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WE A THFR S, P8 ERH SREUMAs CHI5E 4 FPofl o2 BUARAE , SRR FH2E IR 2238 (fluorescence in situ
hybridization,, FISH) HLEENL T X 4 FHHIAY 45S rDNA i 5, SEECEEI, 25 83%My rh 40 A th 2 XT 45S »DNA fii
K, AT 13 B 16 S Y AR B . PURRHIT, 24 75%R0 TR 4IRS Y 3 XF 45S rDNA S, AT 6
SY ARG GES . 14 S 17 S QORI IR SR, 29 85% Ry T 4B RS ) 3 X 458 rDNA fiAL, ARIGLT 4
T 6 S 8 SR AT, Ax b, 29 65% M T A LA 3 X 458 #DNA figi, AT 345 4 S
12 S YRR N, tah, 4 Ry S8 AN 458 rDNA (S B0S T B, X HRRER T BHIRY 45S rDNA
Prsibh, 4 FET] REIE A T AFREM 458 rDNA B, WFRERTE T HA MG A0 5E 0R, hifEn s &5
WFFEER A T L ath 54 -

KEEIE B, UORIRNIZYET; Yefadk; 458 rDNA

SRR BT A DOI: 10.11964/jfc.20181211591

Comparative chromosome mapping of 45S »DNA in four species of abalone

ZHANG Jianpeng! , WANG Tongyi' , LUO Xuan? , YOU Weiwei? , KE Caihuan? , CAI Mingyi' ™

(1.Key Laboratory of Healthy Mariculture for the East China Sea, Ministry of Agriculture and Rural, Fisheries College, Jimei University, Xiamen 361021,
China; 2. Fujian Collaborative Innovation Center for Exploitation and Ultilization of Marine Biological Resources, College of Ocean and Earth Science,
Xiamen University, Xiamen 361102, China)
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Abstract Abalone is not only precious seafood in China, but also important mariculture shellfish. In recent years, the genetic
breeding research of abalone has made rapid progress, but the research data of cytogenetic analysis is still in lack. Therefore,
this study used the fluorescence in situ hybridization (FISH) to compare the distribution of 45S rDNA clusters in Haliotis
discus hannai, H. gigantea, H. fulgens, and H. diversicolor. In H. discus hannai, 83% of the metaphase had 2 pairs of 45S
rDNA sites, locating at terminal of the long arm ends of chromosomes 13th and 16th, respectively. In H. gigantea, about 75%
of the metaphase had 3 pairs of 45S rDNA sites, locating at the terminal of the short arm of chromosome 6th, and at the
terminal of the long arm of chromosomes 14th and 17th, respectively. In H. fulgens, about 85% of the metaphase cells
detected three pairs of 45S rDNA sites located at the terminal of the long arms of chromosomes 4th, 6th, and 8th. In H.
diversicolor, about 65% of the metaphase had 3 pairs of 45S rDNA sites, locating at the terminal of the short arms of
chromosomes 3th, 4th, and 12th. In addition to the main mode, there were other low-frequency modes in all the 4 species of
abalone, suggesting that these abalone may have several unstable 45S rDNA sites besides the unambiguous sites. The number
and the location of 45S rDNA loci in abalone showed a high level of intraspecific variation in general. These findings enrich
the cytogenetic research data of abalone and provide basic data for the further studies of genetic breeding in abalone.
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fifl (Haliotis) , 7E4r2K%% LRJE THAAZNMIT (Mollusca) + €244 (Gastropoda) . i 44
(Prosobranchia) . JE#A#E & H (Archaeogastropoda) . ffifl (Haliotidae) , & EEFKHIEFEE M.
5N, AttRACRMKRAFEGEAM, oMy 56 Fil, O akHMKifL) 17
Rl B (A% B R, 68 1) S i K B S b B 3 A LA IS R S, e At X i
2n=28; EE- PP X B Fl 2n=32; Jb AP b X 86 Fl . R - ORI T B0 FR G AR B H BN
2n=3601, WL, Gt pR AL AT BE AR 608 1 ROk AR Sk b B EEE M. AR, B AT E 1 et
A 7L 2 B R PR T AL o A, DA KD & B 5 B 5 P 41 FISH & A i el

