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Development of Newly Paternity Test Method for Dolphins Using Microsatellite
and MHC-DQOB Markers

Yuki F. Kita”, Hidetoshi Inoko" , Takashi Shiina” and Sho Tanaka?

Abstract

The father-offspring relationship of captive dolphins is sometimes difficult to assess: observation
of females during pregnancy is limited and the biological fathers generally remain unknown. To prevent
such dolphins from inbreeding, analyses on genetic information of captured dolphins are important to
preserve their inherited genetic diversity. The genetic data management based on DNA analysis of familial
relationships among aquariums is now becoming an important tool for determination of the inherited variety,
relationships and the kinship states between the individuals in populations under inbreeding pressure.

In this paper, in order to develop a simple paternity test method using microsatellite and newly
designed MHC class II DQ beta (MHC-DQB) marker, we performed polymorphism analysis, population
genetic analyses and parentage test using 20 dolphins including four pedigrees. As a result, six to ten
microsatellite alleles and 14 MHC-DQB alleles were identified from the polymorphism analysis. From the
genetic and statistical evaluation, the MHC-DQB marker was found to be more informative for paternity test
than the microsatellite markers. Namely, the likelihood of the paternity using only four microsatellite markers
were 94.12% to 99.88% but when adding MHC-DQB polymorphic information the likelihood of the paternity
was improved from 98.46% to 99.98%. Therefore, this method combined the microsatellite and MHC-DQOB

markers will be useful genetic tool for the paternity test.
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KERERTIE, BEED A IV 7 WM % PR S 7z 22/ < fi
BT AHE0% v, CORKETICTEMSBI hbh
7ot &, BFBMRIEMEROKT, BRITHOBZIC
Lo TERDIHMERT D EHETH SH, LT R
RO A M2 WEEYH 5. —F, EWREOY;
L L To&E# I ST B KIREETIX, FEME
DN & B E3CE S % BT 2 2 L i3k TE
BThbH., LIzhoT, MAHRICEIE 2T TIHET
BB WK T ECE LT 2 ULENH L. 20
Yoy, 77/ 2 DNA M HERS W RIS BRIM S 72 1
BZJE ORGBAME S & OB ST RE R 2 &2 5,
WARINICH EF N B R OZEREZBBL, €h
ERTEEIHCDLFEIFE L VEEZONS.

77 5 DNA Z HHWzBlFHEoFERDO—2 L L
T, ¥4 7uhTI4 MERBEITFOhG., A 70
TI4 MRS &Y AESNCEAES S GT % GCT
D& T 2~5HIDFAEILEH & 1 B & LT,
CNABHAR Y BRENL AR O L TH D, #
DR LIEEOENPEEKBICBIZ SN2 L, T4b
HERPEIZE &, HD A v FVOERNHE - TEIET
57280, BRI TS % DNA ~— 7 —
Th b (HhHE - LH 2001). % Tid Scholoterer et
al. (1991) 28 NN OEHFE» <A 7 0% 754 b~ —
H— % RELIRANOMENS, ZhF T2 80fHH
DbEo<A4 2704554 F~—0 =23, £
FiIC TERRMDHED ST 5D (Amos et al., 1993 ;
Buchanan er al., 1996, Palsboll et al., 1997 ; Richard
et al., 1997 ; Shinohara et al., 1997 ; Valsecchi et al.,
1997).

—77, BIEMZHEEHT 5 WA S5 DNA
Y= =& LT, EEMMES T AR (Major
Histocompatibility Complex ; MHC) @15 F221F 5
N5, MHC & IZE2WH KON KERTF F2 T H
a2 I BUR SR § 5 CERPUR % $E § % #1x
THEETHY, TOFEWMIIEIMAC 7 T AT 45T L
MHC 7 A 1 5T @ 25 D51 % BLE T 5 MHC
HIZTHIVET 2. $4bb, e MOBAEIMEO
MHC 7 9 A 15T % MET 5 MHC 7 5 A 1 #ifsT
W& (HLA-A, HLA-B, HLA-C), MHC 7 5 A 1 4T %
BEs 5 MHC 7 7 A W1 (HLA-DR, HLA-DQ,
HLA-DP) 239U $e 7/ (ISR B E 2 78 L, MHC

(]

