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FFo X

Ny P T = ARREROEEAEZE RIS, B R EFEERICA X AUTBNTHIE
EMEERBR RIS, Bk S >od 5, BIOBIRHEEENREKINAL TSV R=
—KFZDT —H_X—ATH % OMIA (Online mendelian inheritance in animals) 2%
X THY 480 T BER S TER Y (65), 100 UL EOFEBIZHB W TRKES T
ERNFEESNTND (58,65), MDA X%, MKz HERFT 27201 U RFE
OfEARFE L TREE SN S T8, BaMEEED RFEZE A TIEN 5 Z L1372 <,
BRI KRR R 2R & L CRAET 2HE6MZ ., £, Ry Zva—oF
Y UEF R CEREEE AT DREOEEREEIICZ AT A ENH D, &
SRR ERIERE DR & 72 58I FERZRA L TGS, FrE OB M
PR RENICEERITIEN D Z ERd D (17),

A, NEERIR OBLG T H B RN L L (27, 58, 68), EIsMERE N EE
PIDIEFNZ SN T, B TFHREICLEVEBEZHNEOLND LIRS TND,

£, BRIV S EEROBGFREZIT ) 2 LICL Y, BaFRE 2 AT S

WEIEN SR D Z &6, ISR BFIRE G B Z TN 5 Z & 25 <
ZEMWAREE 2D (11,27,68), UTAE, ZAVEVERREE, WEATIEREIEENDE, GML AU

VI VEFY R=V R EA XONL ODDOBIETRBIZONWTIZZ O X 5 ey
KA NHET-DD D D,

A X TIIHILE EREEREOREITENTH D25, K10 FFins, ENOY ¥
w7 TR T VT CHLEIEEMEAR Y — 7 OREFSEML TR Y, KRR
72380 bBEIEHERB N DN TS (54), Vv v 7 - Tyt - T U T O

EEREGEAR Y =73, Z2RMEICEEL, BEIE L, BRI OERICINT



HIAENROND R E, —BI72 ROWEE ERCMERES; & 13 52N 7 2 RS
HHID, ZHUELT 2B L LT b TIEREGOBEGIC SR IRIEE AR Y —
THRFRAET HEMRE & UTEBEME R IIEE (Familial adenomatous polyposis,
LLIF FAP) B X < F1H T 5 (14,15), FAP 1323 APIHIEIS T Cd 5D Adenomatous
polyposis coli (LL'F APC) JBART O AFEMIE R HIAE B4 5K & 3 2 H Y R Bk (F
PE) BIEMERETH D (14,15), FAP OFEE TIIMEMER Y — 723 10 275 20 fR e
W o T BB VRS THRAE L, Pl e & HICR Y — 7 ORAEFITHML, 50 5%
FT90 %L EDBETRIGHENFEAT D (14, 15,69),

AHFFETIE, v v« TN T VT THEENL TOALHEERY R—v
A MgERtGEE L, 8 1 BETIRE ORRIKRE L OYREH PR AT T 5L & b
12, B F®D FAP OFEEBTH D & W I RERE LT, APC BT DAERTHNE RS
BROBRBEITT2, T2, Vv w7 « T vv TV TIORA LS LR
B 2 53 A FHITIRAT U, ST AE R I = XA 21T o7z, & 2 =TI,
1 EIZBWTRREE AR E LU THE SN APC BT O AEFEAME R 512 5
(c.[462_463delinsTT]) ZMHT 57200 2 FHEOEIE FHREEAHL L, &5
I, H{I3ETIE, F2ETHELLEBE M REEZHANT, AARENOY Y v 7 -
Tyl TUTIZBIT D APC BIoFERDORAREWALNITLH L L BIT, 1H
(B b RIS 2 F80E L 72t RFEDIERIZ DT APC G T RO A2 T L,

AP B RFERr BT OV TR L7z,
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I. IZIC®HIZ

B hERRY, A XTIHHE LRMERGORETENTHD (19, 36,44), K
E OB YIEBE (Animal Medical Center, New York) CHRELAZEH S 7= 1 HEALL ED
A X % BRI LT RIC K 5 &, B3 LOW O R ERG O A RITENZ
031 %BLV033% TholodESNTWD (51), —J7, IfE, BAREND
Ty w7 Ty T ITIZEBNT, BRKRBITEGIER Y — 70 C D REFIA
WL TWD (54), VX T rpx s 2 70WEICLLE, Vv - Tk
Ve T U T OBGREEIZ Z 2 10 FRE REBENT R (23), L7edi-> T, REDOH
INTER BB OHEIMZER T2 DO TIERWNWEE I BN D,

FMAED A XTI, MAEZHERFT 5 72 I [F CAfROEIRFR LR S 4, F 72,
T AT B O EE IR L ASHL e & OB LSV B D Z I L0 BRI SEEMED
K42 (13,16,17), ZO7=®, IF, MMMEOBISIEREL, RARMEL 72
STW5 (13) 2, BEMERILGEZEZ TIN5 2 L1307 <, FEDORMET
BVBETHRAETHZ EBEW (13,16), £z, Ry a—DF ¥ 4 R7
CERRIPEEATHREOHAEIICLHAT LI ENH Y, ZORPBEEMELE
DJRK & 72 DB FERZRA L TG E, RENICERMR BN ZIRITIED 5
ZEMBH Y, Popular sire effect & FFENLTWD (13,16), L7=Rn-T, HDHEEN
FEDORBTHIEL TWD Z EZ2FHNIC, OB EREERENBREND Z &
WD, 7z, 4 XOBIGHREIL, ZDE L T FOBBRBRHEO BN D720
HARBAEMEOEWET L E L TEFEREFZORCEERMELZLEDD Z LR
H»5 (16,57,63), LovL, BV WTIE, 4 X T, BHD (FLCN) #ix

FAERICERNT DV —~v - /3= R Ry 7 OB L OGRS EitE S



FRAEIE 2 BR T, KRR 1238 & M STV 2 BB IEIER O W5 137220 (35),
—J7, Bx B OHRERENFEL (16,57), FEO R THRET 5 EEITE R
MBSO FREM NS L, Yy v « T vk 7 U7 THEINL TV 5 EbE EEE
R =7 HBEEREBOFREERER ST D (54),

E N CTREKBEREOREZERE TV OOBEBEEREN LN TND

(24), FAP 1%, DSAMEIESF TdH D APC B+ D EFEHIIN R YL B % JFIN & 3
D RBANE (M) BISEFERETH D (14, 15, 46), FAP OEE TIETHEHOE

(CEED DT ORENER Y — 70354325 (14, 15, 46), FAP OFEFE TIEARY
=7 10705 20 R FHRTRAL, Flin L & BITR =T ORAEKIEML TV
<o, RIBFEOETEHET D &, 507 E TIZ 90 %Ll D BE CRIEMER U — 7 13
o~ EHEITT D (14,15), FAP IZIRIEMER Y — 7 OIS\ T, BHAER, JEEA
s L OMERZ S D (14,15,46) . FAP 12350 T 800 FEFLL ED APC E1n
F DAETEARN RN E R FE S TERY  (5,14,15,46), APC B FEEOAE &
BRIRAZR BESE S IIBE L TV 5 L OMENZEH 5 (14,15,46), 5,000 fELL DK
NG7R U — 7 D347 D5 FAP CTlE, APC {51 @ codon 1250 7> 1464 DfH]
(ZAEFFIAE SRS B ANERD B 4L, codon 1309 2378 R AR v R THDH Z L
Lo TG (14,46), BE OB TEOR Y — 73 F 4+ 5 B AR TIE, codon
158~312, 413~1249, 1465~1594 OICEERNBFEO BN D (14,15,46) , BIERID
B TIZ 10 25 100 EATGE CEEI 30 ) ORY —7 0354 L, FIEFHE b Hk
<, APC Bin AT 5 'B LT 3 RimsE (codon 157 £V 5lF LW
codon 1595 XV 31MAlOfEL) & exon9 D HLD (15,29,46),

BUIRZR VNG5 & L C FAP B TIE, KIBLSMC b IEEME K OFERE M D Jpi 28 3
RETLZENMENTND, B+t E Wolc EEEMEICHRAITIAL,



B\ TiE, BERRY —7NE6ZRBOL, 5005 20 %0 FAP & Tl
HA PRI ARIE S8 2E 95 (10, 15, 46), FAP BE CIXHEBEO Y A7 13—k BH &
L TR, FRICAASHEZ S r VOS2 BEORENSLVETIE
ZOFREY A7 PEmnEEIh TS (22,45,50,72),

FAP 838 D APC AFEMINGRANE R ORI T o AERE LT T L—La 7
NERTHY, L LI IEEEEMED APC T AE S BN EAE SIS (15, 28),
BT T LOVESRO T AL BBEEEL TV D728, IO BE XA TR, L
2L, FAP A T, BAMHEGETO2 &y hETVICHESE (31), APCi#Es
FDFAFT DI AT LIVICH RANCERFE D ND 5 &, BEEME APC 7 A< ED
ERICKRDND Z LI KV EERAEICED Z NP LNICR>TNDS (15, 21, 39,
59, 66)

RETIE, V¥ v Tyt T U7 TROLNTIHEERY R—3 A7) FAP
WP L2 BIsMRE TH D & W O IRELA LT, AEBDORRIKRAY I L OYREFRYRE
MEMITT 5 & & BT, APC BT DOEFMIRINEROMRBEEIToT2, T HIT
R AEA N = A LR NI T DD, Uy v 7 - v T U TOHEE L
MRS Z 3T APC BB T2 KRR B 03585 & D 03y AW R AT

L7,



II. R L OHE

1. JEFIER

B, KEdH25WIEEOMHFITHEEER Y — 7 ORENRD DI 21 BHO Y ¥ >
7« TN e T UTIZOWTHNT Uiz GHRBIZ2 L), SIEFIOMR], FHAEDIRR
SR, WA, BRAER, WIRRE 2 ITNESIRAEIC XV R SR E O &
FEEEBNLIZ DUV T Table 1-1 (ZRCHk L7z, F7z, MEOHREGIEIC W TIZENE
FUTable 122 BE V13 IRt Lz, £ 5B, 11 8EIT 2016 £ 5 2019 £ I
I BB (I BRI B = 1-1) £ 7213 R O8HRb: (BEmRs IO
sz B U) (2R L 72 C, itk ds K OSMHARAT B SR I S Tz, % D @ 10 85I 2008
D 2019 I B FERE R BRI 8 == CYHARE b MR & W B2 T &
MIIEGI T, JWRERZWIC WAL~ Y CEEANT 7 ¢ A, (Formalin Fixed
Paraffin Embedded sample, AT FFPE) > 7V EIUELT-, 8D LT I1EHE
L OMERE RO OV TRV EN S ERE ZIXNETOREEZS., £77,
BEARKOMBEERZ T 272010, FAVEOREEST, mEzIE L,

2. JRERRRRR AT

Q100 V v v 7 « T/« 7T U TIIHAE LT 46 HOELE R Y — 71220 T
SRR IO EAT LT, AR OFAINL, BIRRITIE, M2k iz nwTEne
AU Table 1-2, Table 1-3 I[ZFe#k L7z, HOR Y —7H 26 f#l (Table 1-2), KAFDHR Y
— 772320 (Table1-3) & EN TV, BIKITHPHEIER (n=29) F7ITPHERY
IR (n=17) 12X > TEBRE Nz, TXTOH 2 TIVTERIIEIZ 10 % PEREE A

L~ U TEER, TIEICESTT 70 THEBL, ~~ X2 oD

10



et (HE Yufa) EARZIERIL, WPRALRR PROMRAT 21T o 72, B3 KOKRIGONESE
DOLYFEIT, B WHO 2338 (19) 35X Uk b WHO 435 (18,32) ICH#EL TiT -
oo BT, EEOUWZEEIZOWT, TNM Z2EEZHWCEHME L2 (1, 6), F7z,
NSRRI 31T 2 B-I T = DFBLE M AEMRKE T D720, B-I 7T =T 5%
BB EITo 7o, —RPURICIEII~ T R B- AT =0~ AE ) 7 a—F iR
(Clone : 14/B-catenin, BD Transduction Laboratories, 7 * U 4) % f\ iz, W&
i XT 7 4 %, BEARZ ST X ) — )V THKILEITo T2, T D%, HURR
TELBRDT=D, A 5T 77 47 (pH6.0) (MR TEMEASHE, BA) 2R
EL, A= FZ L—7TMEL T (121°C, 14y), FOICAEEORENMET Lz
Db, NRMESLVAXF U HE—BORTE LD, HIRIZT 0.3 %@ {LKFEAK/ A ¥
J = IVERHRIZ 20 pRIE L=, £ D%, HFERBENISE T vy 732572018, T
B4 N T8 A IZ Protein Block Serum-Free (Dako, 7 A U 77) Z#t, 10 4=k T
FOs &4, 1000 f5AR L7 —Ik§uAz 4°CT 12 B pUG S ¥z, RIS, kK
& L T EnVision+ System- HRP Labelled Polymer Anti-Mouse (Dako) % U |Z#i+,
30 4y B EEIE RO S H 72, #E 4 1X Liquid Dab+  Substrate Chromogen System (Dako)
ERAWTITW, A4 =D~ hX U v EHWTHREREEITS T, B-I T =
DIEBUZ DN TIX, Z O30 2 fifaiE, MIlE R KO & Mg Ilc B LT
(38), EfiEE (x400 fi%) T 500 fELL - OREEMIN A FEAG L, %2 & OB MEE
Gl OFIE (%) 2R Lz, —DOWREICE 45 5L 500 &L T 08

BT~ T oG 2 574 L 7=,

3. APC BT DOEFMERINIERDKRE

3-1. IR H> 5 @ DNA HliH

11



HEEREERY) =7 ORERRBOONT Yy 7 « Ty T U7 118 (E
5l No. 1-11) 1Tz, HEEDO®, MKEEOT Yy v 7 - Fotr - T I T 68 (B
AR 2 86, PANRIATEER > v > b 1BR , U o3l 1 86, RHZEER 1 B, JThsEg
154) (Table1-4), A7 H—3 81 (fEREZAME 1 BB L OME28H), B — 2L 1EAND
MRz B U7z, $H L 7= ik 1% EDTA « 2Na CTHIEEELEE L, Wizard® Genomic
DNA Purification Kit (Promega, 7 A U %) % 72 |d DNeasy Blood & Tissue Kit (QIAGEN,
NAY) ZHWTH 7 A DNA ZHiH U7, AR B 7847 b R aR fm B
HHMAEA R OER (E18016) % 3 THMi L7z,

3-2. FFPE #7765 DNA HhiH

HILERY) =T ORENRBDO LNV Yy v 7« T v/ T U T TMEDOAFHR
Nt Td - 7= 10 88 (GEF] No. 12-21) (22 TIE, FFPE ¥ 7L h b &0 O
IRk ZH B L, QIAamp DNA FFPE TissueKit (QIAGEN) % fH\\T# /7 2 DNA

R L7,

3-3. PCR-AA LY hy—J TR

MR AT FTRE Td o 72 11 BHIZDOWT, APCHEIR D2 —T (v 7 Ak 4
BRER LT, 8B ST % A X D APC A1 (GenBank accession No.:NC_006585.3)
DIFMREFENZ T T A ~—ZKE LTz A XD APCBIS 113 16 fHD exon 72 H 721,
exon 9 FBEL N6 LIAD exon 12D\ Tidexon ZEIZ 1O T T4 ~—ZREHL,
exon 9 (ZXF L TIE 2 #H, exon 16 1%t L CIX 15 DT T A ~—% %5 L7= (Table
1-), PCR (% Takara EX Taq Hot Start Version (¥ 7 7 /34 A att, WE) & H

W CATo 72, DNA AR U £ Z—+F (EX Taq Hot Start Version), 10X Ex Taq buffer (5

12



& MgCI2 #2F5 : 2.0 mmol/L), dNTP Mixture (FHEHEEE : 4 0.25 mmol/L), 3-8 X
O 5’-primer (B A&IREE @ 4% 0.15 umol/L) % & ¢e PCR RUGNRIZ, M2 B L 7=
DNA1.0 pL % 12 C 20 uL (2781 L, Takara PCR Thermal Cycler Dice (TP600) (%

71T 34 AR ZHWT, 94°C-550% 1 A 7)1, 94°C - 30 £, 60°CE 7=
1% 58°C - 30 f, 72°C =30 D3 AT v 7% 354 A )L, 72°C+-55% | A 7L
DR TIT = 72, IS#% D PCR KISHKIZ, 6x Loading Buffer Triple Dye (= v R -
U—r, BAR) BZENETR 4L EINL, 3% 7 e —AF L HNT, 100V - 30 57
WO BEKVKEI 1T > 72,

FFPE ¥ 7 /L7 7 A DNA ZHli L7z 10 EHOMHT TIiZA X D APC BisT-
?® codon 154 B XN 155 & T 156 bp DFEEAE SND LT T A ~— %%
FF L (Table 1-5), codon 154 33 KON 155 IZEBMNH LN D T L 72, PCR (XK
MM L72 DNA &R U F TN L7z, 7272 L, 20uL O % Tid+4y 72 PCR
PEM DT B 7R D> 5 T2 5iEH No. 15 38 X T No. 21 122V TIE, PCR KGR DR &)
50 uL 12725 KX O IZF#E L, PCR Z1To 7,

TERUKER, HIIOE XD PCR EMOIHZE 3 %T Ha— A7 Ui bR RIIZ
D HiL, QIAquick Gel Extraction Kit (QIAGEN) % H\ T DNA Z it L7z,

v— 7 T AJEIZIE Big Dye® Terminator v3.1 Cycle sequencing Kit (Thermo
Fisher Scientific, 7 A U %) %Z M\ /=, BigDye Terminator v3.1 Ready Reaction Mix 1
uL, 5x Sequencing Buffer 3.5 uL, 5°-% 721% 3 -primer (1 pmol/L) 5 uL, 5% L 72 DNA
7L 5uL (DNA & 4-20ng) IZJAE K 6.5 ul 0%, SONRZFHAEE L7, T100
Thermal Cycler (BIO-RAD, 7 A U %) ZHWT, 96°C+143% 1 %A 7/, 96°C -
10 sec, 50°C * Ssec, 60°C + 457D 3 AT v %25V A4 7 VYK LT, 4°CT

HEEF L 72, JGHRIZIE 125mmol/L « EDTA % 5 uL Z¥siNL, X 51299.5 %x X /

13



—VINZ, KLU 7=, K13 Hi-Di /"L A7 2 K (Thermo Fisher Scientific) % 10
uL F°O¥I0 L, T100 Thermal Cycler C 95°C, 2 73 IMEA L 7= D 5, 4°C THERF L 7=,

V=0 Y TR IR RO AE R R G SR o F — ) LSRR
|ZC ABI Prism 3100/3130 Genetic Analyzer (Applied Biosystems, K-{ ) T3 L
oo BTCOY—7 2 AEPTIZEBNT, AL Forward & Reverse O[] J5 [A] 7>

HWRE LT,

4. EFHEBRITIIT D APC BT DAFHKZE RS LU LOH DR

b b @ FAP BF T, KIBRESCHEYE (15,21,39,59), B+ i85S (15,66)
& o7 FAP BBV T, APC BIRFORHIZ BLH AT LV OV K
(~T o EEAMEDTES : Loss of heterozygosity, LA LOH) MM En TR0, 1M
b LRMlIE 2 &y bET TS TELT 2 2 LAVRS TV 5 (20,31,33),
ZIT, Vxvr s Tyk e T U T OWE LRGBSV T APC BT D

AR B LOH OB AR LT,

4-1. FrfeEkAfE 2> & > DNA il

SHOY Yy v 7 « Tyki - T U706 HOMGHERRIZ OV T, RIEE DR
MDA BRITRE Ch o7, 6 EOMEZED 5 6 4 fH1NE O T, 2 EREBORHE
Tholz, 6D O H 3 TITHAEE O WIRANZ EH 2RI b 56 Lz, Th T
MORFIE 1 mm AIZZF 41, DNA filili £ T-80°CTHRE &7z, 7/ A DNA I

DNeasy Blood & Tissue Kit (QIAGEN) % HVCTHhiHi L7,

4-2. FFPE > 775 D DNA HliH,

14



10FEDO ¥ v 7 T vt/ T U TIZHELE 21 [HOEED FFPE o /L%
Tz, 13 EIXE ORE T, 8IEIIKIBOIRE Th -7, SRS 2\ T E
P o> JERE SRR 2 T C B INAYICY Y H L, QIAamp DNA FFPE Tissue Kit

(QIAGEN) #HWT%4 / A DNA ZHiH L7z,

4-3. PCR-ZAA LU N —F xR
6 O FHEEMRRE ) S L7 DNA 2 W T, APC BETDa—F ¢ v ZhEk4e
WMAEMBE LT, PCR-¥ A L7 Fi—7 = R ZEFAIRZE B O fET & FEED ik

(it 3-3 IH) TIT- 7=,

4-4. PCR-restriction fragment length polymorphism (RFLP) ik

Tx w7 Ty T U7 QBRI TS APC BT D LOH Mt T 5
7=\, JEEO RS L O FFPE 4> 7 LB L7= DNA % v C PCR-
RFLP V% %l U7z, M3RIC1E 3 8 o Frfibhiigkds & O 20 o FFPE ¥ 7L Z& Hv
720 [A) CABA o 5L 8 [ o0 Bt Ak 12 B W CTIEARAYIZ, FFPE H 2 7 LIZB N C
AR B IE R Ak 2 Y v e LT W,

PCR-RFLP{ETIE, Yy w2 « Tvtl - T U T DORBERTRD LIz APC iEix
FAERIZ IV, codonl54 N 155 OHEEESIN AA (A, 77 =) 226 TT (T,
F ) B b L, ERERT L OVE RN HIIREESE Msel ORERIECS] (TTAA) 2NE
RENDZ EEFMALT, ERMT LVHRD PCR FEY & BFAERT LV RO PE
Y orEx A FHl L7=, PCRIZIX, codon 154 35 LT 155 & Fdp 156 bp DREIE % 1Y
&9 %77 A ~— (Table 1-5) % v 7=, PCR 3 Takara EX Taq Hot Start Version (%

71T 34 AR EE) ZHOTITY, KSH% O PCR KSHE 4 L & 1.5 %7 v —

15



2V TEKIKE L, BRIOY A XD PCR FEMNPHIE SH TS Z & 2R LT,
Z D%, F&D O PCR FUGNE 15uL 12 0.1 %7 i 7 V7 2 36 L O 10X Buffer %
FhZEN 2uL %, 10U @ Msel (RspRSIT) (% 51 7 /34 AEAE4E) 2IRE T 60°C
TSR S, HIBREER LR A 1T S 7o SOSKIE 15 %R Y 727 VAT X K7L
(A —s3—1 v 7 ™DNA, B L7 ¢ VAR ASE, HAR) 2 HWT, 20mA
DEBN (HAREE 200V) T 90 [FERIKE) L7z, EXKENTIA —Y—&/ L—
#— (BL7 4V DFEMEERA L) 2 HWTITY, &~ —5—IZ1% 20 bp
DNA ladder (% 1 7 31 A#kAstt) 2 Hvic, ERvkEif%, 7 /v% TBE Ny 7 7
—THARL e TF VU LT u~ A FIEKR (v Ry - =) TYRAEL, S48 E
FRET L T/ REZEEE (OptimaShot 0S-300, FEhiERASH) CiRE Lz,
L 7= % D4 DNA Wi Jr Of# % Image] (National Institute of Health, 7 A U 77)
ZHAWTHIE L, 287 LVdROW R (51bp) (ZxfT 2 84T Ll RO W
A (109bp) DHFEERH L, [RIEO EF IR 6 2 SRR O R kB2 714 L
77
51T, HiREERALEEE O PCR EW % Agilent 2100 /A 47 F 7 A ¥ — (Agilent
Technologies, 7 #* U 1) & Agilent DNA 1000 ¥ >~ b (Agilent Technologies) % >
T~xA 7 uFxy 7 U —EXUKEN CHRIT L, 7B S 724 B — 27 @ DNA JREE 2 {1
L, BEAT LV RET IS 5 B AR T LOVESRISTR OO LR AR L

7‘7
—o

4-5. TagMan Y 7 /L% A 2 PCR ik

Ty v Tyt T VT OEEREICET D APC B 1O LOH & LV &

BANCFEE % 728, TagMan YV 7 /L% A I PCR % VW T APC Ein+ DB AR

16



BLOERAT L LD DNA &4 I7E L7-, TagMan U 7 /L% A 2 PCR % Tl 3 {#
OHFHEERRRF X O 18 E D FFPE H > 7v& FV 7o, BRI PH O IR & 72 1 k%
LN IE T 7ok A IR v & L CH 2, TagMan PCR £ T, A XD APC
A5 - codon 154 B LN 155 5 Tr 78 bp ® DNA Wiy iR+ 5 L 277 A
~—%Ziat L7 (Table 1-6), F7c, 28800 Es O AER O FACA AR TR 72 Bl 8
HT 52 FEO 7 n—7 (TagMan MGB probe, Thermo Fisher Scientific) % {Ef
L7z, 7u—70 5 KiglZBAM O 7 7 —7121% 2-chloro-7 phenyl-1,4-dichloro-6-
carboxy-fluorescein (VIC), ZHA D 7 17— 721X 6-carboxyfluoresvein (FAM) &\
IENENRLDHOEFE M, #EAFET, 3 KRimEZ = F v — (Non
Fluorescent Quencher) (2 X W {Effi L7= (Table1-6), DNA ~U A2 Z—+¥ (AmpliTaq
Gold DNA Polymerase Ultra Pure), dNTP mixture, U 7 7 L > 243 (6-carboxy-X-
rhodamine, ROX) WEGHEAD T L I v 7 A3 Th 5 TaqMan Universal Master
Mix (TagMan MGB SNP Detection Kits, Thermo Fisher Scientific), Forward 3 X O
Reverse 77 A ~— (AR : % 0.9 pmol/L) B XL ONEFAR G L OERA T 0 —7

(BOREIRFE © 45 0.2 umol/L), #5%! DNA (10 ng) % & Tr4 & 25 uL @ PCR &K
ZFH& L7-, PCR %, StepOnePlus U 7 /L% A . PCR A7 2 (Thermo Fisher
Scientific) % VY, 95°C + 10 3% 1 YA 7L, 95°C + 15 sec, 60°C = 157D 2 A
T T h 40 A 7, 60°C-30 sec 1 YA T NVDRISTITHTe, 2 AT v/
DOEIEEFE T, VIC LU FAM OHOEIRE &2 Y1 7 VRICHIE Lic, FEitte
MR T 2720, TRTOV T HONT 2 ETOFEBREToT, VT AZA L
PCR D 13 StepOne and StepOnePlus Software v2.3 (Thermo Fisher Scientific) Z &
Y fi##tt L, Thresholdcycle (Ct) fEZRE LTz, o 7 T EIZEERT L vIZHt3

HEAERT LLOHRAZEH L, S50, EWHOMEZ 1 & L8568 o EEHRE

17



DOFA%HE [Relative Quantification (RQ) fE] ZHH L7=, RQ % 22T (ACT : &
BT LD CtE-BAERT L v d CtfE, ACTN : IEEAMD ACT, ACTr : L

#HAED ACT, AACT = ACT—ACTN) T/ L72,

5. WEEHAEMT

HAE L HE R T 5 B-0 7 = OB ORI & 2 k4 %72, Mann-

Whitney @ U M€ % i L7, p E=0.05 ORI FICHE & L,
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. # 5

1. HEEEBHERY —72RBD Ty v 7 - Ty - TV T OBRKRFE
1-1. s & Ml

HALE R Y — 7 OFRAEFER, MERNZ OV TIE Table 1-1 ([Zftdk L7z, HIBERY
— T OYPFEERIT ) 7T R T o7 (PRAE - 7.7 5%, P 2 2.3~12.6 %), T
ITHAEE R Y =7 Z2Z2W S 5800 A & 2 WIFEAFERT L 0 I EARER 23580 H 1
TEB S B E LTz, 21 B 6 B (28.5%) 1E 5L FCHLE R Y —7 L 2K
SNTEY, HbEWEEIT23mTHo72 (EHINo.19), F7=, # (n=10) &
e (n=11) MIFIEFREE TN TEY (Table1-1), KV —FDOIRAEIHEZEITED D

VAWAYIEEY

1-2. BEERIEIR

JEBI No. 16 & 21 ZER\NZ 19 BHICOWT, BRIESRZ55 Z LN TE - (Table
1-1), BICAR Y =7 0RAE LTAER] TR i b IERIC A B, 14 B 105 T
WO BTz (Table 1-1), EESHARE O Hi 2 7R~H23 2 il o R 1T 4 BT
vz (Table1-1), RIGARYV —7BRELEY Yy v 7 « 7 v/ 7 U7 ClamE
D bZ < b, 11 BHF 9 AL bz, TOMIZ, BEERY —7RRAEL
TREBITTIE, BERGAR D —7 Ol ILFBL, LS R ENRR N, WO

IZRWTH, WD o7,

1-3. VLB R Y —F D454 &

THALE R Doy A & SR, FATRF O PIIRAOBLES £ 721X NS A ORI I
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SWTRE L7 (Table 1-1), HA YV =713 14 84T, KGR —7 1% 13 SHCTHILE
Sh, 20 H9H 6 FHTIEH E RBOMFIZRY —FNFAEL T\, RIRFIZEH &K
5 D)7 & NS TR L7235E, L EOREFICE O FIZR Y — 7 03 i S
iz (8EEF 55H, 62.5%), HOKR Y —7 XA L (n=29), WEPERE X
WEEE (2 n=3, n=6) IZHELLR) —F1IDHThHoTo, KFDORY
—IREBICEF LTV (n=21, 91.3%), FELIEDRERF (57.1%) THEED
RV =7 DBROH B, HI3EI L OHIEROEER A RitT 5 & ¥ 2.95+2.68 (F
PIHEUERZE) HOR Y — 703584 LTz (Table 1-1), fic b Z\WMEIRCTIXRG T
IBEEORY —TREAEL TV, BICRY —70BRAE LERI T 14 589 10
9 (71.4%) T, KIBIZA Y —7 WA LIEFITIX 13 8P O 388 (23.1%) TH

