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ABSTRACT

Cell size, DNA content, chromosome and PCR-based mitochondrial 125 rRNA gene
analyses were conducted to obtain basic informations for genetic stock identification of
spotted flounder (Verasper variegatus) from Yeocheun, Korea.

The mean erythrocytic and nuclear volumes of spotted flounder were 21110 um' and 23.03
unt', respectively. The haploid DNA content of this species was 0.79 pg/cell which correspond
to 46.5 % of carp and to 22.6 % of mammals. Spotted flounder had the 2n=46 acrocentric
chromosomes but no heteromorphic sex chromosomes was found. Mitochondrial DNA gene
for 12S ribosomal RNA was amplified by polymerase chain reaction (PCR) and the PCR
products were subjected to digestion with 15 restriction endonucleases. Restriction enzyme
analyses revealed that Ava I, Mae II, Sma I and Xba I had one restriction site in the
mitochondrial 125 rRNA gene segment of spotted flounder, while Mae 1 had two. Segments
of 12S rRNA gene from mitochondria in spotted flounder were sequenced and compared
with channel catfish and human as controls. The 125 rRNA gene of this species was more
similar to that of channel catfish than to human’s,

A F
o] & ol 9\101*1 A8tz 2ol £ (genetic stock identification) & FA4F AAAe#el &H Mgt
olzl -4 F& 7ol % FF MHFS 93 V1 AEE ded YojA dws] F238t) (Cruz
et al. 1982). 27t 29 AL Y3t AFY, vlE, 924 2 HE2F5 A= 2L A4 5 e
Q] A FE o] Ry HIZoe AlXE AV, 944 5+ £ ¥, DNA §359 AE +4d
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&tA ¢l =Abe} isozyme, mitochondrial DNA (mtDNA), mtDNA2] 578 §27t (cytochrome b gene,
cytochrome b oxidase gene, 12S ribosomal RNA gene)¢] #4o] 9§ FHd8H &4 (genetic
stock identification)©] A= 3L glth (Nei 1972; Brown 1983 Kocher et al. 1989).

o]go ME 2 o AV|E YurF oz DNA &) wasted 1 27Vt Frleteg A¥ §4
Aol 2o A ml$ F8A] 3 QAo (Szarski 1976). 53] wlFAlo) UM AE R Heof A7)
240 WA Hdd v {854 AHEHR Utk (Wolters et al. 19825 Purdom 1983). HE3h
genome size= o] wheh LA FS 2l QIS Mok ojye} 5T YER ¥H 1T HF T
o)27174x) A3t Az utel YurA oz Z7}8l (Bachmann et al. 1972), 53] o172l genome
sizee E§F9 28] & 7o w9 A zolE YERI Yo F4 BAE wHEEH T2

4 1w 7o P Fo| Wt T £ L FHE AL Y AE FHARH BHE T 39
B Ao wj #88 A52 o]&=H1 Urt (Gold 1979).

33, mtDNAE 3 DNAY] 3] 22 =719 16~19 kb =9 4 2 § 722 5o oA
2 48 BA2 G Aok w3 & Wele 73 Wl wel @ DNAR T 213} & 5=7F 5~10 )
we EAL Az 37 AS 249 Qs 2d ¢ £E AWE 2 ZFF g A 8ol
£53 1t (Brown et al. 19795 Brown 1983). 12\ olZe] wlztx= mtDNAS £32l37] o
#¢ Mmut o} &} restriction fragment length polymorphism (RFLP) el 2] -7 Al Wlo|& Zot&
& ¢gle 249 At} (Smith et al. 1989 Carr and Marshall 1991). ©]2]§+ RFLP9] &=} el o3}

2 sA&xe 4d7] AEe A BAE7] 9% molecular cloning?] ATV o]F{A
(Beckenbach et al. 19905 Johansen et al. 1990).

a2t} cloning 71He W 1E9) V&g 27 By ope} =5 o] gol a7 He Ao
Auzre] Yot BAS A delrtA Aol max lck. @ekAl Kocher & (1989)2 HF
E20] 9o} mtDNA cytochrome b gene® highly conserved regionsol “¢-§3he primerg A2
8t o] primer® ©]& polymerase chain reaction (PCR)& %3] t}& o} 9] mitochondrial genome®]
307 bp2 ZEZ3}T o] gened] B7] AGL W Fulol] Ao Jd 2 Fzte] FHA 0¥ =
ural v} Qlrh. I & Bartlett 9 Davidson (1991)& tuna species oll4], Carr? Marshall (1991)&
Atlantic cod (Gadus morhus) A cytochrome b gened ©1 &3t FHAA Fof FHo| st A
73 vl k. =3 Whitmore 5 (1992)& A7) Uctalurus punctatus) St largemouth bass
(Micropterus salmoides)1X PCR 71'8l ¢]3 mtDNAS] 125 ribosomal* RNA gene segmentE TH
How gy AL A BAgozH oF fFHHA F9 FAel 12S ribosomal RNA gene?|
Abgo] ZHsdtths AS AAE ¥ Ao

