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Bi: 1. (REEBUENEEE (M) PREREHER.
2. B BEHBYBERTE.
3. RIAR 40 MY 18 iRt SMA BET RS IETS.
T 1. NHESEERN-BEARBRE Bk (PCR-PAGE) FARXTAIEZHME LA
BEE (SMN) BEESHEEBESR (STR) (AT Sz,
2. BAIZA PCR-IBHIMEESY). B BBMARAIE (DHPLO). STR ESIS T RERA
RETE AN SMA R RHAT BT .
3. MRS PCR. 34pIEMTHEY 18 (PEP) & 7% % PCR X Bk 2 A0 B 174 8.
4. [57 A PCR-[R ¢ B TR AN I B AR SMA 582 SNk EE A MO AT SMNT BB
Z8. 1. AN ULAS INERESK STRASATRER T SNMEHFFEREREE. 2EX
BRI
2. MERILIEHAT 3 4~ STR 24 (D5S435. DSF149. D5S351) #H4T SMA REEH &
i, FFERENAZERAMS. PCR-IREIERIR DHPLC #HT/ AT EHE 2, %R
HERR . TTEE.
3. FAEFPCR, 1YY LY BN, 715550k 90%F 85%.
4. #30 PCR. FYREMTRY HELM SMN £R 7. 8 S4E T, PCR Pt iTRR %)
RG], & RRM I PRIE DNA 5 PCR-FR &I BE ) 45 R — 3.
2. 1. BA& PCR—IRHIPEESY). DHPLC. STR E4TIMT REEIHE A SMA FaTL T
HREMH. TE.
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2. FS4M PCR-FREIMEREVIJr EE T LAXT SHA BB AT R 2HT,  SMA BRI
WisE TR, FAHSHREREREATSHERETBEAISR.

X HHEMEBSE (SMA): ERBESFS) (STR): BAREIT:
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Establishment and Application of Haplotype Analysis and

Single Cell PCR in Spinal Muscular Atrophy
Master Candidate: Jun-feng Su

Supervisors: Prof. Ning Waag
Prof. Zhi-Ying Wu
Abstract

Objectives: 1.To optimize the prenatal diagnosis system of spinal muscular atrophy (SMA).

Methods:

Results:

2.To establish the technique of single cell PCR.
3.To apply single cell PCR in the gene diagnosis of SMA.
1.PCR-PAGE was applied to analyze the polymorphisms of STR loci that tightly
linkage to survival motor neuron (SMN) gene.
2 PCR-restriction enzyme digestion, DHPLC, STR linkage analysis and
GeneScan were applied to prenatal diagnosis of SMA.
3.Nest-PCR, PEP and fluorescent PCR were applied to amplify single
lymphocyte.
4 PCR-restriction enzyme digestion technique was applied to detect the deletion
of SMN1 gene in single cell.
1.Three STR loci picked out from eleven STR loci tightly linkage to SMN gene
bad abundant polymorphism and high rate of heterozygosis.
2.Three STR loci (D5S435, D5F149, D58351) were applied in linkage analysis,
which made the results of prenatal diagnesis more accurate and reliable.
3.Amplification rate of nest-PCR and PEP was 90% and 85%, respectively.
4 Exon 7 and 8 of SMN1 gene in single cell were amplified by nest-PCR and PEP,
then the PCR products were digested by restriction enzyme, the results of

single cell were consistent with those of whole blood.

Conclusions: 1.Prenatal diagnosis of SMA was more accurate and reliable by the combination

Keywords:

of PCR-restriction enzyme digestion, DHPLC, STR linkage analysis and
GeneScan.
2.PCR-restriction enzyme digestion of single cell can be applied in gene
diagnosis of SMA, which is the basis of implantation genetic diagnosis of
SMA and also provides the technical support for implantation genetic
diagnosis of other genetic disease.
Spinal Muscular Atrophy (SMA), Short Tandem Repeat (STR),
Haplotype Analysis, Single Cell PCR, GeneScan
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HEEVEBYERE (spinal muscular atrophy, SMA) R —HEH MEKEESEKR, JL
BERIRFH SMA BE R AGRIERE, BHERFER 1/6000-1/10000. HaARRIAHEATE
SR BRNESR, ERETRR, THET LR, HEERTERMATHENA «-
BEMATLETHE. MUEERERRIGREE, KR DS LERRF SMA 4% 3 .
T RUH] Werding-Hoffman /&, RBJLHIRE RMBFEHBRERL—, BILERENLR 6
MRAAKR, RAATEMEZNEAFPKAET, FaEIL, £7E 25 AT TR
W 1T RARRE, SEERE6-18AlKME, BILGRMA, EARRME I ATE,
KERFEE 2 F L ks 111 B3R Kugelburg-Welander 7. HAEHAE 18 I AEKMH,
ERER, THFEERE. AR SMA EF 30 ZLERR, WEH. NEREARIRK,
KABRRERR, SREAEEFREEZA,