BORY)—=TFRBELTEY, BTERI —=TDERT LMMITH -7,

1-4. HREL T
5 S THBRIEIBRZIZ A U — 7 O FF 58D 7z (Table 1-1) o SES] No. 1 T,
HEALE BRI O T8 3 0 K LB Hi7e (Table 1-1 35 X OY Figure 1-1), 5%
IIAVEHIEIER D B 1N D 6 R L T LR B (Table 1-1), & 5IZ,
AR PRI B W TR RO IR Bl Tnwie 2 &, 72, B¥ LAY
1T L A EDOERTIRIEIRE LITRRDMEICIEL TV Z LD, FRFIE
B0 O OISR X 5 BT AR O ARt <, il W OREIC L DR EE
z LIz,
%ICET A8, BICHREREM~OBEERY LN TE~DT 7 —
ICE > THEE LT, REETIZ1IHLLE, 209550 10 AT 2 4L EO T IE#H

PGBz, SMEHOIEREE E TR R AR, 2 FUANICIET LT 1 b8
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HHNT, 14 (h=12) BLO2H (0=10) EHFFIX 100 % Th-oTz, S HIZ,
SUAH 75H (87.5 %) M3IFLEAEFLTEY, PO TEZHEZIT TOLRETHI
EATF L TODMIE GEBINo. 1) bl bz, ABETHNT LIZJEFID 5 b 4 B8
THLEAHERR STz, SET AL EREIERE & BB S ThD 2 5 4 414
I LTEY, FHAFMMIE IS EThH o7, SER No. 4 Tix, WHEEREIC
KO BEEHICARY =7 s, SABEIRII T, 2H0 0241 »
ABITIHALEERIC LY 101 5 THLE Lz, ERI No. 8 1%, 5253 CH &+ 1515
DIFEZGIFRS NN, 88 mMCTHEL, NHSIREIZL Y H & RIBITHEN RS
MY, FO2 A% Lz, JEGI No. 16 1%, 12.8 IORHZER Y —7 D4
BEIBRZ S, # 4 BRI E Lz GERART), SEB] No. 21 1%, 9.8 i CEMGAR
U —7 ONBEIBRFAN 2T, 13.8 O, FFIRERE O 7= LT L7, No.21 OfF
MRRIEAES | A - AR AR 03 FE M Sy, MR 7 & D FEME bR VRIS & 2l S e,
TREARRR AR T SN THEZBIIIE D ko, £, Thb 4l

FEWR DIFRNIAT N2> T,

2. JRERPHIRF
2-1. WHELI XL OPIRAYHT L

B3 LR ORZ T ONGESR H 2 WITAIRG AR LT, 13 E A EDRE
i, ERENICRET 5 EEMEOR Y =R T, ZORETIFRD 50 ITHT 057
BERT, ROZET LMD LIXUITRO 6 (Figure 1-2), TR 2 5 L7 fE
BICIE, WP OR Y — 7 BNPEICR T 5 X O ICHE L, NEEAE L Ik

/MEL Tz (Figure 1-2A),
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2-2. JRFRAHAR AR

==)

H

BEF 26 [HOF AR Y — 7 2R B FANCHT Lo, B U — Il U
—7, BRME, Il Wishe (FhEihin=3, 16, 7, Table1-2), WIEHMER Y
— %, B2 LoEmOHARRO R THIR E h, ottt r7civ Tz (Figure
1-3A 3 L OVB) , B0 il ~C 1, BEIEHM A 73 4 IR RSP FLEFLIR |2 B L 7= (Figure
1-3C~F), WER SO, B WHO 7088 (19) 1ck-S&, &Ik, JLEEIR,
ERILFMRICH S 7 (Table 1-2), MRIEIZAEIRIEDS 2 61, FLEDRIRIED 2
B, EIRFLEIRBIES 12 Bl CTH o7z, B, BRI 2 6, FLEDRESS 1
B, EIRFLERAE DS 4 Bl TdH > 7= (Table 1-2),

PRIE TN T I B AREE T, BRIE & e L T30 Ml RARE 3 L Tuvie
(Figure 1-3E~F), BR¥E G, IEGMIIIHMRE 28 L, BEOKRNARFENFR
Hiv, N/CEESHERT 270 & L0 72 fifa BRI 2R L, BoRg bBls S
(Figure 1-3F) , & 512, IR CIRBEEMAQI I Ot 2 kv, LIRLIZZEIL L T
Wiz (Figure 1-3F), F72, 13 A EDORE CTHRIEDOR S 1N E £ T e (Figure 1-
4A BLUB), BB FEICHRMEORE THEIELL, €O TRICH HIEF £ oI3dkik
L7 FEMES M DO R 2 78 > T\ 7= (Figure 1-4A), AR S - IEE O 5 H2JE
FEAMAS FTRE T do o 72 10 BN DWW TR OPRER 258l L7z, IR o—@FI<, U
BRI % D KGR AT T~ D IR OIRTE A58 H 7= A (Figure 1-4C, D),
REE AR 2 B 2 72 IR T ORI LRO 60>, B NOFEED
WHO 733 (32) & HW kWi X ONESE OURER % Table -2 ICF &7z, b
F®O WHO 7HICHR SO LEDLE S L, PEIFRER (h=3) FIZERRREE (o

=4) Wi, B O FAP BE TlX, KRIGANERE L L CHERAR Y —7
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PIFFET D2 ENMENTND (10,15,46), MKRLIEY Yy 7 - Tk T

U7 OIEFITIFBIE S highro Tz,

NI}

BRE 20 O KBGAR Y — 7 2 B AR ARAT LT, IRIE & 2 St 1 fl%
PR, hooIR A Ix T XTI TH o 7= (Table 1-3), IR IE, B> WHO 4338 (18)
IZHEESE, TRTHIRREEIC AFE S V72 (Table 1-3), BRIETIX, FE»OMEME
Dz RO FARR OIS, ki kb o0, BEK S 2 W/ N OFLENRIC
HIE L Tz (Figure 1-5A B3 X UVB) . Bl b AR DOEIE/ N2 — 2R L, IRk T
X, BEEMIIEPARR T, BOKNRRBFEENLEEICALN, LIZLIEZE
fEL Tz (Figure 1-5C 3 L D), Hi¥a & FERIZ, 2 < ORGIHZ TIXFITHIE
KJE CHIEE MO BN RO biviz, SRHEIERMER (n=15) (W CEEOHE
BEAFHME L7 25, B 1 HI THIEE A B ~ORENBIEZ S hzn, WTho
RSB Z 3\ C b KGR K 2 8 % 72 2 R Dz o 72 (Table 1-3), KBHRZA D
b OKRGIEE WHO 7341 (18) & W o#iikZIi 4 Table 1-3 IZF L7z, B FD
WHO 7338 TR LIRIZIRE L7 @S o An 2 &b 7= (18), B WHO
TR M ST ESE O < (n=13) (L& E O REIMZ 08 5 JRIE & 2 S
7= (Table1-3), F£7-, BBV L2, 1 BEOEMGHEME T, KEOR EEIC

BHOIESE D RTE L Tz (Figure 1-6A),

K% D Single crypt adenoma (Aberrant crypt focus)

FAP B& TiX, WIRAYIZITIER 72 KGAEIEIZ 3V T Single crypt adenoma & FE(X

NDNRENTED 55 (15), Single crypt adenoma |3 Aberrant crypt focus (52
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WIEREHR) & LRI, B—0RAEE» D2 DWEN KRNI RO S
5 (15,64), Single crypt adenoma | FAP 3 T b BRI A SN AR ETH
D (15), ZIMBIRENREETDLHEIN TS (15), KBEESZED b2
OV Y v « Ty TUT (GERINo. 17 8L N20) (2T, H—p A
2 ) 5 D Single crypt adenoma (AL L 72N EIZ2 S 7 (Figure 1-6B 35 X
VO, WTFhOYy v 7 « Tk 7 U TIZBWTY, FEEEHO KGN

|2 2~3 {iE @ Single crypt adenoma 23 HTE L CV /= (Figure 1-6B 33 LTV C),

SRRt (B-H T =)

X vl Ty T U TOEERY =TT D BT = DR A E
AL FAICRR Lic (Figure 1-7), H, KBOWTIUZBN T, WEHEHO
I 72 AL KGR B CIE, B- 7 = IR SR FE LT3 E LT\ /e (Figure
1-7), BOBEEMEAR Y —7TiE, EFHE L FERIZ, -7 7 = IRz BT
L T\ /= (data not shown), —J7, B & RBOMRER X OMETIL, B-I7=rD
MG R L O~ ERM B S (Figure 1-7), HOEETIX, B-I7 =%
BEERIRR DOEIA OSEE I, BRIE T 43.4%, BIETS8 7% TH Y, MEDMIZHE
ZTRBO B> T (Table 1-7), RIGOMEE TiX, B-7 7 =GR OFI G
I T 59.1 % T o7z, Bl TITFEIMED 67.1%TH Y, 19 Bl 16 51 THELL
L OREEMI B T = OEBGES RO Hiiz (Table 1-7), & 512, Single
cryptadenoma (2B T b, B-1 7 = OMIFLE I L ORISR A 8152 X 7= (Figure

1-6D)
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3. APC BIZT DAEFEMILRIIER

DI, HILERY —TOREERDTE Y7 « Ty T UT 11 BHD
Mg S L7277 5 DNA 2\ TC, APC BIG D a—T 4 v 7 i O
BBl A & it Ule, f#fT L7z 11 BEREBIT exon 4 (2[R — O A GG R 528 52

(c.[462_463delinsTT], GenBank ID: LC598892.1~LC598902.1) MA~7 1 EAPEIZFR
oAV (Figure 1-8A I, JRKRED), — 5T, st U TRER L7cEEREDY
Y7 Tyt T U7 6 HTIXRIERIIMI SN » 7 (Figure 1-8A £ [X),
[FlE & V72 A GEHIARR A BT 3 5 2 ISR B, 2 003 KA E R
STIHEMEL, BiIFEIL codon 154 ICBWTT XV BERELTHI A AL R

(p.Q154N), %1% codon 155 23 &1k = RUAZa D o AE R (pKI5S5SX) T
&7 (Figure 1-8A H14L),

FEWNTC, MY > 7 VIS AFTERD o 7ol b BRI OREF] 10 SAIZDW
T, FFPE > 7 /L5 DNA ZHi LT, APC Bi5IZR— DAL A B
D HIVD DN L=, Z OFER, 10 BH4FA T codon 154 & 15512 it & [A] Ui s 1
BHEPH &7z (Figure 1-8A 45X, GenBank ID: LCLC600200.1-LC600209.1) ,

b M@ FAP TiX, AHMRRIIZROMNE LRBOERELNEEL TWVD

(Figure 1-8B) (14,15,46), MILERY —FICRB LTV Y v 7 - Tk TV
T CIIAEIE RS BT APC #1510 SRR CRIE S, 2 OFERIIBIE

Tl FAP HE CEENGEO b H5E TH -~ 7= (Figure 1-8B) (15, 46),

4. I#EEE A2 migHE

fAWELY, MEERY) —TE2RIELEZS Y7 « Ty T UTO21 D

25 688 (JEBINo.1, 3, 6, 8, 10 BLW21) DifuEE AF LIz, MAEEICIE,
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XFGAERD 3 AR DT D HENFTEH ST, No. 1 DFER E No. 6 DFELEER
DEMEDOIK TH V, JEHI No. 1 & 6 [THBEDEIHT (Figure 1-9A JRAL) D 1-F&
ThHdHIENHLNER ST, F72, No. 10 DFEER & No. 8 DAEER D BAHilkk T
HY, JEBI No. 8 & 10 (FHm it (Figure 1-9B #RHL) OFHTH 7=, LLED X
12, JEBINo. 1 & 6, JEFI No. 8 & 10 ORI HBADHIEHFRD Sz (Figure 1-

9A B L O'B),

5. EEAMRIZBIT 5 APC B FDFEHIKRERL LT LOH OB
5-1. IR ZE B

NEGALAR D BTREA B (n=6) Z MW T APC Binf D a—7 1 » 7 A O

&

FERCHN % f#AT L 72, No. 5 O'HRE (No. 05501) T codon 548 (c.1643dup) (27 L
— AV FNEENBBO LN, T L—AY T FOFER, codon 559 (IR R
BT D ENTHIESNT (pLeu548PhefsX12) (Figure 1-10B), = DZE L, fEE/E
PO IEF 75D 515 54072 DNA 22 b3 & #v7e > 7= (Figure 1-10A), L7

Do T, ETHREHSN T L—Av 7 MERIT, (FHIINZERTH S LHlrs 7,

5-2. APC &f{n{JHEIZ¥1F 5 LOH

PCR-RFLP £ K % LOH Ot

T2 UNT X RV ERWZESUKEN T, 23 [HOEE CHrftsif#k n=3, FFPE
n=20) BXOEFMHBEEMIT L& 25, BAERT LILEFRED 109 bp O,
ZEEAT L OVHSR D 58 35 KL UN51 bp DWW R 38152 STz (Figure 1-11A 38 K OVB)
HW T DR ROBEREARIE L, ZEAT LVESROBR (51bp) X172 B4

BT LVHR (109bp) OB 2 ik LRI EZ R L7z & 25, BEOMEE -
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FeMERER; (No.06S01, 12503, 17S02) “C& OFHR &A% E FH D 1B H LA & B~ TR
b LTz (Figure 1-11C, ), 512, FERIZ, v/ 7% ¥ 7 U —EXUkE)
(Figure 1-12A 33 X OVB) THBES 7% DNA Bty OREARIE L, BRAT L
JVHSRDW Ak 2 B AERLT LVHCROW i O EEZ R LI 24, 77
UNAT I RTVE0BIREICIEZIC BT 2B AT LV ORI R 23 2 2 B
7= (Figure 1-12C), W HLOENTIZERBWTH, HILE ER MRS CH AT O DNA
7 OPD D3RR BT,

TagMan U 7L % A 2 PCR {EIZ X 5 LOH DR

ML FRMEREEC R D LOH % L 0 & BAICEHEd 5 72 ®1I2, TagMan U 7
VA A 2 PCR % VT (Figure 1-13A B X OVB), ZBRMT L LIZxf94 2 B4R
T LV OEREER M L. (Figure 1-13C), 1 O[S (No. 12S03) TIXiE Ak
& H U TP ALY LV s 3 30 1 LATFIZ, 3 Bl (No.01S01, 06S01, 17102)

TIX 6D 1 LLTFIZHEA LTEY (Figure 1-13C #R&HD), EEAFKICH T D LOH
DR ENT-, £7-, TagMan U 7 /L% A 5 PCR IETEHART L VOO IVRE
T BMEED 141 (No.06S01) TiL, PCR-Z A L7 hir—27 T AJEITL Y APC &
{57 ® codon 154 & 155 (2315 2 B AETL T LV HSR DOELEI 0D T8 2 53 RIS REL AR | 2 R 2

INZRROH L, LOH AT TWD Z L3RS 7z (Figure 1-13D B8 L VE),

6. APC BIZFITBITHA XD—HEHE LA (Single nucleotide polymorphisms, LA T
SNPs) DOFR,
PCR-ZA L hN—J TV AEICROVIRESNTZ Yy v 7 - Ty TITO

APC B +OHEIEEF %2, A I TWAH A XDOEH] (GenBank accession No.

27



NC_006585.3, "7 H—R) L L= 2 A, SHEEDOHENR DM -T2 (Figure
1-14), WEERY =7 Z3IELIY Y v 7 « Tk T U7 (n=11) BLUM
REBICHERE LYYy 7 - TvBAL-TUT (0=6) OVWTHOMKTEHERD B
7otz @, BRIBICEE L2 R Tidnw e B 2 biiz (Figure 1-14) . Z OIS
X v Ty T U TIRENN AL, E— 7V 1 BEBXUWRZ
—3 HHD exon 13 OIEHEES 2R LT & A, TN A4FHOES G v v 7 « T
v/ T YT EE—Th-oTz (Figure 1-14), IO DFERNMEL, ARSI TV
R P —DOESNZ SNPs DEEEENTWDH EEZ X LN, FEEE, 5 DDOEND S
H 3 21Z NCBI @ SNPs 7 —# _X— A 2T TGRS N TV (18850906243,
1s852139532, 1s851619666), Z L5 SNPs X, A XD APC Einf D=7 V> 13
(GenBank accession No. XM _014111995.1) @ 3"5ICEH LT\, SEILE Lo
Bl % eI exon 13 @ 3'fEI D a0 —F ¢ VT EEBAZRET S &, B MO exon 13
(GenBank accession No. NC_000005.10) & %fI53 2% & 512, BUETHI STV DAL

72D 9 HEL TIRIT exon 13 & intron 13 DEERDH S &5 2 b7z (Figure 1-14),
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Iv. & £

A XTI, REOHFERELZFFEL, NS FORELZTLILTHILITX
D BIEMREBOFIZORND Z LD D, 2010 FRFEND, Vv v 7 - T vk
W T U TIZBWTHILE R Y — 7 OIEFIDNEEIN L T\ 2 Z & 23/ N R IR 5w B
DWHCHED D ERERIC L o THf S, BREEEETERVWh LD TE T, E
B, g B RS BR I B0 28 26 o0 g B2 W R ik 2 [RIREANIC A AR L, 2012 4R 5 2018
EORINTHE « RIGOMMEE 72130 & 2l S e A X ORFERIOEIG 2T~z & =
B, VX vl Ty TITREGEL, 18.0% (178 HHH 32 5H) LTV
7= (Figure 1-15) . (X ¥ /N 737 Z 71285 &, Hird 10 4 (2011 4£~2020
) TEREESNIAX (K300 58H) 096, Yy v 7 - Ty TIUTOEHD
LEEITOTN13%THD (23), — 5T, B - KIFBOMEE 72130 & 2k
TREDOO S, 2FBBICEZNWI=F 2T - Xy 7 A7 ROWRMBEEIZY Yy v 7 -
TN e TIVTOR6ETHoT- (23), TNHDZ LD, fBFIHEHEE HILE
FRMEREIZ DR AEFNIRERBIZODRHY, Py v« Ty -TUTIZBWT
LR ERMEEEN R L CWD Z AL NTHh oz, 7o, AEICLY, Vv
v 7T N T VT ORBRTITHEERY =7 BERMEITHO LN, EHIC
F CORIEREGFINEEN TN Z E0 D, RERBPEFHOBBHERETHL Z L

B, MBETFRINZIEY Yy v 7 - T oA T U T OHEIERY — 713 IRIEE
TIERETH L 2 Ens, AEREE, HFEMAR Y R— X, Peutz-Jeghers JEMEHE,
Cowden JEBERE7R & OBFRIED I AN LN HEE T2 (25), FAP OFLEEET
b HAREMEN W EE 2 DTz, AW TIE, FAP OJRKEE T Th D APC Ein

FEAT LT A, IEERY —7 2RO 21T X TOV vy v 7 - T vk
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T U TR — OAEFEMAN R I F (c.[462 463delinsTT]) N~T B #EATEIZED 5
v, APEA FAP IZHRI L 7o WY RuatE (k) BRMIRRTH D Z & 35N
7z, FAP B3 Tl 800 FELL LD APC EIG T ERNFEE SN TEY (5, 14,15,
46), TDIFEALEN T BV AEBRELIZT L LT NERT, ZNHOER

(2 L0 B L7 FEREREME D APC 7= VXS BB S D (15,28), v > 7 -
Tyt T UTORBRTHELLUZAERMBRINER T 2o AE R
(pK155X) THY, b hO#HEFLE—E L T\,

FAP IZ KRGV — 7 RAERIC L - TEAM, FEEAR, BEMIS I, 20
PRIR B & APC BAnT ORI EROMEFHE L T2 (14, 15, 46)
Ty w7 - Tk T U T OERMIERYIZRIT, & FO FAP TITEER DR
FHCERNED LD APC BT D 5 KIHFEEI A& L T 7z (Figure 1-8B) (7,
15,29,37,46,60), FAP & TILEE, BHENLHTORER) =7 R@Bdbhbd
25, BEFETTIE 10 725 100 EATH  (CF%) 30 E) ORY =723 4E4 5 (15, 29),
KDY %7« Ty T IUTIZBNT, HLERY —7ORAERIT 1 E)
DEE CFE¥)23f#) T, ATH B3ETH o7, MBEORAEKDOLRSIE, B K
&l LT, A X CTIRIEILE BRSO AEEDMEN 2 & & ik LT 2 ATREE
0% (19,36,44,51), APC EinT DO EFEHINGRINZE RO E R L OB DO BEIEE
EEBETDHE, Vyvr - TvbA T UTOWEERY R — ATk b ORSER
FAP DFEIEE TH D L E X BILD,

W, BB LYy v 7 «TvkL TV TOMMELBIT LIZE 2 A, BEK
O fRBERI 5 D Z LR EN, AREPBEEMERETHL Z ERENT
(Figure 1-9), — 5 T, AR THRE LIV Y v 7 - TvkL - TV TIFETH

JER T o7=i=, MDD H 2 MIEDBENIE L <, Z£OWECRE R & ourE
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ERDOEZTREIZTE ooz, £, REBRPEKIZR - THORIET DB
(adult-onset disease) TH D Z &A%, IMixlEADBH 2 X 0 INEIC L7z, APCEIR
FEREDOFRAETEDEEERFEIZIE, SORIMIENMETH D,
AWFGEICBIT DY v v 7 - T vk T U TIZH BT Single crypt adenoma (3,
FAP OBHETIE, MIHIRAEL L TRAEL, BRE~ERTZ (15) ZERmbnTn
%, b N TIIEHD Single crypt adenoma DFEA A FAP IZEFHEEI T R & /e & h
THY (15), Single crypt adenoma ORI A XIZH1F 2 BAMEHLE R Y R—
A DR FZWNC b AR E B2 O D, £, APC HEIG T OEFMIIR A
BEHTDH v v T vkn T U7 TIREENHERTD U A7 NEOD, Kk
\Z{7/E¥ % Single crypt adenoma ASHT 7= 2 IESE DI AR L E 2 b, & 51T,
Ty w7 Tyt T UT OMEE ERMEREIZIZIE APC B s IR a2
K> LOH 7538 i, FAP MBFE O KRIGIRIE & FERIZ, 7T 2 APC BART L LD
AEHALD IG5 L TWnWd Z Emahie (15,21, 39,59, 64, 66), £7-,
FAP BHEDORGIEG RSN TWVD L o2 (15,64), ¥ v 7 - TvkL-TUT
DWHALE LB 3\ THERERY 72 APC 7 A< ERTEL L TWDH Z &1, B-
BT = PERMIENICER L WA Z b bR, LEXY, Uy v
7 Tk T VT OWLERY —71%, FAP B3E O KIBIRE & EREAE L OV
FAFRNAP LB 2R TRAEICED Z BRI NI,
ERDFAP £V v v « TutN - T U TOMLERY R—2 AT, 5
B DIFFENL N F 2 > Tz, B RO FAP TIEKIBRAN T & 72508, APC &
GFERZETDH Yy v - TvkL - TV TOREITE CTRLE LB B,
BRI FAP B3 D 5 2 5 20 %R TIHAT 2 KIBSMEMIRZ TH % (10, 15,46)

— 5T, Py v Ty T UTTIERED 345D 2 THBIESE - ILE RN
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RO B, S I, B TIIIREN LIS DM & o 7=, TEEFFE AEENLOE L FAP
DET IV T ATHHESINTND, ApMV~ 7 A%, Apc idis 1 O AR5
EREHFTDH FAP OFET NI TATHLN, KIFEELD b/NGITIEENZ < 4T
% (42, 43), [FERIC, fiLd FAP 7 /L~ U A TH/NMBIRIEDOIEAEN LN &3
HEEINTND @), 26D EnD, APC BB TICAMIRIIERNET 5
ZEIZE T, BWEA MO THEE COREY A7 BNILET DL 00, FEEOL
FEENLIXENRI L0 Be D Z EAURIBR SN, TOFIIARHTH D, S BI,
E RO FAP ERAY, Py v s« Tuk s T UT TIERBIHEDIZE A DR
JECIE7e < Mg & 2l S iz, B WHO T, RIEENRZ LWGEE T, e
OMEE O R IE ST 2 SN 52 (19), B b WHO 43¥ETIE, JE
GEDREE R & 2 TR L7256, KB L 2rsh g (18), Y v v 7 -
Ty T U T OWE ERMEREA E B WHO 2SI S LADE T2
DL, KIBREDIZE AN, EERBMEE S JRE (adenoma with high-grade
dysplasia) & Z2WrSiv7- (Table1-3), Z OFHESIE, B b EEWOM T, HLE L
R VEREIS O P 22 W e i 70 5 Z LICEIRT 5 L B2 b d,

X v Ty T U TICEEMICIHEA U ERE BRSNS, R
Fr AL BRI MRS & 13573 2 99 B O RHE R 7R L T, MR PR 7R B R & —
ANEDSWTEGEZ LA, Vv 7 - TyEAL-TUT T, A XOH
WTL RO LN DEIEMILE (19, 44) 1 TRBO N7z, FTo, HWREMERRE
LEIRY, Dyl Tyt T U T OF B CIRIE A AR 2 7 12 AN 52
ST, BEMERZ LWEGE THLZ R ail, LLeRnb, Yxyv 7«7
vy TV TOBRRETS, 18I CTHIEERB~DORBEIRD HNTZZ &b,

T ENUS, RIEMEEG~ERT D WRIELH L LB DbND, 4%, FETIEFO
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HIRbZDO T, ORIV UETHD, iz, —MKIZ, A XDOHEE LR VENE
BEOFEFNX, ZWIRHZ T TIZ Y VR HIIEBCEBIEE 2 > TV D Z EBRZ0A (2,
49,62), ¥x v 7 - 7 vk T UTOREFITIHERITR D bhole, Zhb
DL & —H LT, MRFEDOHE FRMEGOER] & T (2, 19, 44, 49, 62),
Tx vl Ty T U T OEFITH SN B AR E R LTS,
INETIT, BdHDWIIGEREE O RIS EEER ST S TWD Y (2,16,44,
51,52,56,61), TOHIZT ¥ v 7 « Tk T U TIEEEN TR, S EIfiET
L7eY vy 7 « Zykn - 7 U TOEFOL < 1X 2000 FRUICHAL TV, Lo
T, AEBOJRK E 72D APC B OATEMILRINE R L Z ORI AARD Y v
v Tk T Y TINZIRB o TeAlReED B 5, Ml TlE, ZhEIcZH I
HERDP BB T EREZFFo> TOEGAICREICEBMEBNILN S Z & (Popular sire
effect) WAL TEY (16), FEKOETF CTIRE oT-rlEMEREZ b D, £z,

6 SEHD MAEEDNT TIX, 2 14 EHOER CHIEBERNZBD bbb, WZk

0

WZidixiE e <, S 6IZ, K5 2 IR ORER] & —UI&EER N o T, Le
ST, AFEEROFIRE 725 APC &5 1 OAEFHMIRIIERIL, FEDOFRIZED
T, HRENOY ¥ v 7«7 v T U T ORIZASIEE L TV D AT B 5,
EoT, A%, VyvZ - Tvkr e TIUTIZBWTEDRE APC s 12BN
JKDI > TWD Dy, ZDRGREP SN T 20ENDH D,

ALY, Vv v s« TolA T TOMEERY K- 2TiE, OF%
PRV =7 DR, QF W TORAE, QOFF LV o7z, BIRMEIMLE S & 1358
HRMNED DND ZENH LN E o7z, — 77, MEERY K- AICRBA L
X vl Ty T U T ORI, RY =T IMEMEICRAET DEMHED S

, SHIZ, 10ABA T TGN REAET DIER RO bz, LR T,
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HARE) 72 R (D~@) BRO LN WG ETH, ARBZGET 5 Z LT TET,

BRIRTE D CRAGMR BN 02 2Wr 5 2 LI TH 5, AREDIEFIT,
HRYELE RGOS & ik L CTPR PR, REIMOLGFZED L), —5HT
BROY 27 pE <, miHOER % FEICT 2B FRENNHETH L EEZX LN

Do
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V. /N FE

KETIEL, Vx v 77 vEN-T U T OHEEBERY R— ZDHRREN B D FAP

ICHEELLTWA Z EICER L, ARBEEDN APC BB 1 OFFE O A FHM N 5 51148 5
(c.[462_463delinsTT]) ZJ5A &+ 2 HADBEMERETHDH Z L2 LT L,
JEIR & 72 2 AETEMISR AN B A K E L= 2 & T, 4%, IR OBSE TIxZ ok
FIZEH LB B FREIC L DMHEZWNAIEEL 720, NX T, BHEERE CHiE T
TITERFERNZITRIND Z L ZE, IREBOWM A S Z N TELH EE
b d,

F70, RETIE, BIEIEEE R Y R— 2 X OIFRE AN L, AT B OAER] T,
OZHMEOR Y —7, @QFEEFAE, OFFF L) BN LE IR & 572 2 R En
H O, ARBEZW 5 ETHERFHNVIIRDLZLEHLNILE, —5T,
R R AN I ORI & SRS IR EFI 230N D Z & b b TR o T, A1k, &
BHHLE R Y R — ZAOMEEZKZ FRRICT 2 BB FREEORBNEE TH

Do
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Table 1-2. Histopathological diagnosis of gastric polyps

) Histological diagnosis Depth of
’ ’ Classification of animal tumors Classification of human tumors (T status)™*

7 07802  Antrum E Hyperplastic polyp )
07803  Antrum E Hyperplastic polyp )

17 17S01  Antrum  E Hyperplastic polyp )

1 01S02  Antrum E (Polytectomy*)  Tubulopapillary adenoma Adenoma (-)
01S03  Antrum E Tubulopapillary adenoma Adenoma (-)

2 02S01  Antrum E Tubular adenoma Adenoma (-)
02802  Cardia E Tubular adenoma Adenoma ()

5 05S01  Antrum E (Polytectomy*)  Tubulopapillary adenoma Adenoma (-)
05S02  Antrum E (Polytectomy*)  Tubulopapillary adenoma Adenoma (-)

6 06S02  Corpus S (Billroth T) Tubulopapillary adenoma Adenoma pTis

7 07S01  Antrum E Tubulopapillary adenoma Adenoma (-)

8 08S01  Cardia E Tubulopapillary adenoma Adenoma (-)

12 12501  Antrum S Tubulopapillary adenoma Adenoma pTis
12S02  Antrum S Tubulopapillary adenoma Adenoma pTis

15 15501  Corpus E Papillary adenoma Adenoma -)

19 19S01  Antrum S Tubulopapillary adenoma Adenoma pTis
19S02  Antrum S Papillary adenoma Adenoma pTis
19S03  Antrum S Tubulopapillary adenoma Adenoma )
19S04  Antrum S Tubulopapillary adenoma Adenoma (-)

1 01S01  Antrum S Papillary adenocarcinoma Papillary adenocarcinoma pTis

3 03S01  Antrum S (Billroth T) Tubulopapillary adenocarcinoma Papillary adenocarcinoma pTis

4 04S01  Antrum E Tubulopapillary adenocarcinoma Papillary adenocarcinoma (-)

6 06S01  Antrum S (Billroth T) Tubular adenocarcinoma Tubular adenocarcinoma pTla

9 09S01  Antrum S Tubulopapillary adenocarcinoma Tubular adenocarcinoma pTis

11 11S01  Antrum E (Polytectomy*)  Tubulopapillary adenocarcinoma Tubular adenocarcinoma -)

12 12503  Cardia S Tubular adenocarcinoma Tubular adenocarcinoma pTla

! Histological Classification of Tumours of the Alimentary System of Domestic Animals (WHO International Classification of Tumors of Domestic Animal
Series) (2003)

> WHO Classification of Tumours of the Digestive System, 4th edition (2010)

* TMN classification

4 . . . . . .
Endoscopic biopsy specimens were excluded from the assessment of tumor invasion due to the absence of submucosa and deeper tissues.