W7 A, Verasper  variegatus®  7}A91E (Order  Pleuronectida)  &'d A3} (Family
Pleuronectidae) B7FA0)4: (Genus Verasper)ol £3le o|FEA 8 U AdR 4 d&2 F5
ol dslo] £¥3t1 Ut} (Chung 1977). B & At Al Ao A4kl Hole F2 AAR/E
AFshy =271 A4 60cm, AF 50kg AE 7AX ARete HFos F2 ddFoez ve vt
NHo| & ojgolth WA B AFoAE Wrtaivlel AXE 27), JA4A o ¥, DNA 3% 59
AE GATAe A} 2 mtDNAS 125 rRNA geneS #23te] £ Fo| g genetic stock
identification2 YO 2 M gene bankd] 71% A8 R oz g & AUE 7 AT =A4
w2 wejo] 2|3t gene contaminationd] ¥ g2 F8&3H HA AT
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B ATo) AMRE BRI Verasper variegatust e ART 2NN £8FE A
(Fig. 1, Fig. 2).

@ Sampling station

1 1
127°00E 129°00E

Fig. 1. A map showing the location of sampling site.

Fig. 2. External morphology of spotted flounder, Verasper variegatus.
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2—1. AE fASAE 2}

AEZ G e 3rie 2z ANZRE A 22 AL Sefol=d 2wE £ TAHAA May-
Grunbaldt Giemsa £ Giemsa 8902 d23ld b A 1007 o]4e FET xS &R
sath 33 F52 Axe AF 2 9 aga deo A R Aoz FnA 1,000 vl 3he) A
micrometerE o] 83t S A2, Sezaki® Kobayashi (1978)2] HiHoll oA Mz} s mH
A 4 28 74]"]'0}9&‘3} DNA ##-2 Labarca®l Paigen (1980) 9] ol wiat 2+ 744 % 1mLe]
#g AHA AMEFE AFT F Hoechst 33258 & FAate] B B3 FEAE olfdte F
B g A3k °I“H do] Hx DNA type MIE B DNAZ AT d44 242 Kim

#}o
1

m&‘.

Nl

5 (1982) 9] g ozt ’\243}04 A Ao ZREH FAA BEGE 0EY G 4
A F AAA o AP FASACh ok A ANAG F BRI £ F7] BEAd 20005
Aeste] QUH +=E 7’“'1‘3}9&2‘11 AP EAM2 1,000z #Hu)d ALZS Fo idiograms 24

3R G o] EFE Levan 5 (1964)9) wHe)] o] Astyrt.
2—2. mtDNA2] 12S rRNA gene &4

1) DNAS] &g

W7o R e 7)ol 243 2 vE e "9 iﬂ%—s}m} 7}z} 100 mM tris-HC1 (pH 8.0),
10 mM EDTA, 0.1 % sodium dodecyl sulfate (SDS) &% o] ¥ proteinase K (200 ug/md)E g
3te] 42CE 4~24 A F<L digetiondt & DNAE E&dle] PCR A2 AM&35l9 )

2) PCR 71l 213 mtDNAS 12S rRNA gened F%

#2€ DNAE 50 u€9] PCR cocktail (50 mM KCl, 10 mM tris-HCI pH 8.3, 1.5 mM MgCl,, 0.01 %
gelatin, 200 UM deoxynucleotide triphosphate (ANTPs), 1 MM each primer, 25 units Taq
polymerase) ] ¥ ¥, 12S rRNA gene 9 5Z-& 3$13to] PCR machine (Omnigene Hybaid Co.) &
94 Tl A 18, 50CAlA 18, 72CollA 189 &2 2 30 cycle BA1EGTh o] o A3 primers
Whitmore % (1992)°] AF8-3l9 W F4E oligonucleotide R1091 ¥} R1478 gt

3) A 5h Ax A

PCR products ¢ A &Ha Ax AL 9% A &4 2gv 9ul PCR productsdl] 1pl
manufacturer’s designated buffer, 10 units®] A+ T 45 g sla] 37 Tl FHA 3A7F DNA &
AHE F 2 % agarose gel2 7] G E 3] A5t Th o] W) AF8-3F molecular weight size marker
1kb ladder®} 123 bp ladder th.

