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A Comparative Study of the Techniques of Genomic DNA Analysis Used
in Ecological and Population Genetics Research in Cetaceans (Review)

Takahiro KAGE”, Ichiro NAKAYAMA ** and Akito KAWAMURA ™

"Faculty of Bioresources, Mie University

""National Research Institute of Aquaculture

Abstract

This paper reviews analyses of cetacean DNA, including polymorphisms of

mitochondrial DNA, conventional multi-locus DNA fingerprinting techniques, and
SSLP (Simple Sequence Length Polymorphisms) DNA fingerprinting. It also describes
the possible application of other techniques, e. g., RAPD (Random Amplified
Polymorphic DNA), CAP-PCR (CA-repeat Primed Polymerase Chain Reaction) and
SSCP (Single Strand Conformation Polymorphisms) to cetaceans.
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Table 1 List of works using DNA fingerprinting and molecular techniques.
These researches describe in order of year.

Author Species Technique Probe

Arnason et al. (1984) % Many species Southern blotting #

Hoelzel and Amos (1988) ™  Many species DNA fingerprinting 33,15
Southern blotting mt DNA

Spilliaert et al. (1989) *

Stevens et al. (1989) *
Trowsdale et al. (1989) *

Amos and Hoelzel (1990) ¥
Amos and Dover (1990)
Amos et al. (1991)
Amos et al. (1991) ¥
Amos and Dover (1891) ¥
Baker et al. (1991) ®
Danielsdottir et al. (1991)

Dizonet al. (1991) ™

Duffield and Wells (1991) ¥

Hoelzel and Dover (1991) *

Hoelzel et al. (1991) #

Numachi and Kobayashi (1991)

van Pijlen et al. (1991) *
Schaeff et al. (1991) *

Wada (1991 *

Wada et al. (1991 *
Wada and Numachi (1991) *
Pastene et al. (1993) ¥
Escorza et al. {1994)
Hoelzel (1994) *

Kamiyama et al. (1994) *

Kamiya and Kamiyama (1995)

Balaenaoptera physalus
Balaenoptera borealis
Orcinus orca

Balaenoptera physalus

Globicephala melas
Globicephala melas
Globicephala melas
Globicephala melas
Balaenoptera acutorostrata
Megaptera novaeangliae
Balaenoptera physalus
Balaenoptera borealis
Stenella longirosiris

Tursiops truncatus

Orcinus orca

Orcinus orca
Many species

Balaenoptera acutorostrata
Eubalaena glacialis
Eubalaena australis
Balaenoptera physalus
Balaenoptera borealis
Balaenoptera edent
Balaenoptera acutorostrata
Balaenoptiera acutorostrata
Balaenoptera genus
Balaenoptera acutorostrata
Globicephala macrorhynchus
Grampus griseus

Many species

Tursiops truncatus
Cephalorhynchus commersonii
Neophocaena phocaenoides
Tursiops truncatus
Cephalorhynchus commersonil

Neophocaena phocaenoides

DNA fingerprinting

Southern blotting
Southern blotting

DNA fingerprinting
DNA fingerprinting
DNA fingerprinting
DNA fingerprinting
Southern blotting
Southern blotting
Isozyme analysis

RFLP of mt DNA
Southern blotting
DNA fingerprinting
Southern blotting
Isozyme analysis
Chromosome analysis
DNA fingerprinting
PCR (mt DNA)
DNA fingerprinting
RFLP of mt DNA
Southern blotting
DNA fingerprinting
Southern blotting