(-): Not evaluated because of the absence of submucosa and deeper tissues

E: Endoscopic biopsy

S: Surgical resection

* Partial polypectomy with a diathermic snare.
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Table 1-4. List of control Jack Russell terriers with other diseases

Disease Age Sex

Mast cell tumor 10y 9m Male (castrated)

Mast cell tumor

Portosystemic shunt Oy 4m Female
Lymphoma 4y Female
Chronic cholecystitis 8y Male (castrated)
Liver tumor 11y 10m Male (castrated)
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Table 1-5. Primers used for germline mutation analysis

Product size

Target Primer sequence (bp)
Primers for the entire coding region of the APC gene

exonl sense 5'-  TCCCTTTCTTTGTAAACAAGCAG -3
antisense 5'- TTGCAAGAAAGAGTTTACATATTGC -3 !

exon2 sense 5'- CAGCATACCGAAATGCCAAG -3
antisense  5'- GACCTGAGCTGAAGGCAGATG -3 202

exon3 sense 5'- AGCAATATTTTAGATCCCTTAAAGC -3
antisense ~ 5'- CCTGCCATTCATGCTTCATA -3 360

exon4 sense 5'- AGTCCCACCTTCAAAAATCC -3
antisense  5'- AACTAAAAATGCAATTATCTTGAATG -3 3

exon5 sense 5'- GTGCAATAACGTGCATATTTGA -3
antisense  5'- TGTGAAGTTCTGCCAAAGTGA -3 7

exon6 sense 5'- CCCTAAGCTGTTAAATGATAGCC -3
antisense ~ 5'- GAACATCTATATTTCAATGATACCACA -3 20

exon7 sense 5'- GCATTCACCATTTTTGTATG -3
antisense  5'- TCACTCTGAGGACTATCTCACACC -3 2%

exond sense 5'- TGTGCACCCTTAACGTGAAAT -3
antisense 5'- TGAGTGAAGAATGTTTTAGCAAAG -3 2

exon9 sense 5'- CCCATTCATCACTTCATTGG -3
antisense 5'- TGTCATCAGGCTGTGAGTGAA -3 33

sense 5'- TCCTCTCCTCATCCAGCTTT -3
antisense  5'- AGCTATGTCAGCAATGCAGGT -3 7

exonl0 sense 5'- AAGCATTATGGTTTATGTCCATTC -3
antisense 5'- TGGCCTCATATCCAGTTCAAC -3 207

exonl 1 sense 5'- AACCATATATCCTCATCCTTTGAGA -3
antisense  5'- ACCAGAGATCCATAAGAAATGG -3 28

exonl2 sense 5'- ACAGCTTCAGGTTGCCTTGT -3
antisense ~ 5'- CCAGGAAAAACATCTGAAATTCT -3 103

exonl3 sense 5'- GCAACCGTATGTTATTTTATGTTCA -3
antisense  5'- CAAAGGGTGGGAAAGGGTAG -3 w

exonl4 sense 5'- GTCCACACTTTACGACTCCCTAA -3
antisense  5'- TGGTCTTCTTTTGCATTTCTCA -3 220

exonl5 sense 5'- CGGCAGGGGAGATACTAACA -3
antisense 5'- AGGTCTTCCTGAGGGTATGAA -3 3

exonl6 sense 5'- AAGCAGATTTTTACCTTAATTTTGGA -3
antisense 5'- GGTGAAAGGACAGTCATATTTCCAG -3 8

sense 5'- TGTTTTTGACACCAATCGACA -3
antisense 5'- TTTCGTCATCTTCAGAATAGGATTC -3 o7

sense 5'- GACGTGTCCTGTGCCTTATG -3
antisense ~ 5'- CCATGATTAGAACCTACTCGATTCG -3 40
sense 5'- AAGAGGAGCCAGTGGTTCAG -3 196

antisense

ATTGGGGTGTCCTCTACACAG
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Table 1-5. Primers used for germline mutation analysis (continued)

sense 5'-
antisense 5'-
sense 5'-
antisense 5'-
sense 5'-
antisense 5'-
sense 5'-
antisense 5'-
sense 5'-
antisense 5'-
sense 5'-
antisense 5'-
sense 5'-
antisense 5'-
sense 5'-
antisense 5'-
sense 5'-
antisense 5'-
sense 5'-
antisense 5'-
sense 5'-

antisense 5'-

CAACCAGGAAACGATACAGACG
ACTGTCGAGCGAACTGACTGAC
CAGACCCCTAAAAGTCCACCAG
TAAATGGCTCATCAAGGCTCAG
AGAGTCCAGGTTCTTCCAGACG
TGCTTTTGTGCCTGTAACCTGT
TGGCAAGGAAGCCAAGTCAAC

TCTGTGGTATAGGTTTTACTGGTGAAG

GCGTCTGTGTCTTCATCTGGAAC
GGGTTTAGACTGACCTCGATTTAC
CCAATCTCTAATCAACAATCCGC
GTTCTGAATCTGGTCTCTGTATATC
AGACGACCTGTTGCAGGAGT
CCTCACTGGGACTTTTGGAG
GATCTCTCGAGGCAGGACAATG
GGATCCATTGCTATTACTCATCTG
ATCCAAGAATGGCAGTAGTATCC
CTTCTCCAAGTGCTTACTCGAG
AATAGGTCAGGAACCTGGAAACG
TTTGCATCTTTAGCGTTTGG
GAGATCCCCAACAGGAAACA
TCTGAAACAGGATTTCTACACAGC

Primers used to amplify the region containing germline APC mutation sites

. . . \
Germline mutation sites sense 5'-

(Codons 154 and 155) antisense 50

TCTTTTGGCATTGTGTAAACTTG
CTTACATTTTCAGTTAAAGGGAGACT

424

448

455

531

519

574

686

562

546

470

558

156
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Table 1-6. Primers and probes used in TaqMan real-time PCR for LOH analysis

Product size

Sequence (bp)
Forward Primer 5'-TTTAGTGAGATTCTGAAGTTGAGCATAATA-3'
Reverse Primer 5-TCATTACTTCTTGCTGATCTTGACAA-3' 7
Probe for Wild allele 5'-(VIC)- CAATCTTTTTCCTTTTC-(MGB)-3'
Probe for Mutant allele 5'-(FAM)-CAATCTTAATCCTTTTC-(MGB)-3'

VIC, 2-chloro-7’phenyl-1,4-dichloro-6-carboxy-fluorescein; FAM, 6-carboxyfluorescein; MGB, minor groove binder.
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Table 1-7. Percentage of cells with nuclear B —catenin accumulation in gastrointestinal lesions

Localization of Membranous Nuclear and Cytoplasmic
p-catenin only 0-25% 25-50% 50-75% 75-100% Mean +s.d. (%)  Range (%)

Stomach

Hyperplastic polyp (n=3) 3 0 0 0 0 - -

Adenoma (n=16) 0 4 4 8 0 43.4+19.6 6.1-71.5

Adenocarcinoma (n=7) 0 0 3 3 1 58.7+17.1 35.5-77.1
Colorectum

Adenoma (n=1) 0 0 0 1 0 59.1 -

Adenocarcinoma (n=19) 0 1 2 8 8 67.1 +19.1 19.8-97.2
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Hospital Aije Foous End(:vscopic:’ gzross Method of excision Endoscop.bidgross Histoqathological His:toloci(fal
image finding image diganosis
. ) 4y Rectum Surgical resection (unavailable) adenoma
Animal hospital A
Sy Rectum Surgical resection (unavailable)  adenocarcinoma
By Rectum Surgical resection Not examined
) ) Ty8m Antrum Endoscopic biopsy Number of polyps :
Animal hospital B
(Large hospital)
Rectum Partial resction Number of Polyps : adenocarcinoma
7y9m Antrum Surgical resection . o v adenocarcinoma
anturm lumen
Gifu Univ. Teaching
Animal Hospital  7¥11m  Antrum (2 Number of polyps :
9y0m Antrum (-) Number of polyps :
9y2m Antrum Endoscopic biopsy Number of polyps : 8 adenoma
Endoscopic resection . .
9y8m Antrum W lypecinnd) Number of polyps : 8 adenocarcinoma
11ydm  Rectum Endoscopic biopsy Number of polyps : adenocarcinoma
Animal hospital B i i
¥ 13y3m  Rectum Sl e=ction Number of polyps : 2 adenocarcinoma

(Pull-through)

Figure 1-1. Disease course of Case No. 1. Arrows and asterisks indicate same gastric and rectal polyps,
respectively. Arrow heads indicated antrum polyps. Bars = 100 pm.
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Figure 1-2. Endoscopic appearance of gastrointestinal polyps in Jack Russell Terriers. (A) Multiple polyps in
the pyloric antrum. The protruded lesions cause severe narrowing of the pylorus. (B) Polyps in the rectum.
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Figure 1-3. Histopathology of the gastric lesions in Jack Russell Terriers. (A-F) Representative
photomicrographs of hyperplastic polyp (A, B), adenoma (C, D) and adenocarcinoma (E, F) in the stomach. (B),
(D) and (F): Higher magnification of (A), (C) and (E), respectively. The lesions were diagnosed as hyperplastic
polyp, tubulopapillary adenoma and tubulopapillary adenocarcinoma, respectively. Bars = 100pum (A), 200 pm
(C and E) and 50 um (B, D and F).
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Figure 1-4. (A) Carcinoma in adenoma. Arrow heads indicate a carcinomatous component growing within an
adenoma. Note also that the lesion developed mainly in the upper epithelial layer overlaying the normal or
dilated gastric glands. (B) Higher magnification of the boxed area in (A). Boundary between adenoma (AD) and
adenocarcinoma (ADC) components. (C) Adenocarcinoma with invasion into the lamina propria. (D) Higher
magnification of the boxed area in (G). Lymphovascular invasions are also observed (arrows). Bars = 5 mm (A),
100 pm (B), I mm (C) and 50 um (D).
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Figure 1-5. Histopathology of the colorectal lesions in Jack Russell Terriers. (A-D) Representative
photomicrographs of adenoma (A, B) and adenocarcinoma (C, D) in the rectum. (B) and (D) Higher
magnification of (A) and (C), respectively. Bars = 200 um (A and C), 50 um (B and D).
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Figure 1-6. (A) Multiple tumors developed in the small area of rectal mucosa. In addition to the tumors (black
arrowheads), there is also a single crypt adenoma (white arrowhead). (B-D) Single crypt adenomas in the
rectal mucosa. H&E staining (B, C) and immunostaining for B-catenin on serial sections (D). (C) Higher
magnification of the boxed area in (B). Multiple lesions are scattered in the rectal mucosa (arrowheads). Note
the nuclear and cytoplasmic accumulation of B-catenin in the aberrant crypt (D). Bars = 5 mm (A), 100 pm
(B), and 20 pm (C and D).
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Figure 1-7. B-catenin expression in the gastrointestinal lesions of affected dogs. (A) Boundary between
adenoma and surrounding normal tissues in the gastric antrum. (B) Higher magnification of the normal and
neoplastic tissues in (A). (C) Boundary between the rectal adenocarcinoma and surrounding normal tissues.
(D) Higher magnification of the normal and neoplastic tissues in (C). While the normal gastric and rectal
epithelial cells show membranous B-catenin expression with no intracellular expression (B, D), cytoplasmic
and nuclear accumulation of B-catenin is observed in tumor cells (B, D). Bars = 200 (A and C) and 50 pm (B
and D).
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A

Control JRTs
Blood (n=6)

codon 153 154 155 156
Wildtype A AG G AAAAAGAT
Lys Glu Lys Asp

Wildtype A AG G AAAAAGAT
Lys Glu Lys Asp

codonl 157 312 412

JRTs with gastrointestinal polyps
Blood (n=11) FFPE tissue (n= 10)

L

codon 153 154 155 156 codon 153 154 155 156

Wild-type AAG GAAAAAGAT Wildtype A A G G AAAAAG AT

Lys Glu Lys Asp Lys Glu Lys Asp

Mutant AAG GATTAAGAT Mutant AAG G ATIT AAG AT
Lys Asp STOP - Lys Asp STOP

Phenotype of FAP in human

m Sever (1000s of polyps)
Intermediate (over 100 polyps)

m Attenuated (few to 100 polyps)

1250 1464 1595 2843

B
U

codon 154, 155

Figure 1-8. Germline APC variants identified in Jack Russell Terriers with gastrointestinal tumors. (A)
Sequence of codons 153—-156 in APC of the affected and control dogs. DNA samples were isolated from
peripheral blood (left and middle panels) or paraffin-embedded tissue (right panel). Red arrows indicate
germline variants. Heterozygous two-base substitutions at codons 154 and 155 were identified in dogs with
gastrointestinal polyps (middle and right panels), but not in control dogs (left panels). (B) Location of the
germline APC variant detected in Jack Russell Terriers and comparison with those in human FAP. The
variants of the dogs (red arrow) are positioned in the 5’ region of APC where the variants of patients with
attenuated FAP are located (blue colored area). Colored areas represent regions of variants associated with

each FAP phenotype in humans.
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e

Case No. 1

Case No. 6

e ® 9

e

Case No. 10

Case No. 8

Figure 1-9. Family tree conducted according to pedigree certificates of Case Nos. 1, 6, 8 and 10. There was
a blood relationship between Case Nos 1 and 6 (A) and Nos 8 and 10 (B). (A) Mother dog of Case No. 1
and grandmother dog of Case No. 6 were littermates. Cases 1 and 6 were descended from a common
breeding pair (red circle). (B) Grandmother of Case No. 8 was patronal half-sister of mother of Case No. 10.
Cases 8 and 10 were descended from a common male dog (red circle). Square and circle show male and
female, black pattern indicates carrier of the germline APC variants and affected with GI polyps,
respectively.
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A

Normal tissue

‘M d‘ o AMJAL I

1 Sy &
codon 547 548 549 550 551 552 553 554 555 556 557 558 559
Wildtype G T T T T GAG GAATIT GTCTIGGCGAGCAGATGTAAATAGT
Val Leu Arg Asn Leu Ser Trp Arg Ala Asp Val Asn Ser

Widtype G T T T T GAG GAATTITT GTCTIGGCGAGCAGATGTAAATAGT
Val Leu Arg Asn Leu Ser Trp Arg Ala Asp Val Asn Ser

B

Tumor tissue

.

AA\ il | ‘ 1) \‘

codon 547 548 549 550 551 552 553 554 555 556 557 558 559

Wildtype G T T T T GAG GAATIT GTCTIGGCGAGCAGATGTAAATAGT
Ala Asp Val Asn Ser

Val Leu Arg Asn Leu Ser Trp Arg
Mutant G T T TTTGAGGAATT TGTCTTGGCGAGCAGATGTAAATAG
Val Phe Glu Glu Phe Val Leu Ala Ser Arg Cys Lys STOP

Figure 1-10. Somatic APC alterations in gastrointestinal tumors of Jack Russell Terriers. (A) The
surrounding normal mucosa. (B) A frame shift mutation identified in APC of the gastric adenocarcinoma
(B, Lesion No. 05S01). Arrowhead indicates a single base insertion in codon 548, forming a premature

termination codon at codon 559.
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FFPE tissues

Fresh tissues
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I : Colorectum tumors
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Figure 1-11. LOH at the APC locus detected by PCR-RFLP analysis (A and B) Representative images for
acrylamide gel electrophoresis of Msel-digested PCR products amplified using DNA samples extracted from
fresh (A) and FFPE (B) tumor samples. Lanes 1-4, controls: undigested and digested PCR products amplified
from peripheral blood DNA with or without the germline 4PC variants. After digestion with Msel, only the
wild-type allele-derived fragment (109 bp) is found in the dog without germline APC variant (lane 2), whereas
mutant allele-derived fragments (51 and 58 bp) were detected in the dog carrying the variant (lane 4). Note
that the wild-type allele-derived fragment is decreased in gastric and rectal adenocarcinomas (lane 10 in A and
lane 8 in B, asterisks). (C) Relative band intensity of wild-type to mutant allele-derived fragments in
gastrointestinal tumors. Data are presented as values relative to the corresponding normal tissue levels in each
case. There are reductions in the allele ratio in some tumors (yellow and green bars) compared with the normal
tissues (white bars).
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A B

Normal tissue Tumor tissue Lane 1 2 3 4
[FU]
109bp (WT allele)
*
254

20+
58bp

51bp (MT allele)
(MT allele) «
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(MT allele) 3 (WT allele)
M
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Ladder Normal 05501 Normal 06501
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[ :Normal tissues
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Figure 1-12. LOH at the APC locus determined by PCR-RFLP assay using the Agilent 2100 bioanalyzer. (A)
Electropherograms of Msel-digested PCR products amplified from normal (left panel) and tumor (right panel)
samples. Reduction of the wild-type allele-derived fragment (109 bp) is evident in the tumor sample (arrow).
Lesion No. 06S01. (B) Virtual gel image of Msel-digested PCR products on the bioanalyzer. Representative
results of tumors with or without reduction of the wild-type allele-derived fragment (lanes 2 and 4) and the
corresponding normal tissues (lanes 1 and 3). Asterisk shows reduction in the wild-type allele-derived
fragment. (C) Wild-type to mutant allelic ratio in gastrointestinal tumors (yellow and green bars) relative to the
corresponding normal tissues (white bars). Relative reduction of the wild-type fragment is shown in some GI
lesions.
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P
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Fresh sample FFPE samples

No.3 No.05 No.06 No.1 No.6 No.12 No.13 No.15 No.16 No.17 No.19 No.

codon 153 154 155 156 codon 153 154 155 156
Wildtype A A G GA AAAAGAT Mutant A AGGATTAAGAT
Lys Glu Lys Asp Lys Asp STOP

Mutant A AGGATITAAGAT
Lys Asp STOP

Figure 1-13. LOH at the APC locus determined by TaqMan real-time PCR assay. (A and B) Amplification
plots of wild-type (blue curve) and mutant (red curve) APC copies in the gastric tumor. Lesion No. 06S01.
Amplification of the wild-type allele copies requires approximately 4 cycles more than that of the mutant
allele to reach the threshold level in the gastric tumor (B), whereas both amplifications reach the threshold
level after nearly the same cycles in the surrounding normal tissues (A). (C) Wild-type to mutant allelic ratio
in gastrointestinal tumors (yellow and green bars) relative to the corresponding normal tissues (white bars).
Data are mean = SD of duplicate PCR reactions. There are marked reductions in the allele ratio in some
tumors including gastric adenocarcinomas (Case No. 1, 6 and 12) and a rectal adenocarcinoma (Case No.
17). (D and E) DNA sequences of 4PC encompassing the germline variant sites as determined by PCR-
direct sequencing. There are double peaks of A and T at the variant sites in the normal mucosa (D), whereas
the chromatogram appears as single peaks of A in the gastric tumor (E, Lesion No. 06S01) indicating loss of
the wild-type allele. Arrowheads indicate the sites of germline APC variants.
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Exon 13 (Dog, XM_014111995.1) Exon 14(Dog, XM_014111995.1)

Dog [NC_006585.3] [crrarr -----~ T -GATGAAAATGTGCTT-GAAA |GTTAAAAAG: « « + » .
Jack Russell Terrie (n=17) Ec_aw:rlw:r_-_- <+ -TTGATGGAA-TGTGCTTTGGAA GTTAAAAAG !
Boxer dog (n=3) |GTTATT »=eee- T TGATGGAA-TGTGCTTTGGAA GTTAAAAAG i
Beagle (n=1) E?l_rf”__r_ 1+ TTGATGGAA-TGTGCTTTGGAA GTTAAAAAG
Human [NC_000005.10] [GTTATT < -+ TTGATGGAA-TGTGCTTTAGAA GTTAAAAAG |

Exon 13 (Human, NM_001127510.2)

Figure 1-14. SNPs detected in the 3' region of exon 13 of the predicted canine APC sequence. Nucleotide
sequences of exon 13 were determined in boxers and a beagle (n = 3 and 1, respectively) as well as in Jack
Russell Terriers (n = 17) and were compared with the published canine and human sequences of APC
(GenBank accession No. XM 014111995.1 and NM_00112751.2). The published canine sequences were
obtained from a boxer (Lindblad-Toh K. et al., Nature 438, 803-19). The alignment reveals five mismatches
(red letters) between the sequences of dogs examined in the present study (second to fourth lines) and the
published canine sequences (first line). On the contrary, the sequences of examined dogs match perfectly with
those from humans (fifth line). Blue and green lines represent the published exon 13 of dogs and humans.
Dashed line encloses exon 13 predicted based on the sequences of dogs examined in the present study. The
first, fourth, and fifth SNPs have been already registered in the SNP database (rs850906243: c.1715delT,
rs852139532: ¢.1730delT, rs851619666: c.1732A>QG).
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2%
m Jack Russell Terrier (n=32)
Miniature Dachshund (n=30)
® French Bulldog (n=20)
m Shetland Sheepdog (n=13)

.
28% ‘I m Shiba Inu (n=7)

17% ® Toy Poodle (n=6)

® Labrador Retriever (n=5)
m Other breed (n=49)
m Mix (n=12)

3%

./

®m unknown (n=4)

4%J

Figure 1-15. Breed distribution of dogs diagnosed with gastrointestinal adenoma and adenocarcinoma at the
Laboratory of Veterinary Pathology, Gifu University from 2012 to 2018. In total, 178 dogs, including 57 dogs
with gastric lesions and 121 dogs with colorectal lesions, were examined. Jack Russell Terriers (n = 32) rank at
the top and account for 18% of all cases.
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I. IZIC®HIZ

ITAEDBRERRIR F00 TR FOREIL, 4 X0 2OBBIHEREEBOR RIS,
Mo TS (16), 2003 FFITIEA X DT LESIDMEGE S i (34), A X DT
FEMT IR ATZA D L 91272 o7z, BARTIX 2000 FFRZEENGV vy v 7 - Tok
VT U7 THILERY — 7 OIEFIBHEIN L TEBY, FIHOBEEERETHLZ &
Db T\ (54), 1 =TI, HWEER)—72RELLSyv T - Tok
Vo T U T D[RO APC Bfn T MRS B (c.[462_463delinsTT]) Z#~7 &
BATEICIRAE LTV D Z L, ABRENFEREAMKRENE (B BERETHLIZLE
BH 5 Mz LTz,

BIAEHIEE RV A=V ACBRBR LYy v 7 - T oBIL - T U T TIE, BROK
B8 D UNEZ O TR Y —F B3 AE L, R Y — 7 IR ERRR 2O IR E S 5
g L B E b, RIRBEDOY vy v 7 « TN T V7 TiE, OFRY —TNREL35
15, QFMCTRY =7 NRAET L, OFRBEHEYIET LD 3 DORRA LN E
AT ENDY, REREBEEZZWTH L TCEERFHNY L5, —HT, Btk
HLER Y R — ZAOREFITY, ITEMEICHR Y — 7038 D RERFS, i (10
LA B) 1272 o THIO THRIET DIER S —EBIZRD AL, R Y — 7 DIAELSF i
EARPUCAEEEZ B ET HZ N TE oW, £, BEMEEILER Y R— XTI,
BOETEDIHLE LR IR & Ak (44, 51, 62), B CIREMPIES, KB CIXER CHE
BERY — 7 NHFET D72, RU — T ORAEMNOlE 28T 52 & AR
RECTH D, BRMEOMEE FERMEEREORER] & T, BEEEEEE R Y A— 2
DIEFNIFHNEL, RYMOAGTEZED LM, —HFTHEOY 27 3EV, Lk
R o, WY ZRVRRIEDOBICIR ML DM EH A R E T 5 72 I12iE, BIaMHEk
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BRI R—=V ZADOBIEFREDARAIRTH D,

HRERICB VT HIBE FRAENE & L, BEEEREOZENICHIA S TWn5 (15),
£, REOIEBEZY CTEOIZbBIEFRENAIRTHD (13,16,17), A XD
B TR, 3k, EEMREBOROO S DIER %2 R ICHEEZ W % B 09 Ei
ENTETN, FTE, @22 BRI RORIE Y 2 7 OFiiZ BT hi
L —ABHE TS, BIEMEHLE R Y R — ZIERICR > THLRIET 572
¥, AEBICE L TH, FIEDRBIFERICORN DR U X 7 50 &EFRIT K
S, BARMEHALE R Y R— 2 A D FIKR AT, 2000 FRICENOY v v
7 TN T UTIWZIRB o7 e TR, 2R EOEIEER; T2oi2iX, T
XD RMNCRRE R ERAEGT 5% v U TR Z B BRI 2 L3N
R

F1ETIE, RMOBLTFERERKT DO PCREAA VY For—I X
Ea A, ARBORINEIRFERZRE Lz, ZTOJHIEIE, DNA OHENS| %
EEMER T D Z L RET, ROEHEMEOE VBB FREIEL RS, LL,
fEMTIZ 72V DNA ¥ — 7 = Y —N LB 7, FEfirlie/eisk i ZR b 5, B
HOBIE A HIZEI L ClE, PCR-RFLP {£X° TagMan YU 7 /L% A 2 PCR {E72 ED
PCR Z_X— A |2 L7 XV ORI T2 HESAENTH Y, BisMiE b
BRIV A=V ADORRNEBLGFEREOBRBICHLEATRETHLEEZDND, 205
DHEE, SIRERS—EIELA (SNP) 2D 1 EOENEBRET 5 2 L2
ATRE T, FEERITA X DR 4 Rl et RBICE O T L B FROREICH A ST
% (8,9,30,40,41,53),

%1 B TIL, S AED S 1 A =KX L& 72, PCR-RFLP {43 & O TagMan

UTNEALPCRIEZMNT, Yy v - TykiL 7 VT OWE RN
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21T %5 LOH RIS Lz, RFETIE, 1 ETRHB LD HEEZ AW
T, APC &+ H (c[462 463delinsTT]) ZHTHF ¥ U 7 EAEB L OIEF v Y
TR DR T % IEREIHE RTRE T d 2 0T L, Bis TR & LCof Ak

ZREE LT,

64



II. R L OHE

1. DNA V7V
1-1. gt 7

X VT EEOY T E LT, 1 ETAPC Bin T ERE B LI EEEE
IBRERVKR—=AZADT v 7 « Tkl 7 U7 11 88 (EF No. 1~11) DMfig%
iz, F7z, &R 5IEF v ) 7EEKOY 7L E LT, 5§ 1 B THOW MR
A (MIRITEER S v > b, U o N, T sk, NHEEZF K OVMEmAIILE) oo
X w7 T yENTUT 5 EN DRI LMKk E Az, Bifitg, kit EDTA -
2Na THi#EHELLEL L, DNeasy Blood& Tissue Kit (QIAGEN) % T/ / A DNA

i L7,

1-2. AER T TH 7

LV REEORWVELB FREEEZMNLT 5720, OERAT 7Y 7 V& VTR
Lz, AERD TS TNVE, Vv s - Ty T YT OREBRG6 GH (EH
No.2, 3, 6, 7, 8, 11) Lf#ERE—27 /L5 8END, 4AN6FLOQ A7~ (COPAN
Flock Technologies , 1 % U 7)) ZMHWTEI L7, 7/ . DNA (%, DNeasyBlood
& Tissue Kit (QIAGEN) % H\WC Ftd FNETHH L7z, Mk deis 2 0> & Yk
L, 400 uL @ PBS (Z AZ1, 20 uL @ Proteinase K, 400 pL @ Buffer AL % Il % 7-1%,
56°CT 10 min A > F =X— |k L7z, ZHRLBEO TRITR L~ =2 7 WIZiE> T T
o7z, AREBRITIE B R FEYERFEEZES (2019-156) 35 L O B RFE M ERIR

AEHIREEH AL AES (E18016) DGR A S TEM L1,
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1-3. FFPE ¥ > 7L

TCr v e TokN T IUTOXFy YT L LUTHRER 10 51 (EF] No. 12~21)
BLOIER Y VT & L CHRE (B, SiEEarmaaE, s, #kEr:
P AR L O OBIRIER) oYy v « T vE&L - T U T 5 BHO FFPE
TV T, FFPE B 0 7V O FEIEIGE A 18 IRAYIZERE L, QIAmp DNA FFPE

Tissue Kit (QIAGEN) % T4/ A DNA ZHiH L7=,

1-4. N &R DNA

WP AR E XA BT LV OREREAMO B DNA #4583 L, fMRIK DNA ©
SR E L THEH L7, AR STV D A X DiEfs 1Al %] (Genbank accession numbers:
NC_006585.3, XM 014111995.1) % % L2, APC &5 T ERIPIFET D exond O
2dk (109 bp) BELOZED BB L ONTFRDA > b = A 100 bp 23 ie 2R
309bp @ DNA AR L (# 71 7 31 Ak 4t) (Figure 2-1), T-Vector pMD20 (%

BTN A& 2T/ e —=7 L,

1-5. PCR-ZA LV by —J TR

F_XTOD DNA o 7 /ZDONT, APC Bn 2R (c.[462 463delinsTT]) DFf
% PCR-Z¥ A L2 hor— 7 2 ZRICTHER LT, MEB L OAOERT 7o
T IAZODNTIE, BB 1 ETHEM L7 APC BI51 D exond OEFE % &1e 385bp &
WE % 77 A4 ~—% M\ (Table2-1), FFPE > 7 )LD\ I, APC &fnt
® codon 154 33 KX TN 155 & ¢e 156 bp ZHIE S 577 A ~—% 7= (Table 2-1),
PCR |Z /% Takara EX Taq Hot Start Version (¥ 71 7 /31 A#kAh) #HW, 1%

ERBRDRIETIT o 72,
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2. BioTFHRERE
2-1. PCR-RFLP %

1 ECRHELRZ APC B+ OERMT LV, MRS R
(c.[462 463delinsTT]) (2 &V BRI OBEIERSIN AA (A, 7T =) D5 TT
(T, FIY) IZ&{bT 5, ZhIZE-T, BERAT LIVIZRFIZ Msel OFRGRED
5| (TTAA) 23§19 %, PCR-RFLP {£TIi¥, PCRIE, APC &I codon 154 35
L OV155 2510 156 bp ¥R 57 74 ~—% > (Table 2-1), 5 1 FII-3-3 11
TR L7z B X 0 AT o 72, Hil R SE 13 Msel (RspRSID) (¥ 71 Z 3 A A#ERS4E)
ZREM L, BESRALELTES 1 FEI-4-4 THTRLR L7257 IETIT 72 o 72, PCR EMDMHIIR
FESRALEIC L > COIWr S DAL ERS KOV S 5 DNA Bl o A X% Figure 2-
A WZBKUR LTz, XU, M7 rorh, Py 7« TokL T UTO
F v U7 EAR 1B (EW] No. 6) X OFEF v U 7R 1 56, BRI JOVZE SR
DERDNA Y2 7V W T, il 72 s@ B T O RRT 21T o 7o, Tlifed
X, BERSOGHFEM A 1, 2, 4, 8, 12BXUN24 K& Lz, ZORER, RE LE

FROSHEE] (1 B 2 Wik, AR T 7, FFPE ¥ v P VO 21T -7~

2-2. TagMan Y 7 /L% A 2 PCR %

ZRH B L OB LV O RBYN AR 2B S 2G5 5 2 O 7 1 —
7 %\ = (Figure 2-2B) . PCR SUGEE 1 FI-4-5 T TRtk L7254 TiT-o 72, H
AR LOERAER DNA, g7 (Px w7 - Tk TUTOFy
U7 EERE X OIES v U 7K, n=11 8L W n=35) 2T, VIC LUV FAM
OEIEIREIT YA 7 VEICHET 5 & & bIZ, 240 YA 7K THO= Y RARA

> N THHEE LT, EBRAE I, StepOne and StepOnePlus Software v2.3 (Thermo Fisher
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. # 5

1. DNA 37V D APC B FERERDHE

Prxw s Tyt T UTOXY T EEOMEY TV (n=11), AREAD
TYH T (n=6) BLOFFPE Y7 /v (n=10), V¥ v 7 - Ty -TIT
DIEFx v U TEEOIMFEY > 7 /v (n=5), FFPE %> 7/ (n=5) BLOMEHFE
—NVOAMEAT T (n=5), FAMSIOEREMOAR DNA IZ2OWT, APC #
B BRI DY EERL Y % PCR-Z A L7 by — 7 T A THER LTz, &2TDOx
UTEETIEE 1 mCRE LT APC BIn D= R 154 & 155 18F 723 b 2
M U 7oL E L (c.[462 463delinsTT]) 23~7 m 8 EICBO bz, Vv v 7 -
FZykN TV TORTOH Iy ) TREEBIORTE 22— 27T, BEMT L

IR EHEEMHICRO b, BRIIBREHI N o7,

2. PCR-RFLP £
BILMEWEEE R Y R— ZDFR & 72 D APC BIEFERIZ L - T, ZBRAT L
VTR LI Il BRI SR Msel DOFRFRELAHN AR S5 Z & AR L T PCR-RFLP £
LHBETRAEEZRE L (Figure 2-2A 38 L1V 2-3),

XU OIZ, BERRISDORERKSRMZRE LT, Yy >y «FZyEAL-TUT
O v U 7EES L OFEF v U T EKESRO MK D DNA (% n=1), BARE X
O DA R DNA 725 g L7z PCR EW A 1 KR~ 5 24 I O Tl REE
FEIRZAT 2 T2, E ORER, 1 K[ T3 72 RS 235 B A7z (Figure 2-4A 35 KL OVB) .