M 32

WO MHC 7 9 A T #ifHik, MHC 7 J A 1T Hi 3%
\ZZFNENLiET S (Shiina er al,, 2009). & F T F
7 MHC #38 0 #A= T : HLA-DP (A4 %t
B EEZBRTIE, b e X CHEPT 5 (Kulski et al,
2002 ; Shiina et al, Unpublished data). Z# & MHC
BIZFRINE TSN TS FHEBWICCHE
JEBEMEMEE R L, LI Lz M MHC, 638
fRF B B W THFF3600 %t 2 23 Va1 (7Y
V), L BNIEHTH 5 Y 2 Tld MHC, 481%
F W (class I, DRB3, DQA, DQB)IZHB\THE303
TYBRERENRHB SN TS (4T 2000 ;5 http:/
/www.ebl.ac.uk/imgt/hla/ ; http://www.ebiac.uk/
ipd/mhec/indexhtml). L7225 T, N Ko A )7
122V T H MHC # {5 T O EENE BN b > Tw
5T EMItEs NG, oG, SERICOWTIEK
Wi 3D bhTB Y, oM MHC #IZFD X9
EMETEHOBD SR MHC 7 5 211 DQ beta
HBAET (MHC-DQB) 3% BUIENT 2 B T8 A 1 T d
5 L%z 51vb (Hayashi er al, 2003 ; Hayashi er al,
2006) .

INFETITRBEEICTHEIN TSNS Y4V
H1FK%R, KOV 3MEO~Y A 7 aH 754
b= — 2 A2 FEESIRE SN TV B2,
ZOREFEMEIZ D W Tl 5 T v v (Sumiyama
etal, 2008). 72, 4 7u¥5FrI54 rx—h—¢&
MHC #fnf~—H7—%&lAGbELFRICL LT
FoEiize P CTIR—RNTH B A5 OKH 2004), fid:
Wk C oM IERO SN v (Krutzen et al, 2004;
Sumiyama et al., 2008). % Z TARWFIE T, KB
M GCHETRETONY FYALVH2ER, Ny
RO ANHENF TV R ZHRBUICHED 28720 17
B 7% 5 NS IEMa AR 38, GEM208 & b fliik L 72
7/ &5 DNA &M B & LT, 4R oBEM~ A 7
a7 I A4 h~—7%— (MS-D08, MS-D14, MS-D18,
MS-D22 : Shinohara er al, 1997) 7z & "2 MHC-DQB
R—h—FHTEHRBHEZFETL, ThH6DED
DNA ¥ =% — 2 X 2 BT TENOFERE % 5 G
D WT SR L7220 T, ZIZOWTHET
5.

MRELUHE

HEEAT
) 5 DNA ¥ 7V, Bl Bk, A -



ANHIZ

NS =85 4 A, BMEE—F 5~ FIZTHE
FHEIN TR XHEMEELNY FY AV 255
(FR1ERKRLY), N FIA VT ENFTY R %
ML 25R (55R2 E5R3) MEFITH R 5 N
FEMAFMEAR ST 172, EONRIE, NF TV
20, NYRIANVHI6WH, NFTYRTENY Y
ANHDNATY) v F2EHTH 5 (Fig. 1). ThoH D
Mg & VMO 7 = 2 — V7 okl AFEITHIE L
725 O & FEIH 7.

Family 1

B % DNA Y= —IC X BTk 3

Y40V F54 by —h—z2AVESEERE
~Ar7u%7FI4 bv— U, AFEEIONV K
ANV A 7a% T 54 b~ —H— (MS-DO0S,
MS-D14, MS-D18, MS-D22 : Shinohara et al., 1997)
MW7z, Tag R A5 —+EI2iE, Gold Tag (Applied
Biosystems) Z fli H§ L 7z. PCR #4121, GeneAmp
PCR System 9700 (Applied Biosystems) % Jfl \» C,
BEHR D 412 L 72 %55 T PCR #41iF % & 72 (Shinohara
et al, 1997 ; Sumiyama et al, 2008). =D, Ho5h
72 PCR % % ABI PRISM 3130xl Genetic Analyzer

Candidate Candidate Caadidate
A father 1 fat er2 fat er 3
B
Family 2 Family 3
Candidate Candidate
father father
C L
J o
Family 4
Candidate Candidate Candidate Candidate
father 2 fatler 1 ? father 1 fatifer 1
Q P P Q
Offspring Candidsfce
&
T Candidate fat»Qer 2
father 1
R

Fig. 1 Four pedigrees using in this study. White squares and circles indicate bottlenose dolphin male and
females, black squares and circles indicate risso’'s dolphin male and females and gray squares and
circles indicate hybrids between bottlenose dolphin and risso’s dolphin.
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(Applied Biosystems) I & 0 # & #k B L, Gene
Mapper ¥ 7 b7 = 7 % I\ T PCR % ® DNA W
FREZUSELL. 57727 Y MIZowTid PCR #
Yo DNA Wiy RI2&EoWT, 1143550 DNA Wil
B SNIZGE, 7T IV 14O X H KB L.