WG JEAI 243 (fluorescence in situ hybridization, FISH) f&—Fvk o142 )5 i 5 40 i it 4% 2
TS MECREL, G 30 FNTREI TRKERE, AR IR EAEA. SHRETHE LT
Ho B ERE) FISH R A TP B, BRI =, BHAS T 86 & 4 &k 3 A0 L I I 75 1 2R
N B TETESCRFIEAL B A ST R R R0, N, ARFFERIA FISH b THRE 4 FhE
[ 75 fifl e —— 4 2 f1#6 (Haliotis discus hannai) P4 [Cffl (H. gigantea) . Zkfifl (H. fulgens) Fl14%
tafifl (H. diversicolor) [1] 45S rDNA, J9UR NI 788 (1) Gy 4 3k 4b 55 182 4% & Fh 4 fit 00 2 1) il 000 o

1 MRS %

11 HEBESE

A SR F oA T AT PR AL XY, Sz FH S 0 O 51 B B B R b i R B SR A A AR 1 2 AR
FAJEAR . 70 EEE B A TP I X, seId SR 5 B H AR AR 2R EHEER. 4t
FESAAT EE oA T AR PHERIEX Y, s206 FsEeE 5] 3 55 BB A RA K 2R EmE. J+a6E3
B AT O - PR X, sl ad FH SR 66 4l B & ik i) 2B MG, DL spii b4 E 48
A LT AR K Bt SR AL

LAHNE K RHCE M, WU 1% — € LWBIR AT N T4 SRINEZETHE, Wi
ARE Ay d sy, BRASE A 300 H 45 3k AT Bt 2 AR U EE o TR B f LY [ E TR OK SR A
1.2 DNARBELEMEMTHE

Hyfifd £ AR LA Z) 30 mg, fiTH DNA $#&BGKHFIE (R A TREA R A R $2 I 4 0t
K41 DNA. % Arai 25 1) 5 15 i) 2% il £ e (0 R 0,

1.3 BB Z=3 ( fluorescence in situ hybridization, FISH)

TREF ) % S DL 45S rDNA #7077 51 (18S rDNA Zifid [X i — MR F X B AR il & FR %L .
®— X B fF 4@ PCR 3K 1%, 5 4 & Dl 2% 185 rDNA # M 351 ¥ 18F ( 5-
AACCTGGTTGATCCTGCCAGT-3’) . 18R (5'-TGATCCTTCTGCAGGTTCA-3") 2, 43 7= ¥ % H
SOER AR AR, BAREESREAA R (PREFAFRAFD .

PREH A M B ORI B ERE NN B 35 pL 243l (50% iR M. 2288 7 W mEIZ -
20>SSC) H, HEREFZIKRELIN 2 ng/ul. HIRABWET 72 C/KEHZME 8 min, RAFEETIKLE
10 min YA E.

Pt fR AR 74 CAREAF IR ESE M (EETFHBE. 20>SSC. Z&1H/K) 29 5 min,
WAL Y AR IR I B T A i b BE 2~3 min, AR YL AR IR I AERL R 2 (70%.
80%- 90%. 100% #1 100%)> HMi/K%& 30s, /oK ik a3 KT

BFRE ERTJE W88 BEARAL B L A v R EF IR A, B PR RN S LE O
g, B TEE (NE/DE 2>SSCHH) W, 37 C (HIRMEZEZY) &8k (12~16h) .

VeV B A5 5 UK o LE OB, ¥R TE MBI RORE T gl (L5 T H B L.
20>SSC. Z&MW/K) (37 C) . 4>8SC (=) . 4>8SC (F) FH/AFE S min, LUE B & 458 %
R IREN . e B P IR G B LB RIMABAA, 100 pb FIEREN— P (Avidin- Alexa
Fluor 488 ¥ WINTEREM: L, 3 L DM TR &+, 37 CHEEMTEE 30 min, BE AR
WA BB O, BB KIRE TR IR T I 45SSC-Triton. 4XSSC. 4>8SC H1 & W%k 5Smin. ik i FI XY
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KRB, B TER R .