S BT, 24 KM OIS TS A X —{EME (71), IZ X2 IR RIRUIIIMRE S i

MNoTz,
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F_XTD DNA H o 7 /UZDNT, PCR L, 74 v — A7 V& o E vk
H) T 156 bp ®HL—72 PCR FEW)MEIE SV TV 5 Z & st L (data not shown),
HIREERUBLICT 27 VLT X RV E AW BRIKE CUkEh <% — 285 L
7oo BRI L OERA O AR DNA @ PCR EHITZNZEN 16, 31, 109 bp D 3
SOWR & 16, 31, 51, 58 bp @ 4 SOW A IZUIEr &7~ (Figure 2-3B), XL
2, MY > TN A ToTe e ZA, Px v 7 Ty - TIUVTOEXYY
TAER 5 BHO PCR BEEMITE AR T L VIZHKT % 3 2OW A (16, 31, 109 bp)
2, ¥ U 7EK 11 8 PCR FEMNII AR T LIV D 109 bp & ARAIT L)L
D 51 bp & 58 bp DWW 2 &Te 5 >OWr A (16, 31, 51, 58 3L T 109 bp)
WZOlr S iufe (Figure2-4A), APER DT TH TN (Px v « T BT UTO
Xy U7 EKR6BHE E— 7V 58H) BLOFFPEY 7L (Yrxy v -« Tk -
TUTOFXx U TEE 1050 EFEF v U 7EER S HAT) 2 HWEEITICs N T,
[FRED YIRS 2 — o g S (Figure 2-4B B L OVC), WFNoH o7 unb
APC B TAEROGEEZ EMICHET 22 N TEe, LEORERIY, PCR-
RFLP {5 ClIkk~ 726K 4l L7- DNA SR FIRETH 5 Z L RSz,

HIFREESEALEL L 72 PCR EEMITTRT, ~A4 70Xy 7 U —BXIKEITHOHT
L7z, A DNA 250 L= & 2 A, AR TIE 31bp & 109bp 122 DD E— 7 23,
ZEFATIT 31bp, 51bp, 58bp 123 DD — 7 3@lEi Sy~ (Figure 2-5A), Figure
2-5B~D |ZIf{E, HWEAT 7, FFPE ¥ 7% HW = Z 2N Ot O£ 1) 7e
ik Z Y, Hx v U TEEDOSGS, KBl Z — 3B AERERDNA LRI TH
-7 (Figure 2-5 B~D /X)), F v U T7EIATIL, BEpAEREAHETO DNA %72
G F = BNEE SN, 31, 51, 58, 109 bp I 4 SO —7 RN@RD LT

(Figure 2-5B~D 4HX), V7 NoffEzbod, migd7n (Fx U 7@k
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BLOIFEXR¥ Y 7HE  n=5FBL0n=11), OE2U7H 7L (h=5FBL N0 n
=6), FFPE 7L (n=5 B L P n=10) OFTXTOY 7/ 5[EREDFKE) S

B —PEH T,

3. TagMan V) 7 /L% A . PCR ¥

TagMan 7’12 —7Z W= 7L % A I PCR JEIC L D @M aihEd b2 L
MATRETH DM, KD > 7 VB X OE DNA Z W THRERI L7z, FAM BX O
VIC O#IREZ YA I NV RICE=2 Y 7 LIzl 25, BAEREGH DNA Tl
VIC OHEERED, A BAIL [ DNA Tld FAM O 63 EE SR B Bz s L
7= (Figure 2-6A B L TF2-7A) . W DHE R DNA (CB W T ORI L O IR
PRI S Nehodz, Vv s T v T U T OIHES Y U TEEK S 5
DALY > 7V TIXE ARG B DNA & [FIERIS VIC OHEOEFREE D A58 0 L, FAM
DHEEIEIL 40 A 7 LV OEEIER THRRD LV o7z (Figure 2-6B, 2-6C /5, 2-7B
BLO2ICEM), =T, Pvv7 Tyt T IUTOFY U TEK 11 EHD
Mg > 7N a2 Z A, FAM & VIC Ol 7 O e A FIRFSHEM L, 30
P A 7 VHIt: T OMEABIME (Threshold Line) % # % 7= (Figure 2-6B, 2-6C, 2-7B
BLO2-7C £K),

BT, =2 RARA > MZEBIT D FAM & VIC O NGREIZHES W TR - %
RE9 % Allelic Discrimination Plot it 21772 - 7= (Figure 2-8), fif#fr L 7= ik ¥ >
TLVEBEIRERDNA (X3 2D 7 T A =TS, BARIA K DNA & 551
DIEX ¥ U THEEKN S 2 D] ER Y T A X =137 T 7 D Fio, BRAER DNA
MO LAY Z 22— 3 B2, 11 HOF v U T EEN SR 5 ~T a A

7T AL =3 O A EIAE L, TN ENOBI TR ERMECH D 7 T R 7 —
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W2 FE S v (Figure 2-8),
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Iv. & £

AETE, vy - FyEL-TUTICEBTHEEMEER Y RN— ZADJH
K& L CRIE L7z APC AR T D AEFEME R HIZE R (c.[462 463delinsTT]) D %
HIE T E DB TRtk a BI% L=, PCR-RFLP i% & TagMan U 7 /L% A A PCR ik
DWTNDFEZBN TS, BEtER KOS EEIIRE ST, b om&ER
VKRR LR E 2 AT D EEEOEWELR FREELE TH DL Z ENEIE SN,
PCR-RFLP 75 & TagMan U 7 /L% A & PCR V51T | D@ E2 BT 5 2 & 2va]
RETHHIN, REEDORREERHERIT 2EREOER L-IEREBRTHY, 20z
EPREIEDRFRMEZFEOH DL Z LIZOR B> TNDHEEX LD,

PCR-RFLP 1%, b —MBURBIRFRIRIEED 1 D Th D73, w7 hipREE R
D72 WIGEIIAREZ B TE 720, AEBIZOWTE, JRKEE FAERIZE Y Msel
DOFFkELSY] (TTAA) BRSNS Z & ZFH LT, PCR-RFLP {£4i%EAlHE
272, PCR-RFLP ¥£ T, Msel & 72l [REERLPIC L0 15 6 7o 28T Ly
KD 51 bp & 58 bp DWTH OFMIZ L > TH v U TEKEIEX ¥ U TEKZ
IZXBIF % 2 & AN T&E 72, PCR-RFLP {5 TlE, PCR FEMINIC Msel OFRFELS 203 &
R EREALLIAMNC S 2 D& FTE Y (Figure 2-2A B L OV 2-3), BEEKO®E
RN B3, HIREERALELIZ K> T 156 bp O/ RNERT L7280, &
FERREERFISZ R T DARIEOREZBL S Z ENTE S, 61T, SRIFEFL
7z PCR-RFLP {£1%, Y —~n¥ A7 T — LB RIKBEELHNTHEATRETTD

, AR MR TR WIS PR Ch D, T, REMELE LCTOER
U7 MNWHZLT, PrF Y TOBRORBARTHZLNTED, SbHIZ

FFPE > 7 V& FWCRAEDN FHETH 5720, WEMAERICEEMER Y -2
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MEEONTZE, MK AERA T 772 EF T I AR B 2 RIS 5 2 & 72 <, e
DEBFREZRET D ENTED, 6L, 7z Hn5 Z & TRIEIE
HHEEIC2 D,

TaqMan U 7 /L% A I PCR JEIZBEEOE %Y TIVH A LMZHIETE DA D
Y~V A 7T =N LIRD N, IO Z — IR T & 5720 KB
EEMRICE L TWDH EBZ bND, £7o, —ED PCR DA Tiin 1M 4k
ETE D72, PCR FUGZRITIBIMOBEAEZAT 5 MENR 72, NBHIIANRELD Y
A7 e/ NRICIIZ D Z LD TE 5,

1 2R LI BIRIE LS R Y R— o 2 DREGNE, B s D fEF) &
TR0, EMBOAGERIFETEDLN, —FHT, MEEFEETDL U AT BE,
Fro, BGMRY =7 NE2H T2 6%<, HEWEDOMGIZHAET DIEGE 7~
HiILh, LT7eho T, EIRERERNIMFE 280 L CRRICHT- 20 ER DD, KE
TRA%E L7 B FIRAIC L o T, BIsMEHLE R U R — 2 A DO E 2 W3 rlEIC 7.

D, NEMWIERIRICEB T 5R2IEICKERAY v hELTEbTEBEZBND, T TITH
(b ERPEREIS 3 tH S ATV DIERNIL DD T7e <, 18MERYICIEMESC ML 72 & D7
EEIERDRBO BNDE T ¥ v 7« T ot T U TIHEGEFREDOHE LT &T
b5, A XONRERENNTEH HRIED LI TH 5720, TOEMEIZOWTIXEE
(HIWT T 2 BN H DD, B TREICE D BEEEEE RV R — A THH L2
Wr < AuiuiX, BUE, HILEERDFE O S NRWERTH > TH, ik, HEERY
— T RAET D fEREN T, ERIR 2 NRBTRAE O E i R < HERE S D,
AR, 2 < O RBIBAESHN A X% 3 OBIRERBICH T 2 BB Azt L
THY (27,68), ~~ v FOEWERBEMIZIROFIEY 2 7 gl L T 2 &

INTE DL Do TE T, BIBPEEE R U N — 3 ZTRRIT R > TERITHIE L,
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FIEER b AR D mln £ THRA Th D, LT - T, BloFRAEICI D AEICD
722U AR7 4R T 5 2 &1, SIEORIERL L W OBLENS bk THETH D,
A XDOBAGMHEFEBOZIEL P <ITE, B FREIINETHD (16,17), BKIC
IR o TP RITHIET DIRATIE, FIERTO X v U 7Kz BEREPEHICHALTL
FHOVRINDD, Ry T va—DF v A R CIXEIHICEHIND Z &R
HY, ZOL ) REEPEETEREF > OGS, RENTERENEEITIEK
T5H5Z LBV, Popularsireeffect &ML D (16), F 1 = CHEAMHELE R U R
— AL SNTIER DL < 13X 2000 FRUICTEEN TNV, £, Vv v T - T
v T U T OBEHEHLE R U R — 2 A% 2000 FEROZ N LI L TRY,
Z OEHIZ Popular sire effect 72 12 X - C, AARENTALEEILR L7 ATREMEN
Bz bbb, 5%, BHIHW D EEROEE - REZ M L, APC s 1 D5
B R BN BRI Z TR L2\ K9 12 LT IR, Rk O3 R A 5 Kig
(T S, FRRIICITRB ARG TE D REE L H 5,
REECTHESL Lo BIn FRAE TR TR A e e T 5 B2 605, B
BEMEHEER ) R = 2A0RE TR, AEEZBRENOY Y v 7« T v
BTV TIZORTEIEL TWDAEERH D, L, BEEEERY A—
VAL ENTZY v T T oA T YT ORMIZITA AN T Y T NBEA
SN ERBEERRD D, EHMCH APC B TEROX ¥ U T RIMFET S 7]
REMERERINTWD, £/, HARENOY Y v 7 « ot - T U TIZBWTSH,
APC B ERDORARIIAATHY, ERSIOT Y v 7 -« T vEL T U TN
TOEFHEEIT R OMLEND D, T, BELRYYyv 7 - TRV T YT E%
GUEFFAE AT S 2 LT, APC BB TERARA T 2 RBEEOEEI M Sh
X, ROV X7 L L L TOBIBFREDENENRINDTHA I,
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V. /N FE

ARETHE, Py w7 Tyl 7 U7 OEBEBEERY R— 2ADEHEMED
EWVEISFREEZENL U, B FRaEL2FEHT 2 2 & T, BEEROMHEZ K
IMATRRIZ 72 2 7207 TIE 72 <, FEROFIE U A 7 OFFAT R ZEAH BERE C D PR B D38 A1l
BN ATREIZ 72 D, ML E R Y R—Y RAZRB LYY v 7 - T vk TV
T TCIEZ RN HREOEILE R ) — T 2 RIET 5720, SR FIRL OIRRED
WL R EN TN D, KETHI LCBE AR, NEWEEIR OB TR
IRIRIE AL L TS B ORI LD B2 b D,

F7o, BEMHEERER Y A= ZLFEESNTZIENY OFERETH Y, £ ORETFH)
BT — 2 BRI T\ D, SRS LT BS TRRATEIE, 5 3 B RBIBLE I

WCHAHTHL LEZ BN,
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A Wild-type synthetic DNA

ACTTTAGGTTAAGTAGAGAACATTATAATTGCAGCTGATA
AGAATTACTGTTATGTACTCTTTTGGCATTGTGTAAACTT
GITCTTTTTTTAAAAAAACAGATCATTACTTCTTGCTGATC
TTGACAAAGAAGAAAAGGAAAAAGATTGGTATTATGCTCA
ACTTCAGAATCTCACTAAAAGAATAGATAGTCTCCCTTTA
ACTGAAAATGTAAGTAACTTAGCATTATGACCTATTTTAG
ACTTTAATAACTTTGATCTCTTAAAAGTACCTACGTTACT
CATTTAAAAAATTCAAGATAAAAAAAAAC

B Mutant synthetic DNA

ACTTTAGGTTAAGTAGAGAACATTATAATTGCAGCTGATA
AGAATTACTGTTATGTACTCTTTTGGCATTGTGTAAACTT
GITCTTTTTTTAAAAAAACAGATCATTACTTCTTGCTGATC
TTGACAAAGAAGAAAAGGATTAAGATTGGTATTATGCTCA
ACTTCAGAATCTCACTAAAAGAATAGATAGTCTCCCTTTA
ACTGAAAATGTAAGTAACTTAGCATTATGACCTATTTTAG
ACTTTAATAACTTTGATCTCTTAAAAGTACCTACGTTACT
CATTTAAAAAATTCAAGATAAAAAAAA

Figure 2-1. DNA sequences of synthetic DNA of wild-type (A) and mutant (B) APC alleles. The synthetic
DNA fragments contained 309 bp that include entire exon 4 (109 bp) with the most proximal 100 bp of both
upstream and downstream introns. Blue letters indicate cording region of exon 4. Red letters indicate APC

variant.
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A Synthetic DNA

Wild-type Mutant
Ladder 0 1 2 4 8 12 24 0 1 2 4 8 12 24 (hr)

160bp
140bp
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100bp

80bp

60bp

40bp

20bp

B Blood samples

Carrier Non-carrier
Ladder 0 1 2 4 8 12 24 0 1 2 4 8 12 24 (hr)

160bp
140bp

120bp
100bp

80bp

60bp

40bp

20bp

Figure 2-3. PCR-RFLP assay conducted to determine the optimal digestion time. Acrylamide gel
electrophoresis of Msel-digested PCR products amplified from synthetic wild-type and mutant DNA (A), and
blood-derived DNA samples of a carrier and a non-carrier of germline APC variant (B). PCR products
amplified from each sample were digested with Msel for 0, 1, 2, 4, 8, 12, and 24 h.
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Synthetic DNA Blood samples

A Wild-type Mutant Carriers (JRTs) Non-carriers (JRTs)
it cut unt cut 1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5
160bp
140bp
120bp
100bp

80bp

60bp

40bp

20bp

Synthetic DNA Buccal swab samples

B Wild-type ~ Mutant Carriers (JRTs) Non-carriers (Beagles)
unelt cut nt cut 2 2 3 4 5 6 1 2 3 4 5

160bp
140bp

120bp
100bp
80bp

60bp

40bp

20bp

Synthetic DNA FFPE samples
C Wild-type ~ Mutant Carriers (JRTs) Non-carriers (JRTs)
it cut unit cut 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5

160bp
140bp
120bp

100bp
80bp

60bp

40bp

20bp

Figure 2-4. PCR-RFLP assay. (A) Polycrylamide gel electrophoresis of Msel-digested PCR products
amplified from blood samples of carrier and non-carrier JRTs (n=11 and 5, respectively); (B) buccal swab
samples of carrier JRTs and laboratory beagles (n=6 and 5, respectively); (C) FFPE tissue samples of carrier
and non-carrier JRTs (n=10 and 5, respectively).
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Wild-type Mutant
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Figure 2-5. PCR-RFLP assay. Representative microfluidic capillary gel electropherograms of Msel-digested
PCR products amplified from synthetic wild-type and mutant DNA (A), blood (B), buccal swab (C), and FFPE
samples (D) of carrier and non-carrier dogs.

83



>

Blood Synthetic DNA

Blood

10 4

14

Wild-type

0.1

0.01 4

0.001 4
0.0001 +

0.00001 4

ARNn

0.000001

10 4

1

0.1

T T
16 18 20 22 24 26 28 30

T T T T

Cycle

Non-carrier JRT

0.01 4

ARN

0.001 4

0.0001

0.00001

0.000001

20

10 4

14

0.1

Cycle

Non-carrier JRTs (n=5)

0.014
c
o
< 0.001 4
0.0001 4

0.00001

0.000001

20

Cycle

10 4

14

0.1

——— Wild (VIC)
Mutant (FAM)

Mutant

/’_’—

0.01 4

ARNn

0.001 4

0.0001 4

0.00001

0.000001

16 18

10 4

1

0.1

T T T T 1 1

T T
20 22 24 26 28 30 32 34 36 38 40

Cycle
Carrier JRT

0.01 4

ARNn

0.001

0.0001 4

0.00001 4

0.000001

10 4

14

0.1

Cycle

Carrier JRTs (n=11)

0.01 4
=
x©
< 0.001 4
0.0001

0.00001 4

0.000001
20

Cycle

Figure 2-6. TagMan duplex real-time PCR assay. Amplification plots of wild-type (blue curve) and mutant
(red curve) APC gene copies on synthetic wild-type and mutant DNAs (A) and blood-derived DNAs of carrier
or non-carrier JRTs (B and C). Amplification was plotted as fluorescence intensity (ARn value) against cycle
numbers and shown on log scales. (B) shows representative results of individual cases of carrier or non-carrier
dogs and the (C) summarize the results of all examined cases (n=11 and 5 for carrier and non-carrier JRTs,

respectively).
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Figure 2-7. TagMan duplex real-time PCR assay. Amplification plots of wild-type (blue curve) and mutant
(red curve) APC gene copies on synthetic wild-type and mutant DNAs (A) and blood-derived DNAs of carrier
or non-carrier JRTs (B and C). Amplification was plotted as fluorescence intensity (ARn value) against cycle
numbers and shown on liner scales. (B) shows representative results of individual cases of carrier or non-
carrier dogs and the (C) summarize the results of all examined cases (n=11 and 5 for carrier and non-carrier
JRTs, respectively). 85



Allelic Discrimination Plot

38

31
Wild-type (n=5)

Heterozygotes (n=11)
Wild-type, synthetic DNA
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0e 1.1 13 1.5 1.7 10 21 23
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Figure 2-8. TagMan duplex real-time PCR assay. Allelic discrimination plot based on the signal intensity ratio
of FAM and VIC at the end points of PCR amplification. Synthetic wild-type and mutant DNAs are located at
bottom right and top left corners, respectively, and distilled water used as negative control is at bottom left
corner. Non-carrier JRTs are clustered together with the synthetic wild-type DNA at bottom right corner.
Carrier JRTs are located near the diagonal line forming a distinct cluster.
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I. IZIC®HIZ

FBIETHONILEY Yy Tyt L T U T OBBHEILERY A—T X
1%, APC BAn T DR EDAEFEMIAZ L (c.[462_463delinsTT]) #ZJHIK & 92 F YLt
IREME (M) BERETHY, b FOBIER FAP ICHY T KB LEZ LN T

BIPEEE R ) R— RCREB LYy v 7 - T oL - T U T T, H
SRR T D IRIECIEN R AL, BROY A7 bEn, —F T, BRMHEk
BB LY THNSEL, BRMOAEGFHMZZLZ N TED, LENST,
[ R BR PR I X AL AR U AR — o 2 & ORI S 2 8 L TR IC
W DD, 2T, 2 8ETIX, mMEOERZ EEIZT 2 Ba R TE % B
FLiz, 7, SEIFE LB EBEFREEE, OREY bEEIC 4PC Bin AR
AR TE 5720, ZEOBIKOIENT RO LN D EFFEREICHLAHTHS &
BEZOND, VX v Ty T VT OBEBEHEEEERY RN— RCBET 51
SN D OHEIT 2, ARBITZARENOHLTEILEL TWDHEEMNRH D, LvL
BRG, ENOY Y v 7« T vt T U TIZBWT, KEROJFK L7225 APC &
IBFEREN EORREIRD > TWADH LRI TE LT, TOEFHENEEN
5, THVETONFETIE, BWREEIRE LYYy v 7 « T vk T U T Ok
RS OIE G & X RITIRNT 21TV, APC R FEBRORAE ROFEEZH LM
T&T, —F, BEEELEERY = RIERIZ2 > THBRIET AT, 10
LA B2 o THID TRIET DIEB b A b D, LTcin-> T, [EfM7R APC Bint
BROGAREZHI LT D201, @FH ROPIZE N D5 RBIEDERZ Z D
TR DT D, £z, BAMEHEGE R Y R— ZDMEHIT 2000 FFAHEL 70

SHEMLTEY, 2000 FRICHEAREANO Yy v 7 « T &/« T U T TAPC Eix
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AR BRI U T2 TR B D o RBURL 725 Pl A 2 S 41, APC B TR
RAROHBZHLNCTHIENTELHEEZILND,

FUMARI IR A fESL L, MR L TR T, WICABMICEENRBIR A Z T
TW5, ORGSR, MfED A XL, REMHENL S Y] OBISHRHE R < Sk S 7z
EARATIRSE L7 E & 72> TR Y (17,48, 70), A XOBGE, BEEMEEEBITEEE
DORFBICHRMICHET LI ENZ W, LaL, EMHEMEFRAE (Degenerative
Myelopathy, LA F DM) DX 912, [A UESMERENERO R 5 RFETHAET S
ZeNHD, DM OJFRR E 72D SODI Bl FERIZY v —~ v« L =/3— K- Ny
T THIOTRLINTZD 3), D%, [F—DBFEEN DM 2 RIELTCY =)L
Vaea—F =R P—TLROONL T ENRHALNIR -T2 4), LIZR - T,
BEEHEERY R— AN Ty v 7« F v T U TUANORFEICHFED Hi
L REMEIIER E TE 220,

ARETIE, & 2 BCHELLEBEFREEZHAVWT, BROY Yy Y - vk
Ve TUTIZERT D APC BAn FERBATRDZ MY Lic, £, RAREN Y v v
7Ty TV TUADORFETHIA L TODATREMDS 2V RETT 5729,
THALE ERCPEREES AR L 7o REEDFEGNZ 351 D APC AR T A RO M4 sk

L7,
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II. R L OHE

1. DNA $ 7

I-l. Yxvv 27 «FyEAL-TUT

2020 43 A5 6 A2/ THAREND 93 23— Bl EBMIR LI KB L 72
TNFADY ¥ v 7 « T v/ T UT (Table 3-1) 2 OARMIM AR LT, £FifLlX
Z OREREREL X OEREROFIEFHIZONT, 2 TOEWED L EH TORE
%7 ETITW, 7 4 7 ) TIRAEOBIZARIFRO 72912 500 uL R ITERE L 7=,
SIGEAIL, ERHIM TRk LYy v 7 - T oA - T YT E L, L
T B B A B il B DRI & 5 o0 CRFELIS D SfHIT% T 7 o T, BRE L 72 1f
%1% EDTA - 2Na THUEEFLEEL, DNA filitHE TOM-20°CTRIFLTZ, 7/ A
DNA % DNeasy Blood& Tissue Kit (QIAGEN) % FVCHhiH L7z, #iti L 7= DNA @
TEFE 3 1OV A260/A280 Ei i, NanoDropTM Lite 43 3¢t % # (Thermo Fisher Scientific)

Z AW CTHRIE L7z,

1-2. VHALAE b R VRS 4 e fE U 7o A R Fe

Ty w7 Ty T VT UNORICE UEEFERZ IR E T DB
BER Y R— ZANRO BND0EFT D720, HIRE ERCHERE (T X O
) LW S IV IEBNZ BN T APC Bin 1 OAFHAMIEZ 2 (c.[462 463delinsTT])
AR LT,

FFPE %> 7V

K7 B QAP BR R R BRI 2228 7C 2014 4B 5 2018 AEDEICEH & 5 W ITNEE O JIfiE -
M 2SNy v 7 T oL T U T UNO RFEZ STSIER & Uiz, 19 K
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i 32 BAMN G FA T /= (Table 3-2 53X W8 3-4), 7/ A DNA X, FFPE Yl DI
fEEHR 2> 5 QIAmp DNA FFPE Tissue Kit (QIAGEN) % FWTHiH L 7=,

e A A%

B2 RIER YR RO TR R D4 7 2 DNA HUE « (58 ST 5 BRATRZED
A XOBIEA N7 5 (55), HLE EEMEEBEORERD DNA ¥ 7 /Lot
2521772, DNA B o 7 V32 S8 &4, 30°CTHRE STV e b D&
RoREETRIt SN, Yy v - Ty - T U T 4TEEET 19 KFE 39 BN

GENTW (Table 3-3 B L 3-4),

1-3. xfH DNA H 71

BARTIRAT ORI > 7L & LT, 5 2 BO/ER U2 B A E 7 (3R BT L
DREEEVEDO B AEH DNA o, £, Fx V7 EEFBLIOIHEX U7
AR DOFIA 7 & LT, 8 1 B TR L7IER] No. 5 & L O & (i)

DY« T vk T UTODNA ZEHNE,

2. BloFBE
2-1. PCR-RFLP ik

TRTOY TN OWTE 2 FTHENL L7z PCR-RFLP % W Tl s F-HR7A
ZAT o7, PCR EMIZ Msel |2 X DHIPRIER L%, 727 VT I R VE W
T AUKEN CRENT L 7=, PCR SUGIRITAREAY 20 pL (272D & 5 IZFR4& L7, FFPE %
> 7?95 FFPE006, 011, 012, 013, 019, 021 35 X100 028 125\ TlE, PCR X

SR DAREEDS S0 uL 1272 5 K 9 IZFHE L, PCR 21T~ 7=,
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2-2. TagMan PCR %

AR TN 7T DN T TagMan U 7L 4 A 2 PCR 5% UV CTHREAT L 7=,
5 2 BCHIR L72 4T PCR 247\, VIC 3 L UNFAM OHEHREILY 1 7 L
WCHIEST DL LI, 40 VA 7N THEROT Y RRA » FTHHIE L7z, FEBGRS
H1%, StepOne and StepOnePlus Software v2.3 (Thermo Fisher Scientific) (Z X ¥ fi##T