1995 4¢, ESMSE5E/ETE 5q11.2—18. 3 REBE T 4 M5 SMA B XMEERD: E3)
WAL (survival motor neuron, SMN) H[H. W& TETHMHIEE (Neuronal
Apoptosis Inhibitory Protein, NAIP) ¥[F. EAERFE T lipdd FEHESL (the basal
transcription factor p44 Subunit, BTF2P44) EHE & WAFS EE, & 4 MEREESL
RAREE R 5q11. 2—13. 3 KR EHREHT] (Wl 1 B, HA SUN 25 SMA B9BUR
B, HKIWABMHERE, SN ZEEFETE SMNL. SN2 BN, &2 6 5 MR
Zte 94%SMA B SUND AT SMN2 FEAE®S ¥, BRI 0T SN R B 5 R K
BEAT SMA EF12Mr. F 35%MEE ABRE SN2 E[H, To SN E%, BxRSMN2 BREE,
EATRE TR SMN] BOBR R . FAEBF RN, SN2 # IIES SVA ™ EFRE 2 Sk, &9
7E SMNI SRR 1B LT, SN2 W] RES Bl — e mafC a1 .

cen  Padc  NAIP® SMN2 H4F5¢ H4F5t SMNI NAIP P44t tel

— .. H O H -

Bl 1 5913 KEEFE L HERE

SMAERIBER BERMBAHE, BEERREVIE TR, AHSTRENRAE
G, BILHITHBTASHARESE. sl —RRE i FER e e h i
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A HATE IS EE B R PR MR T S B S B L R TR il

R B FELNETEREFRARERT. BRETIEEERD ISR TEE,
SRS 4, EASMSRIR T AREFE, WK, A4 KER (Short Tanden
Repeat, STR) Y MMAGRGEHIHTE. FKMMBFFMBK, AT, STREH
ST R — P SR P R B R W, AMUATHEAT RE RS W, WA AT Hot HER £
R, RSN E . BSTREREARAAT . RAMEZAFEER. EHHHFZEASTR
S HTAT P RIS W HE R BRI 5 R AR ™V, (BRTIESTRAL M MR IL(E R ER D,
RAABRR R Rk B I E MR . BRMELHEEREE . WEHEGTNRS
HEETHEANBMSTRY SN ZHMA S RE LA RAARAEENEN. FHA
55— B4 MGeneBank R SCERAR B P Hhik 114N 5 SUNZE K B BHE BIISTRAL A, AP ii%
R FE R BT E R AR TMAR RES 47, HECS R BT 3 S APCR— R4
HEEEY). SRR (Denaturing High Performance Liquid Chromatography,
DHPLC) " " R ERFIHEHAHATMAP R RTS8, i EE kRS — P,
BRIRP=RIS AT IO 45 s, WIS

AH—JHE, BB, FEEFH, RIUFSFRSFRBMAERRL. K. SER
REFFRAE, SPRNE WA SR s LS DT A TP AR IR 8L 4, ks
FREREKRH G L. 19904, Handyside H N A A BT 8 (preimplantation
genetic diagnosis, PGD) A MEARBITHEZ S iR F A LIRS, BaT
H R EX RO ESIOR A R A, 61T PO F A, HARTISHE, BRERT thsh
FZF(in vitro fertilization, IVF) X B Z6~S4 M AMILRS, 75 BARE T iER1~2
A G RER A MU SR BRI B R AU 5 0 AR 45, @it 28 & M8 4% 3 R 1 (polymerase chain
reaction, PCR)BRIRIGIR N7 JR3T (FISH) 047, AT HRIE R4S 2630 7, M 32 TE B A0 BE A1
ANFERN, ATRBRERNIL. BRI BARSRECRER TR NEEEE, X
TAHEITIVFMKAREREE, ERENERSHERBRRENBENE, BOTHA
o, BERHE LU ESES. Bl TERFEUHL~2N K, HONABIED,
PRIk A T ST AR S B S A0, LLBRRAE N RIS IR SRS . AU vtk T B 4
Mg BEECARTESMARE RIS W b [ P MOARIE . ABFIT8 — 364 A SLPCR. 31 MITIS
R FOEPCRETL A HEATSMAR A fa ™ A 9T, SEIGMPCR. SR TAY 50 F BISMA
HIEBIZHT A, HSMABART IS RMEA TS,



