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Exome sequencing identified a FUT6 nonsense mutation in one diabetic nephropathy patient
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Abstract Objective: To identify plausible disease causing mutations in the diabetic nephropathy (DN). Methods: Exome capturing and
high—throughput sequencing were used to detect mutations of DN related genes in a patient confirmed by pathological diagnosis. Novel non—
synonymous and splice acceptor/donor site mutations were identified after screening reported polymorphisms in public databases (YH,
dbSNP129, eight HapMap exomes and 1 000 Genome variant database). Inmunohistochemistry was performed in renal biopsy specimen to
verify expression changes of genes with nonsense mutations. Results: Five hundred and nine novel mutations were identified in the DN
patient, including 497 missense mutations and 12 nonsense mutations. In 12 genes with stop codon mutations, ANKRD35, ACSM2A , FUT®6,
and HAAO were normally highly expressed in kidney. A mutation of codon 315 TAC>TAA in the FUT6 gene, changed the amino acid
sequencing from Tyr stop codon. Immunohistochemistry confirmed the decreased FUT6 expression in renal biopsies of the DN patient.
Conclusion: This research identifies a stop codon mutation of the FUT6 gene in a DN patient, and the expression level of the FUT6 gene
decreases significantly in the patient’s renal biopsy. The FUT6 stop codon mutation may be associated with the etiology of DN in that
patient.
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1.1 BrRA% BEBME, Fi 63 &, JfE20
AF, 1994 AE I BURBEF R, 1T OGTT fa iz hy 2
RUBETRIR , 12 WibRifES I8 2010 43 [R5 PR P 25
N A2 RR T L 2008 4F R A Ak A PR 2 1
Thi 2 Wik DN(DN 2 Wibni hy - 438 PR st H
PRI 18 F1/WLEFS300 male, A0 E & PEE Nk
o FIELA A 1 B /NBR B ), 76 DN -3 v g )
PIURAT B IR A, g BE R B AR R B 1 5
W2 AR PRI B, A7 RIS B A A & BA I JIEE 5
A [P R A 298 . H 2005 AR F
RIRIT, BT B & N AR I B, >R I
WBHTIRIT o AUHFFE IR A AR IR 2213 TR
BRI T SRR

1.2 Ik

1.2.1 L4 DNA 4 SRR (dbra
T EYIEARA ], A LR 4] DN $RBGLH] &) 2
HeAh B M H A FE 41 DNA, W H Nanodrop2000/
2000c 4330t BE 1 2 A 5 DNA ¥k B2 & OD A
(Assnsos Assoo) . TESIEAF IR B2 A0 BE 5 —80 “CHt A7
#=H.

122 2EHHSMNE I SRH] Agilent SureSelect
Human Kit ;ts 5 %7 DNA B 5 3t 174 e i3k, B 5
A TS ST R I Hiseq2000 Fe i F RO Sl
JPoF G 3T I T o A R R B00E (Reads)
SOAPaligner2.20 5Z% 5 [HJ¥%] (NCBI buid36.3,
hg18) X, 3 3 SOAPsnp (v1.03 )75 5] 4h & - Kz Al
X I SNP A7 5

1.2.3 Mg 3L e s i ok AR R XA
(non—synonymous, NS ) F1 55 ] i & (splice acceptor
and donor, SS) 78745 , J3X $E 1] BT L Ty B R0 AE 1) 58
A5 (NS/SS) F 2 He 84k %2 YH .dbSNP129 . 8HapMap
SRRFUL . T AIER AR T2 A At g i
Bk L 4H (R 25T o T T8 LSRN L A
TR A2 0 T AR Sk, T LA s O AR AT IR
Iaesm T

1.2.4  GpEdifh R A S Y B AR IO ) R B
H 2 (streptavidin/peroxidase , SP ) 15X f 5 B 1% K 4H
L) R AT R Sk E e ta, WFGE LA FUT6
(Abcam )RR .