MHC-D@B ¥ —H —_ &} 5 S BIEH

MHC Bz T D9 5, KBRS TEBY, oA
VAL AR TH DY Y vy VD MHC-DOB
& 1z 1 o ¥ FE B %) (accession numbers: AJ249717
and AJ249896) 1272 B\, T2V V2 % &te 357 ik
(bp) Z #iF &% PCR 79 4 ~— (DQBO2P : 5 -
TGTTACTTCACCAACGGGAC -3, (DQBOSP : 5
—AAAGAAGCCAAAGGCACGAG -3") % #&&h L 7.
PCR 4§21, Tag FV * 9 —+¥ ExTag (TaKaRa)
2L, 96C, 3oMOMEEDE, AN 96T,
0B ; 7=—=1 27 60C, 308MH ; MR :
72C, 15 MO LHE%Z 3094 7 VETL, R#EME
KIg & LT 72T, A5 Mot%2 B I % -7, PCR
EYMoOY T a—= 7% pGEM-T Easy Vector
(Promega) D70 h I — W2 L 725 THEI W,
FoN/H 77 a— k50N PCR EY O IR

- Mk B - W

5 P %€ 12 1%, ABI PRISM 3130x! Genetic Analyzer
(Applied Biosystems) # w72, Z B 1 ffkdH 720
6727 u— LR 2 Lz, 72,
NYRIANHIVHESENIZT Y V%R “Tutr-DQB*”,
NFITY T IVELNT Y NVE “Gregr-DQB*" &
ThZhERL L7

BIEFETE

WAL B A O e O — MY % B AR T AT I,
Sequencher 4.1 (Gene Codes Co.) ¥ GENETYX-MAC
Ver. 11 (Software Development Co.), W 7 — %
N—= 2B I N T B HIE] & OFPMEMEAT I
1%, BLAST (http://www.ncbinlm.nih.gov/BLAST/)
EENZENH W, 7TUIVEE, ZREORETH
AT OHAEEOFRIZIE CERVUS Ver. 20 (http:/
/helios.bto.ed.ac.uk/evolgen/cervus/details.html),
BrEZICHT2AMHEORETH 2L RIEREH
i (Polymorphic Information Contents: PIC),
KRBT WF ADEE SN DIEFRTDH 5 PR
(Mean Exclusion Chance: MEC), & @ 2 & 23
Rt EETEZAT MR TDH 5% HE Power
of Discrimination: PD) @ #l % {C (& Parentage Test

Table 1 Allele frequency (AF) of four microsatellite (MS) markers and MHC-DQB gene for a 20 captive

dolphins.

MS-D08 MS-D14 MS-D18 MS-D22 MHC-DQB
allele A.F.* allele AF. allele AF. allele AF. allele AF.
110 0.050 136 0.175 74 0.025 117 0.075 Tutr-DQB*01 0.075
112 0.150 138 0.200 76 0.075 119 0.025 Tutr-DQB*02 0.025
114 0.225 140 0.275 77 0.050 121 0.100 Tutr-DQB*03 0.025
116 0.100 142 0.200 85 0.250 125 0.150 Tutr-DQB*04 0.025
118 0.150 144 0.125 87 0.050 127 0.125 Tutr-DQB*05 0.100
120 0.100 148 0.025 89 0.150 129 0.250 Tutr-DQB*06 0.025
122 0.025 91 0.225 131 0.100 Tutr-DQB*07 0.025
126 0.125 93 0.150 133 0.100 Tutr-DQB*08 0.125
128 0.025 95 0.025 135 0.050 Tutr-DQB*09  0.150
132 0.050 140 0.025 Tutr-DQB*10 0.100
Tutr-DQB*11 0.050
Tutr-DQB*12 0.100
Tutr-DQB*13 0.025
Grgr-DQB*01 0.150

10 alleles 6 alleles 9 alleles 10 alleles 14 alleles
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http://www3.kmu.ac.jp/legalmed/DNA/ppl3.html) %
ZNZh w7z, BMEME L L2204 > 7Vl
NYRIANHENFTY R EDNL T v Nk
EELIENS, Yy I ve %R E LT
L7