RFLP of mt DNA
Isozyme analysis

RFLP of mt DNA
Isozyme analysis
RFLP of mt DNA
DNA fingerprinting

RFLP of mt DNA

DNA fingerprinting
DNA fingerprinting

DNA fingerprinting

alpha-globin3’ HVR

mt DNA

DREB, DPA, PGDZ1
DQA, DNA, DRA
DQB, HLA, Class |
33.15, 33.6

33.15

33.15, 33.6

33.15, 83.6

cloning DNA

pDP 1007

mi DNA

M 13, pV47-2
mt DNA
33.15

33.15, 33.6
mt DNA

33,15, 33.6
mt DNA

Oligonucleotide

Not mentioned
33.15, 33.6

33.15, 33.6

# : The probe was cloned himself.
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W, RO 7TA VAL L0 IERbBEbDELT
1980 EUEREL SH VLN B L DI » Ko
K17 DNA 2 28R, B odcsEICH Y
IIFAENRE LTIThhTWwa, FHOMHE L TR,
KEL DU TRD I H>MBB T SNb, (DI bavEY
7 DNA ZfiiL, $REEE Ol L, 7 vk
TDNA B EMEET 2 2 & & » THIBRBER WA
E#ZS% (RFLP: Restriction Fragment Length
Polymorphisms) %#l#4 5, (2)4/ 4 DNA %4l
WL, HIRBESCUINT L, 2 VERIKEI T DNA Wiy
ESWELIE, I ra v FYTDNADT -7 (K
IR E o B L o o8\ DNA
oW ERVTYY 7oy b ‘(2;&‘.4: -5 T HilBREE RN
FEEMRARINT S, (3 PCR (Polymerase Chain
Reaction) 2T ra»y FY 7 DNA DA
D-loop S ® & 5 7o AR HURZ O 2 HE L, HIE
Ehic DNA W eHlRBEsR O L, ¥ VBRI
TDNA MR ENHET 5 Z & ic & » THIBREERI A &
EHAMET 5, BEERCT > TV EFRER, 3O
PCR ZH\\Wi:bDTH 5 (Table2)o HEROFNZI,
FRCHB, EETERETSEOINH E LT, JOFE
EROT, TBHCH TV AEHRNE Cciifis hiclic
HEDH, ESITEGRIOREERRS oY bbb 5,

Ibav

2. PHFO~ARDNA T4 vH~T U0 MEEHBL
fo BRI F iR

DNA 7 4 ¥ # =7 v v iEld, #O%DMYH DNA
OB DA RN KT T Th Y, B
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B, § vy lE o — FLTLARETHEO DNA

BRI, RN TR & A EEESR SIS,
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BB R A2 RIS 7S C D O 26% 1 R WEEH

ERICEATOLEIEBHONTVAY, & ORIERS
i, Bo DNA KEKEENL I EBMohTsD,

BRBOBLEDOZ VS OEGRIRERES &S, &b
D4 7 & DNA RS 5 @SRRI, K
TOEERERPEAT S EMHL MY, Tt
Fu—TELTHVWE I ET, ¥/ A DNA hoEE
REE N O ATERED MO AT 2 5 H: 3 1985 41T Jeff-
reysetal. P ILk > THILE N, OO LS
u—-7OfTh, 3B ISKUSB.6EVH I 4Ty
DA v bo S, oS N EEREEH O 7 0~
T, WEMCOERMERICARE VI &b, DNA
T4 v H =Ty RO QBRI
ENTOVE, TOFHE, MRS L EigH» S5 DNA
L, BIRBEECUE L, S VBRI T DNA
Wi AN Lt Tu—TEROTEFE AL TS
A ¥= v YT K - THREESRW R BRARA RIS 3
o bL, A YT Ly DNARRES Sy
DNAZBAL D FEBRL, R LLY LV
KT o —TEnAd 7Y 54— a v &8 TRIRE
WM BEERERIBT 20D TH LY, EHLL0BAD,
ST, So—TET N YRR LY
/ & DNA OHNEEI ENA Ty 1 E—Va v
XEHCTHEMERR S, £0%, AV TLrbLL
WHEBE Udcrvie, BORER 7 « Vs TR TEES ¥,

§i %= el

Table 2 List of works analyzing mitochondrial DNA of whale by PCR.

