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Abstract

Norovirus (NV) may cause acute gastroenteritis with highly contagious, an outbreak of NV infec-
tion involves a large number of people which can easily cause panic. However, the pathogenesis of
NV infection is unclear by now. Epidemiological studies have found that oysters can specifically
enrich NV and thus become the primary approach of food-borne infection of NV, while the me-
chanism of its biological enrichment process is also not clear. Studies have shown that human
FUT2 polymorphism can affect NV recognition and infection. And experiments have discovered the
similar NV recognition receptors in oysters. We found significant differences in NV enrichment
between different oyster individuals, but it is not clear whether this difference is related to the
polymorphism of FUT2 gene. This study intends to screen polymorphic sites of oyster FUT2 gene
using high-throughput sequencing, and develop polymorphic markers of oyster FUT2 gene by
high-resolution melting curve and fluorescence quantitative PCR. This study laid a foundation for
exploring the mechanism of oyster enrichment NV. It also provides new insights into NV infection
in humans and contributes to develop prevent and treat methods.
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1. 5|8

P DR JE R R v] 5 i B s B AR etk i 2 i 18 8, R EMIETE . ek, f%
G 55 7 T T8 FE R PR o A 8 R I S AR 4 B 1 2 1k M 1 8 02 HH % W9 23 (Norovirus, NV)ERBLSER 1] [2] [3]
[4], NV PR PLE A 8 (Norwalk-like viruses), N IESEE RNA Wi EE, J& TAREE R Caliciviridae
family). NV j& —FEE SRR, FEELIE - NIRBEAAN - NIBREE, 5w WERIRE 2 Hht
WS g KA NS VISKIE TUE et sy, I8 1 [ i L A0 3E P DURE S 1 ' AR Bl 5 7K A SR 1
NV, S8 E R R E A KSR L E EF4%[6]. 32 E CDC (http://www.cdc.gov/norovirus/)
G TR R UEIE NV S FERIE . ARl 3R E 2. i X 7 A REE AL 840 (A [F I
HFEA NV 75 Y1500, 46 H RN 13.33% (112/840), F iR L5 i A H 3R 5 v, 315 31 19.35% (30/155) [7]
ERL it 2R S 2 A W (oysten) T2 NV HR TR 27 2R 4, OB DL NV SRR R E R, Anzelis & A
BRI IRES 5 512 NV B8] [9].

WEFAER NV 5 A R4 21 A 515 (histo-blood group antigens, HBGAs) IR I L2 N2 AR G| K84y, Hl
O 8 Rl PEM NV-HGBAs 25 41520 AR 101 [11] [12] [13]. HGBAs 2 HIRH #8702 Hobirss
gh, Fod B A A B o BRI R R (FUT) ZE RGBS [ 14 AR F 2 3 Bl FUT £ A, 2 Ff o-1,2
FHEPEELEREIE FUTL (H 25 F1 FUT2 (Se £:A) rT/EH T RiM4E S 5 H PR ED O $T)i). FUT3 (Le 2E:[H)
W25 Lewis MAE G, T 1R BYEES 1 Lea/x, B 1M H1/2 HUEF4 Lebly. W70 REL FUT2
B[R RAR S B IBG RS S TT LA S B ARy AV, “HEIREL” AMEXNT NV B RIRKI et e
BNV AR GY15] 0 AN [F U T R I 2 FAS [R) RAE 80K “HErm AL, BInAE 129 Z5-F KA 1) se385
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SRAF S IR RIS EIRIE T, 76 143 B TR A1) sed28 AN B S HUCHEG M 16] [17]; BLAME
£ se302, se571 LLI se778 AR B RER MBS TE[ 18] [19]. H AT, £ AR FUT2 & H i 21 MR
[FIFE] SNP A7 s B ARIE[20], VB FUT JEF L 2805 NV 1A 546/ N EDIRIR R,