AR R R M R AR TR I RN R R BES

104 BREEAEMRE STR LR AHiE R
HEFHERSHPMNRAMR

HEEE I ZE A (Spinal Muscular Atrophy, SMA) B—FARERBMHE REMRME
B, BEMEE EEROT TS, BRI SRS e )L AR
BANEFRETEEE Y. ST ERS I AS RETRELKRHET, EREL
PR M SRS, STREMAIT R —FEENWERSHTE, AMUTHTR
HETS N, RTINS AT, AT A . B1994E LR, IR EIH10
& FESTREL A BN B TSMAT= RSl P ", (ESTRILAEARAM. REMBZ [0)ZRE
K, LRXBr AR HESREAR. HiEARERRIESFTERRSTRE SHH
WmiEERER Y, ERFNABKGR AN FREUTRR S . ATFRMAISMNE
R B G B BOSTRAL A5 Fp AR iS5 R B E AL RO ITSMAK RIER T, FHFBLE R
AR A ST PCR— [RAEES U] . DHPLCR BEFAR SR AHITMARIEE 24, R
SRR, WE.

MR5RE

—. TFAXN%R

1. 1008 EH A ARBRER XZ20040 AR MR A, S5k E/RE, LA, LXK,
Wk, WEEE, UEERE.

2. BSMAR RIDK BRIWEARE, eFIEEED, Bol, LI1F, ERFEH1~
124 R, HAIR2E), 1844, TLFFE 19929 SMARIFR IMES ISR KRR ISR o3
FRESY, B HZPCR-PREITEREY] A DHPLCAR IS SN LR R B . 6488 LIBIYEPCR-
PRIV B 1) ODHPLCIE SE A JOSMNL R Gt ok, A — AR 7 0 B E IR & HFHR i
15 PRt AT STRIE BT o

ZL EESRAE. WAEAE

(—) FEELRHMEFRF

1. FREER P X AR (LEETEWEARERARD
s RE(EMNEREPEARERAE)

BRI (LB TEYHE AT R AT
+ TEMED (N, N, N, N —UREZ — ) (LEB TADERFRLAF)

o b
ra



HHEMERE R REMMHTRA SR BT BN R RARR oM

5, TeqB R 10xB il ( LBRTEHBRAERLTD
6. 10mMdNTP ( LAY ARFRAF)
7. PGEM-3Zf (+)DNA/HaelIl Marker (E#FE T MR ARERAT)
8. GFX"ZERHDNATIRIAFIE (Amersham Biosciences® )
9. POP-4™ 310EE 4t {x 7 B H (3:EApplied Biosystems/ @)
10. GeneScan™-500 HIHFILH FENAZREE FHBERE (EEABIAR)
11, THERBRBA (- RAL AR T) )
() EEE
1. 9700%IPCRY (ZE[EApplied BiosystemsZ &)
2. SI0BZEFE MM (EEApplied Biosystems77])
3. DYC-2813 Ry ik i (Jb s i A —{387)
4, DYY-8BEIFR e ARIR ik A% (LT /A —1 88/ 7)
5. HI-2ZB B EEARS (LHEEETEELUBEEERATD
6. TS-IRIBEEFRAR : (LI I T oMk TUR I BB H IR A F)
=. ERHFE
(=) ZEHANAKIHIR: BR2~4mLAh M, FACEX"DNARR RN S RIS R RZADNA, 3%
AR BETRIE. 3EKONABIR  FE 7= R T B T S SMASR A 2 ZR 4~ 54 H 27K 30~
50mL, ¥ B A ERH F 0 M B4 AR, 2000rpmBS L 104 4P B IR 3 A 47, GRXPDNARN IR
SHIREFEFDNA,
(Z) STRE{ABVEH
1. PCRY™#8 - #E5q11. 2-13. 3K 358 Hkise 55 SMNEE B B8 35 S 40 £ 1 L NSTRA A 1T PCRY 38,
o512 % B ER E S B BIEHREEE (http: //www. ncbi. nlm. nih. gov/), a5 g
k. RMAAFR25uL, 10xPCR Bk 2.5ul, 10mmol/LANTP mix 0.5ul, 25umol/L |
TSI 0. 5ul, TaqDNATRABY 12587 , XRFE/K21ul, DNAKEMR100ng, KA.
94CHE E2min, 94°CHEME30s, BA30s, T2CHEMASs, 30MEIR, BS72CIHEMSmin,
SIFIRRKBE LRI,