4) AT Hol zA}

WA e A Ad BlolE xAMEY) fisle] TUd WHo=2 DNAE e, 125 rRNA
genes FE§ & A 4 (Ava I, BamH 1, EcoR I, Hind 11, Kpn 1, Mae I, Mae 1I, Mlu
I, Nde I, Sac I, Sal I, Sph I, Sma I, Xba I % Xho 1)9 EX4E AN AAzH
restriction fragment®] ©& /448 ZA1sl

5) 971 Mg 4

Hultman % (1990)2] %S <zt =743te] mtDNA2] 125 rRNA gene segmentd] 7] A IS
A3t
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I
1. MZE % #of 37

H7Eam el A2 f o] Z7]E Table 19 YIS A 37)E F30] 102+0.18 um, &
HH o] 50.34+ 1.78 um', F-3]7} 21110+ 11.30 pm’ Fo1 ] I7)E FE o] 426+ 0.24 um, EH o
10741 113 pnt', 323)7} 23,03+ 3.59 um’ o},

Table 1. Erythrocytic measurements of spotted flounder, Verasper variegatus

Size (mean+ SD)

Items o Cell Nucleus -
Major axis (um) 10.20= 0.18 4.26+ 0.24
Minor axis (um) 6.29+ 0.12 3.20+0.16
Surface area (um’) 50.34+ 1.78 10.74+ 1.13
Volume (um’) 211.10+11.30 23.03% 3.59

2. DNA &zt =3

HH74Ake] 9] haploid DNA content= 0.79 pg/cell2 Jole] 465 %, TH59 226 % T} (Table 2).

Table 2. Genome size of spotted flounder, Verasper variegatus

Species Genome size Related amount
) ) (pg) of DNA (%)

Spotted flounder 0.79 -

Carp* 17 465

Mammal** 35 226

* From Hinegardner and Rosen (1972).
** From Atkin et al. (1965).

3. MR & U A

Wbt o] @A 4+ Table 314 Rt upel o] 2n=467 Atk AL Fig 37 2ol 46
acrocentric chromosomes®. 2 7= o] 1o, 47t heteromorphic ¥ P Be ol 4
o] A dAAE EA8IA g ez Yehgth

Table 3. Chromosome counts of spotted flounder, Verasper variegatus

No. of Vépecimen Frequency of chromosome count
Sex examined m 45 46 47 48
Female 8 12 21 160 3 1
_ Male ) 8 9 18 163 3
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Fig. 3. Metaphases and idiograms of female (a & c) and male (b & d) spotted flounder, Verasper
variegatus.

4. PCR Z|gol 2|3} mtDNA2] 12S rRNA gene2| T=

PCRS o]& #W7kaue] mDNAS] 12S rRNA gene segmentS ZE3sle} 7] 453 2= Fig 4
o} o}, W7bAv] o] mtDNAQ] 12S rRNA gene segment®) BA# T tlR2E o2 ARES Apdn] 7|9
mtDNA®] 12S rRNA gene segment EA&e A2 ¢ Aoz veyich
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=R <492 bp

Fig. 4. Segments of the mitochondrial gene for 12S rRNA amplified by polymerase chain reaction.
Lane 1, channel catfish, Ictalurus punctatus ; lane 2, olive flounder, Paralichthys olivaceus ;
lane 3, spotted flounder, Verasper variegatus 3 M1, 1 Kb ladder : M2, 123 bp ladder.

5. Mg Xz =y
PCRZ ZE3F /A e] mDNAY 125 rRNA gene segmentE A3 A2 gt d3= Fig 5
2 Table 4 & 2t} Wr7iAnl o] SZ 5 mtDNAY 12S rRNA gene segmento] #8k Ava I, Mae

2 Xba I+ 1709 restriction site?}, Mae I-& 278€] restriction siteZ7} Y= A&

II, Sma I
vebgtth ¥ BamH 1, EcoR I, Hind 1, Kpn I, Mlu I, Nde I, Sac I, Sal I,Sph I 2
Xho I 9)A+= restriction siteZ7} ¥ =] 9kskc},
100 200 300 390
1 ] ) |
S 1
Sma I{Xbal Mae I
Aval Mael .
i Mae I %
2 T L.
o = = a
(5] [ 3] £
= £S5 §
«492 bp
b

Fig. 5. Restriction enzyme analyses and sequence-predicted restriction sites in the 125 rRNA gene
segments of mitochondrial DNA from spotted flonder, Verasper variegatus. (a) Predicted
restriction sites. (b) Segments of 125 rRNA gene digested with selected restriction
endonucleases and displayed on a 2% electrophoretic gel. Kb, kilobases 5 bp, base pairs.
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Table 4. Restriction enzyme analyses of the 125 rRNA gene in spotted flounder and channel catfish
as amplified by polymerase chain reactions

Site location®

i - .
] Enzymes Restriction site Spotted flounder Channel catfish
Ava I C | pyCGPuG 45 43
Mae I C | TAG 104, 119 291
Mae II A | CGT 236 233
Sma I CCC | GGG 47 45
Xba I T | CTAGA 118

* The following enzymes found no cutting sites in the 12S rRNA gene segments : BamH I, EcoR
I, Hind I, Kpn I, Mlu I, Nde I, Sac I, Sal I, Sph I and Xho 1.