Tain 25K I NV GEG5 5 45 & BH WL RS, JFRIH ELISA SEIGIUESEAE A NV 25 AL R (1 41 o
1E1E A-HBGAs K24, 41W5 1E 2 18id HBGAs K2R NV IR IR B E 4E121] [22]. XINbh4E
N[231FF ELISA #5144 4 b [R5 #74F A-HBGAs 1 H-HBGAs. _iRF SR &4 NV 5HAAN
HBGAs J 2R3 I eat, H RIS AR 5] 3 5 AR R0 AN NV R B S SR8 ) A7 e
7R, A5 PR bR B AFAEIAUNAR IR WA R L H AT A B .t 80 AR FE R W
FUT2 2 K AR 38

A, Rl R 0 D R AT [24], FRATTTEATIG LR 41 4R 2 FUT2 BB 7545 B . sk, FIA
3 v B e S 2HL 7 B S R R LU X, BB FUT2 2R & 24N 2 AL H AT A 445 FUT2
LR 2 A VETT R SR AE AT ST RIS o AN FEA00E 5 A 5 3 3% 40 5 BE DR A [RIVR Lt 7R JT R FUT2 BRI 2
DL, AR SREE— B0 7 NV R BIHL ] B8 52 1 4 3

2. SR PME S
2.1. HiREA RN SZERIREN

M 5 DA T 22 AN Y ] 1) a5 WSO A i A AR 31 60 AN dE il T 52 f WSROI A1 Se LS A R4
HE, F TR HN T IR B TRARAE:; HT RN SRR FIFEA S B T 60% LB /KGR -
%, HERFEEREE 1 ROBELR 70%. 80%. 90%ZEE/KIAMBEE FI NI IKZEE, X5 HHHIRT
KGR E BREAR AT i /K G B IR AE .

Table 1. Oyster samples used in this study and usage allocation

1. B E R A R Fik 2 i

pek K FkR R i i
QD 20

B UL REAS oH 2 L. ST e W
DL 20

AP QD 2 AL, Sh LSt AL G A Wi

QD: F&, QH: £5 %, DL: Ki%. China: =#4&7F.

I 21 AL R 2 DNA $2HUAF £ (Promega Corp., Wisconsin, USA)$EHUIE K21 DNA. | FH 5 i b gt
Ji2 EL UK A I DNA f )5 &, FF ) Nano Drop 2000 (Thermo 3 )&l DNA ¥ £ #l1 0D260/0D280 1i -

2.2. 4HUF FUT2 B P 7 &M A R 2L 28 ik

1. BFUREERFHNT: T4 20 MERRS, LR AR ARAFEAR( MK E QD, DL
M QHD, #% 1), FIFZHIX 2 AMATR A RNA BT #5410 LAXE N3R5 8 4 T 56 R S8 AR SR 1) )L
R, R kb 18RS A R R AR AR /N A o VR FEAEE S AN R A 741 Tlumina 9057720, 0%
%58 LA S e 18 B A S A N e ELAAR D SRR 2 2w TR I8 (25

2. ZFFILXE FUT2 SREBRALRURIR: K e B 7 SR A3 4105 FUT2 085 21 808 e i 2 0 7 3145
(PP F0 B LA 3 AR i S 47 51 50 5 BRIV 228 7 51— b AT 22 PP 1 LU e SNP, - ik b vHE ]
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RIARUTT

1) BT FII TR BEA /N T 205

2) de/ NI RIAE il BT o A DA 4 S B /reads 7 i

3) ST RERANFIREBT 150x, K, FIEFTE T DNA 781 LU oA b A7 AR — /NS hr
DREL % 55 07 5 K] 5 R AL BN, A8 g 98 AR B A

2.3. 5l¥&t 5tk

T2 R LA JE UG gk ik 3% SNP AL 23k 47 51 0 it

1) TEFHIRSE X IBIE P 1% SNP A7 8.

2) IR RUE BEAAELE 53 RAS, A R IR 35 515 514

3) YA B AT 40~100 bp 2 (8], AN BT AR A — MR AL

4) SIPpIE R E ¥ E 8 50°C~60C .