FRE NS REL GGG TR Y BT RN T R AP i

F#1 11/NSTREL S BHF7 B KEE

STREFA  LEREMTS (5 —~37 ) REEI#MFEF (57 3 ) RAREE
D55435 caagagcacagtttggagteag tggtcctaagatagggttgat 55°C
D5F153 gtttcactggatggaacggc geettectectgagtatgea 56C
D5F151 atcgccctcgaaatgetatg ctgttecactatgaagetatg 55
D5S637 tgaatctcagggagtigtgaa ctgeattitaatactgcaatgaa 53C
DaS464 caattcccatcatcagecte ttgaggaaattaaggcagssg 57°C
D55§1556  atttacttttccaagggegage catgitgettaggectegtet 57C
D5F149 cctecaccotggatgataag getgatgaagtigtaggagee 80°C
D55351 accagtctatggcaacacage gatgagcattgecacttitage 62°C
MAPIB-E" tcettcttecaasaccagegty aagtitctaggatgetigegegat 55°C
aagecte ctette
D5S1413  getacaggccagatgageggaaatag aaaataggcttgtgaaaccaacge 597C
D55125 aagaggactcceatgettgttg tagaaaatactacagtcttettggg 57°C

2+ AR A MR B R I Rk AR

(1) FEHEI40%P RSB HR R B e, BAM. REH

O4 BIFF PR BL I 38g A H XM AMEE 22 BE, MIFKEESE 10001, BIN
A0% P9 SR B

@FEEH®: TKZBE 105n+IKEEES 5ml, SEAZE 1000ml.

OREMH: HEE 2g. MWFKEAZE 1000ml, BiFE OEPBEE.

@E 6. HITED 15g, THOK 800w MK, INA 10.8m PEBEEE, B
EHZE 1000ml.

(2) HFBBEIBITE, HEHT.

(3) FHI MR ASBARRA R RIBRANER, Bl — R4 40nl BEHK.
73 I AR BR AL B 8nl\ 5xTBE 4ml RIRE 208, MMFKEEE 40nl, B, MA
10%i BifR 4% 400ul K& TEMED 8ul , HIECHIRY S%ROZE {22 4 1 MGk OB & 9.

(4) R, ERTFKE 1-2 M REZES,

(5) TRk EBIKGEAHIRA 0. 5xTBE, B ¥ 55°C, W[E 500V, FlmkE /T, FRBEKET
SEryEinEfL.
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(6) LFFERIK.

Ot LHBE: B PR P4 sul+EE MR (FXRF FF 0.0083g, REYE
0.0083g ,0.5mol/1EDTA PH8.0 100ul JIEEFHELEZE 10nl > 3ul, 95°CEHE 5 24,
KRR, HEEL.

@ nEEFL A 50ml VSRS, RERIKGPRG T R EERA M LEZEA M.

@L#Emik: 500ViERE, S55CHEREkK. Bk EHRER B DME.

() BRABBIZERRRE A

OB E: #ibmk, BHEXETHEEERL, MBEKIR, BREAREHE
WHER P, EIRK FRR 15 24,

@i#fh: FREW, FONEKERER 2K, BIARGHE, $%EER 15 54,

@E 6. AMEAKFEHRER 2 K, BRAELT 108, MEAE, BELHEHELL.

@1k FEOR, FUEEK 2-3 Kk, BIAREELIERN, 4% 15 26, FEREK,
G SRR 2-3 K.

¥ LB ERA L, HRET.

3. ERBHES T

(1) PCRYH§: & F40iEH 834 STRIZ A (D55435. DSF149, D5S351) EFikits' ¥
BT FAME) 5 14, PCRY™ KR %25u L, 10xPCR 232, 5ul, 10mmol/LdNTP mix
0. 5ul, 25umol/L L2514 0. 5ul, TaqDNAZE & 81, 25804, XA 7K21ul, DNAKEMR 100ng.
RIz4&MA: 94 CHAEM2min, 94°CEMI0s, 1BA30s, 72°CHEM45s, 30MER, BET2
CHE(F5min. T4 71 BB KB E mMEL.

®2 ISTRELETICS I WFF Rig K8 )E

STRAL A EERSIMTS (57 -3" ) RESIWFEF (5 -3° )  BARE
D58435 FAMtggtcetaagatagggttgat caagageacagtttggagtgag 55C
D5F149 FAMggaggctaaagtgggaggat aggaggcaatgtaataaatgttc 60°C
D5S351 FAMaagaccagtctatggeaacac gtgagaccgaaaatgetgatg 82°C

(2) BI0EBH 48 (XM A BPCRA=4Iul, LB F P B I00L. 75X A7

(GeneScan™-500) 0. 8uLiB%], 95°CAPESmin, MEIKESmin/E FRETF 3102 B 47600

PRk, IR ISKY, BRBE60°C, k2844, A48 8 ¥ fData Collection software
version 3. OMETHUIEWEE, SR HCeneScan analysis sofoware 3. 74#,



