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Abstract

Objective: To detect genetic causes of mental retardation in a Chinese mental retardation family in
Henan Province. Method: A mental retardation pedigree was recruited and the proband was per-
formed high-throughput sequencing to detect the intellectual impairment-related genes, and then
the mutations in the candidate genes were verified by Sanger sequencing. Result: High-throughput
sequencing results suggested that the proband carried two suspected pathogenic sites. They were
OPHN1gene c.1973T>G(p.L658W) and GRIN2B gene c.190G>T(p.V64L), and Sanger sequencing was
used to verify the two mutation sites in the proband. Sanger sequencing result also showed that
the mother of the proband carried the heterozygous c.190G>T(p.V64L) in GRIN2B gene but had no
symptoms. This did not meet the pathogenesis of the autosomal dominant disease, so the causing
possibility of GRIN2B gene c.190G>T(p.V64L) site was ruled out. The mother and grandmother of
the proband both carried the heterozygous variation c.1973T>G(p.L658W) in OPHN1 gene, and the
sister and maternal aunt did not carry OPHN1 gene ¢.1973T>G(p.L658W) mutation. This was con-
formed to X-linked recessive inheritance. Conclusion: The mutation c¢.1973T>G(p.L658W) in OPHN1
gene was a novel mutation, which may be the cause of mental retardation in this non-specific mental
retardation family. High-throughput sequencing combined with Sanger sequencing technology can
diagnose mental retardation disease efficiently and accurately.
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HE: =N EREEEHRERN R REITEREZERRERE. Hik: WEIMEHRERTRR,
52 P 8 B W PP B AR X S6 UEE REAT R I RS A R E A, RIS BURZER T, KA Sangerfll FFHA
XFSGEE KRBT RERME, XX RNWEBHRMLR. 4R RERINFERRRLIEEREFH
TREBURAL A : OPHN1EE c.1973T>G(p.L658W) & TR F M GRIN2BEH c.190G>T(p.V64L) 24438
5, FHHAT T —ARAUFLAE. Sangerill| 745 R B/ GIEE BE#E7 GRIN2BEF ¢.190G>T(p.V64L) &
BR, HTEEERRR, AMEEFHREASEBETRRRIE, HERALRBORRI RN, SiEEF
SEMA R OPHN1E F c.1973T>G(p.L658W) & R, FGilH R B IE RIEH OPHN1E H
c.1973T>G(p.L658W) 3R, FFEX-EBERRERETR. 4id: OPHN1ERHc.1973T>G(p.L658W)EF
AFHIRR, ARRZIEGRIEH A TENKXRNBURER, REBEERNFS G Sangerill 7 5%/ LAF
AT I SR REAT 2R LW
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1. 5|18
Fi# K B A5 i (Mental retardation, MR)&— 41 HH Z PN E A, AFFEHE, KRG, hEE. EHREZ.

FLIAPA BT REE S R, H 3 ERHE 9 B I R A & SR A, Ho 25%~50%11) MR & B T8t f%
RIZR AT E, ARGt S . BRI DU A AN JE R AR 1] 2] HEHE R 3R 51 MR 7] 40 e S
A % B 1B i (Syndromic Mental Retardation, SMR)F1AERE 77 MK #11 & & 18 ¥ (Non-specific Mental Re-
tardation, NSMR), R A PR HIERAAE, AL S8 SRS MEAEtERE, 11538 — B W S 1 im PRAKAE,
SR INFI D RERRRS , o LAt 0 T A5 254 b ) O3 BRI IR I PR ARFAE (3] 4 SCHRHRE HHE 5 MR (1) 0
H1%~3% [4] [5].2000 FFRE AL A BoR 0~6 5 JLE R 7RI E 28 0.931%, FIRKINE N 1.331%,
TEAEHY 13.6 730, FHod 2/3 JERIABH[6]. TR, BEE NREERAM FRmE KR, Sk hR § IR
FH O B B IR R B0 A AR AR R IR v [, A 0 R B AR 1) 79 18 A% 2 43 i O 12 T ) B A B T
Bto mid SN P EOR A DL— kv 2 AN BT, HErC& 2R T 3R 5m i sis R . A
WP IRATTOT R 8 1 BIAS #OR B IR el 3T 1 mndE s T, R 4eid Sanger 75 IE K& 45 AT
R TR FR I SEB0R R R S AR S, el 45 RARTE W T .