L7,

2-3. PCR-¥A L7 hyv—0 Ak

PCR-RFLP {£C APC BIn FAERF v UV 7KL HEENT Vv v 7 - T v &L
TV TBIOELET A O T IOV THE, B BIOX2 ZECTHEHLE
exon 4 DAFEIK A HENE 957 F A ~— (Table 2-1) #H\\ T PCR-Z A L7 kv —
7T AEE L, MRS A MRS L7z, FFPE > 7 /LI DWW TIX exon 4 D
codon 154 35 LTV 155 & T 156 bp Z Mg+ 577 A ~— (Table 2-1) ZH\\ 7z,
PCR (Z1X Takara EX Taq Hot Start Version (& 7 7 /31 ARt ZHWT, &H 1

B2 T L FBROFMTITo 7,

3. Vx w7 - TN - T TOX Y Y TEEOEKERES L OVREICET 5H
=

IR TREORE, APC B TEROX vV TETHL LHEINTY ¥ v
7«7 ok T Y TIZONWT, BITER X O E ORI - EFREZ R T 5720,
B PREREE Al X O\ 120 S & B 24T o 7o, WREIZ DWW T, B2 Wik
DOFEHFHZ S LIZH~D & &b, HYEREMA~OERE TORMWEHOEIZ LY

"L, £, fAVE~MIEERNZRHAO L, 7or— Mok, OEM:, @1
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¥, @ THIE L VO@F D ORER O F A2 FHE LT~

4. Dx w7 TN -TIVTOXY Y TEEICET S MEEE AV EERFALE
BIRTREOHRE, APC B TAROX X V THEAEATHD LHEINTZY ¥ v
7« TN T UT AS BAIZOWT, ¥ U T EEKR O Mg BER &2 s 5 72
2, MAATEZRE L, EEISFEWEORBEOL Ltz &bz, ZhZE
T B PFER B B2 90 2 TR ML E A U A — o R & L7222 L7 SE A
59A A CIFRBIR A ~7c, SBAD O H 4BHIE, 5 1 ECMAFELNE LY
Yv 7 Ty TUT (EBINo. 1, 3, 6 BLDV21) THD, 1 FHILZDHKIZ
B2 W S VTERFITIER] No. 22 & L7-, LEFE 6 BHOFEAL, Hh], KU —7

DIFEHEANL 72 £ % Table 3-5 1Z7x L=,

5. JREREBRFERRRNT
FFPE > 7V CH WMt RFE O ELE bR PERE S O (L 2 WX Ehi o
WHO 73FEICHE L TYT o 72 (19), S HIT, BEBEOFEEEICHOWT, b MELEREE:

THWHILD TNM 733EE W TEME L 7= (1,6),

6. WEEHAEMT

vl e TFukil e FUTIIBITD APC B FERBEARIIIA BT L

FIWTHEENT L7=, PAEZY 0.05 UL FORFCHFFFEMICAER & LT,
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. # 5

1. V¥ v2 «FvkNT VT OREN

1-1. APC B FERORA R

[EWN 93 D FTOEMFREEN S TR DT X v 7 « T vk - TV T OIMR % B
L7z, L7274/ 2 DNA O¥EEE L 2.2 725 489.0 ng/puL T, FHIME I 34.5 ng/ul
T, WOLEER (A260/280) D -HMEIT 1.74 Tod - 7=, PCR-RFLP L% W CTEA T
BRAEZIT-T2& A, 15 BAT APC G 1 O EFRMAL R H L B oS H S 17z (Figure
3-1A), F v U T LHE SN 15 BHIZOW T, PCR-ZA LY by —r o
AN X o THIIERIA 2 E L, B B & L= APC B 128 2 (c.[462_463delinsTT])
NRDHND Z & EHER LT (Figure3-1B), SRR L=V vy v 7 « T vk T
UTIZHBITHERBARIL19% (=15 THY, A, #EOFEEIZ X LM
ICHERZITRD N2 o7 (Table 3-6), £72, MAMEEKDAFIZFIZON
T, SFEILICRU S THITLIZE 24, v U 7K 158D S 5, 5 51X 2006
DD 2010 4F, 6 FEHAY 2011 4F2> 5 2015 47, 4 BADS 2016 4F72 6 2020 4RICA F AT
BY, BEROLEEARIL2 %A% THE L THY, HEHEICEERETR
By o T2 (Table 3-6), A HIA Doz v U 7EIKED S 5, FmlnofER1x
2007 A FEN, RAEEOMEEIL 2017 FAEENTH -T2,

1-2. APC B ERX v U 7 EEKROIFFER X WG EAER
BRERNS K ORWEDOT o — M2 L C, 158D APC Bin 1 EED X v
U7 EERD 55 10 BEIZHOWCEYRE, BEERBS L ORESRNINE X, Uy

v e TN TUTOXY Y TEEDSH 5 HE (JRT152, JRT203, JRT216,

94



JRT317 3 LUV JRT342) TIH(LENEIG DIEAD 7 H iz (Table 3-7), JRT152 13,
8.3 Wk CIRMSFRD b, ERZRICHEDICIMENRS D XL )10 o7z, RN 5
NBABICNEEERE N ThL (Figure 3-2), BHEFIEFR L OMIPTEIC R Y —7
AT L E A, EAERR RIS W b B & 22 S Tz (Figure 3-3A B8 L UVB),
JRT203 1%, WEIZIMAE, A LJ, THl EOIEEERDFRD b, BIEITEM-
MBHHID & DEIEREFNENL/ LN, 5T, ARIOBEFREDORREZ
FC, 62 I CHBBIRAE 2 i L= & 25, MPICEEO R —FBREAS,
T FRAH AR 20 I & 2T S 7=, JRT216 18, 4.8 ORI EAGIRE & 2l & h
7=, Mith, MEZEEINZ OO, BERMAEITME L T\ o, 6.1 BOREIIX
RS CEIGIRE OF RN A S iz (Figure 3-3C 8L VD), JRT317 i%, 3.7
IRDOKHI A LT R B, 2 7 ABRICFNIC TERRZEDNEIBR S 41, W & 2
Shfz, JRT342 1%, B4R, WAV IR L Tz, 5 A 111 22 H TH MR
WO LA, 2 AEZRICHNRERA TP Y — 7 BRI, BE L 2R s
2o T OOfEMRIE, BEIE O E LR~ ORISR X ONEREB RO b i, FiFo
2 M ABIZ 1S B TRL Lz,

I 512, 480 (JRT056, JRT196, JRT321 35 L UNJRT447) TiX, WHILEARY —7IC
DNTOREIRNST2b DD, WLERIER DA LTz, JRT056 1%, BEin A
MOE L A2 107 5CTHRLE Lz, SERIIAHATH 722y, SETEANIZEERIE
M & BAAIRDN WL B A7z, JRT196 13, 2.2 kDK T DR T - 72 1i - O BETE 23

D, BInFREZIT -7 2.8 Ik DORF A CHE & IMAEAFE® Hivlz, JRT321 13 11
AT T R & MR AT Hiuiz, JRT447 1 3 Rl CHENRD bz, 7
r— MZBEIEDSH ST RO 5 6 180 (JRT221) 1%, 3.5 ke CREEEE & IHLa

JER BRRO b7z,
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13, % v - vk TIUTOXY Y TEEOF R

Vx v/ TN TV TOFy ) 7EE 158D D 8 8 (JRT152, 196, 203,
216, 221, 317, 342 B LM 447) OMHEENLAFTE /2, TN b BEHIZ, ZNET
(AN CRAGPEH L E ESHE L 2t S e S BEA A, AFt 13 oM E %
it U7z, £ OfER, JRT203, JRT317, JEf No.22 @ 3 81, JRT197, JRT216, JE
#] No. 3, SEf No.21 ¢ 4 88, JRT221, JRT342, JEf No. 1, JSEH] No.6 ¢ 4 BHOH

(SN BIE AR H L7 (Figure 3-4),

1 % H OZF R Tl bt WIEBIFR 378 8 41, JRT203, JRT317 ¥ L UYERS] No.
22 DR KIFIETH 7= (Figure 3-4A), X 51T, TNENORERIC G M#EIFED
&Y, JRT203 & JRT317 ORFRIZFEMEFTIERWH DD, [F UBIHAT 2bAEENR
7o B TR R Td o 72 (Figure 3-4A), & 512, JEH] No. 22 ORERIE JRT203 &
JRT317 ORER & Bl TH & o7 (Figure 3-4A),

2 % HDF AR TIL, JRT216 (T B2 W SR 2 B0 & BIE# 3 & - 7= (Figure
3-4B), JRT216 |TJER] No. 3 & HALHHZE T~ 7= (Figure 3-4B), F£7-, JRT216 O
R R EISER] No. 21 1T AL CTH -7~ (Figure 3-4B), JRT196, 216, HEM] No.3 I
HWEOMED TF2Th o 72, (Figure 3-4B, RFTT AKX U A7)

% DFEFRTI, 48HITHBEDLT (Figure 3-4C 7RHL) OFHTH-o7-, H 1 E
DFFHTIZINT, JEF] No. 1 & No. 6 ITHLEEBISR A R L T izas, ASElZDh o
2% v U 7R TH % JRT221 & JRT342 1L Z DFRICE LTz, JRT221 ORER
&ER] No. 6 1X[F] U7 itk Td - 7= (Figure 3-4C), F7=, JRT342 OfHE:
R EJEHI No. 1%, FREFFTIZZRU S O DR CEIHA~T Ohfigk Td - 7= (Figure 3-

4C),
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F72, SEBONoT=F v U TEIRD 9 5, JRT152 3 L N IRT447 1X & DA &

b MERBAGR DGO bR o7,

2. LT ERMERICRA Lt R OIS DT
2-1. JEBITE
2-1-1.  JREEZWIR Y v 7 v % V7= BB fEAT

2014 ££72 5 2018 FE DS, I R RZFER W BE AT T = THALAE LR VERES (B
JE - ) &2l Sl 32 EBI &2 vz, 32 FEBIICIE R A - = R (n=5, 15.
6%), I=F a7 - HyI7AT7UK (h=4, 125%), TI7 (n=4, 12.5%), 7
LyF TNV Ry (n=3, 94%), 777 K=/« L E U —— (n=2, 63%),

—+ A= (n=2, 63%), TOMERKIE (F R n=1, %3.1%) BLOHME (n
=4, 125 %) NEENTEY, ENTOMBEKOZ VAR RKENEL GENT
W7z (Table3-2 38 XU 3-4), JEFOIAEIAITE (a=1), /M (n=13) BIUK
I (n=18) T, KRIFTORENKRSLNoTc, KOG TILER TORAEN K
HZ<RBOHN (h=12), B =2) BB (=2) ITHEEIFEEL TV,
SEB D BARRE 702 W d K OB OTRIEEL DUV T Table 3-2 ICE &z, HD
JEE (n=1) &/NBEOE (n=12) T X TR Th -7, RBOMIEIE 13 #1723
JIRIEE, 5 A5 e & 2 ST, AN 0O 1 filds KX ONKRIGIME o 1 Bl FDER i
FEChoTo, MEEOWELITEMEO 1 611X T2, /NMEEYETIX T1b 28 1 41, T2 28
111, KRIGEEEIL TL 23 2 6, T2 23 2 T, MU & 2 S L7z 4T OSERI THEE
iR 2B 2 T2 IR 2V D BT,
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2-1-2. BB TN 7 B TV T fifkT

FRATRF- DA XBAG T3 7 D36 39 JEFIDIH(LE LRVEES; D DNA #0771
EANF LTz, 39EBNIZI=F 2T « Xy 7 A7 R (n=12, 30.8 %), ¥¥ v
7« 7wk TUT (n=4, 103%), A +7—FK1L (n=4, 103%), v — -
A— (=3, 7.7%), IV (0=2, 51 %), TOMD 14 RFE (% n=1, Hf%
Gie, £2.6%) BNEEN TV (Table3-3 B L1V 3-4), MILEEZEONRIZ, H
R (n=10, 25.6 %), BARIE (n=6, 154 %), Ml#fE (n=23, 59.0%) TH-o
oo VX Ty T TOMEEE, HIE =2) BIOBERE (=

2) Th-oT,

2-2. VHALE ERMEEBOREBRIZIT 5 APC Bis 1AM RS R OMRE
FFPE # > 7/l % PCR-RFLP {& CREAT L7 #E R, WIhoW v 7 LT H 8 5mm7
LIVICHSET 2 W idm i s ey~ 7= (Figure 3-5A), L2>L, FFPE006, 011,
012, 013, 019, 021 35X T 028 IXEEFRALERZ OWr i OB N INEECTH - 7= (Figure
3-5A), FFPE % 7L TlE, A~ U CHEEIC L AEELR 8T, O\ DNA &
BOIUISWZ ERRK EB 2 biiz, £IZC, FFPE %> 7 /M2 oW TIET T
DY TN DNWTPCR-X A L7 ho—7 = ATHIERS 2R L, T OREE,
WTNDY T BNT S APC Bin AR IIMIE S 7> 7 (Figure 3-5B),
AR f /N> 7 27 LE PCR-RFLP {£ & TagMan U 7 /L4 A 2 PCR £ TEHT L
72, PCR-RFLP J£ Cl, APCEIB T A RN IOV ¥ v 7«7 v/ -7 U 7 (GBO1S,
33, 39) Theti &4, 580 @ 36 BECIIMH 72> 72 (Figure 3-6A), TagMan Y
TIVHE A L PCRIEIZE DIENTTIX, &Y T VDPCR DY RAKA > MIBITD

FAM & VIC OHEREIZHESWT T 1 v MY EERR L, APC B+ D@5 %
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R L7 (Figure3-6B), 3HEDOY v v 7 « 7 vk« 7 U TIXIEBIR ST L
T7mry hah, ~7T SR EHE SN, ZOMo 35 TR e Lz B AR
BE DNA & & BIZT7 T T7DOATIZT vy FER, X v U 7EKEHE ST

(Figure 3-6B), 1 BHIX 2 7 A X —IZE ENenr o7 b OO, HIHR AR Lz &
25, WA LoVEROEOCIRE Q¥R L2380 5417 (data not shown), FEF
¥ U TER &CH)E S 472, PCR-RFLP £ & TagMan U 7 /L4 A 2 PCR {EDfEATHE
FiZ—&LTEBY, ELICE2TOV T IIVOERBA O IE ST PCR-¥ A L7
hor—7 22 Ko THEgR S 4172 (data not shown),

ERTNEZ LI, APCBIGFAERPBRHSNIZ3EET TN TYy v 7 - T vt

Ve TUTTHY, RETITREFERITED bR o7,
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Iv. & £

RETIE, RS R) B— 2DFERKEE LTHE LT APC G TER
HARENTEHEEINTND Y Y v 7 « T vkl T U TIZEBITHIRAELEEZH LT
THZE AWML LIZ APCRIG AR ZIRA L TWIZDIX 792800 5 H 158 T,
ZORARIZ19I% TH T,

ENOY Yy v 7 « Tok - T UTIZBWNT, AEEBORIK L 722 APC Ei5T

DEBBALRIT 1.9 % & KN -T2 20D, B TERPEEDOFRICIRE
LT EIEL TV D AMREENE 2 bz, L, AEIE L-% v U 7 ERO Mk
FHAE TITMNL L2 3 DOFZN A S, S 61T, WTIOFERITHE I eV ER
bR b, LIeho>T, ENOY Yy v 7 « Tyt T U TIZENT, APCHE
BFIE, HEDFERIZE EELTIRILHE L TWDL Z R TRINT, £, 4H
DOFFHTTIE, F % U 7 EEO FITBFROFRMET & W o etk O iR A2 R 2 & 1%
TEXehol, B NOLA LR, 4 XA, Blx OFFETEHE ST DI
FEARZ RO T 2 & I3ARS TlER <, BEHREREDRHEOU L > TH L FEN
Bl % FRET HITIL S B R DN LETH D,

Flo, AENTEL SETLIIRUIVET LI L 25, FENRD APC BRIRA
FRIFBBELZ 2% THRE L TBY, REREHIFO LN oT, LIEhRoT,
HARENTIE, 4% bBEEEILERY AN— T ZADEFN —EBRETHEEZLD
no, 5%IE, BIICHWLEEROBE s a2 25 L, BB cu it RIzEIs
TERNZ TN L S IZT DI AR LETH D,

APC AR OAEFEMIRRANE R OB O LI 1ISHOY ¥ v 7 - T vk T U7

D55 10 FHORERS L OBEAIERICET 2 WA G LTz, 5 HTH EITKRE
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(R FAELTEY, APC B TRENHLE NG & OBEMEN H & 72 TH
NItz D H HD 18 (JRT203) 1%, LRI BIEMEZ 2L TWehy, B
TR ORE R AT T, NESHRE Z FEi L7 & 2 AE RSN R A Sz, Ko T,
X v Ty T Y TITONTIE, RIS & DA E A G D L EE
R BN DG, BIG TR A FEMRAIC I T 2 2 & CREORHIF RISk
FHZEMTEDLEEZLND, SHIT, 4TI, MEREOHFEIIRHATH -
72b OO, EHCMfEZe O5 1 5 Cr LB RIEEEE AR Y R — 3 2 OFRIEREFIZ
R 2 B LEER 238 bivlz, 18 (JRT221) (IZHOWTEHLEER 38D 5
NI oToiy, T o r— NafT o TR T 3.5 i Ch 0, RIE B O YIF 4 (7.7
WL TR LT, RERMICIEE SR ET D AEEN RV EBE X b b, — T,
BEMHEEEE R Y A= 2T 11 SR 12 & WV o o @il 7e o T DFAE LT
WHIERIBRBH B, £72, B RO FAP & HARTRY =T OREHN D229,
A X OHEIIAETERIE L ZRWEIRA N D FTREME S B & TE oW, ARBDIRFERIC
DWTIE, Fv U TEEROBBFHE R &S SR 5MARLETH D,

Trx w7 Ty T T OBBIEHILER Y R— 3 R T D05 O
FT <, AREBIZARENOA TEIEL TWDH AR H D, RIURFETH - T
b, FETEBRITIN. LIZERDBTER SN TEB Y, BatERED Y 27 8D
T ENRENTW D, B, EATPEMIRZEREDIRIA & 72 5 PRCD & {250
A 7= BT DERRARNZ AT TR, F = 2 LmmETIIA~T 1
EOIRDY 32 %, BEHEAGERD29% (12) ThoT7eDIizktL, AAREHNOHFHAETIE
~NT OHESIRD 17%, REESEN0.5% (30) Tholm@wEIn s, EN
THIE LB EE R U R — S ZADREFI O MK EZHT D &, Z DMz

— ATV TR=Z2—V—=TF U RTEENTY v v 7 - T v T U T 070
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LPEENTNWD, LT, MIMIBWTY APC Eis 12 B ERNTFET S
AREEAER SN TEB Y, S%ITEN TORARIE BB L T RER’D S,
DM T S T2 k91, BEMEERORRK & 72 2 55 E OB IR AR EH
DREBIZEIN > TRDODOND Z XD D (3,4), RETIE, HILE LRMEEZ
FIE L7z 25 TR O KR L O RIC O WD TEIBIEEE R Y R— 2D JFR &
725 APC BIn T EBROHFBE MR LT, ZOR/EE, FFPE % 7L, BIn /N7
DY TNNONTAUZEBNTS, Py v 7 - T vtk T U7 LSO RFEDFERH
I APC BB T A RIIRH SN2 o7, APC BB TERS R Sz 3 B
WTFNHLBIR AN OF L TNICEEATNW Y Yy 7 - Ty T U TTH
o7c, o T, APC BAG T DEFEMRIINZE R (c.[462 463delinsTT]) (ZHEK T 5
BEMEMEERY K= 20, Px v - T vk 707 ORMERFREETH
HAREMED W T E PR I NI, Bl A7 TIIF 4O Y v v 7 - T
RN TUTREENTWEDR, 20950 1 I APC BIn FAERITEO &
T, BORMEICRAE LB EEGEOEM EEX b, LoT, Yvv 27 - Fvtk
VT U TIHEE BRSNS A LTCGAE Th-> Th, BIatEEEE R Y R—
TALWIET D Z L, BIETREIC L BRI RS & R D LR b
5. Flz, ABEIOWIETIE, BIMEELER Y R—T ADOFR & L TRIE S -k
TED APC Em1 AR (c.[462 463delinsTT]) DHEDH %R L, APC &fn1 Dt
DA DUV TN L TRV, A XD DM 1T SODI 851 O A5 R 52
BICESTHIEEZISINDZEDHOENTWDD, IFBRRETHLY /L2 -2
—F =RV Y=V Y= R Ry 7, R Y —TEFE—DER (c.118 G>A)
NRDOLNDHN (4,9,27,73), N—=—RX + <7 T v« Ry 7Tl SODI &

DOHIDOERE (c.52 A>ST) BNEDLNDLZ ENMEINTWD (48), £72, B +D
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FAP TlZ, FH - BFH Z L IZEROEMIZE 2V, 800 FELL DR 5 APC s
TEREBFEEINTND (5,14,15,46), L7I=R->T, SEIOHITHERDIX, B
TRt L LTz APC EAGFZE 5 (c.[462_463delinsTT]) LA A FEANI R A ZE BN F
£ LTV D ATREMEIE R E TE R,

F1ECTRLEL DI, BEMEEEERY RN— A TRAET D IEEIREENZ
L, MEMKEZBEZ ZRBBIZRD bRV, —JFT, APC 5 AR
(c.[462_463delinsTT]) 23H X727 o T2 RFEDFEFNZFAE L= b Bt
TR ClE, %< OIS TR 2 B 2 7- 895358 H 7= (Table 3-2), Alal, 1
B SO AEMRREEATIC LY, DT, Vv TyEAL-TITO

BARMEHALE R Y R — 2 R &L BOEMEOWALE B EIE; & O LR 7058\ &
fElZTHZ EnTET,

A BN TLE LR MR ORAIIHETH D720, HMAEFDOLED DNA
P TINENEZ LITREETH D, KETIE, BARKRFOBLRF AUV ZITRE SN
TWD DNA BTNV a D 2T, tulICr 2D 5 Z LA TE 7, FRAKR

BAR T 70, BARTER B ORI 2 B ICERSLE NI BARPIO A X D/SA F
UV —=2ZAR 7 ThY, BIEWREEETe, thx Z2IFRYMEDOTRB OB R O
B U 72 i B 3 DNA B > 7LV 2R LTS (55), BIB TV 7 ITRE Sz
YTNE, THETIS, NI COMREHEIER Y A b a7 —OJFERE R T AR OR
E(67) X0, ERBLOY— « X—12B1T 58N & SRBDI BIZ T OB T2
DOBBEVEDIRHT (26) 72 & OFFRICEBRICHESLTHN TV D, 4%, BRIESSE

IZBWTHBD CTHEHBREIRIZRD EEZBILD,
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V. /N FE

RETIE, EEEBEEERY K- 20K E LTRELE APC BG4 R
(c.[462_463delinsTT]) O HARKENDO Y v > 7 « Tt « T U TIZBITHIRAR
PN LT, RAEEIL 1.9 %L KA o 7223, B FAROF v U 7 EK
TRFEOFRIIIRE L TRLT, HADOY ¥ v 7 « Ty TV TIZEBNTE
FUTRWEER D SIRKILB L TWD Z BB 2 bivie, £70, APC Bin A HN
SNV Yy 7 - T yBA-TUTOHE 5 THEEREERY — 70330
b, OO TEETFEREERLEOBEEMELZHRT LI ENTET,

S I, HLE LRSI R LB O REEDIEFIZ SV T APC BG4
HBOFMERBLIZEZA, Vv vy « Ty TV TLUSNORETIL APC %
AR EINT, BEEELEER Y A= RAIRERENRERTHDL EE LN
77

AREEIE, AARUAOETITHE S TWRNDS, [EWN CTHIAE L 72 EF o i fiE
D E, FOEMICIFIA AN TN TR=a2—V—F U RTEENTEY Y
7 TN T IUTRLENPETEENTND, TDD, ThbHOEICH APC
BARTFZRRAERDPA LT 2 R SN TE Y, 5% 1T TORA RIS

BEt L TS BEDR H D,
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Table 3—-1. Signalment of Jack Russell terriers examine in prevalence survey of germline APC
variant associated with hereditary gastrointestinal polyposis

Case No. Birth year Sex Coat type APC variant status
JRTO01 2018 Male rough Non-carrier
JRTO002 2014 Male rough Non-carrier
JRTO003 2015 Male rough Non-carrier
JRTO004 2011 Male rough Non-carrier
JRTO005 2017 Male rough Non-carrier
JRT006 2016 Male rough Non-carrier
JRT007 2006 Male (castrated) rough Non-carrier
JRTO008 2009 Male (castrated) broken Non-carrier
JRTO009 2015 Male (castrated) smooth Non-carrier
JRTO10 2007 Male (castrated) broken Non-carrier
JRTO11 2013 Female (spayed) smooth Non-carrier
JRTO12 2010 Female (spayed) broken Non-carrier
JRTO13 2008 Female (spayed) smooth Non-carrier
JRTO14 2012 Female (spayed) broken Non-carrier
JRTO15 2006 Female (spayed) broken Non-carrier
JRTO16 2010 Female (spayed) broken Non-carrier
JRTO17 2014 Male (castrated) rough Non-carrier
JRTO18 2004 Female (spayed) smooth Non-carrier
JRTO19 2017 Male (castrated) unknown Non-carrier
JRT020 2014 Male unknown Non-carrier
JRTO021 2008 Female (spayed) smooth Non-carrier
JRT022 2015 Male (castrated) broken Non-carrier
JRTO023 2014 Female (spayed) rough Non-carrier
JRT024 2019 Female smooth Non-carrier
JRTO025 2014 Male (castrated) broken Non-carrier
JRT026 2004 Male (castrated) smooth Non-carrier
JRTO027 2013 Female unknown Non-carrier
JRTO028 2018 Male (castrated) smooth Non-carrier
JRT029 2013 Male (castrated) broken Non-carrier
JRTO030 2017 Female (spayed) smooth Non-carrier
JRTO31 2010 Female (spayed) rough Non-carrier
JRT032 2005 Male (castrated) broken Non-carrier
JRTO033 2011 Male (castrated) rough Non-carrier
JRTO034 2011 Male (castrated) smooth Non-carrier
JRTO35 2007 Female (spayed) broken Non-carrier
JRTO036 2017 Male (castrated) smooth Non-carrier
JRTO037 2010 Female (spayed) smooth Non-carrier
JRTO38 2009 Male rough Non-carrier
JRTO039 2016 Female (spayed) broken Non-carrier
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Table 3—-1. Signalment of Jack Russell terriers examine in prevalence survey of germline APC
variant associated with hereditary gastrointestinal polyposis (continued)

JRTO040 2006 Male smooth Non-carrier
JRT041 2013 Male smooth Non-carrier
JRTO042 2009 Male unknown Non-carrier
JRT043 2016 Male unknown Non-carrier
JRTO044 2009 Female (spayed) broken Non-carrier
JRTO045 2009 Female (spayed) unknown Non-carrier
JRT046 2019 Male (castrated) unknown Non-carrier
JRTO047 2008 Male (castrated) broken Non-carrier
JRT048 2006 Female (spayed) broken Non-carrier
JRTO049 2018 Female (spayed) smooth Non-carrier
JRTO050 2011 Male rough Non-carrier
JRTO51 2011 Male (castrated) rough Non-carrier
JRTO052 2011 Male broken Non-carrier
JRTO053 2013 Female (spayed) smooth Non-carrier
JRTO054 2010 Female (spayed) smooth Non-carrier
JRTO55 2010 Male smooth Carrier

JRTO56 2010 Male broken Non-carrier
JRTO057 2012 Male (castrated) smooth Non-carrier
JRTO58 2011 Male (castrated) smooth Non-carrier
JRTO059 2014 Female (spayed) broken Non-carrier
JRTO060 2010 Female (spayed) rough Non-carrier
JRTO61 2001 Female (spayed) broken Non-carrier
JRTO062 2006 Female (spayed) rough Non-carrier
JRTO063 2013 Female (spayed) smooth Non-carrier
JRTO064 2012 Female (spayed) rough Non-carrier
JRTO065 2006 Female (spayed) broken Non-carrier
JRTO066 2009 Female (spayed) smooth Non-carrier
JRTO067 2015 Female (spayed) rough Non-carrier
JRTO068 2013 Female (spayed) rough Non-carrier
JRT069 2011 Male (castrated) smooth Non-carrier
JRTO070 2008 Female (spayed) broken Non-carrier
JRTO71 2013 Female (spayed) broken Non-carrier
JRTO072 2010 Female (spayed) smooth Non-carrier
JRTO73 2003 Female (spayed) broken Non-carrier
JRTO074 2014 Male (castrated) broken Non-carrier
JRTO75 2018 Male (castrated) broken Non-carrier
JRTO76 2018 Female (spayed) broken Non-carrier
JRTO77 2012 Male (castrated) broken Non-carrier
JRTO78 2009 Male smooth Non-carrier
JRTO079 2015 Male (castrated) smooth Non-carrier
JRTO80 2004 Female smooth Non-carrier
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Table 3—-1. Signalment of Jack Russell terriers examine in prevalence survey of germline APC
variant associated with hereditary gastrointestinal polyposis (continued)

