCI, 400 mg/L % [ /K, 15 umol/L
DTT, 0.1% SDS, 1 mmol/L EDTA), 56 °C¥41£10~12 h,
Z JA AT pL 10 mg/mL RNase, 37 °Ci§1k, Z:FRRNA.
L:1IIA3 mol/L KACH R ITIE 8 11 24K, S N RETIE
DNA, i FH75% LB DNAYTIE 1R, TEH i -

1.3.2 PCRAR EAe =% POLGIAMNG. T4 1
FImtDNA 24XF 5| ¥4 34 1) Je NAK &: 2.0 uL DNA
R, U510 F T U 51 4920 pmol/L)#50.1 puL,
2.0 pL ANTP(2.5 mmol/L), 1.5 pL MgCl,(25 mmol/L),
2.0 uL 10xPCRZZMK, 0.1 uL Ex Taql##, ¥k 78ddH,O
%25.0 uLo POLGIAME FPCR N AU T : 96 °C
AR PES min; 94 °CAZ 130 s, 60 °C~61 °CiE k45~48 s,
72 °CIEAHT min, 39MEH; & J572 °CLEH 10 min.
mtDNA PCR % W 4514 4 94 °CTiAZ PE4 min; 94 °C
APEL0 s, 59 °Ci k45 s, 72 °CIEAHT min, 39/MEHF;
1572 °CHEAH10 min.

1.3.3 4977 bpBek a9#m] 4 977 bplift I HIR I K
M H:CPCR, #384k R [H] |, 7595 °CHIAZ 1S min;
95 °CAL 420 s, 55 °CHl57 °CiE k20 s, 72 °CHE{H20 s,
39OMG I, B 572 CCHEM60 s. LA b4 38 7= 4 H
1.5%35 e b vk %5 2 . S SAPCRY™ 1 B 14 14 5 A<
W3 S A5 R B, I mDNAY 14 51 7
12F12RMI12FA7 J- 8k 2% X Ab, 12RA7 T 2R X )9
B mtDNA I 7~ B LIS IEDN AR (1) 115 % .

1.3.4 PCR/*#p &4 thAtFain] 5 R Y TR
(CRIE)A B2 FIDNA B B ali 4k 38 71 & 1d B 5 4li4k

PCR™ ), 4lifk =13k b ifg 4 K I DR A B2 =] 34T
IE I .

14 AR

141 F 3kt W7k B 25 R H Gentle R A 5
NCBI(http:/www.ncbi.nlm.nih.gov) & Mitomap#§ ## /¢
(www.mitopap.org) b 42 fit () POLG 15 PRI N 28 2
WEAR SRy P 51 BEAT LL T, B AT BE 1848 S 47 i Ja
ChormasPro {1 352 U 77 45 SR 8], i3k — 22 1.
K P 41 e I e BILI It A7 A& S A7 a5 /EMitomap A1
NIEHS (http://tools.niehs.nih.gov/polg/index.cfm/polg/
view) Bl R R LA RiE .

142 @it F o4t WP B LERE 85 BT Se i 2
I3 Hr, 2 IR AR A AR R 7 ke 5, Y HISPSS
19.08AF3E4T 70 7 o

2 %R

2.1 POLGISMNEF1. 3. 4. TFIIHHER
2.1.1 PCR¥GLE 12001995 THEM 101 IE
X LUK T DNABRASZPCR [N Ji5 42 3 1 o
PR, 31 ) 2 R W B I L UK o S U
YR BN —EU(E 1),

2.12 POLGI/FRF1. 3. 4. TEFH4F 2214
K T FR AR (120491 55 K 75 R 101451 1 50) )28 R [A]
FER3HT, 45 B 5 NCBIEHE 1 T POLG IR 1) L
XF, RT3 ST A A oA (2. 3K2), Hodi2
AR R, 1 A R LRAR . ¢.948 G>AfR] L5
AR R P G5RG TREZH 0 25 5 T 1E RN UL (P<0.05),
LA AT A 5 AR 2 201 IR LU A G I 3 1 22 5:(P>0.05);
FT A 58 A8 FENCBIFINIEHS (http://tools.niehs.nih.gov/
polg/index.cfm/polg/view) £ #s J4= b £ 4k, K He.1370
G>ARAZ A MARIE L. c.128 ASGRA T HCAG=
W T H B AR AL, BICAG =% 1 e B K10
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E1 #5FFRAPOLGISNEF1(ET). 3(E3). 4(E4).
7(E7) PCRY & 25 5 685k &l (M: DL1000)
Fig.1 Electrophoretogram for PCR products of
POLG]I exon 1 (E1), 3 (E3), 4 (E4) and 7 (E7) in
semen samples (M:DL1000)

AF Amot10(3).