2. RS
2.1. BARIIR
2019 4E 3 AR BRI 1 AR RR B IRMIE O R ROLE 1), 538 T M 225 — I 8 2 F g4
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Figure 1. The family tree of non-specific mental re-
tardation, the arrow shows the proband

B 1. 1 M IEEREEHL TR RREE, §ik
RAFIEE

22. /&

2.2.1. DNA £H
B IME RIS, EDTA-K2 $istE RAESUEE M HEESME ML 2 ml, H Omega DNA $2HURAF &2
HWHE A 20 DNA, DNA & 5pg L, —20CHRAAEH.

2.2.2. NGS BRI

HIHT H AR DX 2RI 3200 G R 264 A CR1S B ) B HE 5 O B0 2 KA 5 RAMNE T- & 1AL
FEDXCFEAT R, RO Sl s T R G EOE, <5 SRR EREYE, FIAH BWA (Burrows wheeler aligner)
B TR 35 NI H S % R 51| (UCSC, hgl9) Eb it . A S5 v A MR i 35 D] (61 25 90 v B2 249 9
118x, iR X 7 i Ik 99% A o A 7 HH BURER) RRAR, 3 — % BT A M 35 DRl () Bl A 8 e R AT
i%, {E dbSNP147. Hapmap F1T AJEEIZH (1000 Genomes)ZE ¥ 22 _FEAT LLXF, HEM: CiRIE L) SNPs.
Bt 48 AR 5 B polyphen 2. SIFT. MutationTaster 25504 22 X6 4% S #5075 T BEAT AE W15 2 S T 404
W RAL 1) iy 44 2 [ B R R 32 i 44 4 (http:// www. hgvs.org/mutnomen) $ fit ¥ i 44 i 44

2.2.3. PCR ¥ # F1 Sanger M FFI&F

XA UEE M H KR AT Sanger M7 I8 E S #5747 # 17 2, 2% Ensembl £#fE & (http://www.ensembl.org)
tH OPHN1 FE[K 751 (ENST00000355520.5)F1 GRIN2B & [K ¥ 51 (ENST00000609686.3), . GeneTool #
PRSI, B B T A M. OPHN1 BRI 21 54N F AILMBE R 51751, L.
5-TTTTGTGGGATATAGTTGGTTTGT-3', Fiif: 5-TCCACTTAAATATATCTCCAAACTCA-3's GRIN2B
B 2 SN T LEMBE RS PFH], Bl 5-GCTGGTAGATGGAGTTGGGT-3', Fijf:
5-GGCTTCCTGGTCTGTGTCAT-3's PCR A R B A A= 2% I S B Mix(Mg”" Plus) 13 pL, TaKaRa
Taq fiff 1 uL, #E K41 DNA (50 ng/uL) 1 uL, 514(25 pmol/uL) %% 1 pL, #M/KE 26 uL. § 3 [ i 2 4F A4 95°C
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TAEYE 4 min, 95°CAZME: 30s, EMIRE 55C~68CiB -k 30s, 72°CHEM 30s, 332 MEMSF, 72°CLEfH#
7 min. PCR F=¥IH 1.5% 035 B b Bt s vk ki, 85 P R/ S5 1 — 3. 2 )5 PCR P2k Bl T
HE4T Sanger MR PP, 745 F A Chromas B BT EEXT 04T, F-FRFEK AL 45,

3. &R
3.1. NGS JFZER

IR B HGIERE 264 AN 7 R0 52 995 AH O3 (R -1 G B DX 3 2 B 402 [X 1) e 917 S 13 L AT v
B, RIHAATEESORA S 1) £ OPHN1 £ [K 5 21 4hEFRIL ¢.1973T>G (p.L658W)F- A T4 5+,
A E XTSRRI ROR . 1% RN URAE, 7E HGMD ViR 5 R WARIE . 4 SIFT B3l A
H#19, % polyphen_2 Fil MutationTaster Tl g B £, GERP++HE A 5.05, HLEHREF o I3 F7E dbSNP147.
Hapmap F1TF N JE R 45608 e R Y, 76 T A JE AL B0 8 b LA ATR AR, AR T 2SS, 2)
BHME GRIN2B R % 2 A& T K I c.190G>T(p.VOAL)Z+ & 48 5, Al SN Ye ok BB AL o . %28
FONEE SCRAR, AE HGMD VK 122 o ok WARIE . 22 MutationTaster #00HFMI A 1, £ polyphen 2
NEME, GERP++HHA 5.63, ELEfRsF, AR B dbSNP147 HN 1150070901, {HTET A FE R4 s
JEARSE,  TE T N FE DR 5540 122 o H L AT ARG

