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Cytogenetic Analysis of Spotty Belly Greenling (Hexagrammos agrammus)
and Greenling (H. otakii)

Mi A SiM, Jae Koo NOH, Yoon Kwon NAM and Dong Soo KiM*
Department of Aquaculture, Pukyong National University, Busan 608-737, Korea

Cytogenetic analysis was conducted to obtaining informations for genetic improvement of spotty belly greenling (Hexagrammos
agrammus) and greenling (H. otakii) in aquaculture. Erythrocytes of spotty belly greenling were slightly larger than those of greenling
(p<0.05). The nuclear volume of spotty belly greening erythrocytes averaged 15.14 + 0.92 ym® while that of greening averaged 14.61 *
0.15 ym’; the difference was not significant (p>0.05). Consequently, genome size of spotty belly greenling was also slightly larger
than those of greenling. DNA content per cell of spotty belly greenling and greenling were 2.15 pg and 2.10 pg, respectively. The
modal chromosome number of both greenling species were same as 2n=48 and karyotypes were also identical as 2 metacentrics,
11 submetacentrics and 11 acrocentric pairs (FN=74). There was no evidence of polymorphism including aneuploidy or sex-related
heteromorphism for all specimens examined. The nuclear organizer regions (NORs) were localized on a small acrocentric
chromosome pair in both species. Spotty belly greenling showed large sizes of active rRNA coding regions in their chromosomes.
However, greenling examined only small sizes of active rRNA coding regions with dimorphism.
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olfel ol KAGH Fo FA (genetic stock identifica-
tion)& #A A3 ZddA 20 §9 FAE w3l 3
oA #ut ojyzel, £ ALFHY Z2d L FA ¥ 7 9
T EFAEE A 712 A8 E ded JoA ded Fa3d
(Cruz et al, 1982). ol f-9] AlE & 3¢ I7]= Y¥FHOZ DNA
ol walse 1 3@ F743e (Szarski, 1976), genome
sizes F w2t IR ¢ 232 Y2y, {9 Avde F
Ztoll A% ztol& YEMZ 1o A BAE #H%ed 88
ouE WE3z 9}t (Hinegardner and Rosen, 1972; Szarski,
1976; Gold and Amemiya, 1987). % ofet d44 & & 19|
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e Ao o¢ 488 A52 oFHn UL

=&)n) (Hexagrammos agrammus)$t Hx#v) (H. otaki)E
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o 4 (a), ¥4 (1) 894 oA eyepiece micrometerZ &
Aate], WA (S)=abmdet ¥3 (V)=4(a/2)(b/2)*n/38 AL}
8%tk (Sezaki and Kobayashi, 1978). 7 %3t ¥+ A X 2
& A7) ¥l student ttests FHIFA.

DNA &2F (flow cytometry)

A& AAS T (X100 HETF A& [ mLY PI F4A
(10 mM Tris, 10 mM NaCl, 0.1% NP40, 50 uL/mL propidium io-
dide)ol ¥ol 15~30% &<k LA HM3 T flowcytometer
(Bio Rad Co, USA)E ©]&-3t DNA #%#& 5334t (Kent
et al, 1988). DNA &% dzFo2e uF2A (Misgurnus mi-
zolepis)® AET HAE Y dMEo v, A
(Kim et al., 1995).
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Nucleolar organizer region (NOR) &4

AAH g9 NORE #4317 A48 #5o My 57 £¢
el GAA HE 50% AgNOs% gelatin solution (2% gelatin,
1% formic acid)& 2112 4& G4 NS dojwam A
g2E @2 F 70CAA 60z B HEAR ER HoFE ¥
F3 dulZ (X1,000) 3ol S4H 49 NORE @33t

2 ot

M@ Mze 8o 37|

HET AR 271 34 2% gre 38T Ay B, 95
7247} 976+ 027 um, 6.35+007 pmZ, Hx=Wole 9.17 £ 0.05 ym,
624+ 004 ymBth ZA Uk olo] wEl HY4 HEY BHA
o 53 A )7} 48,62 + 1.74 ym?, 213.67 +7.51 pm’ 2 F =)
vl HEE AT EHE 4485+ 044 ym?, F3) 187.57 + 245 ym’E
4 & A02 et £2F 89 A YodME =dnrt A
=] B & o2 vEyt (Table 1).

DNA &% &4

Flow cytometryE ©l43to] metxe A (n=14pg% &
7 2n=28pg)E WZTL2 = u s} FHiegre DNA T
+ A% A9, =dfvle] MEZF DNA $FL 215004 pg, 7
=HuE 210£003 pge 2 ek (Fig 1.
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Table 1. Comparisons of erythrocyte and nuclear size of He-
xagrammos agrammus and H. otakii
Cell size* Nucleus size*
fem H agrammus H. otakii  H agrammus H. otakii
Major axis (im)  976+027 917+005*  399£017 362+£007*
Minor axis {ym) 6351007 6241004 2731010 2651006
Surface area (ym?) 4862+ 174 4485+044* 8561046 764036

o~

? 15.14£092 1461+015**

Volume (ym 21367 £751 187571 245%

*Mean + SD.
**Means differ at P<0.05.