Vertical bar=place where enzyme cuts the site ; Py=any pyrimidine ; Pu=any purine.

¢ Location site of restriction site 12S rRNA sequences in Fig. 6.

6. 7|2t o]

o M4 H7EAbE) 9 restriction site®] Wol & ZAMS Ad B QFo)A ZAMY WA E7F restriction
sited] we 0¥ 4L FFHA Fi)

7. PCR productse| 247 Mg 24

H7hAke] o] mtDNA®] 12S rRNA gene segment® &7 Ad 24 & AR 279 Azd
2] 719k 7 Fig 6 ol JERAITE theF 2} segment?] 300 bpE Blw e Ax}, Wrlxiuj= 24
vl 712k9] identity”} 81.8 %, AFE= 67.7 % FEE Aol 7]9] mtDNAS] 125 rRNA gene® uj$
2 FAME EYE 4 5 At

x F

AXE R o] 37 A AE FRTE B4 QlojA g &4 W o g B3] ujgA e By
71E R ZAF] ME £ 5S4 weled 88 AHEEI o] Benfey (1989)= AFAA o)
EAste th A oF F AYFoR FrE wFA oFlM AT A7) ZAFS v Qo we
ulpetR| g vl ezt fEE FE MEZY) Wsle FFe £2+e Yehdo] HuH1m ot
(2} 1992). & At A 832 Wrlxiul o] A7) o] HF Bue 22 211,10 un'sh 23.03 ut
o2 9o HUAME ol & wiFAH L FF FEA 2 BY J|FoZ o]8" 4 S Ao|g)

olftoll 1ol genome size®] Mol Foll wh} 0.1 pg~ 124 pg O2 WS ThFdte] RIE T
24tt (Hinegardner and Rosen 1972). ®¥7}240] 2] haploid DNA content 0.79 pg= Hinegardner 2}
Rosen (1972)0] B8 B34 Glyptocephalus zachirus®] 0.84 pg, Eopsetta jordani®) 0.75 pg,
Lyopsetts axilis®| 0.73 pg, Pseudopleuronectes americanus® 0.70 pget SA}she] oz oJg o4
ojF e 2l g W3 A 7ol o9 £ YL Aoz A

Patro¢t Prasad (198D 7}l & o] Feo] GUAE AV F o2 H3L nlwste o
AT 7] FMA 5 2 o] 48 acrocentric chromosomes ©]3L arm numbers 48 o] 743
primitivedt forme2 AF3Ah. B 2A} Ao @rlAule) gAH) S on=46, APL 2T
acrocentric chromosomes, arm numbere 46 &2 Weh} 4] A7Ae &3 th24 Yehton,
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Niiyama (1970) &= @7}zl 2 &o] & =710, Verasper moseri®] QA FE 2n=46,
8132 2 submetacentric chromosomes® 44 acrocentric chromosomes, arm numbere 48 2 B3
vl glo] o2 griatulo] e AX FAH BN AA, F T3] GAA st €3 7]
2Z+S dhsjof & oz Algdr

o] & 9] mtDNAS] & Al 7 £ AA4L2HE AA 9 mitochondrial genomes 213 &
Ag Z2o A 9sle AEE restriction site] FAE T3 o] FoIA Lt} (Avise et al. 19863
Billington and Hebert 1991). 221} o= PCR 71 & o] €3l Agke] do, vjE 2 =9
u2 g 288 %o mDNAE ZF Ad £ Jobar 21§ v 1t} (Rogers et al. 1990; Wright and
Monos 1990). ¥ 7oA E 10mg u)wte] 7+ =& 4239 ¥ 2 HjE2 FE] mtDNA 12S rRNA
gene?d) SEL 9T FEI 49 DNAE 4& F ANeH oAE FolA ¥ix 54 gened| £
Mo oate] FATHY £ A € AL JER FAF Wele EAo] sbgdEtA =HA