2 H#R

2.1 ShEF AL R FIH Hiseq2000 5 —1X &
TSR SIS, %6 1 5955 BRI 10 s R B
s B 1 A3k A1 B FEFT NS/SS 2878 43#7 , 15

FI AN L R M) 3EL X 3, SNP B84, e 1,
F1 HASDTF SNP R R

Tab1 Summary of SNPs for exome capture sample

AR HH AR A
SRR 38914 SYIAL A 296
[F] L5728 7 624 NET 21747
(RS 6618 5"UTRs" 1035
To X578 56 3'UTRs" 1363
T 32 7 R[] 168

SAME I & TR AL 4 bp st IR AL FHT 200 bp, 2 1R # ST
J&i 200 bp AEHHASIX 5815
22 ShEFERSER FENFERPBED BE W
NS F1 SS X LLGEAF L[] SLHE 78 AR i X 548Xk
FER DI RERYSE IR BE Ry 13 . NS/SS SRAF 25 AN AL
P& 72 YH .dbSNP129 . 8HapMap #b i 7 41 F1F A Ji&
R0 A ik 7 2H s 2 20 1 0k HEBR 2 80 e &
WA 509 MRASNAAE T IXEHHRE (£ 2), 5
HALEG 497 A4 LRAEFN 12 AT X878 . Xt 12 4>
TEAETC LRAZ YL (% 3) 16 B I py ek i il it A 7
WA B 5 73 BT (genome.ucsc.edu ) , & ITE B I =
FERHYHENA ANKRD35 ., ACSM2A . FUT6 Fl HAAO,

®2 IERILRMER

Tab 2 Variant prioritization pipeline

LR I RSO
NS/SS 6977
Not in YH 3350
Not in YH, nor in dbSNP129 875
Not in YH,dbSNP129, nor in eight HapMapexome 664
Not in YH,dbSNP129, eight HapMapexome, nor in 509

dbSNP thousands genome
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Tab3 Summary of nonsense mutations

Reafk FEH Codon BESE ZAEMPUE Support' Score’ Expression®
Chrl ANKRD35 504 CGA>TGA  Arg>Stop 75 99 Yes

Chrll  MMP7 118 CGASTGA Arg>Stop 2526 99 No
Chr14  Cl40rf39 346 TCASTGA  Ser> Stop 16/7 99 No
Chrl4  GSTZ1 147 CAG>TAG  Gln> Stop 5/'3 69 No

Chrl6  ACSM2A 115 CGASTGA  Arg>Stop  11/5 94 Yes
Chr19  FUT6 315 TACSTAA  Tyr>Stop 9110 99 Yes
Chr2 HAAO 223 AGASTGA  Arg>Stop 34 23 Yes

Chr2  LIMS3 116 CGA>TGA  Arg>Stop 32 36 No
Chi7  CCDC146 362 CGASTGA  Arg>Stop  15/13 99 No
Chr7  MLL3 755 CAA>TAA Gln>Stop 126/ 8 39 No
Chr9  GNAQ 101 TACSTAA Tyr>Stop 47/ 8 170 No
Cht9  ODF2 637 CAGSTAG Gln>Stop 10/ 4 32 No

VA R B U BB (I (B reads B a5 B 2 M BHEL ) 5 55 A
TE U IR A (L S5 UCECH — 22 ) BTl s 405 S AR I A I A
PitfE. > KB SNP A7 G B (. R ATE R RS
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23 Stz R FER AN S Support,
Score expression FIFEK INRE T, HEH FUT6 JE[A
HATIESE, SRkl FUT6 e RI7E % 8 & B NE
HyZeik, nTLABR A FUTe 276 /NS RIE,
B FUT6 RiB 5 IEH AW T RE(18 1),