213 CAGEH¥BMELFIKESARAELFH
FadiAE T Y 69 0A CAG IR ES AN
Iy I 45 R B OR, CAG =M R AN IR 5 5 254
HE DRI IE 0T HECA N 559 RS 70 S A b i oA WAk
3 7Re AT, 0 REZHRT G50R1RE A d5 i DL Ik A
U 1010 PR B, H 2 53 ) A 99% F198.3%; LK
J10hot102% 5 2L Y, I 25300 1% F01.7%,

c.128 A>G

c.948 G>A

¥

G C T C cC & 6 C G G G A

c.1370 G>A

¥

E2 POLGINFHERIDIEE(TRER)
Fig.2 Peaks (mutational sites) of POLG1 sequencing results

ke M, R K Mnot1 0mhot1 0K 7Y,

214 HBAREAZSEABREFHEET 1370
G>ARE SRR T 3 2 b 28 TR IR 1V R Bl 1k 1) 5 3, il
il P 2 PR RS 28 1) A% hy A 1k b Pk 2 B R (A 2
[12), ¢.128 A>G 5% 21 L1 19 14 5T 4048 ) 91 e AH 2,

F2 POLGIRTL S BRE A BETRH I H

Table 2 Distribution of POLGI mutation sites in the asthenospermia and control group

X ZH(n=101)

S9KE TIEAH (n=120)

SRET RARALAT (e e RIS . PfE JEAARIE
X X L . X Control group Asthenospermia group
Exon Mutation sites ~ Base substitution ~ Amino acid change Pvalue  Reported
(n=101) (n=120)
1 c.128 A>G Q43R 1 2 >0.05 Y
4 c.948 G>A K316K 0 9* <0.05 Y
7 c.1370 G>A R457Q 0 1 >0.05 N

a: P<0.05, 550 AL LE; “N " ZoRm i i, <Y o it .
a: P<0.05 compared with control group; N: not reported; Y: reported.

R3 CAGERHBREEFIKEZ SHAEXN BAMBIBEFELAT NI H
Table 3 Distribution of the length polymorphism of CAG trinucleotide repeats in the

asthenospermia and control group

FER A SR AL(n=101) BRETREL (n=120) it
Genotype Control group (n=101) Asthenospermia group (n=120) Total
1010 100 118 218
10/0t10 1 2 3
not10/hot10 0 0 0
Total 101 120 221
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74 9flc.948 G>ARTLAIRA 596134 BBAFRAmDNA £ F 5 R TSR A LA
Table 4 Mutation frequency of mitochondrial sequence in nine ¢.948 G>A mutation samples and

nine control samples

€.948 G>ASA 4 (n=9) Xt HEZH (n=9) PAE
Asthenospermia group with ¢.948 G>A mutation (n=9) Control group (n=9) P value
Accumulated mutation frequency 342 315 >0.05

%S5 mDNARELETEc.948 G>ARTHN BE S 7
Table 5 Distribution of mitochondria variation sites in the c.948 G>A mutation and control groups