JRTO81 2007 Female (spayed) smooth Non-carrier
JRTO082 2003 Female (spayed) smooth Non-carrier
JRTO83 2011 Male rough Non-carrier
JRTO084 2019 Female (spayed) smooth Non-carrier
JRTOS8S 2013 Female (spayed) broken Non-carrier
JRTO86 2006 Female (spayed) rough Non-carrier
JRTO087 2014 Male (castrated) smooth Non-carrier
JRTO88 2013 Male (castrated) rough Non-carrier
JRTO089 2011 Male broken Non-carrier
JRTO090 2015 Male smooth Non-carrier
JRTO091 2010 Female (spayed) rough Non-carrier
JRT092 2006 Female (spayed) smooth Non-carrier
JRT093 2006 Male smooth Non-carrier
JRT094 2007 Female (spayed) broken Non-carrier
JRTO095 2005 Female (spayed) smooth Non-carrier
JRT096 2014 Male (castrated) smooth Non-carrier
JRTO097 2014 Male (castrated) smooth Non-carrier
JRT098 2006 Male (castrated) smooth Non-carrier
JRTO099 2008 Female (spayed) smooth Non-carrier
JRT100 2005 Male (castrated) smooth Non-carrier
JRT101 2003 Male (castrated) smooth Non-carrier
JRT102 2007 Male (castrated) smooth Non-carrier
JRT103 2011 Female (spayed) smooth Non-carrier
JRT104 2014 Male (castrated) smooth Non-carrier
JRT105 2016 Female (spayed) smooth Non-carrier
JRT106 2016 Male smooth Non-carrier
JRT107 2006 Female (spayed) broken Non-carrier
JRT108 2012 Male (castrated) smooth Non-carrier
JRT109 2004 Male broken Non-carrier
JRT110 2011 Female (spayed) smooth Non-carrier
JRT111 2008 Male (castrated) broken Non-carrier
JRTI112 2015 Male (castrated) broken Non-carrier
JRT113 2016 Female (spayed) broken Non-carrier
JRT114 2015 Female (spayed) smooth Non-carrier
JRT115 2011 Female (spayed) smooth Non-carrier
JRTI116 2010 Male (castrated) broken Non-carrier
JRT117 2013 Female smooth Non-carrier
JRT118 2013 Female broken Non-carrier
JRT119 2007 Female smooth Non-carrier
JRT120 2011 Female (spayed) unknown Non-carrier
JRT121 2013 Female (spayed) smooth Non-carrier
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JRT122 2017 Female (spayed) smooth Non-carrier
JRT123 2009 Female (spayed) smooth Carrier

JRT124 2005 Female smooth Non-carrier
JRT125 2009 Male (castrated) rough Non-carrier
JRT126 2011 Male (castrated) smooth Non-carrier
JRT127 2013 Male (castrated) smooth Non-carrier
JRT128 2006 Male smooth Non-carrier
JRT129 2019 Male smooth Non-carrier
JRT130 2010 Male (castrated) smooth Non-carrier
JRT131 2008 Male smooth Non-carrier
JRT132 2018 Female unknown Non-carrier
JRT133 2004 Male (castrated) broken Non-carrier
JRT134 2015 Male (castrated) smooth Non-carrier
JRT135 2017 Female (spayed) broken Non-carrier
JRT136 2005 Female (spayed) smooth Non-carrier
JRT137 2019 Male (castrated) broken Non-carrier
JRT138 2009 Male (castrated) broken Non-carrier
JRT139 2006 Male (castrated) smooth Non-carrier
JRT140 2010 Female smooth Non-carrier
JRT 141 2006 Male broken Non-carrier
JRT142 2019 Female (spayed) smooth Non-carrier
JRT143 2008 Male smooth Non-carrier
JRT 144 2008 Male broken Non-carrier
JRT145 2014 Female (spayed) smooth Non-carrier
JRT146 2009 Female (spayed) broken Non-carrier
JRT147 2018 Male (castrated) smooth Non-carrier
JRT148 2016 Female (spayed) smooth Non-carrier
JRT149 2013 Female rough Non-carrier
JRT150 2009 Male (castrated) broken Non-carrier
JRT151 2011 Male (castrated) smooth Non-carrier
JRT152 2012 Female smooth Carrier

JRT153 2016 Male (castrated) smooth Non-carrier
JRT154 2019 Male (castrated) unknown Non-carrier
JRT155 2013 Female (spayed) smooth Non-carrier
JRT156 2015 Female (spayed) broken Non-carrier
JRT157 2013 Male (castrated) broken Non-carrier
JRT158 2014 Female rough Non-carrier
JRT159 2014 Female (spayed) smooth Non-carrier
JRT160 2008 Female (spayed) broken Non-carrier
JRT161 2012 Male (castrated) broken Non-carrier
JRT162 2004 Female (spayed) smooth Non-carrier
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JRT163 2005 Male (castrated) rough Non-carrier
JRT164 2004 Male smooth Non-carrier
JRT165 2013 Male (castrated) smooth Non-carrier
JRT166 2012 Female (spayed) smooth Non-carrier
JRT167 2008 Male (castrated) smooth Non-carrier
JRT168 2019 Female smooth Non-carrier
JRT169 2008 Male (castrated) smooth Non-carrier
JRT170 2013 Female (spayed) smooth Non-carrier
JRT171 2017 Female (spayed) smooth Non-carrier
JRT172 2010 Male broken Non-carrier
JRT173 2010 Male smooth Non-carrier
JRT174 2006 Female (spayed) smooth Non-carrier
JRT175 2009 Male (castrated) smooth Non-carrier
JRT176 2011 Male smooth Non-carrier
JRT177 2010 Female (spayed) broken Non-carrier
JRT178 2012 Male (castrated) smooth Non-carrier
JRT179 2005 Female (spayed) unknown Non-carrier
JRT180 2009 Female (spayed) smooth Non-carrier
JRT181 2017 Male (castrated) unknown Non-carrier
JRT182 2014 Male (castrated) unknown Non-carrier
JRT183 2008 Female (spayed) unknown Non-carrier
JRT184 2005 Male (castrated) unknown Non-carrier
JRT185 2002 Male (castrated) unknown Non-carrier
JRT186 2011 Male (castrated) unknown Non-carrier
JRT187 2010 Male (castrated) rough Non-carrier
JRT188 2005 Female (spayed) unknown Non-carrier
JRT189 2008 Female (spayed) unknown Non-carrier
JRT190 2012 Female broken Non-carrier
JRT191 2011 Female rough Non-carrier
JRT192 2010 Male smooth Non-carrier
JRT193 2011 Male smooth Non-carrier
JRT194 2014 Male (castrated) smooth Non-carrier
JRT195 2019 Female (spayed) smooth Non-carrier
JRT196 2017 Male smooth Carrier

JRT197 2011 Male (castrated) smooth Non-carrier
JRT198 2006 Male (castrated) smooth Non-carrier
JRT199 2011 Male (castrated) broken Non-carrier
JRT200 2019 Female smooth Non-carrier
JRT201 2010 Male (castrated) broken Non-carrier
JRT202 2012 Male (castrated) broken Non-carrier
JRT203 2014 Female (spayed) broken Carrier
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JRT204 2007 Female (spayed) rough Non-carrier
JRT205 2010 Male broken Non-carrier
JRT206 2004 Female (spayed) smooth Non-carrier
JRT207 2014 Female (spayed) smooth Non-carrier
JRT208 2006 Female (spayed) smooth Non-carrier
JRT209 2011 Female (spayed) smooth Non-carrier
JRT210 2006 Female (spayed) smooth Non-carrier
JRT211 2011 Female smooth Non-carrier
JRT212 2009 Male smooth Non-carrier
JRT213 2016 Female (spayed) broken Non-carrier
JRT214 2006 Female rough Non-carrier
JRT215 2007 Male (castrated) smooth Non-carrier
JRT216 2013 Male (castrated) smooth Carrier

JRT217 2015 Female (spayed) smooth Non-carrier
JRT218 2005 Female (spayed) smooth Non-carrier
JRT219 2012 Female (spayed) rough Non-carrier
JRT220 2017 Female (spayed) unknown Non-carrier
JRT221 2016 Female (spayed) smooth Carrier

JRT222 2005 Male (castrated) smooth Non-carrier
JRT223 2005 Male (castrated) smooth Non-carrier
JRT224 2013 Female smooth Non-carrier
JRT225 2015 Female (spayed) broken Non-carrier
JRT226 2006 Male (castrated) rough Non-carrier
JRT227 2013 Male (castrated) broken Non-carrier
JRT228 2012 Female (spayed) smooth Non-carrier
JRT229 2006 Male (castrated) smooth Non-carrier
JRT230 2012 Male broken Non-carrier
JRT231 2005 Female (spayed) broken Non-carrier
JRT232 2015 Male (castrated) broken Non-carrier
JRT233 2019 Male smooth Non-carrier
JRT234 2004 Male (castrated) unknown Non-carrier
JRT235 2016 Female (spayed) broken Non-carrier
JRT236 2005 Male (castrated) smooth Non-carrier
JRT237 2015 Female smooth Non-carrier
JRT238 2012 Female (spayed) smooth Non-carrier
JRT239 2019 Female (spayed) unknown Non-carrier
JRT240 2018 Male (castrated) broken Non-carrier
JRT241 2008 Female (spayed) broken Non-carrier
JRT242 2016 Male (castrated) broken Non-carrier
JRT243 2010 Female (spayed) smooth Non-carrier
JRT244 2008 Female (spayed) smooth Non-carrier
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JRT286 2015 Female (spayed) rough Non-carrier
JRT287 2013 Female (spayed) broken Non-carrier
JRT288 2011 Male smooth Non-carrier
JRT289 2010 Female (spayed) unknown Non-carrier
JRT290 2018 Male smooth Non-carrier
JRT291 2010 Female (spayed) smooth Non-carrier
JRT292 2013 Male (castrated) smooth Non-carrier
JRT293 2015 Female broken Non-carrier
JRT294 2018 Male rough Non-carrier
JRT295 2008 Female broken Non-carrier
JRT296 2011 Male (castrated) rough Non-carrier
JRT297 2013 Female broken Non-carrier
JRT298 2017 Female rough Non-carrier
JRT299 2018 Male (castrated) smooth Non-carrier
JRT300 2011 Female broken Non-carrier
JRT301 2012 Male (castrated) smooth Non-carrier
JRT302 2012 Female (spayed) smooth Non-carrier
JRT303 2005 Female (spayed) broken Non-carrier
JRT304 2012 Female (spayed) smooth Non-carrier
JRT305 2014 Male smooth Non-carrier
JRT306 2016 Male (castrated) broken Non-carrier
JRT307 2010 Female (spayed) unknown Non-carrier
JRT308 2012 Male rough Non-carrier
JRT309 2004 Female (spayed) smooth Non-carrier
JRT310 2013 Male (castrated) rough Non-carrier
JRT311 2017 Female smooth Non-carrier
JRT312 2017 Male smooth Non-carrier
JRT313 2009 Female (spayed) smooth Non-carrier
JRT314 2007 Female smooth Non-carrier
JRT315 2010 Male smooth Non-carrier
JRT316 2017 Female (spayed) smooth Non-carrier
JRT317 2017 Female (spayed) smooth Carrier

JRT318 2007 Female smooth Non-carrier
JRT319 2012 Female (spayed) smooth Non-carrier
JRT320 2011 Male (castrated) smooth Non-carrier
JRT321 2009 Female (spayed) broken Carrier

JRT322 2013 Male smooth Non-carrier
JRT323 2015 Male broken Non-carrier
JRT324 2018 Female (spayed) smooth Non-carrier
JRT325 2008 Female (spayed) broken Non-carrier
JRT326 2006 Female smooth Non-carrier
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JRT327 2010 Male (castrated) broken Non-carrier
JRT328 2018 Female (spayed) broken Non-carrier
JRT329 2009 Male (castrated) smooth Non-carrier
JRT330 2016 Male (castrated) smooth Non-carrier
JRT331 2015 Male (castrated) broken Non-carrier
JRT332 2013 Female (spayed) smooth Non-carrier
JRT333 2004 Male (castrated) smooth Non-carrier
JRT334 2008 Female (spayed) rough Non-carrier
JRT335 2018 Male broken Non-carrier
JRT336 2015 Male (castrated) rough Non-carrier
JRT337 2019 Female (spayed) broken Non-carrier
JRT338 2009 Male broken Non-carrier
JRT339 2005 Male (castrated) smooth Non-carrier
JRT340 2009 Female broken Non-carrier
JRT341 2017 Male (castrated) broken Non-carrier
JRT342 2009 Female (spayed) rough Carrier

JRT343 2010 Male smooth Non-carrier
JRT344 2015 Female (spayed) smooth Non-carrier
JRT345 2012 Male (castrated) smooth Non-carrier
JRT346 2014 Male (castrated) smooth Non-carrier
JRT347 2006 Female (spayed) smooth Non-carrier
JRT348 2006 Male (castrated) smooth Non-carrier
JRT349 2007 Female (spayed) rough Non-carrier
JRT350 2009 Male (castrated) unknown Non-carrier
JRT351 2017 Female (spayed) unknown Non-carrier
JRT352 2005 Female (spayed) broken Non-carrier
JRT353 2012 Male (castrated) rough Non-carrier
JRT354 2004 Female (spayed) smooth Non-carrier
JRT355 2017 Female (spayed) rough Non-carrier
JRT356 2013 Female (spayed) smooth Non-carrier
JRT357 2007 Male smooth Non-carrier
JRT358 2011 Male (castrated) broken Non-carrier
JRT359 2010 Male smooth Non-carrier
JRT360 2013 Male (castrated) broken Non-carrier
JRT361 2007 Male (castrated) rough Non-carrier
JRT362 2007 Female (spayed) smooth Non-carrier
JRT363 2010 Female (spayed) smooth Non-carrier
JRT364 2007 Female smooth Non-carrier
JRT365 2012 Female smooth Non-carrier
JRT366 2010 Male (castrated) smooth Non-carrier
JRT367 2007 Female (spayed) smooth Non-carrier
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JRT368 2008 Male smooth Non-carrier
JRT369 2007 Male rough Non-carrier
JRT370 2010 Female rough Non-carrier
JRT371 2015 Female rough Non-carrier
JRT372 2008 Male (castrated) rough Non-carrier
JRT373 2017 Male rough Non-carrier
JRT374 2019 Male unknown Non-carrier
JRT375 2009 Female (spayed) smooth Non-carrier
JRT376 2010 Male (castrated) smooth Non-carrier
JRT377 2017 Male (castrated) rough Non-carrier
JRT378 2016 Female (spayed) broken Non-carrier
JRT379 2014 Male smooth Non-carrier
JRT380 2007 Female (spayed) unknown Non-carrier
JRT381 2006 Female (spayed) rough Non-carrier
JRT382 2008 Female rough Non-carrier
JRT383 2015 Female (spayed) broken Non-carrier
JRT384 2018 Female (spayed) smooth Non-carrier
JRT385 2018 Male (castrated) broken Non-carrier
JRT386 2012 Male smooth Non-carrier
JRT387 2010 Male rough Non-carrier
JRT388 2010 Female (spayed) broken Non-carrier
JRT389 2009 Male (castrated) smooth Non-carrier
JRT390 2007 Female (spayed) rough Non-carrier
JRT391 2016 Male (castrated) rough Non-carrier
JRT392 2013 Male (castrated) broken Non-carrier
JRT393 2009 Female (spayed) broken Non-carrier
JRT394 2011 Male (castrated) rough Non-carrier
JRT395 2012 Male (castrated) smooth Non-carrier
JRT396 2011 Male broken Non-carrier
JRT397 2013 Female (spayed) smooth Non-carrier
JRT398 2007 Female (spayed) smooth Non-carrier
JRT399 2012 Female (spayed) broken Non-carrier
JRT400 2014 Male (castrated) rough Non-carrier
JRT401 2014 Male (castrated) smooth Non-carrier
JRT402 2013 Male smooth Non-carrier
JRT403 2017 Female (spayed) rough Non-carrier
JRT404 2009 Female (spayed) smooth Non-carrier
JRT405 2017 Female (spayed) rough Non-carrier
JRT406 2006 Male (castrated) rough Non-carrier
JRT407 2008 Male smooth Non-carrier
JRT408 2008 Female smooth Non-carrier
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JRT409 2019 Female smooth Non-carrier
JRT410 2017 Male (castrated) rough Non-carrier
JRT411 2011 Male rough Non-carrier
JRT412 2012 Male smooth Non-carrier
JRT413 2014 Male (castrated) smooth Non-carrier
JRT414 2010 Female smooth Non-carrier
JRT415 2013 Female smooth Non-carrier
JRT416 2004 Female smooth Non-carrier
JRT417 2020 Female smooth Non-carrier
JRT418 2006 Male smooth Non-carrier
JRT419 2011 Female (spayed) rough Non-carrier
JRT420 2012 Female (spayed) smooth Non-carrier
JRT421 2014 Female (spayed) smooth Non-carrier
JRT422 2014 Female (spayed) smooth Non-carrier
JRT423 2019 Female (spayed) smooth Non-carrier
JRT424 2018 Female (spayed) unknown Non-carrier
JRTA425 2015 Male (castrated) rough Non-carrier
JRT426 2017 Female (spayed) broken Non-carrier
JRT427 2019 Male rough Non-carrier
JRT428 2017 Male (castrated) broken Non-carrier
JRT429 2015 Male (castrated) broken Non-carrier
JRT430 2013 Male (castrated) broken Non-carrier
JRT431 2006 Female smooth Non-carrier
JRT432 2018 Male smooth Non-carrier
JRT433 2008 Male (castrated) broken Non-carrier
JRT434 2010 Female smooth Non-carrier
JRT435 2007 Female (spayed) broken Non-carrier
JRT436 2008 Female (spayed) broken Non-carrier
JRT437 2007 Female (spayed) smooth Non-carrier
JRT438 2016 Male (castrated) unknown Non-carrier
JRT439 2016 Male (castrated) unknown Non-carrier
JRT440 2007 Female (spayed) broken Non-carrier
JRT441 2014 Female (spayed) smooth Non-carrier
JRT442 2018 Male (castrated) broken Non-carrier
JRT443 2018 Male smooth Non-carrier
JRT444 2013 Female broken Non-carrier
JRTA445 2017 Male (castrated) rough Non-carrier
JRT446 2015 Male smooth Non-carrier
JRT447 2017 Male (castrated) rough Carrier

JRT448 2007 Female (spayed) broken Non-carrier
JRT449 2008 Female (spayed) broken Non-carrier
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JRT450 2012 Male (castrated) smooth Non-carrier
JRT451 2011 Female (spayed) smooth Non-carrier
JRT452 2016 Female smooth Non-carrier
JRT453 2007 Female (spayed) smooth Non-carrier
JRT454 2007 Male (castrated) smooth Non-carrier
JRTA455 2012 Male (castrated) broken Non-carrier
JRT456 2019 Male rough Non-carrier
JRT457 2014 Female (spayed) smooth Non-carrier
JRTA458 2008 Female broken Non-carrier
JRT459 2018 Male (castrated) smooth Non-carrier
JRT460 2009 Male unknown Non-carrier
JRT461 2009 Male (castrated) smooth Non-carrier
JRT462 2003 Female (spayed) smooth Non-carrier
JRT463 2006 Male (castrated) smooth Non-carrier
JRT464 2007 Female (spayed) smooth Non-carrier
JRT465 2013 Female (spayed) smooth Non-carrier
JRT466 2014 Female (spayed) broken Non-carrier
JRT467 2013 Male (castrated) smooth Non-carrier
JRT468 2019 Male unknown Non-carrier
JRT469 2010 Female (spayed) unknown Non-carrier
JRT470 2017 Female (spayed) unknown Non-carrier
JRT471 2016 Male (castrated) unknown Non-carrier
JRT472 2015 Female (spayed) broken Non-carrier
JRT473 2017 Female (spayed) rough Non-carrier
JRT474 2019 Male smooth Non-carrier
JRT475 2017 Female (unspecified) smooth Non-carrier
JRT476 2004 Female (spayed) rough Non-carrier
JRT477 2008 Female smooth Non-carrier
JRT478 2012 Male rough Non-carrier
JRT479 2009 Female (spayed) smooth Non-carrier
JRT480 2010 Male (castrated) smooth Non-carrier
JRT481 2015 Male smooth Non-carrier
JRT482 2006 Female (spayed) broken Non-carrier
JRT483 2019 Male broken Non-carrier
JRT484 2018 Female (spayed) rough Non-carrier
JRT485 2011 Male (castrated) unknown Non-carrier
JRT486 2012 Female (spayed) smooth Non-carrier
JRT487 2017 Male (castrated) broken Non-carrier
JRT488 2020 Female smooth Non-carrier
JRT489 2005 Male smooth Non-carrier
JRT490 2019 Female (spayed) smooth Non-carrier
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JRT491 2010 Female (spayed) broken Non-carrier
JRT492 2007 Female (spayed) broken Non-carrier
JRT493 2013 Male (castrated) broken Non-carrier
JRT494 2014 Female (spayed) broken Non-carrier
JRT495 2015 Male (castrated) broken Non-carrier
JRT496 2005 Male (castrated) broken Non-carrier
JRT497 2008 Female smooth Non-carrier
JRT498 2009 Male (castrated) broken Non-carrier
JRT499 2008 Female (spayed) broken Non-carrier
JRT500 2004 Male (castrated) broken Non-carrier
JRTS501 2016 Female broken Non-carrier
JRT502 2013 Female (spayed) broken Non-carrier
JRT503 2006 Male (castrated) rough Non-carrier
JRT504 2012 Male (castrated) smooth Non-carrier
JRT505 2018 Male (castrated) broken Non-carrier
JRT506 2015 Male broken Non-carrier
JRT507 2016 Female (spayed) unknown Non-carrier
JRTS508 2019 Male (castrated) smooth Non-carrier
JRT509 2014 Male (castrated) broken Non-carrier
JRT510 2014 Female (spayed) broken Non-carrier
JRTS511 2012 Male (castrated) broken Non-carrier
JRT512 2004 Female (spayed) smooth Non-carrier
JRTS513 2017 Female (spayed) smooth Non-carrier
JRTS14 2008 Male (castrated) smooth Non-carrier
JRTS515 2012 Female (spayed) smooth Non-carrier
JRTS516 2012 Male (castrated) smooth Non-carrier
JRT517 2018 Male (castrated) rough Non-carrier
JRTS518 2005 Male (castrated) broken Non-carrier
JRT519 2017 Female (spayed) smooth Non-carrier
JRT520 2011 Female smooth Non-carrier
JRT521 2012 Female (spayed) broken Non-carrier
JRTS522 2007 Male (castrated) smooth Non-carrier
JRT523 2012 Female (spayed) smooth Non-carrier
JRT524 2016 Male rough Non-carrier
JRTS525 2013 Female (spayed) rough Non-carrier
JRTS526 2008 Male (castrated) rough Non-carrier
JRTS527 2006 Male (castrated) smooth Non-carrier
JRT528 2012 Female (spayed) smooth Non-carrier
JRT529 2008 Male (castrated) smooth Non-carrier
JRT530 2018 Male (castrated) broken Non-carrier
JRT531 2014 Female (spayed) smooth Non-carrier
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JRT532 2013 Female (spayed) smooth Non-carrier
JRT533 2013 Female (spayed) rough Non-carrier
JRT534 2019 Male (castrated) smooth Non-carrier
JRTS535 2015 Male (castrated) smooth Carrier

JRT536 2014 Female broken Non-carrier
JRTS537 2008 Male (castrated) smooth Non-carrier
JRTS538 2007 Male (castrated) unknown Non-carrier
JRT539 2016 Male (castrated) smooth Non-carrier
JRT540 2007 Male (castrated) smooth Non-carrier
JRT541 2013 Female (spayed) broken Non-carrier
JRT542 2018 Male (castrated) rough Non-carrier
JRT543 2011 Female (spayed) smooth Non-carrier
JRTS544 2014 Male smooth Non-carrier
JRTS545 2019 Male (castrated) smooth Non-carrier
JRT546 2014 Male (castrated) unknown Non-carrier
JRT547 2019 Female unknown Non-carrier
JRT548 2018 Male (castrated) rough Non-carrier
JRT549 2019 Male rough Non-carrier
JRT550 2017 Female (spayed) smooth Non-carrier
JRTS551 2009 Male (castrated) broken Non-carrier
JRT552 2018 Male (castrated) rough Non-carrier
JRT553 2016 Male smooth Non-carrier
JRT554 2019 Female (spayed) smooth Non-carrier
JRTS555 2019 Female smooth Non-carrier
JRT556 2005 Female (spayed) smooth Non-carrier
JRTS557 2016 Male (castrated) smooth Non-carrier
JRT558 2008 Male broken Non-carrier
JRT559 2011 Male broken Non-carrier
JRT560 2017 Male smooth Non-carrier
JRTS561 2011 Female (spayed) broken Non-carrier
JRT562 2016 Female (spayed) smooth Non-carrier
JRT563 2010 Female (spayed) broken Non-carrier
JRT564 2008 Male (castrated) smooth Non-carrier
JRTS565 2018 Female unknown Non-carrier
JRT566 2020 Female unknown Non-carrier
JRT567 2020 Female unknown Non-carrier
JRT568 2020 Male unknown Non-carrier
JRT569 2020 Male unknown Non-carrier
JRT570 2014 Female (spayed) broken Non-carrier
JRT571 2007 Female (spayed) rough Non-carrier
JRT572 2018 Female smooth Non-carrier
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JRT573 2014 Male (castrated) broken Non-carrier
JRT574 2013 Female (spayed) broken Non-carrier
JRTS575 2014 Female (spayed) broken Non-carrier
JRT576 2009 Male (castrated) smooth Non-carrier
JRTS577 2011 Male (castrated) rough Non-carrier
JRT578 2010 Female (spayed) rough Non-carrier
JRT579 2009 Female (spayed) smooth Non-carrier
JRT580 2010 Female (spayed) broken Non-carrier
JRT581 2014 Female broken Non-carrier
JRT582 2007 Female (spayed) unknown Non-carrier
JRTS583 2007 Female smooth Non-carrier
JRT584 2017 Male (castrated) smooth Non-carrier
JRTS585 2004 Male (castrated) smooth Non-carrier
JRT586 2020 Male broken Non-carrier
JRTS587 2009 Female rough Non-carrier
JRTS588 2008 Female smooth Non-carrier
JRT589 2011 Male (castrated) broken Non-carrier
JRTS590 2011 Male (castrated) smooth Non-carrier
JRT591 2011 Female smooth Non-carrier
JRT592 2012 Female (spayed) smooth Non-carrier
JRT593 2019 Male unknown Non-carrier
JRT594 2010 Female (spayed) smooth Non-carrier
JRT595 2012 Female (spayed) smooth Non-carrier
JRT596 2019 Female smooth Non-carrier
JRTS597 2018 Male (castrated) smooth Non-carrier
JRT598 2008 Female (spayed) smooth Non-carrier
JRT599 2007 Female (spayed) smooth Non-carrier
JRT600 2006 Male (castrated) smooth Non-carrier
JRT601 2014 Male (castrated) broken Non-carrier
JRT602 2019 Female (spayed) smooth Non-carrier
JRT603 2005 Female (spayed) smooth Non-carrier
JRT604 2020 Male smooth Non-carrier
JRT605 2013 Male (castrated) smooth Non-carrier
JRT606 2014 Male (castrated) rough Non-carrier
JRT607 2020 Female smooth Non-carrier
JRT608 2011 Female rough Non-carrier
JRT609 2006 Male broken Non-carrier
JRT610 2005 Female smooth Non-carrier
JRT611 2012 Female (spayed) broken Non-carrier
JRT612 2007 Male (castrated) smooth Non-carrier
JRT613 2017 Male (castrated) smooth Non-carrier
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JRT614 2018 Male (castrated) smooth Non-carrier
JRT615 2019 Male (castrated) smooth Non-carrier
JRT616 2012 Female (spayed) smooth Non-carrier
JRT617 2005 Male (castrated) broken Non-carrier
JRT618 2009 Female (spayed) broken Non-carrier
JRT619 2015 Male (castrated) rough Non-carrier
JRT620 2010 Female smooth Non-carrier
JRT621 2006 Male (castrated) smooth Non-carrier
JRT622 2004 Female (spayed) smooth Non-carrier
JRT623 2008 Female (spayed) broken Non-carrier
JRT624 2011 Male (castrated) rough Non-carrier
JRT625 2012 Female (spayed) smooth Non-carrier
JRT626 2015 Male (castrated) broken Non-carrier
JRT627 2012 Male (castrated) smooth Non-carrier
JRT628 2009 Female (spayed) broken Non-carrier
JRT629 2016 Female (spayed) smooth Non-carrier
JRT630 2013 Male (castrated) smooth Non-carrier
JRT631 2012 Male smooth Non-carrier
JRT632 2007 Female (spayed) smooth Non-carrier
JRT633 2004 Male (castrated) smooth Non-carrier
JRT634 2009 Female rough Non-carrier
JRT635 2019 Male smooth Non-carrier
JRT636 2009 Male smooth Non-carrier
JRT637 2011 Female (spayed) broken Non-carrier
JRT638 2016 Male (castrated) broken Non-carrier
JRT639 2014 Female (spayed) smooth Non-carrier
JRT640 2010 Female (spayed) smooth Non-carrier
JRT641 2015 Male smooth Non-carrier
JRT642 2015 Female (spayed) smooth Non-carrier
JRT643 2005 Male rough Non-carrier
JRT644 2009 Female (spayed) smooth Non-carrier
JRT645 2011 Female (spayed) broken Non-carrier
JRT646 2010 Male unknown Non-carrier
JRT647 2007 Female (spayed) smooth Non-carrier
JRT648 2013 Female (spayed) smooth Non-carrier
JRT649 2012 Female (spayed) smooth Non-carrier
JRT650 2006 Female smooth Non-carrier
JRT651 2013 Male (castrated) smooth Non-carrier
JRT652 2012 Male smooth Non-carrier
JRT653 2008 Male smooth Non-carrier
JRT654 2010 Female smooth Non-carrier
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JRT655 2009 Male smooth Non-carrier
JRT656 2015 Female (spayed) smooth Non-carrier
JRT657 2011 Male (castrated) broken Non-carrier
JRT658 2010 Male smooth Non-carrier
JRT659 2019 Male (castrated) broken Non-carrier
JRT660 2006 Male (castrated) smooth Non-carrier
JRT661 2011 Female (spayed) broken Non-carrier
JRT662 2017 Male (castrated) smooth Non-carrier
JRT663 2014 Male(unspecified) smooth Non-carrier
JRT664 2015 Female (spayed) rough Non-carrier
JRT665 2019 Male(unspecified) smooth Non-carrier
JRT666 2008 Male (castrated) broken Non-carrier
JRT667 2010 Female (spayed) smooth Non-carrier
JRT668 2011 Female smooth Non-carrier
JRT669 2009 Male smooth Non-carrier
JRT670 2017 Male smooth Non-carrier
JRT671 2011 Male (castrated) smooth Carrier