3.2. GRIN2B A Sanger MFLER

XPEUEE GRIN2B FE[RAF 5 iE4T Sanger MIFIIE, RICIEHE#E® GRIN2B REHE 2 4bET
c.190G>T(p.VOAL) L &4 5, 5 NGS W7 karill 285 R — 814 2(A)). 2 )R Sanger WF751%, 4 #rJailk
HER GRIN2B JE[H ¢.190G>T(p.VOAL) L it AL 15 0L, SRR BLSGIE S BERF 57 GRIN2B E[X]
c.190G>T(p.V64L) & 548 57 (8 2(B))o HHT GRIN2B JE[R 4% 573 G 50 5k 4 ) LI P o os 27 R s A
T 6 BN et iR RS, 1 HGIEE B B R MK TR, AMERMEGERRILGE,
HHER: GRIN2B 1R ¢.190G>T(p.V64L) A 53 1% 5% 2 30 5L A 1 7] g 1 .

C GGGGTACCACGGAGAGATGG

A: JGIEE, A GRIN2B A . 190G>T(p.VO4L) 2 A R (i sk, REMAF); B: ik
HREE, 5 GRIN2B H:H ¢.190G>T(p. VO4L) A+ & A8 (i, AT ).

Figure 2. The sequencing results of gene mutation in 2exon of GRIN2B
[& 2. GRIN2B EHZE 2 SbEF Sanger M FrE
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3.3. OPHN1 £ A Sanger MF4%R

X SEUE# BEAT Sanger I FIGAE, KIBLJCIER N OPHN1 JEK 2 21 AR F ¢.1973T>G(p.L658W)F- &
TS, 5 NGS WP R —8(E 3(A). ZERFEE 658 M mE ML NEAIR, N URE, %
LS AR BURMERIE, NHRE, RAECHMIEHR SNP fi4, 4 SIFT AW vAE, Hm
c.1973T>G(p.L658W) & 57 AT RE N S iiE # (0% R K . 82 KR FH Sanger Wl /57 77 150} e iE & o J@ #4745
WH TR, SRR EEE OPHN1 3£ ¢.1973T>G(p.L658W)IL S (AL G L, 45 BRI SEIE# FE N
OPHN1 [ ¢.1973T>G(p.L658W) A & 78 455417 % (4] 3(B)). HHT- OPHN1 R:H78 57 R X B AER: 7=
PEXGH R B IR N X-EB R ERAE, HED OPHN1 2K ¢.1973T>G(p.L658W) A8 7 NiZ Atk B IR X &
HORAZ S BRI RETE K o T3 ARG SEIEE AMEBE TRk GREAT T 35 0 A, R ILSEIEE SME B OPHN1
FH c.1973T>G(p.L658W) 2+ &8 45 (4 3(C)), Hhn BSRIEE A8 BB K N B & E ),
FER] T OPHN1 %A ¢.1973T>G(p.L658W)4E 7 A% K RN EUHR AL F WM e K. 457 38 i & 45 R 0
INFGUE RIS ANk ik AR A OPHN1 3£X ¢.1973T>G(p.L658W)AE 7 (14 3(D)+ & 3(E)).

AT CCCAAATAGG AT CCAAAATAGSG

,- g : lf"‘nl‘
\ /\\. (\ / \ Wi / I\'H \ ! /L& ‘

AT CCAAAATAGG AT CCAAAATAGSG

AT CCAAAATAGG

v

A: SRIEF, #54 OPHN1 #:H ¢.1973T>G(p.L658W) & T8 F(Fisk, RIAIMF): B: Joilf# £15%, #54 OPHN1
HEA ¢.1973T>G(p.L658W) 24 & A8 S (i Sk IAT); C: SRiEH SMEEE, #5717 OPHN1 3£ ¢.1973T>G(p.L658W)
BB RSk, RAIT): D: JiFEkik, £I5H OPHN1 5E ¢.1973T>G(p.L658W)AE F(fisk, SIAF):
E: SGIEHWD, RiEH OPHNT 3 ¢.1973T>G(p.L658W) AL F(Fisk, M),