FHERTE AR AR B ORI S A 0 AR 0 L 487 i e 3 A R RIR AL B8

s R

— STROZ SR IEH T [H A BE P L08R h7 R AR %

1. STR AL s PCR 47 1% B A% 1 5 1 406 A o gk e L A0 25 2

BAFBAEER (0 ZEFA) A 1L A STRAL ST PCR I8, PCR P28 1%55/i5
PERER AT, 0, KR RMEE (B 2) . POR P27 B TR AR B R B sk F )
i, BB 3 ML (D5S464, D5F153. D5S125) HIRMI & LA EMAEAY (& 3) , Ehhk 3
LR AT R A FIR SV LT, AT SR R 4T, NS AT SMA
RIS, B SERIL 3 AP BB

1234567891011 M

B2 T1STRAL A B i vkh U B A
1,2,3,4,5,6,7,8,9, 10, 115 HIfAKD55435, D5F153, D5F151, D5S637, D5S1413, D5S125,
D55464, D5S1556, D5F149, D5S351, MAP1B-5' ; MAD2000 Marker



HREE A P R R s AR Y R R R R A

D5F153 D5S464

(LAt L L

D5S125

B3 D5S464. DSF153. DSS125{F f A4 B8 vy 4 Bk Rie ek s vy B BB R
Marker J1pGEM—3Zf (+) DNA/Haelll

2. 84 STR A mi7E EH o [ A BE (1) S 35 54

BATTR oA 8 MU HEAT IEH AN 2 B B, B 45 X 8 > STR i p748 R 16 A BE
A B AR S ARRFAE (R 3. D5SA35 ALAEAT 7 R Ay v B, TUHAZR &3 N 0. 844, 5
BRAE(E K 0.80 , BAMAEREPIC) A 0.838; D5FI149 L7 A 14 F4EA B, i
AHER 0. 875, EFFWEEN 0. 86, B A B E(PIC) A 0.873; D5SI51 S5 H 13 Fhékts
FB, A& %4 0,888, WM N 0.57, LAMGEEER (PIC) # 0. 886, HAEM A
WHRE A, 5.

HEEREH 8 A SR L EATHAKE LAY, o D55435, D5F149. D5S351 =4
MEBLENAZEMHARTEETE, ROEER. B 42 8 4 STRALIHEHT A&
Bk R ok &5 B R . AP b RIFFRT LA Y D5S435. DSF149. D5S351 = STR £ %
REMNAZSHEREESE, RERTEE, HERLHFHNESK S,



AN P A RUE SR T A BT R R MR BT F—AD

R ERE 551556

DEF151 D5F144

DESHAT oS

D551413 MAPIB-5

B4 84-STRAY &7t 3 N 15 I i R e e ke B BR
Marker ApGEM-3Zf (+) DNA/Haelll
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3. STR{L AR B KR A4 #h

RIS SMPICHE., FEERSMERNEE, REHSIPICHE. REXHLSE
P EFEHBRLHISTRA A (D5S435. D5F149. D5S351) , FEMEAR KE00MEEA (A
FERTAAMI30 AR A) , TMELIX AL s I B 6 i BURZE A1 A 384k . AFR6H7 AT LLE i34 STR
LR A BRI, 6. 57, PICEHRFEAARWHE LA, RORATXIMIENE
SEEEFE. EEEPEAF PSS A LUISTopFBE R, HEhBRED S,
DSF1494 M B A5M A B E B4 T 219bp~235bp2 (8], Hith i BL tHIRAAZ 4%, TiD5S351
fr s Lh164. 168bp. 178bp~186bp A B HIMESAERE (E5. 6. 7)

0.26 ¢

|
147 149 151 153 155 157 159 161

IS  DSS4357E TE# o E A 1S 47 H BUE 24 B
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0.16
0.14
0.12

0.1
0. 08
0. 06

0.04 r

0.16
0.14
0.12

0.1
0. 08
0.06
0.04
0. 02

203
205
207
209
211
213
215
217
219
221
223
225
227
229
231
233
236
237
239

Bl6 DSF1497E [EH F E ABFF RS AL BURS 5 i B

|

W0 0 O NN H W O N T W o O ™M F O oD
N o S T o S T o S - S B ST+ ¢ B~ SR < T« B+ S « T - S e )

—

—

T

1

Lo B D 05 T e T e B ]

1
1

el

1
1

_— e = -

BT D5S3517EIE# o B AR P i A B 4 A i
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