JRT672 2015 Male (castrated) smooth Non-carrier
JRT673 2017 Male (castrated) broken Non-carrier
JRT674 2009 Male smooth Non-carrier
JRT675 2014 Female (spayed) smooth Non-carrier
JRT676 2017 Male (castrated) broken Non-carrier
JRT677 2017 Female (spayed) smooth Non-carrier
JRT678 2019 Male (castrated) rough Non-carrier
JRT679 2017 Female (spayed) broken Non-carrier
JRT680 2012 Male (castrated) smooth Non-carrier
JRT681 2013 Female (spayed) broken Non-carrier
JRT682 2007 Female (spayed) rough Non-carrier
JRT683 2015 Male (castrated) broken Non-carrier
JRT684 2016 Male (castrated) smooth Non-carrier
JRT685 2005 Male (castrated) smooth Non-carrier
JRT686 2006 Male (castrated) smooth Non-carrier
JRT687 2018 Male (castrated) smooth Non-carrier
JRT688 2011 Female smooth Non-carrier
JRT689 2007 Female (spayed) smooth Non-carrier
JRT690 2015 Female (spayed) smooth Non-carrier
JRT691 2013 Female (spayed) rough Non-carrier
JRT692 2009 Male smooth Non-carrier
JRT693 2010 Male smooth Non-carrier
JRT694 2016 Female (spayed) smooth Non-carrier
JRT695 2019 Female (spayed) smooth Non-carrier
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JRT696 2011 Female (spayed) broken Non-carrier
JRT697 2007 Female (spayed) broken Carrier

JRT698 2005 Female (spayed) smooth Non-carrier
JRT699 2012 Male (castrated) smooth Non-carrier
JRT700 2019 Male (castrated) smooth Non-carrier
JRT701 2016 Male (castrated) smooth Non-carrier
JRT702 2007 Male (castrated) rough Non-carrier
JRT703 2007 Male (castrated) broken Non-carrier
JRT704 2005 Male (castrated) broken Non-carrier
JRT705 2007 Female (spayed) broken Non-carrier
JRT706 2007 Female (spayed) broken Non-carrier
JRT707 2008 Male (castrated) smooth Non-carrier
JRT708 2006 Male (castrated) broken Non-carrier
JRT709 2014 Male (castrated) smooth Non-carrier
JRT710 2010 Male (castrated) broken Non-carrier
JRT711 2018 Female broken Non-carrier
JRT712 2009 Male broken Non-carrier
JRT713 2008 Female (spayed) broken Non-carrier
JRT714 2015 Female broken Non-carrier
JRT715 2004 Female (spayed) smooth Non-carrier
JRT716 2009 Female (spayed) broken Non-carrier
JRT717 2012 Male (castrated) broken Non-carrier
JRT718 2013 Male (castrated) unknown Non-carrier
JRT719 2014 Female (spayed) rough Non-carrier
JRT720 2011 Female (spayed) rough Non-carrier
JRT721 2009 Male (castrated) smooth Non-carrier
JRT722 2010 Female (spayed) rough Non-carrier
JRT723 2014 Male smooth Non-carrier
JRT724 2006 Female (spayed) rough Non-carrier
JRT725 2017 Male (castrated) smooth Non-carrier
JRT726 2010 Male (castrated) rough Non-carrier
JRT727 2015 Female (spayed) smooth Non-carrier
JRT728 2009 Male smooth Non-carrier
JRT729 2014 Male smooth Non-carrier
JRT730 2014 Male (castrated) rough Non-carrier
JRT731 2011 Male (castrated) rough Non-carrier
JRT732 2017 Male (castrated) broken Non-carrier
JRT733 2007 Female (spayed) broken Non-carrier
JRT734 2007 Female (spayed) smooth Non-carrier
JRT735 2019 Male (castrated) smooth Non-carrier
JRT736 2008 Male (castrated) unknown Non-carrier
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Table 3-1. Signalment of Jack Russell terriers examine in prevalence survey of germline APC
variant associated with hereditary gastrointestinal polyposis (continued)

JRT737 2013 Male (castrated) smooth Non-carrier
JRT738 2007 Male (castrated) smooth Non-carrier
JRT739 2008 Female (spayed) smooth Non-carrier
JRT740 2010 Female (spayed) smooth Non-carrier
JRT741 2012 Male unknown Non-carrier
JRT742 2009 Male broken Non-carrier
JRT743 2015 Male unknown Non-carrier
JRT744 2008 Female (spayed) smooth Non-carrier
JRT745 2014 Female (spayed) rough Non-carrier
JRT746 2016 Female (spayed) broken Non-carrier
JRT747 2007 Female broken Non-carrier
JRT748 2012 Male (castrated) smooth Non-carrier
JRT749 2017 Male rough Non-carrier
JRT750 2015 Female (spayed) broken Non-carrier
JRT751 2011 Male broken Non-carrier
JRT752 2012 Female smooth Non-carrier
JRT753 2013 Female (spayed) broken Non-carrier
JRT754 2007 Female (spayed) smooth Non-carrier
JRT755 2006 Female (spayed) smooth Non-carrier
JRT756 2010 Female (spayed) smooth Non-carrier
JRT757 2009 Male rough Non-carrier
JRT758 2014 Male smooth Non-carrier
JRT759 2006 Female broken Non-carrier
JRT760 2017 Female (spayed) smooth Non-carrier
JRT761 2010 Female (spayed) smooth Non-carrier
JRT762 2011 Male smooth Non-carrier
JRT763 2011 Female (spayed) smooth Non-carrier
JRT764 2011 Male (castrated) broken Non-carrier
JRT765 2009 Female (spayed) smooth Non-carrier
JRT766 2007 Female (spayed) broken Non-carrier
JRT767 2016 Female (spayed) broken Non-carrier
JRT768 2018 Male (castrated) unknown Non-carrier
JRT769 2017 Female (spayed) smooth Non-carrier
JRT770 2009 Male smooth Non-carrier
JRT771 2011 Male smooth Non-carrier
JRT772 2011 Female (spayed) smooth Non-carrier
JRT773 2004 Male (castrated) smooth Non-carrier
JRT774 2006 Female (spayed) smooth Non-carrier
JRT775 2008 Male smooth Non-carrier
JRT776 2019 Female (spayed) smooth Non-carrier
JRT777 2009 Female smooth Non-carrier
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Table 3—-1. Signalment of Jack Russell terriers examine in prevalence survey of germline APC
variant associated with hereditary gastrointestinal polyposis (continued)

JRT778 2010 Male smooth Non-carrier
JRT779 2007 Male (castrated) broken Non-carrier
JRT780 2019 Male smooth Non-carrier
JRT781 2009 Female (spayed) smooth Non-carrier
JRT782 2009 Female (spayed) smooth Non-carrier
JRT783 2014 Male rough Non-carrier
JRT784 2018 Male smooth Non-carrier
JRT785 2008 Female (spayed) broken Non-carrier
JRT786 2009 Male (castrated) broken Non-carrier
JRT787 2015 Female rough Non-carrier
JRT788 2013 Female (spayed) rough Non-carrier
JRT789 2007 Female (spayed) broken Non-carrier
JRT790 Unknown Female (spayed) broken Non-carrier
JRT791 Unknown Male (castrated) rough Non-carrier
JRT792 2018 Female (spayed) rough Non-carrier
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Table 3-3. Signalment and pathological information of dog with gastrointestinal epithelial tumors obtained from
genomic bank at Azabu University

Case No. Dog breed Location of GI epithelial tumor Hl“gizl:gski)sglcal APC variant status
GB001 Miniature Dachshund Intestine (unspecified) Adenoma Non-carrier
GB002 Miniature Dachshund Intestine (rectum) Adenocarcinoma Non-carrier
GB003 Miniature Dachshund Stomach Adenocarcinoma Non-carrier
GB004 Miniature Dachshund Small intestine Adenoma Non-carrier
GB005 Belgian Shepherd Tarvuren Stomach Adenocarcinoma Non-carrier
GB006 Papillon Intestine (unspecified) Adenocarcinoma Non-carrier
GB007 Shetland Sheepdog Intestine (unspecified) Adenoma Non-carrier
GBO008 Jack Russell Terrier Intestine (rectum) Adenocarcinoma Non-carrier
GB009 Miniature Dachshund Intestine (unspecified) Adenocarcinoma Non-carrier
GBO010 Miniature Dachshund Intestine (unspecified) Adenocarcinoma Non-carrier
GBO011 Toy Poodle Intestine (rectum) Adenocarcinoma Non-carrier
GBO012 Chihuahua Intestine (unspecified) Adenocarcinoma Non-carrier
GBO013 Shiba Inu Intestine (unspecified) Adenocarcinoma Non-carrier
GB014 Boston Terrier Intestine (rectum) Adenoma Non-carrier
GBO015 Mix Intestine (unspecified) Adenocarcinoma Non-carrier
GBO016 Shih Tzu Stomach Adenocarcinoma Non-carrier
GB017 American Cocker Spaniel Intestine (unspecified) Adenocarcinoma Non-carrier
GBO018 Jack Russell Terrier Intestine (unspecified) Adenocarcinoma Carrier
GBO019 Miniature Dachshund Intestine (unspecified) Adenocarcinoma Non-carrier
GB020 Chinese Crested Dog Intestine (unspecified) Adenocarcinoma Non-carrier
GB021 Miniature Dachshund Stomach Adenocarcinoma Non-carrier
GB022 Miniature Dachshund Stomach Adenocarcinoma Non-carrier
GB023 Chihuahua Small intestine Adenocarcinoma Non-carrier
GB024 Lakeland Terrier Intestine (unspecified) Adenocarcinoma Non-carrier
GB025 Miniature Schnauzer Intestine (unspecified) Adenocarcinoma Non-carrier
GBO026 Miniature Dachshund Intestine (rectum) Adenoma Non-carrier
GB027 Miniature Dachshund Intestine (unspecified) Adenocarcinoma Non-carrier
GB028 Golden Retriever Stomach Adenocarcinoma Non-carrier
GB029 Toy Poodle Intestine (unspecified) Adenocarcinoma Non-carrier
GBO030 Toy Poodle Intestine (unspecified) Adenocarcinoma Non-carrier
GB031 Miniature Dachshund Intestine (unspecified) Adenoma Non-carrier
GBO032 Shih Tzu Stomach Adenocarcinoma Non-carrier
GBO033 Jack Russell Terrier Stomach Adenocarcinoma Carrier
GB034 Brittany Spaniel Intestine (unspecified) Adenocarcinoma Non-carrier
GBO035 Shih Tzu Intestine (unspecified) Adenocarcinoma Non-carrier
GBO036 Toy Poodle Intestine (unspecified) Adenocarcinoma Non-carrier
GBO037 French Bulldog Stomach Adenocarcinoma Non-carrier
GB038 West Highland white terrier Intestine (unspecified) Adenocarcinoma Non-carrier
GB039 Jack Russell Terrier Stomach Adenocarcinoma Carrier
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Table 3-4. Breeds and number of dog with
gastrointestinal epithelial tumors

Dog breed

FFPE samples (n=32)
Miniature Dachshund
Jack Russell Terrier
Toy Poodle
Shih Tzu
Chihuahua
American Cocker Spaniel
Belgian Shepherd Tarvuren
Boston Terrier
Brittany Spaniel
Chinese Crested Dog
French Bulldog
Golden Retriever
Lakeland Terrier
Miniature Schnauzer
Papillon
Shetland Sheepdog
Shiba Inu
West Highland white terrier
Mix breed

Genomic bank samples (n=39)
Toy Poodle
Chihuahua
Miniature Dachshund
French Bulldog
Labrador Retriever
Shih Tzu
Bichon Frise
Border Collie
Bull Terrier
Maltese
Miniature Schnauzer
Welsh Corgi
West Highland white terrier
Wire Fox Terrier

Mix breed
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Table 3-5. List of Jack Russell terriers with hereditary gastrointestinal polyposis used in pedigree analysis

Case No. Birth year Sex Location of polyps Reference
21 2005/09 Male (castrated) Rectum Ref. 70
1 2006/05 Female (spayed) Stomach, rectum Ref. 70
3 2010/04 Female Stomach Ref. 70
6 2010/07 Female (spayed) Stomach Ref. 70
22 2013/09 Female (spayed) Duodenum, colon, rectum Unpublished
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Table 3—-6. Prevalence of germiline APC variant according to birth year, sex and coat
type of Jack Russell terriers

Total number of Number of

examined case APC variant carrier (%) P value
Birth year
2001-2005 57 0 (0%) 0.72671914
2006-2010 272 5(1.84%)
2011-2015 286 6 (2.10%)
2016-2020 175 4 (2.29%)
Unknown 2
Sex
Male 399 7 (1.75%) 0.771578924
Female 393 8 (2.04%)
Coat type
Smooth 396 9 (2.27%) 0.704531295
Broken 212 3 (1.42%)
Rough 129 3 (2.33%)
Unkown 55
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Synthetic  Control
A e T Samples (JRTs)

WT MT N c 313 314 315 316 317 318 318 320 321 322 323 324

120bp
100bp
80bp

60bp

40bp

20bp

codon 153 154 155 156

Wildtype AAG G AAAAAGAT

Lys Glu Lys Asp

Mutant A AG G ATIT AAGAT
Lys Asp STOP -

Figure 3-1. Genetic test for germline APC variant used in prevalence survey in Jack Russell terriers in Japan.
(A) PCR-RFLP analysis. Representative result of polyacrylamide gel electrophoresis of Msel-digested PCR
products amplified from blood samples of Jack Russell terriers (Case Nos. JRT313-324). Synthetic wild-type
and mutant DNA, as well as DNA samples from carrier and non-carrier JRTs found in previous study, are used
as controls. Case Nos. JRT 317 and 321 are determined to be 4APC variant carriers based on presence of bands
of 51 and 57 bp derived from APC variant allele. N: Non-carrier JRT and C: Carrier JRT. (B) PCR-direct
sequencing. Representative result of a carrier JRT (Case No. JRT321 ). DNA sequence of codons 153-156 in

the canine 4PC gene determined by PCR-direct sequencing. The red arrows indicated 2-bp substitution at
codons154 and 155.
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Figure 3-2. Endoscopic appearance of pyloric polyps developed in a Jack Russell terriers with germline APC
variant. JRT152. The protruded lesions cause narrowing of the pylorus. (B) is larger image of the same polyp
in (A).
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Figure 3-3. Histopathology of the gastric and rectum lesions in Jack Russell Terriers with germline APC
variant. (A, B) Adenocarcinoma in the gastric antrum of JRT152. (C, D) Rectum adenocarinoma of JRT 216.
(B) and (D) are higher magnification of (A) and (C). Bars =200 pm (A and C), 50 pm (B and D).
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Figure 3-4. Family tree conducted according to pedigree certificates of Jack Russell terriers with germline
APC variant. Blood relationship among carrier dogs detected in the current prevalence study, JRT 196, 203,
216,221, 317 and 342, are examined together with previously diagnosed cases, Case Nos. 1, 3, 6, 21 and 22.
Square and circle show male and female, respectively. The black pattern indicates carriers of germline APC
variant. (A) Family tree of JRT203, 317 and Case No. 22. Father of the three carriers was common. (B)
Family tree of JRT196, 216, Case Nos. 3 and 21. Asterisk indicates common ancestor of JRT196, 216 and
Case No. 3. (C) Family tree of JRT221, 342, Case Nos. 1 and 6. These carrier dogs are descendants of a
common breeding pair indicted by red circle.
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100bp

Synthetic  Control
DA e FFPE samples
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80bp

50bp

20bp
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Wild-type A A G G AAAAA G AT
Lys Glu Lys Asp

Mutant AA G G AAAAA GAT
Lys Asp Lys Asp

Figure 3-5. Genetic test for germline APC variant using FFPE samples of dogs with gastrointestinal (GI)
epithelial tumors. (A) PCR-RFLP analysis. The polyacrylamide gel electrophoresis of Msel-digested PCR
products amplified from FFPE samples dogs of multiple breeds which were affected with GI epithelial tumor.
Synthetic wild-type and mutant DNA and DNA samples form carrier and non-carrier JRTs are used as controls.
DNA fragments derived from APC variant allele, 51 and 57 bp-bands, are not detected in all FFPE samples. N:
Non-carrier JRT and C: Carrier JRT. (B) PCR-direct sequencing. Representative result of a non-carrier dog
with GI tumor (Case No. GIT032). DNA sequences of codons 153-156 in the canine APC gene determined by
PCR-direct sequencing. The APC variant associated with hereditary GI polyposis, which is located at codons
154 and 155, is absent.
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Figure 3-6. Genetic test for germline APC variant using DNA samples of dogs with gastrointestinal (GI)
epithelial tumors obtained from genomic bank. (A) PCR-RFLP assay. The polyacrylamide gel electrophoresis
of Msel-digested PCR products amplified from DNA samples of dog with GI epithelial tumor. Synthetic wild-
type and mutant DNA and DNA samples form carrier and non-carrier JRTs are used as controls. Case Nos.
GBO018, GB033 and GB039 are determined to be APC variant carriers. N: Non-carrier JRT and C: Carrier JRT.
(B) TagMan real time PCR. Allelic discrimination plot based on the signal intensity ratio of FAM and VIC at
the end points of PCR amplification. Synthetic wild-type and mutant DNAs are located at bottom right and top
left corners, respectively, and distilled water used as negative control is at bottom left corner. Non-carrier dogs
are clustered together with the synthetic wild-type DNA at bottom right corner. One non-carrier is not
contained in this cluster. Carrier dogs are located near the diagonal line forming a distinct cluster.

137



L i

AMETIE, v v 7 - Ty T U T THEEMLTHLHELERY —71
APC 3& 151 DR E D AR FIZE R (c.[462 463delinsTT]) ZRKETHA XD
FROBEHEERBTHDLZEE2HE LN LT, 72, BERIZBWTEIE AR
MANT B EGMEICERO b 2 LD, AREBITENE () BEEERETHD Z
EMbholz, BEEFHIEERY R— 2%, OFBLIOKBICEITHE¥EOR
U—7 DR, QI TORA, @QFFELLTWVEW S, FKRFIICRIZEBIT S —
R 2 OV A RIS & B DR A R T 2 E LN E R, TH D
FM2IRIEIE, X v 7« T v T U 7 OBBHENLE R Y R—v 2% T,
ZWrd 5 ECEERTEHMN IS5 2 DR ST, REEAMT T, AR
THRAET HWEE ERMEEREITREEOZ LWRES SO E TH - 72, S5
AIEBIZ R SN D ERMERERICIE APC BRI EA B LOH 2358
Do, FAFT D APC Bia 1+ OART LAV OREMAL S IERE A S LT
LT EBRHBLMNEIRST,

B2 BT, B 1 ECTHELLE APC 15 1 O A FfHl i % 5 & B
(c.[462_463delinsTT]) DA M2 ¥|E #]HE72 PCR-RFLP 7515 KX OF TagMan U 7 /L%
A L PCRIEZBIFE L, APC BIaTEREOX v ) TEBIUHEX v U 7 HEEOS 7
W RNT, 2 S FIEDMARIESCAIEEZ b 22 WMEEME O & OB T ATE T
HDHZ xR LT, RUFETHIE LB FRAEEL, DNEERRICBWTHRER
B WD D720 TR, RRBORIEY R 7 OFHEC, BIHERE CTOBIR T2
BOJLHBHIEDOT=D D F ¥ U TREEOHFHIZ AR LB X bk,

93 FETIE, 52 WO LIZ B FREEEZHWT, BARERNOY Y v 7 - 7

138



vyl TUTICEBT D APC BIn FERORARNZMAE LTz, APC BisT
ORARIL 1.9 % Lo 720, BIRTEROF v U T EERITRE OFRITIERE
LTELT, BENOY vy v 27 « T vkl T U TITRWVBEE 2R 5K JE2 - TW
LEFZEZB AT, £z, WHLE BRGSO N EEO REORBE TIEY v
w7 e Ty T UTLNOREE T APC B\ OERITHHE ST, 4APC &
{51 DOFFE DTN RINE R (c.[462_463delinsTT]) % JRIA & 3 25 B\iatEHLE
NYR—=V IV v v 7 - TN - TV T ORMEERNRERTHL EEZ DN
7o LU, APC G T B OMNTIIIT > TR 57, MoFRIC 272 2 AR
FNEEN o D REMEIIIR SN TR Y, A% DI LROIMEDPLETH 5
AWFIETIE, Vv T vEA T IU T TRONDEERY R— ADHH

BEMERTHLZLE2RL, ZOBBTREEZHAE T L L b, FEOD
TEDILHECR I Z B BN LT, 51, ABFEO BRI R B OZ W BARMEEbE R
U R— ZDPEBE IRC 72 RN D 2 & BT 5,

139



o

AREKZDITHTZY, AFRICR L, ZRE, JHiEW-EE, JEHEB-o
72, U B R A A B s S R BR 15 2 R 1 5 B D9 VPR HE 2 722 & NP
FBERBIZ, BRENBEOEERE SR, BREPR B TEORSZEZRR 25O
(T B DR~ b AR W ) B o B W s Bt S 22 Bk 0D ) 8 5 sk Bk il | 2 1% < It
LET,

ARTERICBLC, BER THE, ZHEA2WHY £ Lz, HIAEERTHETH
MEY =y FOEREELZERR, A FRFEFEHILFEERE SR O %A 0%,
FOR R TR R I R ER I R o 5 BRI 2R < GO T2 L £

BETRIT 21T 5 I2H T2 0 THHWERE & E L, IR R EMBH AR O X
Er X — 7 AR B ORI B L E T,

BAR DI TH )N T2 72 & F Uiz, IR R AR B 2250 e (Rl BRI S PHER I
FFE BRI 2 O BT BRI R < BEhO e LE T

BRARSCHERIE R OFRMEC ZWH 272 & & U e, I B R IR G OB E 72 5
ONZF AT O BRR IR < W= LE T,

AR TREIEB IS SW 7272 & F U7 I B RS AR R i 2k [ R e
BHER IR PP JE 3R O T 2 B IR W 2 L E T,

EEREICEL, REORMEICTH WL EE L, REBY 2k s U =
> 7 DKM SRR R & 13 U3~ TOEMIRET O BRE 72 & QN H &R O AR
IZER< B - L E T,

FRARINERIZBR U, BRAT KRB 130 7 K 0 iR ORI S hnwiem& £ L,
PRRATT R 57 BR 2 20 R 2 2 B BR R A 2R 0 2 00 B D R P HESL B0 S TR RV 2 L &

140



B

T LT, RFFEZADICHIZY, THE, THhzwitiZE, i\ TS
ZEWE L7z, IR IR RS AR AR (R ER = 2 PR i B 2 O B B 40 2 2
%, BB RZZIS AR L L RIER R 2R AR 2 O EIRSEBh L, JWEL AT 5E
EOER, BEBKRUEZIROKAMRTIE4, HHER ORI RB A, Hdfrmits
DANNTHFFE, @FEP20 K, #EREERZR L ICT N TOHERISH LT, L0

SR L £,

141



)

2)

3)

4)

5)

6)

7)

8)

P2 BN

Amin, M. B., Byrd, D. R., Edge, S. B. and Greene, F. L.2016. AJCC cancer staging
manual, Springer International Publishing AG, Cham.

Amorim, I., Taulescu, M. A., Day, M. J., Catoi, C., Reis, C. A., Carneiro, F. and Gartner,
F. 2016. Canine Gastric Pathology: A Review. J Comp Pathol 154: 9-37.

Averill, D. R., Jr. 1973. Degenerative myelopathy in the aging German Shepherd dog:
clinical and pathologic findings. J Am Vet Med Assoc 162: 1045-1051.

Awano, T., Johnson, G. S., Wade, C. M., Katz, M. L., Johnson, G. C., Taylor, J. F,,
Perloski, M., Biagi, T., Baranowska, 1., Long, S., March, P. A., Olby, N. J., Shelton, G.
D., Khan, S., O'Brien, D. P., Lindblad-Toh, K. and Coates, J. R. 2009. Genome-wide
association analysis reveals a SODI mutation in canine degenerative myelopathy that
resembles amyotrophic lateral sclerosis. Proc Natl Acad Sci U S A 106: 2794-2799.
Beroud, C. and Soussi, T. 1996. APC gene: database of germline and somatic mutations
in human tumors and cell lines. Nucleic Acids Res 24: 121-124.

Brierley, J., Gospodarowicz, M. K. and Wittekind, C.2017. TNM classification of
malignant tumours, John Wiley & Sons, Chichester.

Burt, R. W., Leppert, M. F., Slattery, M. L., Samowitz, W. S., Spirio, L. N., Kerber, R.
A., Kuwada, S. K., Neklason, D. W., Disario, J. A., Lyon, E., Hughes, J. P., Chey, W. Y.
and White, R. L. 2004. Genetic testing and phenotype in a large kindred with attenuated
familial adenomatous polyposis. Gastroenterology 127: 444-451.

Chang, H. S., Arai, T., Yabuki, A., Hossain, M. A., Rahman, M. M., Mizukami, K. and

Yamato, O. 2010. Rapid and reliable genotyping technique for GM1 gangliosidosis in

142



9)

10)

11)

12)

13)

14)

15)

Shiba dogs by real-time polymerase chain reaction with TagMan minor groove binder
probes. J Vet Diagn Invest 22: 234-237.
Chang, H. S., Kamishina, H., Mizukami, K., Momoi, Y., Katayama, M., Rahman, M.
M., Uddin, M. M., Yabuki, A., Kohyama, M. and Yamato, O. 2013. Genotyping assays
for the canine degenerative myelopathy-associated c.118G>A (p.E40K) mutation of the
SODI1 gene using conventional and real-time PCR methods: a high prevalence in the
Pembroke Welsh Corgi breed in Japan. J Vet Med Sci 75: 795-798.
Domizio, P., Talbot, I. C., Spigelman, A. D., Williams, C. B. and Phillips, R. K. 1990.
Upper gastrointestinal pathology in familial adenomatous polyposis: results from a
prospective study of 102 patients. J Clin Pathol 43: 738-743.
Donner, J., Kaukonen, M., Anderson, H., Moller, F., Kyostila, K., Sankari, S., Hytonen,
M., Giger, U. and Lohi, H. 2016. Genetic Panel Screening of Nearly 100 Mutations
Reveals New Insights into the Breed Distribution of Risk Variants for Canine
Hereditary Disorders. PLoS One 11: €0161005.
Dostal, J., Hrdlicova, A. and Horak, P. 2011. Progressive rod-cone degeneration
(PRCD) in selected dog breeds and variability in its phenotypic expression. Vet Med
56: 243-247.
Farrell, L. L., Schoenebeck, J. J., Wiener, P., Clements, D. N. and Summers, K. M.
2015. The challenges of pedigree dog health: approaches to combating inherited
disease. Canine Genet Epidemiol 2: 3.
Fearnhead, N. S., Britton, M. P. and Bodmer, W. F. 2001. The ABC of APC. Hum Mol
Genet 10: 721-733.

Giardiello, F. M., Burt, R. W., Jarvinin, H. J. and Offerhaus, G. J. 2010. Familial

143



adenomatous polyposis. In:(Bosman, F. T., Carneiro, F., Hruban, R. H. and Theise, N.
D. eds.), WHO Classification of Tumours of the Digestive System, 4th Edition ed. pp.
147-151. World Health Organization, Lyon.

16) Giger, U., Sargan, D. R. and McNiel, E. A. 2006. Breed-specific Hereditary Diseases
and Genetic Screening. In:(Ostrander, E. A., Giger, U. and Lindblad-Toh, K. eds.), The
Dog and Its Genome, pp. 249-289. Cold Spring Harbor Laboratory Press, New York.

17) Gough, A., Thomas, A. and O'Neill, D. 2018. Introduction. In:(Alex Gough, A. T., Dan
O'Neill ed.) Breed predispositions to disease in dogs and cats, 3 ed. pp. 1-16. John
Wiley & Sons, Chichester.

18) Hamilton, S. R., Bosman, F. T., Boffetta, P., Illyas, M., Morreau, H., Nakamura, S.-I.,
Quirke, P., Riboli, E. and Sobin, L. H. 2010. Carcinoma of the colon and rectum.
In:(Bosman, F. T., Carneiro, F., Hruban, R. H. and Theise, N. D. eds.), WHO
Classification of Tumours of the Digestive System, 4th Edition ed. pp. 134-146. World
Health Organization, Lyon.

19) Head, K. W., Cullen, J. M. and Dubielzig, R. R. 2003. Histological classification of
tumors of the alimentary system of domestic animals, Armed Forces Institute of
Pathology, Washington DC.

20) Ichii, S., Horii, A., Nakatsuru, S., Furuyama, J., Utsunomiya, J. and Nakamura, Y. 1992.
Inactivation of both 4PC alleles in an early stage of colon adenomas in a patient with
familial adenomatous polyposis (FAP). Hum Mol Genet 1: 387-390.

21) Ichii, S., Takeda, S., Horii, A., Nakatsuru, S., Miyoshi, Y., Emi, M., Fujiwara, Y.,
Koyama, K., Furuyama, J., Utsunomiya, J. and et al. 1993. Detailed analysis of genetic

alterations in colorectal tumors from patients with and without familial adenomatous

144



22)

23)

24)

25)

26)

27)

28)

29)

30)

polyposis (FAP). Oncogene 8: 2399-2405.

Iwama, T., Mishima, Y. and Utsunomiya, J. 1993. The impact of familial adenomatous
polyposis on the tumorigenesis and mortality at the several organs. Its rational
treatment. Annals of surgery 217: 101-108.

JAPAN KENNEL CLUB. —fftHEN ¥ v /X7 kv 2 Z 7 https://www.jke.
or.jp/. [accessed on 2021/04/13]

Jasperson, K. W., Tuohy, T. M., Neklason, D. W. and Burt, R. W. 2010. Hereditary and
familial colon cancer. Gastroenterology 138: 2044-2058.

Jelsig, A. M., Qvist, N., Brusgaard, K., Nielsen, C. B., Hansen, T. P. and Ousager, L.
B. 2014. Hamartomatous polyposis syndromes: a review. Orphanet J Rare Dis 9: 101.
Kanemaki, N., Tchedre, K. T., Imayasu, M., Kawarai, S., Sakaguchi, M., Yoshino, A.,
Itoh, N., Meguro, A. and Mizuki, N. 2013. Dogs and humans share a common
susceptibility gene SRBD1 for glaucoma risk. PLoS One 8: €74372.

et —F A4 TR NEVERIR OB A{s TR A& . https://canine-lab.jp/.
[accessed on 2021/04/28]

Kerr, S. E., Thomas, C. B., Thibodeau, S. N., Ferber, M. J. and Halling, K. C. 2013.
APC germline mutations in individuals being evaluated for familial adenomatous
polyposis: a review of the Mayo Clinic experience with 1591 consecutive tests. J Mol
Diagn 15: 31-43.

Knudsen, A. L., Bisgaard, M. L. and Bulow, S. 2003. Attenuated familial adenomatous
polyposis (AFAP). A review of the literature. Fam Cancer 2: 43-55.