B. DN(B/hek)

C. DN(E/ME)
1 DN EESEEANBHLAFUT6 RiZKTF(x400)
Figl Theexpressionlevel of FUT6in DN patients and normal person
(x400)
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DN AUEHE R 8 1 FZAE T 5, AR
e P E LRI R EZF R 22—, R popiaR
B 380 DR 3R 7E DN AR A R e rh L SC B A 1
Fiti & N2 FE R 2H 1150 (Human genome project, HGP)
FTN & I PR 4] P fR Y [ i F R (the international
haplotypemap project, HapMap ) [ FH 2k 5 B¥, , 57 i &
I PP AR GG R e, WA R A o 1
FUBEATIN , AT 3RA 58 B ) 4 HE D AH 54 h 1728 S5
B R WESE 5B AHSCRYRE Y . H T2 B
7R A0 70 e A P KB BB S T
R, S M 7~ P 5 30 e P 5 s A 0 i

A RORTA] A7 [,

DN WA T 5 44U 2= 4 A, 20 tEad
50 AEARLK,, P22 FE001 T DN Sl 345 44 ()
5%, Tervaert AF7E 2010 4F T1DN Fl T2DN AYZH 4L
MU HEA TSR — PR ER A G, 43 B /NER B /N
RV A0 3 R TVEAS B E BRI AR TE g — 1
WSFRSY . F RTINS DN 9213 90 M FR
AR, X SR A I BRI 11 R AR X
3 AR R B AR /50 EF W AG: , Fr LA  RiTII PR X
DN HYiZ Wi f R+ B0 . ABFFELL 1 1 DN 1Y
B 2H 20 R DL B i 5 R H ) B TGF -8, . TGF -
BR1 1 Smad3 HYFIATHE , Lol PR FEL 53 B i 12
() DN A E AT %, ST 2R N4 /0 5
TR, LS4 DN BIRA R BOR N, dE—2
BEONASTE T f# DN B3 5

FUT6 (45 305 L B i -6) L & 1 +
19p13.3, if o—1,3—5 BEME IR AL B AY AL 51 2 —
TEAL 5 B 5 B GDP—a—L—Fuc % #% % W4k Sl
N- Bt 2 34 28 (GleNAc)3 7 A% FueT?, H &
FIIRERE B I Lewis RPUE (Lewis® Al Lewis®) Fl
VR R AL 1) Lewis ZAH KEPUI (sLewis® Fl sLewis®),
FE IR 10 % AR R R i B AR S, ARBESE
B FUT6 JE R B2 & 2 315TACSTAA RAE i
PR S FETR IR I oh s R 2878 W E % 1, B4R
A28 1k o Mollicone "WEMFFE IMLIE L2 a1, 34 Pt
SEH R ENJE AR R B & B0 T 1% 2828 7 5 1Y
FELE, UEBT FUT6 LK & E 315Try>stop 248 R,
M7 1,34 ML BRE =, T s o)
fit. AW RIE B = BEEL BB TCR-BR2 JLF-
K5 TCF-B, 454, BAKKJE T HLE A&+
B, 0 Kim! 2 S 96 Ik IER TGF-BR2 (1)
W A A8 M s i) A 200 2 v ) o7, AT S ) 5
TGF-B, M4, dEisZm L IIRg , ;X Ui TGF-BR2
()1 SE AR AB Wi 2 TCF-B, BULF 4k b i) 0 B 551
Hirakawa"EAIFSY a—1, 3FUTs XiF 45 8 20 i 119 4= 9
SEAT N BRI & B, ] siRNA T4 FUT6 #1 FUT3
J& TGF-BR1 Fl TGF-BR2 1) 7 A HL Ak 15 1 B
I />, Western blot & Bl E-cadherin ,pHSP27 Fl pP38
(13RI B T B, 9 A B E—cadherin™/Fl pp38!-
1E TGF -B 4 T 1) b Bz [6] 78 Jit 4% 1k (epithelial -
mesenchymal transition, EMT ) 145 T Z4EH , EMT /&
W £T 24 1 T AR, p AT AR FUT6 i
TGF-BRs [15 B 3L Ak A& 1 1T RE 75 5 ) BT 21 41k
iR R R AR

H HIA & B0 DN SAE—F B A 1) AR 5 AL
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1B F i k= BRI FUT6 2% 11 5878 15 1 41
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