Figure 3. The sequencing results of gene mutation in 21exon of OPHN1
3. OPHN1 £H % 21 S8&-F Sanger JMFE

4. Vg

TEARFFEH, FRATK 1 ASp ERE X-EBEER F PRtk B IR X /AT T 400, N NGS X
WEE AT R I BERGA G R R IN,  E OPHN1 FER 9 X ORI — AN AL 5+ ¢.1973T>G(p.L658W), %
ALK R BESURAS S RS, FRATISRA Sanger Wl 7125 6k & BESE A AME £EE 4T OPHNT 3
DR AR SR JEARTI , R ISR BESE RN AMEL BRI HE R 120 M A B8 57, P A XOEB BRI AL R 578 R AL
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i, HEMHZAL o Se b & I BUR RN, A RN Se i E A5 B R IS, Sl mMBORAL .

4Rk, A 8 A XS AR RE R A R B AR AR DG (B R 4 28 € , B4 FMR2 . GDI1 . OPHNI ,
PAK3. ARHGEF6. ILIRAPL. TMASF2 fl FACL4 [7]. OPHN1 %:[XJ2& 1997 £ H £l 225 Bienvenu %5 7F
— L EE R R G IR I BB X;12 P 5 A Lot A R R B8], 1998 4, Billuart & H [/ 5
I e 7 FE R RT-PCR %5 /5154 OPHN1 2K € A7 7E Xq12 [9]. OPHNI1 2K K/N2) 390 kb, 4ifid 802
MNEIERR K RhoGTP BB % FH(RhoGAP), RhoGAP 45 K3 Al #i% Rho. Racl 1 Cdc42 %5 3 ' GTP [
(5T, 2 5197 RhoGTP BEIIME 544 Fid 2. OPHNI & A EIEHAS5H18: RhoGTP BT 45 s Al
AR5, T OPHNI 2 H5 F-WLah & EAH BLAE H IR/ N 5 R 38067 T 88 5K € R3ii[10]. OPHNI
FEDRI A (R4S SCRAE L ANRBRAR SAB N RS RE MRS A% I A, A K Ab A5 B I RE I BR 1], AT 3
FErR B IRA . HATRI OPHN1 N4 7o) S8 X-EBURE R BIRR S A ME[11], /MR B AN4[12],
REBGZ[135E5 . AT, SLUEEIGRRI MR, 4 S, NRATE, 2SUEKIMK, &
TEANGE HBEAE, LIRS SRR E AR AT

ERT, 78 ASKHE R 248 B4 i (HGMD) R I OPHN JE K 9875 34 Fho K Bl ok 5550 AR B 4 B
HEAFEPN 2015 47%, 55 578 RN R B N AR 7 53%, Horb SUSRARFITE LR K21 26% . OPHN1
BRI 21 ARET €. 1973T>G(p.L658W) AL 3 AT LU AR 658 ALt RN CVEIR, T URAE, ZAL A
T EBURTEIRIE, JFRAS . AR AE dbSNP147 AT AJE BRI B0 P R, 76T A kb 4 et
JE R BRGNS CURIIE R SNP f7 45, 2 SIFT BAFTI A2, HEM ¢.1973T>G(p.L658W)2% 5
ATRENZICIE A B R R o 6 A S AT T ORIFIEAIE, RISGIEE c.1973T>G(p.L658W)AL 7ok H B,
BESE RS s Ae | AMERE, 10 BGRB8 B (R RS, CH)R T REtE% 1 ¢.1973T>G(p.L658W) &
SR, FFE RN SR A B RN, FF & X-ZEBB It 0 A0 A 2, R R B IR R R EUR
S REME R . (2, AL RUNHTRIAR S, AR S A kAT D RER 7, HBUR L 75 3k — PRk .

R R B AR S S0 ) LEERS MR B IR 1 B R R R 3, B SR RE B 5 A RS R AR R R
FOE AR B RS KK IN o [RI e R AE S5 A8 B2 AT 3 AT B S 538 5, A A 8% U I X R 75 22t
FTP=RT2 W, T A DR P RS W KOG . Rl T R AR EE A Sanger W57 7772 AT A vy 285 ff G A
PR B IR A B F AT IR S W, AT R ERIUR R B IR EL, A TR A BB

E&ME
I 2 55— R 5 5 P9 4 2
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