0 100 200 0 100 200
Channel number Channel number

Fig. 1. Histogram of flow cytometric analysis of (A) Hexagra-
mntos agrammus (arrowed) and (B) H. otakii (arro-
wed). DNA content was calculated compare with mud
loach sperm (n) and erythrocyte (2n).

metacentric chromosome, 119} submetacentric chromosome, 2
2|2 11%9 acrocentric chromosome2 |54 fundamental
number (FN)¥ 74%1th (Table 2; Fig. 2A). #Axeiv]e F4A
FT v opA/FA R n=4801%em, #HY £F} =Y
YA FAH AR (Table 2; Fig. 2B). 915 ¥ $9 4
AR BN B et GAA 9 #3 Aoy heteromorphic
3 AdAE FEY £ Aden, 3 AL G4A 1Y @4E

£ gidd

Table 2. Distribution of chromosome numbers in Hexagram-
mos agrammus and H. otakii

No. of Frequency of Total
Specimen _Chromosome number e
analyzed 45 46 47 48 49 counted

H. agrammus Female 4 38 11 9% 2 120
Male 1 8 10 97 4 120

Species Sex

4
H. otakii Female 4 0 2 9 9 14 120
4

Male 0 2 8 9% 14 12

Nucleolar organizer region (NOR) 24
Ag-NOR stainingg ol 93] FAA49 NORES 243 AH,
wn e} Hxdju] Z5F 1489 acrocentric chromosome®| short
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Fig. 2. Idiogram of Hexagrammos agrammus (A) and H. oia-
kii (B). Bars are 5 ym.

armol 4l NORe] Z = om, NORY A7le FHkdv|d vl3}
o i) o 2A Jelsc (Table 3; Fig 3).

Table 3. Frequency distributions of NORs in Hexagrammos
agrammus and H. ofakii

No.of  No. of No. of cells with different
Species Sex  specimen Agstained _numbers of Ag-stained NORs
analyzed metaphases 1 2 3
H. agrammus Female 4 133 52 103 3
Male 4 135 4 20 108 3
H. otakii Female 4 100 3B S
Male 4 101 Io4 8 1
Zy
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mus (A) and H. otakii (B). Arrows indicate NORs.
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HEF AX 2 o 7] A X F88 B4 U
Mg A BHoR 58, A Bd J1E E 2EY HME &
Aty 548 W =d f48A A2 & (Benfey et al,
1984). £ A7 23 xn7} Aot AT A2 2 89
a7l % 4 & AoR JveEEoen wy o AAE
wefn g FHxer F A FHE AT viFA R FAF
FEA 2 B 7o o] f" £ A& Holth (Table ). HE
9 DNA &3 24} A3 elv)= 215 pgo 2 Aol W3k 304%,
HAxdule 204pgo 2 300% ol HA wgkony, niex g
28pg, 99 36pg Bl genome A7)Vt AL HoE UEIHG
(Fig ). AX 2 #9 3719 DNA #%ae] wud glo} A%
2 #do A7) & =7} DNA FFo] Bo} ol F F 94
DNA &9 Zzbol 8 27] wishe} Yx3te sy ¢ X
At} (Szarski, 1976; Wolters et al, 1982). 25 A& £2 749
I53 DNA e 7H-H2 2 flow cytometryE o] &8 A4
DNA &% 232 1 48 2 A& 35 44T 4 32 &
2 A3 }A 7y B ooy sirAe W Fo e Besu
F43HA o] 8¥ F & Aot (Thorgaard et al, 1982; Wolters
et al, 1982).

ol g Fdfue] A4 AY BA A3 F
48, FN=749] 22 93-S et} (Fig. 2). F=eiv]d
43F DNA #3Fo] &3 211+0.07 pg, &7 2.09+0.04 pg
7te] AeolE BYovt v, Ao BT et Gz
A zolu heteromorphicd €4 A=
AAL G845 0¥ 4= F2HA ¢t NOR €4 43 9
Al F F 2% & %9 acrocentric chromosome ©¢ell 4] NORs©l
Vel E fAH3E EH T (Fig. 3). NOR £4& t) 829 o] {9
A BAg & M NORE Z5oz wigA Fdd o¢ &
231t (Fontana, 1994). o]9t 2& wgfv|9} Fxefu)o FAA
F 9% B4, NOR 2HelA et e Agxoz
DNA9| 3e] ¥l E7atn M4 FdA wste Had
3t A% (Ida et al, 1991; Park et al, 2000) 2.2 Azt o] &
FFol FAHOR v ke 28FYE YET £F DNA
3 2 NOR W9 BolA Hole of7te] ol ojufx B
DNA &3¢ 710 94 24F0] F& ATy AHAgA A
37t A¥Ysle #FHoA DNA T4y dojdue 3 7Hd
(Ohno et al, 1968; Hinegarder and Rosen, 1972; Park and
Chung, 1985)¢ll H]Fo] ¥ ul, DNA #Fo] BI, A77} &
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