Author

Species

Hoelzel (1991) *

Hoelzel and Dover (1991)
Baker et al. (1993) ™
Milinkovitch et al. (1993) *
Baker and Palumbi (1994) ™
Milinkovitch et al. (1994) *
Palumbi and Baker (1994) *

Orcinus orca

Balaenoptera acutorostrata
Megaptera novaeangliae
Many species

Many species

Many species

Megaptera novaeangliae
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iRzt P EEB U ET AMOBYHRKED I =y 5 5
A RSOSSN TVWS, Lk, Thodvo—-7
psic, Epplen et al. *W ik > TR x hic QA
YaRX7LAFFTo—-78 DNA 7 4 v —
FECHOWONA LD ICH - TERY, COFHE, B
P CHAES B, A4 BEERIE ORI 4 ~ 5 [alf b i
ENF(GGAT), O & H BRI E 7o —-7E45 b
DTHB, MDD 3 =4 F 5 4 FRPIEH S Hik s
BT, HHREEEILCARTERRDERD T
o 7REHTE, BNk OMASbEEEL ST
LIZL-TDNA 74 ¥ H—7) v - OEEORHE %
BB IEMTE S, Eh, TO—-TOHA THHEL
tedh, N4 TY YL~ a v OIEEIBERHTE 5, L
mL, [, ~A 7Y 54— g v OREORER
EMRML L, WELAENAY RS- vEREICLELS
RiEibd b
COEHIBTANF O~ A DNA T 4 ¥ H -
MERIBoS Y FEME L, L RO vy A
MEpCHZE TS 500, BBICBY 57 o L HEHI
BEUNTHBY, LrL, Q) [B—4 N LEcBRkis
1o, [—O&RMETH 1 TN 4 e~y s v EITHLE
NHBIE, Q) v FEDBETEC/ Y F oS
FMh A C EMRMTH B LGS, BROBERSE
B EE OB O MBBMRER~5 X5 GHIRCE,
EOu - AER ey SN — AL = F 54 b
HDBEIC 1 » T B DT, 7o — T EEGHELY
DEH) D DT B LB D H Y, A%®&m®% =t
Thb, E72, " TR IR A B,
4/ & DNA 20+ 5 m%%¢7u~7@M&%

A2 ¥

> v

A IV

DS o—T

DEBICL->THONBEDNAZ s v H—7) v b &,
Blobo kRO bOTHIEL, £ ¥ FADHEINCHE -
TS 5 & LAMERT A C LR L5, 2o
B, EBRBCEET A EECHRET ) OURNETH 2
fodb, KRG THEENTVLEHDT, DNA 7 1 ¥
H=7N v+ OEETHY CEMYE LLEEL NS,

3. PCR (Polymerase Chain Reaction) 12X 3
di-nucleotide repeat DIEIEE H Lo Fik
AL L TE, YAFo—HRADNA T 4 v H =7

Yoy b EOMBEEEETAFEELT, PCREZHL

o BB s Nz, OGN, DOy TG

HED DNA BEM%E PCR 24 » TR 5 40T, 1

A 5ok S L 72 DNA ¢l Lk

Wld & e o 4 s DNA P o JEE T3
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5, TOFHE, TOHYEUBOBEKREER %@T
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AHMEL, 7 AVBEKE THHE S i DNA BT X&J}

HEL, ToRSELET S, COFEE, FARI VA

F RO R L OEFELES B0, F—y -2

LTHliZR E > TBL T ENTES, O, F—r
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Uk <, B ~ROE o MR £ EIR S 4?5u&ﬂf

& %, Rassmann et al.™ % Schlotterer et al.™

i, ToFH:%E SSLP (Simple Sequence Length

Polymorphisms) &HLTHY, AXTHEZHIC

59 &IcT B, SSLP 0L »TL 5D, PCR
CEATHFARTLAFFY L~ bEIE d‘%ﬂ.b)’)@7

S4w—ThD, INERHTLLEND B, LIl

ANk S, BRSO IR I A U

IXHERAHIE 13 & TR O TR ¢ R & &

BB, COEEREFICAN, T4 ~0 8T

DI ST H B, 9, JREHO Y 2 L

LA

DNA ZHiRcHb L CES A E SO (2kb
RIS <L, 732 3 FEOMYE~Ns 7 — 24l
AAEY, KBEICHERL, ¥/ 32 5475
)= %K B €2 (GT)w® (GA)N.GDJ: 5 18

