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Two novel TSC2 frameshift mutations in tuberous sclerosis complex
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Abstract: High-throughput sequencing was performed for the peripheral blood DNA from two probands in
the family with tuberous sclerosis complex (TSC) to determine the sequences of TSC-related genes TSC1 and TSC2
and their splicing regions and identify mutation sites. Amplification primers were designed for the mutation sites and
polymerase chain reaction and Sanger sequencing were used to verify the sequences of peripheral blood DNA from
the probands and their parents. The two probands had ¢.3981-3982 insA (p.Asp1327AspfsX87) and ¢.4013-4014
delCA (p.Ser1338Cysfs) heterozygous mutations, respectively, in the TSC2 gene. The parents of proband 1 had no
abnormalities at these two loci; the mother of proband 2 had ¢.4013-4014 delCA heterozygous mutation in the TSC2
gene, while the father and the grandparents of proband 2 had no abnormalities. ¢.3981-3982 insA mutation may cause
early coding termination of amino acid sequence at the 1413th site, and ¢.4013-4014 delCA mutation may cause early
coding termination of amino acid sequence at the 1412th site. These two mutations are the pathogenic mutations for
families 1 and 2, respectively, and both of them are novel frameshift mutations, but their association with the disease
needs to be further verified by mutant protein function cell model and animal model.

[Chin J Contemp Pediatr, 2017, 19(3): 308-312]
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BT 9934, U 23 MANTE T, BRI 2
AN T4 ) R AR A X RIS B DY A, G
PR R EENE R 1 (hamartin ) 3 TSC2 3& K T
16p13.3, AU 41 MNBT, il =)k s
M (tuberin) -

TSC1 1 TSC2 1Y 3 28 AR 45 o L5748 | HE
AR | BYHEESRAY | R A A — S SR
THEYTRBRE HIRIZW N TSC A Y
85% 2y Al AN 2 548 . PR, REZ
FEIE BRI Y H R (MLPA ) KUK A B
BRACFEHE, TSC1 A TSC2 K Hi 2438 0.5% il
6%, Ak TSC2 FEH P Br K AHERS 28 AE RN
e
1 #ERERE
1.1 MRS
REVGIEH, &, 4%, LHEEE T,
R To R, 1 &Rk, AR 24 H T
FrMEBE A —E R RS (B 1A) o EfF 64
ARETHEMN S L, 4~6 K /d, FH4E2~108/ K,
A JG 7 A A AR MRT ARG B 7 U] i 2 B /N 2%
kBB R R 2 R SR AR 1 kA
A CT 32 7% S oG 25 BE 343 25 /N5 1 kk 3 i A T
Bom CELIB ), BUMIR K3k fe 2 7 B 2T /N R
RACE FE AL, FAFEA54E, TSC vl RE. i H ] 5+
W,V R IS S SR K T AR I R, I PR
RV IR B, S B AT, 2%
B T AT WL A SR 4R, B 2. REESD
Jo i 3% VRN AR L PRI 55 Be A T TSC AR DGR 1) /5
W, 45 H R R TSC2 FE [ ¢.3981-3982 insA
(p-Asp1327AspfsX87) 4 A R4S, L. il
FHAYY, Ao/, MERER 5 & AR, A
UE AR O MBS, OBk, fEsisk
3~4 R, KA AME, BRENE 7~8 K. A
kR FERE, XUREHIL, M ERE L, 1~2
W/ BLHRaN “wma” G WA Hat
AN, BEWTIEE AL BRI A s T, (HRREITH 4,
BA HAREMR . 45 n] UL 4 Zb IE R0 €2 28 i 2%
BE, WRAHRMERG, ST 4o HiR o
SEUEH A TE TSC A SEREIR .

/

B1 XE1RIEERRLEMZGERE A 4
MR — FR AR BRBE; B 127 23k CT A 2 7 A ] i &
55 2 A iR RS A CZLEERR ) L Ze i = 55 ) L
LA SRS 2 B A A CREAFELITR ) o

R0, &, 9%, MAELTRE, W
SH0 TR P DL AT I 21 4R, R DL A Ak B T 4 i
FEREIE SN IR BRI BE, 6 20, W IG5
iz 2 K, A CT KA s A M i & = 45
W2 Rkt RE, I8 TSC, s Bl M FIR,
HIE HIR: P DL, A0 o s 3850 XAy 3 AT B 2 i 5 A R ik HIRG
TR RAE, 8 FHF, MUK CT K22 7= P 0l figg 2=
F2 R (K 2A) , BURKAEEL 3k, BUE.
OEL L BB B BRI R E . S
FAYT, SOREAF . AN 28 A8 R A 7 e 3 o
MR, &5 R 3R S TSC2 F K ¢.4013-4014 delCA
(p.Ser1338Cysfs ) A4, MAEMIZI LT M
A, g FoKOE, B e R E A T RGN
Ko FeUbFEBER,  H YT ES AT WA PR PR AT P
MAELFAERE, A OEEES WLAS A 58 An i s ke (&
2B) , i B HE A N RR R AR
Haht, BRFZAMFEAE, SoikdE BRI