c.948 G>A Jic.948 G>A
A SEAST e T %Q‘MEE&E REAL(n=9) ST IELL(n=9) Xt R4 (n=9) Pl
Gene Mutation sites BaseA . Amino acid Asthenospennla Asthenospermla group  Control group P value
substitution change group with ¢.948 G>A  without ¢.948 G>A (n=9)
mutation (n=9) mutation (n=9)
D-LOOP 489 >C 5¢ 6 1
16S 3010 G>A 3¢ 3 0
ND2 4883 C>T P>p 3¢ 3 0
5178 C>A L>M 3¢ 3 0
ATPS8 8414 C>T L>F 3¢ 2 0
ATP6 8701 A>G T>A 6 6 2
CO3 9540 T>C L>L 5t 6 2
ND3 10398 A>G T>A 5 7 2
10400 C>T T>T 5 6 2
ND4 10873 T>C P>P 5° 6 2
10998 G>A A>N 3° 1 0
ND5 12705 C>T > 5 6 2
ND6 14668 C>T M>M 4 2 0
CytB 14783 >C L>L 5 6 2
15043 G>A G>G 5 6 2
15301 G>A L>L 5 5 2
D-LOOP 16182 A>C 2 0 0
16223 C>T 4* 6 2
16261 C>T 2° 0 0
16299 A>G 3 0 0
16311 T>C 2° 2 0
16362 T>C 4* 3 1
16S 1937 A>G 0 0 2°
ND1 3970 C>T L>L 2 3 4°
Col 6392 >C N>N 2 2 4°
6960 C>T L>L 0 0 2°
ND3 10310 G>A L>L 2 3 4°
D-LOOP 16136 T>C 0 0 2°
16140 T>C 0 0 2°
16304 T>C 2 2 4°
Accumulated 957 954 46 <0.01
mutation
frequency

a: ¢.948 G>ATAZ T, mDNATAZAT ki I FASHIE L T 0k AL, b: 0 HRZL T, mDNATAZAT K AR Tc.948 G>ATARHL; *#P<0.01, 5
X HRAL LA 22P<0.01, S HRALLEH .

a: numbers of mitochondrial point mutations were larger in the ¢.948 G>A group than the control group; b: numbers of mitochondrial point mutations
were smaller in the ¢.948 G>A group than the control group; **P<0.01 compared with control group; *“P<0.01 compared with control group.



AW IRAL; B: AR C: JESRARSIRS 4L M: DL1000.
A: normal semen samples; B: asthenospermia samples with ¢.948 G>A mutation; C: asthenospermia samples without ¢.948 G>A mutation; M: DL1000.

E3 £ PCRY 14 977 bpiksk K E fk[E
Fig.3 Electrophoretogram for 4 977 bp deletion segments amplified by nested PCR

AR R S IR AR S B L
2.2 mtDNAZFF 53 e

ZEPCRY™ 18 1845 b A (941]c.948G>A 5 4% [ 55
K FRE bR AR 941 X HE 4 bR A)miDNA 4 )7, il J3
S5 545 1F 5 S 91 (rCRS)BEAT % EL, P 20 5L
FARTTIR L T Ge 112 22 (K4, P>0.05), FRATTE
RS T IX S G2 i S AR A A E B AL 22 R =2
AL s F5 224N SRARA 1,948 G>ATRAR A ) 5848 5]
LR IR 220 LA B, LR SAS S UEAR; 84
SEAGT % B2 I 5 AR B bl e.948 G>AZEAL 2 %
26 LA F, 3204 R L 5E 4% 5 16sRNAFID-LOOP X 5%
AR o X300 FEARAT I B AR AR c.948 G>AR
AR (95) i 25 i T 6 B4 (46)(P<0.01). 325 XX
30T AR Toc. 948 G>ATRAR K 95K TEKS 1
(PSR NE BLEAT 0 Hr, 25 RS L 5 S8 AR L AR I,
BRUGRAIIKGS, HRARY L TG v (S,
P>0.05).
2.3 4977 bpiRELER

) H B XPCREE KR 4 #9274 45 A (961 c.948
G>ARA I GIRE FARERRAS . 9B TCc.948 G>ATRAZ (T
SRS TIERRASFIOB XS B ZH bR AS)4 977 bpllk, KL
915c.948 G>ATRALKRA AT THI K 424 977 bpiik’k, 9
% Tc.948 G>ATEAL IR 5545 R b A NI % Jibr A
WA 201 e A4 977 bp iR (13), ¢.948 G>ARARA
(R 2R 6 2 v T HAt I 4H.(P<0.05) .