5) B 5| WITE H AR B MG AL AT, R I8 5 514 — SR Ak

{£H] Primer Premier 5 #1154, Frf 5|38 A T(EWEA LAY & FIH PCR B &
(TaKaRa, Ki%)#4T PCR ¥ 355255, PCR AJEHUIR: 95 CHIH 10 4080, SRJFIE1T 40 MEETEIL,
MEREFE 94 CHB230s, Tm F58:30s, 72°CHEE 30 s; HJFI(T a1 72°CHRF4E 10 mine ] 10%%
PR T 48 P FEL VKR PCR =) i, SR BV 2% B —, 3B RCR i 51 0 34T J5 825256

2.4. B FE HRM 34f

5514 PCR 19 J5 ¥ I LCgreen Al AIKIR P FRJE 7E LS96 X #%(Idaho, USA) iz T HRM. i
FEARAL R R TE N 0.1°Cls, WHEEP WM AR RE 50°C~95°C 2 AL 5 S, Bt/ b va i mh 2k 1R 15 1k
RASKL i B AL R E o
3. ISR
3.1. ZEREIRE ST

FE R4 DNA $E B 37 I8 AR sk I e vk R 0 % 0 DNA 4571 K/ NFF & P, A A /0 B K 52 4 BR AR 1) RNA,
HEHEME R EF, 20 RNA BRI S 176 SNP /- Bk,
3.2. BERENFER

sk P22 163.7 M P 1K (reads), S5 IEFEUGE R 2 LU 5 KA 127.4 M reads BEf%

FORFBISE DAL, HOXELBIRA 77.8%. = ANEFALIFSUR A 51, 15 3L RN H AR5 IR T 76%,
R R B R AT (ILFE 2).

Table 2. Transcriptome sequencing and mapping to the oyster genome

2. BRENMFS MAP B IR ELEER

e’ reads F{(M) fig Lbox BIFE R ZH 1 reads ZU(M) Map (%)
QD 59.5 47.0 79.1
QH 53.9 41.9 77.7
DL 50.3 38.5 76.4

China 163.7 127.4 77.8

‘QD: &, QH: Z 5%, DL: Ki%. China: =Z&3F.
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3.3.FUT2 EEFIIAE

DA AW R A PP A B E NS 2, ) FH A s 20 oo B2 R 20 FUT2 2[R 41 a2 7 91 v B
e oM i SNP A7 st JPAIEEXT LRI 14 267 F5IFFE FUT2 R [FRVRLEXS, X L8P A7 7EAH B.A8
B, DRI 1~7 AR, Hh B PEFHI(LOC105330520, LOC105332210)% Rt £ s A, 514 7
FAN S IR, HRFESEA B F S RIPE R N TARIEIF &) SNP bric REFIRFAL, FRATF
FIXPs KRR, B HRARZ P4 51(LOC105330520, LOC105332210)(F A% KFF & SNP Frid.

3.4.SNP ¥rid &

R R SR AE Gt 8 ANz, R4S LOC105330520 741 F 2 Mk, LOC105332210 541
b6 M, 8 AN RIS A ATE R KT I G BT AR ST X o K2 HUA RAR R AL R KAY(A/G), I
A5 RRABAL, AIMEA S KE(C/G)RAL—A Y KIT/C)RAL(E 3). EXPEBR & 7 3 I
L (HRM) 519, W10 51 90t 1% R LA 7F 4 HRM ZE3R o DL 20 N FRGARFARE A R, BT A 51914058 PCR
P8R JFIZAT HRM, £ 5 M S REE SR A2 A i 26 0 B 25 R (I 1)
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Figure 1. HRM melting curves
1. HRM (& fR 4% &

Table 3. Primer information for SNPs developed in oyster FUT2 gene
3. FUT2 B[ SNP U A L5 91ER

Fesep 514751 HAY frE
LOC105330520
5' CTCCTCCCAGTTCCTCATCG 3'
5' GTTCTCGGACCTCGTCTTCC 3' : 70
5' AAACCGAGGAGAACAGATTG 3' S ol