LFEEE

18 % 121X, Parentage Test (http://
www3.kmu.ac.jp/legalmed/DNA/parent.html)
% v, Essen-Moller (1938) 0 5 HET 52 M3 o0 58 #
HIZH S LabE7z. ARBIZETIE, Essen-Moller flin®
99.8% VL 1% “ P & ¥ T & % (Definite father)”,
99.0% ~99.7% % “ i > TP 5 L v Extermely
father), 950% ~989% % “FE HFITXH H L »
(Highly likely father)”, 900% ~949% % “ X # &
L v (Likely father)”, 900% £iii% “CH Tld 2w
(Not father) & L CACBUBERE & EFeff 1T 7.

o S

IO F5A MY —H—ICH T BLEIER

XA uHF A4 —H — 4FEH (MS-DOS,
MS-D14, MS-D18, MS-D22) {2813 % % RUFHT O R,
10, 6, 9, 10FEF D 7 V) W AENZF I E S 47z (Table
D. H#x—7 =BT 2RIBEEDT T VIV,
MS-D08 37 U )V 114, MS-D14 %37 V)L 140, MS-D18
A7 YN8, MSD2H 7Y V129 TH Y, ZhEh
» 7 ) IVEFEZ 0225 (MS-D08) ~ 0275 (MS-D14) T
Holz(Table 1). THSTINVEE TV IVHHENS
HILEN D, ZREOIRETH 5T OIEAEIE 0800
(MS-D14 8 & 08 MS-D18) ~0.900 (MS-D08) & #i &> T
EWiiz R L7z, R THEEOIRE L % % PIC fif

1 0.767 (MS-D14) ~0.848 (MS-D08), MEC fiiix 0.597
(MS-D14) ~0.725 (MS-D08), PD f#i% 0.928 (MS-D14)
~0.966 (MS-D08 B £ I° MS-D22) & WMo~ —Hh—
b E WA /R L7z (Table 2).

MHC-DQB ¥ —H—IZ5 1t 3 S EIESH

MHC-D@QB #8120 IT 27V 2% &6 357 bp B
B S TUENT A B T o 7R, RIS O N R
A V% MHC-DQB (Tutr-DQB) 7\ (Tutr-DQB*01~
*13 © Accession numbers AB302044 ~ AB302056)
o WIZIME O NF TR Y MHC-DQB (Grgr-
DQB*01) 7V VAFMEE Nz, AT —F X— 2
IEERE N TV B IR & O RPN AT O R,
Tutr-DQB*10 \ZBEM O ¥R IERLH) (AB164221) & Grgr-
DQB*01 1% (AB164222) & — 3 L 7225, Z O fh o
MHC-DQB 7 ) VZHHICHZE SN2 D TH - 7-.
MESN UEEOT7T I VD) B, KLHEED
BT YV, Tutr-DQB*09 THY, TNHDOTY
JVBRELZ 0150 TdH - 72 (Table 1). ~NF AT
0.938, PIC i 0.889, MEC fiii% 0.793, PD fiiix 0.981
THY, wIFhofir b AfEHO~ A 70t 754 +
X—— LD bEWEA R L7z (Table 2).

¥4 A% 7714 bS8 E MHC-DQB %BICE DL
LFEE

<A 7u¥F54 hv—5—7% 5 0 MHC-DQB
Y= H =B RLMERMPS, D 57— —I
WENRE S EIEICE AR, POBFEEICHNITH S
LEZOLN FIT, IO —h—FWTE
BB 2 G ARRICBI DX x Ehi L
72 (Fig. 1, Table 3).

Table 2 Statistical results for the genetic analyses of four MS markers and the MHC-DQB gene of 20 captive
dolphins. R shows allele range. H (O) and H (E) show observed and expected heterozygosities,
respectively. PIC, MEC and PD show polymorphic information contents, exclusion chance and

power of discrimination, respectively.

Locus Allele Num. R H (0) H (E) HWE PIC MEC PD
D08 10 110-132 0.850 0.885 0.872 0.848 0.725  0.966
Di4 6 136-148 0.800 0.818 0.778 0.767 0.597  0.928
D18 9 74-95 0.800 0.851 0.729 0.809 0.664  0.950
D22 10 117-140  0.850 0.882 0.702 0.845 0.722  0.966
MHC-DQB 14 0.938 0.921 0.351 0.8389 0.793 0.981
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ANAIZBIT S DNA ~—h —IC X B BT e 7