3 it

19964F, Ropp“5!" i I b 31 T AR IPOLGI
FEBL, JFAf e JoE A TGtk 115925, POLGIHEA
& — /i S POLGHE 1k 7 JE i A% B A, JL 472344
¥ . POLGEMEAbmtDNA S Hil2h REME— [ 2R A 1,

X YERFERLAR IE T BE A EE/EH] . POLGIKE
SR Al 1 N BRIE IR K B ISR R RNBET, JF
F UL H ™ E I mtDNA S Z R4 2090 H 248 S A0 B 5
PESE RS, PEAN RIS, TN DNAR By Ll
IKF R 43 138 4% 2 7KV ASGE AR 56 BOBIF 9% 20 A, IE
I H AEmtDNA K i F1AS 1E 48 K bt 35 28 56 5 22 1)
fERjue-,

CAG= I H IR H 5 g N A i (1 2 BB A
BRI, CAG =X TR H S 4 H 1 st Al i & AN
() —Fh ARSI E i b 2B B A A S e, A ] B
ARG M. CAG=ETTIRE R 2 &RV 2 57t
K, BLFE Huntingtonfpi . WL5E HYEE FAR L AL
T 6 R/ I R 22 45 4509, 4728 80N, CAG=H#%
HIRE R 2SS BHEAF N, HEAA5T
A, A H EPOLGIEFICAG = HTIRER 2 &
Y5 BAEARE AT, AW AR SRS TRE4l
R 240 . X R AL RS H 1 CAGEE & 31 0/not104%
HR AN, HAY HCAGE 2 3010/10% 47 3 K,
ANREHEMCAG = FTIR EREH 2 S5 55K 1T
JEATAIG

Kao%5P /I Gashti 56X 28 & A1 A F 11 5 2
mtDNA 4 977 bpBl K HEATHIST, KB4 977 bplilt L
K F% IR S HEAN G, FES9KE I R TR
MG KA 3% 4 977 bplih 2k & 42 %5, Teremi-
adou I FE AR S T IX — 45 . 4R1T, mtDNA
4 977 bl 2k 5 POLG I3 K 58 48 I 5 A K We? van
Goethem 2203 I 46 ) 411 7 mtDNA S 5% 1) 3F 47 1
R A ULBR ST B 25 () POLG I HE D HEAT Ao, 4 I 0 e
BN 2 A POLG IS R 2% 6 R A ; Graziewicz
SERORE S R B, 47 A POLGIHERIY955C S A% (1) /)N Bl
R 38 ImtDNAS 45 (1) RUR: . B AT 20 B 17 9% oy
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HPOLGI c.948G>AZ AL [ 55 K T i & 3, b Ay
74 17 £FmtDNA 4 977 bpik 2(7/9), B 2k % & & 5
T RAEAPOLGI ¢.948G>AZEA% [ 1F %) IR 2H(2/9,
P<0.05), 1 HAB W2 = T R 77POLGI ¢.948G>A
SEAR [ 59 K5 79T 4H.(2/9, P<0.05). Atk FR AT
POLGI ¢.948G>A% % 1] fig 55 5 EmtDNA 4 977 bp
i RN 55 R TORE (W) 7= A AR OG0 L8R 948 G>A N [F]
N5 AR HAR S AN TE o i, Wilm’s )i
I 3L AW T L [7) S5 A4% 3t vl A HEmRNA Ry R 08, i
TR0 /N ) L L5 A A= 1R KURR 22T, ) LA 2 T LA
RE 5 BT AZ, W] RE AL DA b Lo AR T BT 1 R R ) Ak
. mRNARE PEEGE M T 3R R PF >, 7EAHT
FEH, c.948G>AT ALY imtDNA 4 977 bpflt 2k K 1
I, HENc.948G>AlA] L 5EARA vl figid il b ki1t
M) 25 1 0 e PR BRI e, (R A TR A9

AT mtDNA A J 1) 58 48 3 045 73 B 25 3
AL, 55K TRECA B 2 75 5 17 c.948G>A AL L
ARG 0 YL L TC G vE 2 22 3¢, 1B A i (304
AR )5 RE FRE 1) BRAR G AR R TN
MR, $87RmtDNA A7 4 5848 v] g 55 95K Tk
FHR, {He.948 G>ATAL FFIRA IR LT fif AL %
BB, PR 1% 5848 T e AN I mtDNAJT 51 1)
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