di-nucleotide repeat & 7o — 7L LTaw =~ A



ERRAD A4 7 & DNA T Fi: 53

TYTAE~va VEITH, 5475 ) —-hoXHeEn
BEINEGAL 7 n— v EROH LT, Y- v R%
vy, di-nucleotide repeat %3 8 L OHIRO%K #
o PCR 794 <=2l d %, Rassmann et al.*
T, CO7T 7470 FEE>OTRNSRTH
Bo it L7 54 =~ 20T PCR 270, 4 Vil
LK & » T/ S NIy PSR RA R, b
oo, RIERE A ¥ FAOHEAIER - CHlET 2 bo%

DNA BT iclifid %, ST TRRRSA T
% SSLP KL AR U ZED 754 < —% Tabled i
HF b, Schlotterer et al . ™ Tl, v FOERRE
W Yo RUHY Vo QMBI THNTO S, &5,

Amoset al.” Kk T b+ AT v Fo (Globi-
cephala melas) DO QWM > W TOWENNX
NTVE, COLSLTHEONS DNA W, +
YINT A ATEH B IDENBES T, BomER%

Table 3 List of works using SSLP and sequence of primer flanking a di-nucleotide repeats.

Author Species

Primer (5'to3")

Tautz (1989) *
Schlotterer et al. (1991) ©
Rassman et al, (1991) ™
Amoset al. (1993)

Many species
Many species

Kage (1995) *

Globicephala melas

Globicephala melas

Globicephla macrorhynchus

#
#

#
TGAAATTCTTCATCAGT
GTTAATGTAGGCAGACT

GTTTTGGTTGCTTGA
TAAAAGACAGTGGCA

GTTCCTTTCCTTACA
ATCAATGTTTGTCAA

GTGATATCATACAGTA
ATCTGTTTGTCACATA

GGGGTTTCTCCTCTA
TGATCTGCCAATAAGA

ACCCCAGAGAAAACA
CAAGGTATTTCAGAA

TGAGTACATGGATTT
TGAGGGCTGAAGTCT

GCAAACAACAGTAAC
GATGGAAACAGAAGC

CCCACAGACATACAC
TGGCACTGGCACACC

TTTGGCAGGAACCTGAG
GTAGCCGCTGCCACACG

# : Sequences including di-nucleotide were mentioned, but the region of primer was not mentioned.
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CKEMTRE SN TV AW 2 ¥ s HOBTFEES I
HhThBH, UL, RE&LTH, uﬁ"%%ﬁif% D
SOHIESIRL 27007, FNThoficHLTT S
1w~ DEINETH>LESD Y, SHOBNOIREIH
FN 3,

4. RO/ L DNA BIFOFTCEER
4 —1, RAPD (Random Amplified Polymorphic

DNA) %

RAPD k13 1990 #£1 Williams et al ™ 12k »
,xtol} SN DT, TERL LT - #¥© DNA
RISV SN B LD - TELTHETH B, 20T
&i‘ﬂhﬁkratt774«wﬁmmf VIR
DNA%?/7V~%«LCPLR%HU Bigsni
DNA W ISZERM S 500 & 5 2 RETT 5 50TH 5
ZOFHR, BRI T4 v —AHR L TWAE Y,
PCR & » TMEEN B DNAWIR @S v 74 ¢, ]
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4 — 2. CAP-PCR (CA-repeat Primed Polymerase
Chain Reaction) #

CAP-PCR #id, 1995 4E1C Ishibashi et al. ™ 1ad -
TRASNIF LOFETCH B, TOFLE, SSLP &
ii‘l"&: (CA) @ dinucleotide repeat 27 7 1 = — &
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i, ToEohiT— 5 ORTOLRET, -
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