T3, XBEMPIHICHRONTWERR2 LR
R3CBVT, YA 7u0HTIA4 P —H—DAHD
LT EEDE A, MHC-DQB X —h —% &2 T
#E DA & H1Z, Essen-Moller (EM) 2% 99.87 %
DB (XBEHETES) OBBEEORECHEDSRES
N7z (Table 3). —J, SHOXBBEMEHT 5K %
12BWT, KEEM B, ‘D", BXU“E"® EM i
YA 709 T4 N —H—DARDYH, ThE
1.99.39%, <90.00% 3 & X 9878% Td - 7= DIThf
LT, MHCDQB~—7/ —%&GolHt, ThEh
99.88%, <9000% 3 &£ (¥ <9000% THh 7. L7
o T, DT E ENIEBEM A SRS, B 2K
BTHBEMELR FERICERLED S S5 IIH
MR Z R TR R4 OYAITBVTD, BT
FRAYS” & TS 2 XBIE Q7 BEFBIR T &
“UTISHR 28U R, BB, AV RICHT 5
KBUI P THILLENETNHET AT LA TE.

Z &=

RFwXTIX, TITMHCZ F AN #EIzTD12T
& % MHC-DQB #15¥ % F 2 M IZHIF$ 5 PCR R
EHFEL2E L DI, MET20HOA VA EZHNT,
MHC-DQB=—h =% bl A4 7% 5754 h<—
H— RIS RN % I L7z, EOMR, Fh14
MO MHC-DQB 7 ) VARE SNz, 4affio< A 7
Y754 b—Hh—IIBIFA7 ) VEIL6~10FE
HTHo70IZx LT, MHC-D@QB &z TdZFh 5
D1A~23EOBNMEEIR L2 Lh s, HELRLE
WEATHIEDW S E % -7z (Table 2). — 1Y
WCEEEOD 2 BT EEZ T 12, B2 s Ik
SBATAEET AL, AR TOMETRETH S
2L, BETHERSNTOI AL THEDOT— ¥ X—
ADNESTNWDLI L, BRERPEI LNV E, &
JER M2 R 2 L R L OB R T RiERE
BT 22 EBNEETH L. BT-8E L AR
M3 2@, ~T oA, PICHE (ZRIEH
EAME), MEC i (X¥BfR% HE <& L), PD
fE (. H D7 2 8 TR 7 BRESR) 70 &b s
TR B TS S B S N2 B R AT
MERICKERPBEEZRIZL, WIbEWizRT
CLIZKY, XOHEoBWIHEE EMEE L OH
EMEHRIE SN S (KH 2004). ARFHIZT, MHC-
DB~ — 71 —OmR$ AT ufEaE, PICMHE, MEC

fili, PDEZWFNHBHDONY FI AL VAR~ A 2
UH 774 h~Y—h—X)HEWHZ R L7 (Table
2). ¥, v—Fh—¥E AW A A O 5

DOMAEDLE, Thbb#MAADE 1 (MS-DOS,
MS-D14, MS-D18, MS-D22), #l&a &b+ 2 (MS-D0S,
MS-D14, MS-D18, MHC-DQB), #l & & » ¥ 3
(MS-D08, MS-D14, MS-D22, MHC-DQB), #lA &
b4 (MS-D08, MS-D18, MS-D22, MHC-DQB),
# A4 5 (MS-D14, MS-D18, MS-D22, MHC-
DQB) D XMEH EiEE AR L2 2 A, =4 7 ad
TIA4 M= H—DAHROMALDLE 1 (94.12% © KBl
5LW~9988%  XPEHETE2) LD b, MHC
LA 7a¥FI4 by —A—EEbillaaby 2,
34 BLUV5(95.05% @ FEHITHKBLE Lv~9998% -
RKBEHETED)DLWEMEEZR Lz, 51,
HAGHE 1 OLHMEREMESRII LT, I MHC-
DB = —7h—% G014, 9846% (K TRE S
L) ~9998% (KB EHETE %) LD TEMHE
DEWHEDE S N7z (Table 3). & )b, FR4
D P X 94.12% 5 9846 % & KiEZBIEMEO %%
MBROENZZ. Ldi5 T, MHC-DQB <~ — 7 —I3X+
BEDODENT-DNAY—H—ThbLEDBHI,
BB B L O FHICEZHOFIFEIRD bR
LholZ L, BHEOLBUERH» S 18O B % # R
L)BZeEns, SOV~ f 70754 bx—
#—& MHC-DQB < — 71 — 2 & % B85 8 5 B 1345
DTEL, AHEHEORSNABEFICTSHROAM
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