TE TSC2 3 ¢.4013-4014 delCA Z2A 5878, SeiF#

A AMHACEEITE TSC AHICHER

2 RFE2FXIEEBRGFFHIMEMEIEE 5 KKK
A JGIER ST CT R /R A I 2 55 P> s RS Ak (4
PR ) 5 Be SEilEd BEEAT MRS A S E A HA R
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1.2 SMEMEEZH DNA £2EL

e R BB AT 52 T, B R 1, 2561k
T OSRUEE SRS R 2 Se Uk AN AL BESN
1fil. 2~3 mL, EDTA-K2 $T &, * 1l GentraPuregene
Blood Kit ( Qiagen 2 w4 7 ) 4 51 £ $& B P 40
DNA, AP IR IR UL 45, Kl DNA 4l Ak
J ( Nanodrop2000 £ HAR T ) , 3K DNA
SHFEETE 1.8~2.0 Z[H], VKEETE 20~100 ng/pL Z[H],
1.3 TSC tHXxEREFBEENF 54

ZACRIIAE G ARG 3 OB S TE S DNA 4T
W4 2 SOl RE LG A X TSCL A TSC2 H

T 5 PR 1) i 5% IX B R 30 59 D) IX ) DNA- #7430
B, a0 B AT S ARG
Ko L PR H BR IX K B 24 26579 bp,  H bR X 7 55 1
95% L) I, HHn X FEHIRE 509.58 x , Hir X
BIREE >30 x ALUIr i Fe iy 100% .
1.4 5|¥igit

NCBI 4 ] TSC2 3 [ J37 51] (NG_005895) |,
R i v A 0 7 % I 2 AR A 4, SR A Primer
Premier 6.0 1151931 FisAd TARIE R, 5149
FEo L 1.

F1 TSC2 HEEMRREL A 1834
AL R T4 SIIKIE (bp) SRR (C)
¢.3981-3982 insA GTGGATGGCAGCAGTAAG TGAGCAGAGGTATCAGCAT 493 54
¢.4013-4014 delCA GCTGATACCTCTGCTCAC CTTAACCTCAGGGCTCAG 442 60
1.5 PCR & 2 4
I JH 37. ¥ %6 Thermo Scientific 23 7 iR ], &

I A& Z: ddH,0 15.5 uL, Buffer, Mg™, dNTP 4%
3ulL, 1FE 5144 1L, Taq DNA B 1.5 uL, #
ML DNA 2 uL, EARZR N 30uL, P 4854 96°C
3 min FAEME; 94°C 1 min 281, iB K 1 min (AHR
BIGRFEEWE 1), 72°CHEM 1 min, 35 MEH;
72°C 3 min, ffi PCR JZ W 58 4 LA 9 38 7= i
By Ha =4y 5 ul., TaKaRa 2y A4 =AY 6 x Loading
Buffer 1 uL, 18%), 2% BiigHE ( Biowest Agarose )
BRI FEL K LABSAIE = e S
1.6 PCR =¥ 5IME
HBCPCR Y #8 =4 25uL, HIFE 11 PCR Y
RSP EN T 51, Wy 26 LR T AR5
. BAKLIRMIT: PCR W 4ifk (4 T4\
alifbil 7 ) 5 2% Bht 0 B s Fi Kk A A 4l B R
e FE (Biowest Agarose Bit JI§ M #y, A= T8 /1Y
marker ) ; 4 PCR /=YK B2 DNA BpR vk
(1 B 24 200~500 bp 1) #5542 H 5k 2~10ng )
DNA ¥ i ( ABI PCR A%, 25 ) ; 724 4l
G 2lifk s B4 (ABI 3730XL) 5 R H
Chromas BAF M8

K& 1SEIE # K TSC2 3 H ¢.3981-3982
insA (p.Aspl1327AspfsX87 ) 22 &4 (K 3) ,
UEF ACRHZAL R WS 8 . IZHERS AL R HR
BERR P AR 1413 A 3R AT 2R Sty , HEUR T
ARVLSCHRAGE . ZE AR 2 JGiE# . Seubd BRI
H ¢.4013-4014 delCA( p.Ser1338Cysfs )42 A 7% ([
4) , ABRREMEE R, SSEFEACE . SR AMIAL
BRZAL R IS o ZAE R R AL S BRI
FITEES 1412 (7 HEFTZE 1R St , HEURPEIRA WL3C
Mk

W 2 A8 £ HGMD %098 % ( www.hgmd.cf.ac.uk/
ac/index.php ) HLRA 5 76 T A KL BRI 2H 13l B ds
RS AN 05 ZETRIINAE R BE IS B i KT
200 A b I H PR I R AR A (R
AARR 0~0.01 K A; 0.01~0.05 24 B; 0.05~1 K C);
JH Mutationtaster 4% 4 ( www.mutationtaster.org/ ) X
HE AT T RETON , 0B 1 (TAs
OB TE 0~1, J3 B0 R Bo vl REMEEOR ) .
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& 3 TSC2 [ ¢.3981-3982 insA &