5' TGAGGAACTGGGAGGAGATA 3'
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Continued
LOC105332210
5' GAAATTCCAAGGACGCTTAG 3'
R 654
5' AGGAACACGTACTCCATCAT 3'
5' TGGAGTACGTGTTCCTCTAT 3'
R 688
5' ACGGGATACAAATGTTTCAT 3'
5' TGGGGACTTTCTTACGATGA 3'
S 865
5' AATCTCACGCTTTTGTTTGG 3'
5' GGATGGATGGCGCAAGG 3'
R 1379
5' CCGGGATAGATAAAATCATCAGTA 3'
5' TACTCGACAGGAAATTCACC 3'
Y 1285
5' GAAAGCAAAGCTATGTCCTC 3'
5" ATTTTCAGACCTCAATCCGA 3'
R 1432

5'TTATTCCATTGGAATCCATC 3'

T A TR IR E HRM 73 BA5 R 51 P05

4. Wig e

HETALE, T ok Z AR A IR RGN, X NV RS 413 SpeRi bS5 th At
TURE RGN, NV RGN GUAIR AN 528 R BT A, AT 08 1 s DR A 25, £ EELAT
BiNE. A3 FUT2 ﬁl%ﬁﬁﬁﬁzﬁﬁéﬂmﬁﬂ P, WFFERWILE H T S NRE L b 5 R
KRG FUT2 350k B R 2 T HABALZAE] 2); AL vl R & 56 NV, BRIt AR Wi o A
FEG NV H Z X AR 1’Ejﬂﬁn NV B EE MY, MERRIBIEAT, WA ERRX NV £
DURAF AR A R AN AR SR R, A BN T A% 2 T BOT AR e /D BB T NV i 5 DA HE 10
AR5, WA NV IEGLRTEATG TR 40 B .
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Figure 2. Diagram of human FUT2 gene expression in different tissues in vivo (from NCBI)

2. AFUT2 EEEFREZBAHRPFHNREZRERCRIET NCBI)

G FUT2 M S FRHIRZE 2, 5 A3 FUT2 EFFEJEIEE 2. 2 if $imd kg K F
HHWG(C. gigas)FUT2 JEKFFHE58 NCBI 204 FE[26], 78 4m5 3 K 2H A A LAG R B2 BT 3R1S 485 FUT?2
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SR 7 0 [F) A ZE DR 2H FUT3 3 970 [R1R 1 s 98%, 11 -5 45 FUT2 1 RIJE AN 36%, 2 1l 7l (1) FUT2
BRI SEBR bR AR FUT3 2508 . te4h,  H AT Ioit SR A ah FUT JE R 2 28 VA OCHE

S R DR 2 (R A T IR 22 A 1 22 SR AR R I e v, MR 22 SR 31 2.3% [24]. FRATTELXT 4y
TG S A B £ L FUT2 7 91, W6 2% 7 AR AN [R] 42 18] 2 73 #48 EL A 7 DR <7 o RATTHE DI AT B2 FUT2
SR R AR LY TR IS, PATE NS AEY) 2L Thfe, XM RB FUT2 JE R 7R85 R 51
NV AT 58 K AR

B2, FRAHE FUT2 fR5FIXFF K 5 A4S FUT2 JEFHE X SNP Arid i sl AT R bR G SR % X
W, AIRES BRI FUT2 SR 4aid 8 A ThEs, WHnT fe s i m JIE R (e S f2, AN 52 45 6k Nv
PN E SEAER, ilt— P NV 7EAEYR A I FE LI B8 R aF Bl . X — Dt NV G
PRHLER DL B AH R B AN 2500 T R 3 BB 3 X

EHEWH

AW RZ B LN RS IUH T B K B AR 24 (81600445); R EF R EH AW T4
(A2016522); | ARERLK AR E(M2017009); | AR ERLK 8 2 b 18 1 3 4:(BJ201512).
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