B A7 Me PCR 7Y & o183ty Wrizlvel tjxFo g2 Adv]71e] mtDNAS 12S rRNA
gened FEZ3tod A7 9% F AW B Fo] Whitmore 5 (1991)0] AJEE o] &3 A dvr] ¥
largemouth bass®] EAt%F3 U A3t PCRo 23t 125 rRNA gened] FFo] AHE3A ol Fo A
L2 ¢ 5 YUY o} 2 oFo JYAME EHF S uFIEAZ mtDNAY 12S rRNA gene©] =$-
Z 525 gle Aoz AZtE

W 7}2ta] mtDNAS] 12S rRNA gene segmentE th o2 3 A|gk a4 £ Az /A% xole
UehtA kol Whitmore 5 (1992) 9] A9} AAE Tt Fig. 5 % Table 4 A o] £ F9 12§
rRNA gene segmentol] #3le) 52 5¢] A3 &4 (Ava I, Mae I, Mae I, Sma I % Xba I)olA
170 o]4+4] restriction site7} FEE U} 015 Ava [ 3 Sma 1 24l 7], yellow bass (Morone
mississippiensis) b FAHE siteol] 1709 restriction site® 23l AU3L, Xba 19 735 largemouth
bass, bluegill (Lepomis macrochirus), white bass (Morone chrysops) 2 longear sunfish (Lopomis
megalotis) 9 PFA7FAIZ 1709] resrtriction site7t HEAFHUSLH Mae 1= 2w 7], largemouth
bass 2 B & 2% 1709 restriction site® 23 JATh WA Mae 1& i)y 2L 174,
largemouth bass®] 739 3789 resrtriction site?7} £t Ao 2 Buxo] Jort (Whitmore et
al. 1992), *H7}Am 9] ZA$ 2709 resrtriction site”} T} 71 B2 AolE YpEMSITh ol ¢}
o] mtDNA®] 12S rRNA gene®] PCR product® o= 3 Al &4 E4e ¥uz FEsial
A& 27t vo] BYo| yl5d Aog Jeht dog of 44 oF & 140 49 8 %
FAF Oy Y £ f83A F8& 2 £ AS ez YHdn
PCR productd 97 Mg 4L 1x9 7&ed Auirt a7HY T3 Jd9 §313 st
AT ol thrE] F43tth, Whitmore & (1991)-& XA 7], largemouth bass % <17t
mtDNA 12S rRNA gene segment®] 97| AME& Hmg A, FALEYL largemouth bass®t x|
Ve 784 %, Adulzlg} Ik 750 % = EXE ek B dAolAe HrbAu e §A Ade) s
mtDNA 12S rRNA gene segment2] €71 A ¥-& Anderson % (1981)o] AT%F 217te] mtDNA 12S
rRNA gene segment$} FAIEE vjwdt Ay}, H7ixiu)9} A7k 67.7 % A HI& Hrpw] o} &}
W71 81.8 % 2 YEbstth mEkA B Aol 2 gy g B 93 fA2HQ FHe dez

o 0

.

p

ol AUAA 2w W wro] oy} FA Aol YoiN B R Jure A, fAHeR
259 Fo) BE L QYO HU 4T AU Y T A K BANE F84 $8E F 9

T
2 ¥
™ o

Aez AT Foz T oA de AAste Wikuld B fA%H

ZAo] o

ox
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Hrtzbale] cf g FREH T4

O 3 o HE L AL 8F
Aoz AlgEc)

ol

o 4 $3H BHAM e FoF A=/ B 5 3e

2 o

72w, Verasper variegatusol W3t 4283 548 918te] AX =7], DNA ¥, 944
T R HYPEA T AE{ATH 2AL9} PCR 7'M ©]-€8 mtDNA 12S ribosomal RNA
gene? F4& AASH

2 F9 AT 9 HF Rye 747 21010 um'e 2303 pm’ 2.H, haploid DNA
content= 0.79 pg/cell2 4] Yol 465 %, EFF 226 % 2 Jebstch JAA & 46742
25 acrocentric @A Z FAH O] 2w, heteromorphicd 4 AAA = @& A &gk
t},

PCR 7I& ©]83t FEE ¥7a11] mtDNAS] 125 rRNA gene segment: UHEF 390
bpE “}E}sEIL, 12S rRNA gene?| PCR product® A g &A= A& AH Ava 1, Mae 11,
Sma I, Xba I+ 1709 restriction site’}, Mae I+ 2709) restriction site7} Tk
742 mtDNA®] 12S rRNA gene segment®] €7] N 8-S Azta} v 7) e} v|mdt A},
identity7} 2@ 7] ¢} 81.8 %, AFAE= 67.7 % YTk
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