G, kBRI

4 G T C G T C C T C &

i

AN

RTGMFELER  FECHIEFXE, FEAEIEH ¢.3981-3982 insA 744

G T ¢ T C C & G C C & G G & G G & G A

B 4 TSC2 &M ¢.4013-4014 delCA £+&
BOA Sk TR RS

TSC1 Zhifith 10 485 14 968 28 1 RN TSC2 b 1) 5
BN AR Y U A, R A
MOYGFE . Ao R AN N A, MR — R
HERARE, HBNEGWIERAZ, X4 5E 1Y
TOIVE U 55 B %, T s A A g e e B
FERIREAE P, TSCI-TSC2 A WHE 40 vp K 454
FHAZIE L TSC2 1Y GAP Hfighl ( GTPase TG M )

RETMFEER LRNEWMNIR, FERMGIEE ¢.4013-4014 delCA 72

[ RS i FL s FR A R E H R4S (mTOR )
T T 38 Ao AZOME AR B 1 S6 Bl (S6K ) 2 W R 1L
LB EMSIE A B i, A, B A R
TR VER @, Ik, TSCI-TSC2 & & Wi 5
WL TSC2 HE [R5 728 3t Ji GAP 352 % Fl mTOR
TR ALK S, YA 3 3 TSC AR G Il IR % 3

TSC2 A F A WA~ T g4, Bl Hamartin 25 &
1l A1 GAP 3, m, 2 Swiss-prot A ( www.uniprot.
org/ ) TELEAIATI A GAP IREMUN. T4 1531~1758
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AR, AU TSC2 3 H ¢.3981-3982
insA ( p.Asp1327AspfsX87 ) KA S AR T
TE 55 1413 o7 £ §7 Z¢ 1k 9 15, ¢.4013-4014 delCA
(p.Ser1338Cysfs ) RAE T A IR T I AL 1412
PTG, —H LR T GAP figslAr,
T2 GAP BATRE, AR RINBUR R R
AR E NI SCERC fRIEHE LR TR
AR FIRERS 2878 S50 GAP Thfgl %, MIig] &%
5o Mayer 25 ¥ BERSHE 1 Bl RAE IR 19 TSC,
K TSC2 FEIA ¢.4684G>A (G1556S ) , Ik X
LT GAP N, RN B H 2R A b
(222 R, W] SOK MR L BE J1 855, 51E(H
SIS EUR . Chen %5 PV EFAHTIZ W &
1] TSC2 FE K JE L AE, Bl ¢.4830G>A( W1610X ),
IG5 i I SE TR 5 2 AR SRRk, GAP Difg
WA, 5 RO AR SRR RN 7 S AR R
o Yu 55 "IRIE 1RO T A B 28 AR TSC2 FE
¢.2690delT ( p.Phe897SerfsX947 ) , I HERS 878
T2 GAP DRttt Gl —RINEIREER
ABFFE TS B TSC2 FE A ¢.3981-3982 insA |
c.4013-4014 delCA #£ HGMD %% 4 & (Www.hgmd.
cfac.uk/ac/index.php ) AL H; 76T AFEH 41t
KB e PR AR R 05 FEGIIAE R IR RIS S 1
KT 200 (1A i 1E H M FFREAS i A B AR A A
( KR 0~0.01 F A) ; F Mutationtaster % {4
( www.mutationtaster.org/ JX§ HoE 1728 AR T RE TN ,
TIN50 1 CHZS R BGE R 0~1, 7%k
R PR B AT RE R K ) o A kR AT &
BT, SR IERIGIRFRIAE, X
PIAHERS 2R A8 R R I BUR TE RS, HRRAEE
1 ) BEA)Y e 2 20 A R R Sl A Y () i — 2L B
GARREEFY T EL X AT I SEHAR AR
TSC2 HEK K, BT REZL, ma Rt
B, FERRAE R R 2. SRR ARG BT
TSC 5 F st f& B VR 43 1t A% 22 5 sk A7 5
WIF=ATIZ Wi. Curatolo %5 " ZEAFF 5T TSC & K A &
TSR PRI, TSC2 2785 [E A I PRAE IR
TSC1 W™, W5 kAR I . W, T
WAL BRI . ANHFFE Hp TSC2 P P 2848 Se b
P R R IS I T AR e B, Hir ¢.3981-3982
insA 278 fBLIG IR R B8, RIRFERE/N,
¢.4013-4014 delCA 22748 LR MR, B EF
EH . T ¢.3981-3982 insA 2875 S8 BT 1k

FAEE (AMPK) " A Sy RbThses s, T
.4013-4014 delCA 5878 J5 2L I RE Wi A7 7E, DA e
M35 S TSC2 FE A ¢.3981-3982 insA FEAPES ¢.4013-
4014 delCA FHY ™ HH YA .

Zg b, ARWEGEAR ) TSC2 FE I ¢.3981-3982
insA . ¢.4013-4014 delCA 75 A & BUm HHERE 58
XA BT & AL ) R AL 3 T 3 P 2848
Tk, WO RS S WAL TR
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