Kohyama, M., Tada, N., Mitsui, H., Tomioka, H., Tsutsui, T., Yabuki, A., Rahman, M.

M., Kushida, K., Mizukami, K. and Yamato, O. 2016. Real-time PCR genotyping assay

145



31)

32)

33)

34)

for canine progressive rod-cone degeneration and mutant allele frequency in Toy
Poodles, Chihuahuas and Miniature Dachshunds in Japan. J Vet Med Sci 78: 481-484.

Lamlum, H., Ilyas, M., Rowan, A., Clark, S., Johnson, V., Bell, J., Frayling, I.,
Efstathiou, J., Pack, K., Payne, S., Roylance, R., Gorman, P., Sheer, D., Neale, K.,
Phillips, R., Talbot, I., Bodmer, W. and Tomlinson, 1. 1999. The type of somatic
mutation at APC in familial adenomatous polyposis is determined by the site of the
germline mutation: a new facet to Knudson's 'two-hit' hypothesis. Nature Medicine 5:
1071-1075.

Lauwers, G. Y., Carnerio, F., Graham, D. Y., Curado, M.-P., Franceschi, S.,
Montogomery, E., Tatematsu, M. and Hattori, T. 2010. Gastric carcinoma. In:(Bosman,
F. T., Carneiro, F., Hruban, R. H. and Theise, N. D. eds.), WHO Classification of
Tumours of the Digestive System, 4th Edition ed. pp. 48-58. World Health
Organization, Lyon.

Levy, D. B., Smith, K. J., Beazer-Barclay, Y., Hamilton, S. R., Vogelstein, B. and
Kinzler, K. W. 1994. Inactivation of both APC alleles in human and mouse tumors.
Cancer Res 54: 5953-5958.

Lindblad-Toh, K., Wade, C. M., Mikkelsen, T. S., Karlsson, E. K., Jaffe, D. B., Kamal,
M., Clamp, M., Chang, J. L., Kulbokas, E. J., 3rd, Zody, M. C., Maucelj, E., Xie, X.,
Breen, M., Wayne, R. K., Ostrander, E. A., Ponting, C. P., Galibert, F., Smith, D. R.,
Delong, P. J., Kirkness, E., Alvarez, P., Biagi, T., Brockman, W., Butler, J., Chin, C.
W., Cook, A., Cuff, J., Daly, M. J., DeCaprio, D., Gnerre, S., Grabherr, M., Kellis, M.,
Kleber, M., Bardeleben, C., Goodstadt, L., Heger, A., Hitte, C., Kim, L., Koepfli, K.

P., Parker, H. G., Pollinger, J. P., Searle, S. M., Sutter, N. B., Thomas, R., Webber, C.,

146



Baldwin, J., Abebe, A., Abouelleil, A., Aftuck, L., Ait-Zahra, M., Aldredge, T., Allen,
N., An, P., Anderson, S., Antoine, C., Arachchi, H., Aslam, A., Ayotte, L., Bachantsang,
P., Barry, A., Bayul, T., Benamara, M., Berlin, A., Bessette, D., Blitshteyn, B., Bloom,
T., Blye, J., Boguslavskiy, L., Bonnet, C., Boukhgalter, B., Brown, A., Cahill, P.,
Calixte, N., Camarata, J., Cheshatsang, Y., Chu, J., Citroen, M., Collymore, A., Cooke,
P., Dawoe, T., Daza, R., Decktor, K., DeGray, S., Dhargay, N., Dooley, K., Dooley, K.,
Dorje, P., Dorjee, K., Dorris, L., Duffey, N., Dupes, A., Egbiremolen, O., Elong, R.,
Falk, J., Farina, A., Faro, S., Ferguson, D., Ferreira, P., Fisher, S., FitzGerald, M., Foley,
K., Foley, C., Franke, A., Friedrich, D., Gage, D., Garber, M., Gearin, G., Giannoukos,
G., Goode, T., Goyette, A., Graham, J., Grandbois, E., Gyaltsen, K., Hafez, N.,
Hagopian, D., Hagos, B., Hall, J., Healy, C., Hegarty, R., Honan, T., Horn, A., Houde,
N., Hughes, L., Hunnicutt, L., Husby, M., Jester, B., Jones, C., Kamat, A., Kanga, B.,
Kells, C., Khazanovich, D., Kieu, A. C., Kisner, P., Kumar, M., Lance, K., Landers, T.,
Lara, M., Lee, W., Leger, J. P., Lennon, N., Leuper, L., LeVine, S., Liu, J., Liu, X,
Lokyitsang, Y., Lokyitsang, T., Lui, A., Macdonald, J., Major, J., Marabella, R., Maru,
K., Matthews, C., McDonough, S., Mehta, T., Meldrim, J., Melnikov, A., Meneus, L.,
Mihalev, A., Mihova, T., Miller, K., Mittelman, R., Mlenga, V., Mulrain, L., Munson,
G., Navidi, A., Naylor, J., Nguyen, T., Nguyen, N., Nguyen, C., Nguyen, T., Nicol, R.,
Norbu, N., Norbu, C., Novod, N., Nyima, T., Olandt, P., O'Neill, B., O'Neill, K.,
Osman, S., Oyono, L., Patti, C., Perrin, D., Phunkhang, P., Pierre, F., Priest, M.,
Rachupka, A., Raghuraman, S., Rameau, R., Ray, V., Raymond, C., Rege, F., Rise, C.,
Rogers, J., Rogov, P., Sahalie, J., Settipalli, S., Sharpe, T., Shea, T., Sheehan, M.,

Sherpa, N., Shi, J., Shih, D., Sloan, J., Smith, C., Sparrow, T., Stalker, J., Stange-

147



35)

36)

37)

38)

39)

40)

Thomann, N., Stavropoulos, S., Stone, C., Stone, S., Sykes, S., Tchuinga, P., Tenzing,
P., Tesfaye, S., Thoulutsang, D., Thoulutsang, Y., Topham, K., Topping, 1., Tsamla, T.,
Vassiliev, H., Venkataraman, V., Vo, A., Wangchuk, T., Wangdi, T., Weiand, M.,
Wilkinson, J., Wilson, A., Yadav, S., Yang, S., Yang, X., Young, G., Yu, Q., Zainoun,
J., Zembek, L., Zimmer, A. and Lander, E. S. 2005. Genome sequence, comparative
analysis and haplotype structure of the domestic dog. Nature 438: 803-819.
Lingaas, F., Comstock, K. E., Kirkness, E. F., Sorensen, A., Aarskaug, T., Hitte, C.,
Nickerson, M. L., Moe, L., Schmidt, L. S., Thomas, R., Breen, M., Galibert, F., Zbar,
B. and Ostrander, E. A. 2003. A mutation in the canine BHD gene is associated with
hereditary multifocal renal cystadenocarcinoma and nodular dermatofibrosis in the
German Shepherd dog. Hum Mol Genet 12: 3043-3053.

Lingeman, C. H. and Garner, F. M. 1972. Comparative study of intestinal
adenocarcinomas of animals and man. J Nat/ Cancer Inst 48: 325-346.
Lynch, H. T., Smyrk, T., McGinn, T., Lanspa, S., Cavalieri, J., Lynch, J., Slominski-
Castor, S., Cayouette, M. C., Priluck, I. and Luce, M. C. 1995. Attenuated familial
adenomatous polyposis (AFAP). A phenotypically and genotypically distinctive
variant of FAP. Cancer 76: 2427-2433.
McEntee, M. F. and Brenneman, K. A. 1999. Dysregulation of beta-catenin is common
in canine sporadic colorectal tumors. Vet Pathol 36: 228-236.
Miyoshi, Y., Nagase, H., Ando, H., Horii, A., Ichii, S., Nakatsuru, S., Aoki, T., Miki,
Y., Mori, T. and Nakamura, Y. 1992. Somatic mutations of the APC gene in colorectal
tumors: mutation cluster region in the APC gene. Hum Mol Genet 1: 229-233.

Mizukami, K., Yabuki, A., Kawamichi, T., Chang, H. S., Rahman, M. M., Uddin, M.

148



41)

42)

43)

44)

45)

46)

47)

M., Kohyama, M. and Yamato, O. 2013. Real-time PCR genotyping assay for canine
trapped neutrophil syndrome and high frequency of the mutant allele in Border collies.
Vet J 195: 260-261.

Mizukami, K., Chang, H. S., Yabuki, A., Kawamichi, T., Kawahara, N., Hayashi, D.,
Hossain, M. A., Rahman, M. M., Uddin, M. M. and Yamato, O. 2011. Novel rapid
genotyping assays for neuronal ceroid lipofuscinosis in Border Collie dogs and high
frequency of the mutant allele in Japan. J Vet Diagn Invest 23: 1131-1139.

Moser, A. R., Pitot, H. C. and Dove, W. F. 1990. A dominant mutation that predisposes
to multiple intestinal neoplasia in the mouse. Science 247: 322-324.

Moser, A. R., Luongo, C., Gould, K. A., McNeley, M. K., Shoemaker, A. R. and Dove,
W. F. 1995. ApcMin: a mouse model for intestinal and mammary tumorigenesis. Eur
J Cancer 31A: 1061-1064.

Munday John S., L. C. V., Kiupel Matti 2016. Tumors of the Alimentary Tract.
In:(Meuten, D. J. ed.) Tumors in Domestic Animals, 5 ed. pp. 499-601. Willey & Sons.
Nakamura, S., Matsumoto, T., Kobori, Y. and Iida, M. 2002. Impact of Helicobacter
pylori infection and mucosal atrophy on gastric lesions in patients with familial
adenomatous polyposis. Gut 51: 485-489.

Nieuwenhuis, M. H. and Vasen, H. F. 2007. Correlations between mutation site in APC
and phenotype of familial adenomatous polyposis (FAP): a review of the literature.
Crit Rev Oncol Hematol 61: 153-161.

Oshima, M., Oshima, H., Kitagawa, K., Kobayashi, M., Itakura, C. and Taketo, M.
1995. Loss of Apc heterozygosity and abnormal tissue building in nascent intestinal

polyps in mice carrying a truncated Apc gene. Proc Natl Acad Sci U S A 92: 4482-

149



48)

49)

50)

51)

52)

53)

54)

55)

56)

4486.

Ostrander, E. A. and Kruglyak, L. 2000. Unleashing the canine genome. Genome Res
10: 1271-1274.

Paoloni, M. C., Penninck, D. G. and Moore, A. S. 2002. Ultrasonographic and
clinicopathologic findings in 21 dogs with intestinal adenocarcinoma. Vet Radiol
Ultrasound 43: 562-567.

Park, J. G., Park, K. J., Ahn, Y. O., Song, I. S., Choi, K. W., Moon, H. Y., Choo, S.Y.
and Kim, J. P. 1992. Risk of gastric cancer among Korean familial adenomatous
polyposis patients. Report of three cases. Dis Colon Rectum 35: 996-998.

Patnaik, A. K., Hurvitz, A. 1. and Johnson, G. F. 1977. Canine gastrointestinal
neoplasms. Vet Pathol 14: 547-555.

Penninck, D. G., Moore, A. S. and Gliatto, J. 1998. Ultrasonography of canine gastric
epithelial neoplasia. Vet Radiol Ultrasound 39: 342-348.

Rahman, M. M., Yabuki, A., Kohyama, M., Mitani, S., Mizukami, K., Uddin, M. M.,
Chang, H. S., Kushida, K., Kishimoto, M., Yamabe, R. and Yamato, O. 2014. Real-
time PCR genotyping assay for GM2 gangliosidosis variant 0 in toy poodles and the
mutant allele frequency in Japan. J Vet Med Sci 76: 295-299.

Saito, T., Nibe, K., Chambers, J. K., Uneyama, M., Nakashima, K., Ohno, K.,
Tsujimoto, H., Uchida, K. and Nakayama, H. 2020. A histopathological study on
spontaneous gastrointestinal epithelial tumors in dogs. J Toxicol Pathol 33: 105-113.
B HESL,  )EHAE . 2009. Canine bio-resource banking project in 2008. J#fAfi K
FHERE 19 - 20: 134-137.

Scanziani, E., Giusti, A. M., Gualtieri, M. and Fonda, D. 1991. Gastric carcinoma in

150



57)

58)

59)

60)

61)

62)

63)

64)

the Belgian shepherd dog. J Small Anim Pract 32: 465-469.

Shearin, A. L. and Ostrander, E. A. 2010. Leading the way: canine models of genomics
and disease. Dis Model Mech 3: 27-34.

Slutsky, J., Raj, K., Yuhnke, S., Bell, J., Fretwell, N., Hedhammar, A., Wade, C. and
Giger, U. 2013. A web resource on DNA tests for canine and feline hereditary diseases.
Vet J197: 182-187.

Solomon, E., Voss, R., Hall, V., Bodmer, W. F., Jass, J. R., Jeffreys, A. J., Lucibello, F.
C., Patel, I. and Rider, S. H. 1987. Chromosome 5 allele loss in human colorectal
carcinomas. Nature 328: 616-619.

Spirio, L., Olschwang, S., Groden, J., Robertson, M., Samowitz, W., Joslyn, G.,
Gelbert, L., Thliveris, A., Carlson, M., Otterud, B. and et al. 1993. Alleles of the APC
gene: an attenuated form of familial polyposis. Cell 75: 951-957.

Sullivan, M., Lee, R., Fisher, E. W, Nash, A. S. and McCandlish, I. A. 1987. A study
of 31 cases of gastric carcinoma in dogs. Vet Rec 120: 79-83.

Swann, H. M. and Holt, D. E. 2002. Canine gastric adenocarcinoma and
leiomyosarcoma: a retrospective study of 21 cases (1986-1999) and literature review.
J Am Anim Hosp Assoc 38: 157-164.

Switonski, M. 2014. Dog as a model in studies on human hereditary diseases and their
gene therapy. Reprod Biol 14: 44-50.

Takayama, T., Ohi, M., Hayashi, T., Miyanishi, K., Nobuoka, A., Nakajima, T., Satoh,
T., Takimoto, R., Kato, J., Sakamaki, S. and Niitsu, Y. 2001. Analysis of K-ras, APC,
and beta-catenin in aberrant crypt foci in sporadic adenoma, cancer, and familial

adenomatous polyposis. Gastroenterology 121: 599-611.

151



65)

66)

67)

68)

69)

70)

The University of Sydney. OMIA - Online Mendelian Inheritance in Animals. https://
omia.org’/home/ [accessed on 2021/04/13].

Toyooka, M., Konishi, M., Kikuchi-Yanoshita, R., Iwama, T. and Miyaki, M. 1995.
Somatic mutations of the adenomatous polyposis coli gene in gastroduodenal tumors
from patients with familial adenomatous polyposis. Cancer Res 55: 3165-3170.
Tsuboi, M., Watanabe, M., Nibe, K., Yoshimi, N., Kato, A., Sakaguchi, M., Yamato,
0., Tanaka, M., Kuwamura, M., Kushida, K., Ishikura, T., Harada, T., Chambers, J. K.,
Sugano, S., Uchida, K. and Nakayama, H. 2017. Identification of the PLA2G6
¢.1579G>A Missense Mutation in Papillon Dog Neuroaxonal Dystrophy Using Whole
Exome Sequencing Analysis. PLoS One 12: €0169002.

University of Pennsylvania. Penn Gen. https://www.vet.upenn.edu/research/academic
-departments/clinical-sciences-advanced-medicine/research-labs-
centers/penngen/tests-wor ldwide [accessed on 2021/04/13].

Vasen, H. F., Moslein, G., Alonso, A., Aretz, S., Bernstein, 1., Bertario, L., Blanco, 1.,
Bulow, S., Burn, J., Capella, G., Colas, C., Engel, C., Frayling, 1., Friedl, W., Hes, F.
J., Hodgson, S., Jarvinen, H., Mecklin, J. P., Moller, P., Myrhoi, T., Nagengast, F. M.,
Parc, Y., Phillips, R., Clark, S. K., de Leon, M. P., Renkonen-Sinisalo, L., Sampson, J.
R., Stormorken, A., Tejpar, S., Thomas, H. J. and Wijnen, J. 2008. Guidelines for the
clinical management of familial adenomatous polyposis (FAP). Gut 57: 704-713.
Vonholdt, B. M., Pollinger, J. P., Lohmueller, K. E., Han, E., Parker, H. G., Quignon,
P., Degenhardt, J. D., Boyko, A. R., Earl, D. A., Auton, A., Reynolds, A., Bryc, K.,
Brisbin, A., Knowles, J. C., Mosher, D. S., Spady, T. C., Elkahloun, A., Geffen, E.,

Pilot, M., Jedrzejewski, W., Greco, C., Randi, E., Bannasch, D., Wilton, A., Shearman,

152



71)

72)

73)

J., Musiani, M., Cargill, M., Jones, P. G., Qian, Z., Huang, W., Ding, Z. L., Zhang, Y.
P., Bustamante, C. D., Ostrander, E. A., Novembre, J. and Wayne, R. K. 2010.
Genome-wide SNP and haplotype analyses reveal a rich history underlying dog
domestication. Nature 464: 898-902.

Wei, H., Therrien, C., Blanchard, A., Guan, S. and Zhu, Z. 2008. The Fidelity Index
provides a systematic quantitation of star activity of DNA restriction endonucleases.
Nucleic Acids Res 36: e50.

Yamaguchi, T., Ishida, H., Ueno, H., Kobayashi, H., Hinoi, T., Inoue, Y., Ishida, F.,
Kanemitsu, Y., Konishi, T., Tomita, N., Matsubara, N., Watanabe, T. and Sugihara, K.
2016. Upper gastrointestinal tumours in Japanese familial adenomatous polyposis
patients. Jpn J Clin Oncol 46: 310-315.

Zeng, R., Coates, J. R., Johnson, G. C., Hansen, L., Awano, T., Kolicheski, A., Ivansson,
E., Perloski, M., Lindblad-Toh, K., O'Brien, D. P., Guo, J., Katz, M. L. and Johnson,
G. S. 2014. Breed distribution of SOD1 alleles previously associated with canine

degenerative myelopathy. J Vet Intern Med 28: 515-521.

153



AWFFETIE, BEZ 10 FEFINOAARERNOY Yy v 7 « TyEL T UT (LT
JRT) THIIN L TW 2 IS ERMEEEIZDOWT, & O FAP I L 7oA X O
B CH D Z L ZREH Lz, S HIZEOMEZW O T OBIETRAEIED
A 21T\, [ENO JRT 3 L ONEILE bR IS 2 F0E L 7 @8O RFEICHB T 5
BAR T E RN ORER X OARE RO R M2 MBE LT,
B ETIE, MEERY — 72D 21 O IRT OERKAIF IOV 2R
HIRAT LTz, AU — 7 OYPFEFRIL 2.3 20D 126 i Ch o7, ST &V

B CORIEN 6 HTRO LN, N —TIXFBLIORETHRAEL, B TIIHEM

paisty

B, KIFETIXEMICZZ RO ALz, 21 B 13 BETITEBOR Y — T DRAENR
Do, 6FATIEHE & RKBOM T THAL TV, KU —7 Otk BIIL 7 81 TH
b, £z, A X OMMPY R LETENE FRMEERIX TR AR THH A, JRT T
X, 1FEBIO2FEFRITLE HIT100% (=12 B LT10), 3FLEFERILRTS%
(n=8) TH VLN TREGF TH o7z, BBICEEOR Y — 713 Bk ERY
(C LRI, HRBE, MR & W San, MRS, R, FLEDRIVES X OV
IRFLEDR B (S S e, A X OTEARE LR VRS & 5720, JRT OIE
(RSB EJE CHIGE L, RIEMEIERZ Lo Te, 4 XOME TE V0 E SNDHHIER
I 135D B2 o T2, Yt ClE, JRT OIESIZEBW T B-I 7 = > Ofli
BB X OGS BlE ST,
FHEVERGIIESE (FAP) 1%, & kO APC s T OEFHAI RSN OEFRIZ L - T
HlEE Z S D FW Y AREMR R T, $ilhd L OEMBICEE D DT ORREMER Y
—TWRRETH LR E L, £z, FAP B IIE ORELS L OWREEZ RIET D
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URZPRENT &GS TWD, £ 2T, FAP OfFhe & OEBIEICHE R L, JRT
DOREERKR 21 S5O APC IR TAER%E PCR-Z A LY by —7 = ABIZTTRHE LT
£ A, BREETRH—OBELEFER (c[462 463delinsTT]) 23 ~T a5 MEICRD 5
I, AREEBQEENE () BEERETH DL 2 EBHALMNI o7, KIS, MERER
AT =X LOFHT O T2, JRT OIEEAEFE O 21T -7 & 2 A, APC BI5T
ICBWTRHIIZER (n=1) LCEAER APC 7 LA OHE (~T afEAMEOWK
LOH, n=4) M MiSH, FAP B L[EERIZ, BEARERY APC 23 kbivd Z & T
HAEILED LB 2 Bz, APC ¥ VXV EOSRESLRIT B 1T = O fRIZEE 5
L, ZOB~OEBERET D720, HRER) APC DWRIL, S REDFRERNG
HXFFE Tz,

% 2 B TIL, JRT OEEM: GI (gastrointestinal) 7R U 7R — 3 A DJHIK & 72 5 AEFH
MR B D APC 22 BARD ERE /MR H D78, PCR LA LIZ L7z 2 DOEHEMED
BB A E [PCR-restriction fragment length polymorphism (PCR-RFLP) 5%
L' TagMan U 7 /L% A A PCR %] ZBi% L7-, PCR-RFLP {£Ti%, 2 B A3
[RIESE Mse L IC X D OIrEan 5 2 & 2R M LT, PCREY DU N2 — 0 DiENIT
FoTAPC Bl FERDF v )V 7KL IEX ¥ U TEEZRT 2 Z & 23T
Ho7-, TagMan U 7 /L ¥ A I PCR VETIE, BAERE L OERRT LVIZEERIIC
MAT 70 =ML L THELZHNT DI ENARETHTe, WThDT
HELBEMER L OMBREITRE ST, 2h b OREEITS VRN L REE2 AT
LB FREETHD Z EMFEIAEES N, £, MK, ARV 7B LUNRT 7 ¢
LA > S HhH U728k & 72 3O DNA U > 77U F 72 rTRE 22 LA ME AS i
MEETHD LEZ BN, T D OBETRAEET, NEMOBEICE T 5RO
BME GLAR Y R— 202 & FHIICEBNTE 2 rREMES R S vz,
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55 3 B CIE, 5 2 % CH¥E L7z PCR-RFLP £ W C, EN® JRT IZ81F 5 APC
BT ERORAARIZHE Lz, AAENOD 93 Bkt & JRT O AR L 2 5
D THA L7z, 792 B 15 BT APC Bin+ DA FEMI R INVERNFEDO b, D
RAEFRIL19%ThH o7, Y, HEOREIC L 2AERETRD NI o7,
EENTFE SET IRV LTIz & 2 A, SFERD APC ERFEARITEE
FE2%THR L TEBY, REREWVTRDO LN -T2, SHIT, AFHA THA
SN 8FHE T, APC AR TERDO X v U 7K 13 BEO M E A F 72 55% 0
BT, ML 3 DOFERN A EN, SHIZWTHOFRICHIE S RUVMEKR DS
ROoT, LEXY, REBORRKE 2D APC BInFERIZEANO JIRT (260
T, FFEDFRIZE EELTIRSIEML TWD EEX B, £/, IRTUSDOR
31 B ARSI O APC ZERARDIEN Y TR D101, o RMEIZE

W, R~ VEENRNT T 4 Y TV E R RF D ) o7 v AT

(o

L72 DNA V> 7V L C, e ERMEIES 2 A3 2 ROA MR APC

=

LA Z RN RE LT, TORER, 7 L7 7o 38O JRT 2, 4

RS

MR APC ZERARF ¥ U T 3 AL S 723, IRT LIS O RICIT ARG APC 2
BRF ¥ U TIERBO b holz, LD ORERN B AEFHIIE APC ZE8E (c.
[462 463delinsTT]) (2B 2 faltE GI AR U AR — 3 A% JRT 1281 5 5L FE4 A
RIETHD LB Z BT,

AWFFETIE, THALE LR HIER OFA 2R 72 JRT 1T APC BisFDFRI—D4&
SEAINE SR A ZEHL (c.[462 463delinsTT]) 2358 Hiv, AFLEMNE b FAP (LI L
THEEMEETHDLZ L2 LMNC LI, 61T, B FREELMLL, EFN
WAL LT, RBFFROREIC L - T, REBOBECHLHBL LI D723 5 Z &R
WrFEid,
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The present study demonstrated that gastrointestinal (GI) polyposis in Jack Russell
Terriers (JRTs), which has increased in Japan since the late 2000s, is a novel hereditary
disease associated with the germline variant of the adenomatous polyposis coli (APC) gene.
Furthermore, reliable genetic tests for this disease, which can detect the germline APC
variant, was established. This study also elaborated on the prevalence of the 4PC variant in
JRTs in Japan and breed specificity of this hereditary disease.

In Chapter 1, the clinical and pathological features of 21 JRTs with GI polyps were
discussed. Although, the age of onset of the polyps ranged 2.3—12.6 years, it was found that
the GI polyps developed under 5 years of age in 6 animals such a case of juvenile onset was
observed in some dogs with GI polyps. The GI polyps were found in either or both the
stomach and colorectum, with a predilection for the gastric antrum and rectum. Of the 21
dogs examined, 13 suffered from multiple polyps including six dogs with both gastric and
colorectal polyps. Recurrence of GI polyps was observed in seven out of the 21 dogs
observed in the study. Although the prognosis of dogs with typical canine GI carcinomas
was poor, follow-up for those of the JRT cases revealed 100% 1-year-and 2-year survival
rates (n = 12 and 10, respectively) and 87.5% (7 of 8 cases) 3-year survival rate after the
initial surgical or endoscopic treatment. Histopathologically, The GI polyps were diagnosed
as epithelial hyperplasia, adenomas or adenocarcinomas. All of the adenocarcinomas were
subclassified into tubular, papillary, and tubulopapillary adenocarcinoma, and they did not
invade into the submucosa, unlike typical canine GI carcinomas. There was no signet-ring

carcinoma detected, which is the common type of canine GI adenocarcinomas.
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Immunohistochemical analysis revealed cytoplasmic and nuclear B-catenin positivity in
tumor cells. Familial adenomatous polyposis (FAP) is an autosomal dominant disorder
caused by germline mutations in the 4APC gene in humans. FAP is characterized by the
development of hundreds to thousands of adenomatous polyps in the colon and rectum, and
it has also been reported that FAP patients are at a higher risk of developing adenoma and
adenocarcinoma of the stomach. Focusing on the similar pathogenesis to FAP, we
investigated for APC gene mutations in 21 JRT-affected dogs by the PCR-direct sequencing,
and found that the identical heterozygous germline APC, characterized by a 2-bp substitution
(c.[462 463delinsTT]) in exon 4 was found in all of them, and it was clarified that this
disease is a dominant hereditary disease. Furthermore, when examining whether there were
somatically acquired APC alterations in the GI lesions of JRTs, somatic mutation (n=1) and
loss of the wild-type APC allele (loss of heterozygosity: LOH, n=4) were detected in the
GI tumors of JRTs, suggesting that biallelic APC inactivation is at work in tumor
development. This result was also supported by the results of immunohistochemical analysis
because the loss of APC protein function is involved in the degradation of B-catenin and
promotes its accumulation in the nucleus.

In Chapter 2, the two highly reliable PCR- based genetic tests [PCR-restriction
fragment length polymorphism (PCR-RFLP) and TagMan real-time PCR assays] for
hereditary GI polyposis in JRTs which provide an accurate assessment of the causative
germline APC variant was developed. The PCR-PCR-RFLP assay was developed by creating
a new restriction site for Mse I by utilizing the germline APC variant. In the PCR-RFLP
assay, the mutation site was cleaved by the restriction enzyme Mse I, and it was possible to

distinguish between carrier individuals and non-carriers of the APC gene variant by the
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difference in the cleavage pattern of the PCR product. In the TagMan real-time PCR assay,
it was possible to distinguish between wild-type and mutant alleles by using probes that
specifically bind to them. Neither assay detected false positives or false negatives,
demonstrating that these tests are genetic tests with high specificity and sensitivity. In
addition, since DNA extracted from blood, oral swabs, and paraftin-embedded tissues could
be used, it was considered to be a highly versatile test that can be applied to various samples.
These genetic assays could contribute to the diagnosis and potential prevention of hereditary
GI polyposis transmission in dogs in small animal practice.

In Chapter 3, the PCR-RFLP assay developed in Chapter 2 was used to investigate
the prevalence of 4PC gene mutations in domestic JRTs. Peripheral blood of 792 JRTs was
collected from 93 veterinary hospitals in Japan and investigated. Germline mutations in the
APC gene were found in 15 JRTs, with a prevalence of 1.9%. No significant difference was
observed depending on the sex and the type of hair. The prevalence of APC variant in each
age group remained at about 2% when the year of birth was divided and analyzed every 5
years, and no significant differentiation was observed among them. In addition, a pedigree
study using the pedigree of 13 carriers of APC gene variant, including 8 individuals found
in the present study, found 3 independent pedigrees. Some individuals didn’t belong to any
pedigree. From the above, it is considered that the APC gene variant that causes this disease
is widely spread not only in specific families but also in domestic JRTs. In addition, when
we retrospectively collected cases of GI epithelial tumors regardless of breed and analyzed
the APC gene variant retention status, no mutation was detected in dog breeds other than
JRT. Therefore, hereditary GI polyposis due to germline mutations in the 4PC gene (c.

[462 463delinsTT]) is likely to be a breed-specific disease of JRT. In order to determine if
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germline APC variant widespread in breeds other than JRT, the dogs bearing with GI
epithelial tumors in multiple breeds was using formalin-fixed paraffin-embedded samples
and DNA samples obtained from the Azabu University Genome Bank. As a result, germline
APC variant carriers were found in the three JRTs included in the genome bank sample, but
germline APC variant carriers were not found in dogs other than JRT. Based on these results,
hereditary GI polyposis associated with germline APC variant (c.[462 463delinsTT]) could
be considered to be a breed-specific disease of JRTs.

In the present study, the same germline mutation of the APC gene
(c.[462 463delinsTT]) was found in JRT with the development of GI epithelial tumors,
demonstrating that this disease is a similar hereditary disease of human FAP. In addition, a
genetic testing assay was established and epidemiological information was provided. The

results of this study will lead to the diagnosis of this disease and the prevention of its spread.
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