g, Bk B A B A 10 pL /9 Pl %142 10 min, #H Olympus BX53 %¢ ) & 1 8% 5 Al W
HEPE., BN EIEFAME FISH 255 . M DP73 Hifir #8 & 5% 1 B 5 1L 5K 5%
(CCD) &%, M CellSens BAFFAEHLKEEE, HHiTEB M Z@EHE KYIP A, f5H
P H Image-pro plus 6.0 Z5 AW % EG S AT R kR SRS E S ASEs T 5llE. )
Levan ZEISIHEH (0 73 2 ARl BEAT Je iR o 2, () — S e C A 42 T K B 3288 ol T 41

2 /R

FIF FISH FRE LA Lot . 75 G, i fil s (o b i e o f& I 45S rDNA WAL E, Hetofk
B Pl G 9erth, 45S rDNA {7 pi 2L S (0055 . &AL 100 /S AH4E IR EAT W%, TH4L,
3515 45S rDNA FERFEEH B 7 . Hrb, PG, ZR6f A4 (2 3 Fhf () 45S rDNA & [ #% %5 H
HIAEE S 3 %), makaateny 2 % (E 1D .

B 1 PYFhff 45S rDNA £ 5 5 B 5 |
(Q) W LU B 455 rDNA A7 fi50Aii; (b)) 76 [KHf 45S rDNA L840 () 4¢6fl 45S rDNA L840 A;  (d) Z ] 45S rDNA hi 25
Eil

Fig. 1 Histogram of 45S rDNA loci in 4 species of abalone

(a) 45S rDNA sites distribution in H. discus hannai ; (b) 45S rDNA sites distribution in H. gigantea; (c) 45S rDNA sites distribution in H.
fulgens; (d) 45S rDNA sites distribution in H. deiversicolor

et AR % H R 45S rDNA 7 S B0CE08 5 OB 77 16 R BIAR AT R R 0 (L 2) o 3 Suaft i %
AN 2 n=36=20 m+16 sm, 2 83%1+H HALH IR i 2 XF 45S rDNA £7 5, 43l T 13 5 4uthfk
(sm) KB 15 St fk(sm) KB i (B 2-1, 2) . PKHKZAE ) 2 n=36=20 m+16 sm,
21 75 %M AN MUAS H 3 X 45S rDNA 75, b 2 XL T 14 SRk (sm) KE AT 17 5 4k
(sm)K B, 1 WAL T 5 Sk (m) AR (& 2-3,  4). R ARy 2 n=36=16
m+16 sm+4 st, #] 85%1 AL MU 3 % 45S rDNA 7 s, &#AiT m §fifk (4 5. 6 5F1 8
) KEMmE (B 2-5, 6) o REHMFZIAR N 2 n=32=16 m+14 sm+2 st, %] 69%FHH {40 i
o H 3 %F 455 rDNA £ g, FHrb 2 XHAT m etafk (3 5H0 4 %) FEuE, 1 XAT sm §effh (12
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5 R (B 2-7,  8) o BRT FERIASL, 4 FhhET) 455 rDNA {5510 A HoAth IR K 1 2
A1 75 (B 3).

2 AR 455 rDNA 1 FISH Sz 20 HE 51 [
Fig. 2 FISH mapping of 45S rDNA and karyotype of 4 species of abalone

1. 3. 5. 7 VY B A2 50 0 S SO 0 . G IRBE . SREEATZ% 60 1) 45S rDNA i 2» 2EHE I, A5 I et B B AR R HEST I m,
WG R R, sm. MR E 2RIt dk, st TR LRI Y, S5 5 45S DNA
The four left figures (1, 3, 5, 7) were FISH mapping of 45S rDNA gene in H. discus hannai, H. gigantea, H. fulgens and H. deiversicolor,

respectively; the four right figures were the corresponding karyotype arrangement of four species abalone; m: metacentric ;sm.
submetacentric, st. subtelocentric; the green signal was the 45S rDNA gene
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3 4 Pl 45S rDNA fir 27 it H A AL X
Fig.3 Other patterns of 45S rDNA loci in 4 species of abalone

1. 2. 3 ZIEE Dy S0 45S rDNA T4 20 I 4. 5. 6 =IEEI Y VE KGf 45S rDNA il 2r 2R 7. 8. 9 =iE Ky &l
45S rDNA /- 2B I 10, 11, 12 =g A 44 (ufifl 45S rDNA I 2 42645 5 9 45S rDNA
The 1, 2, 3 three figures were FISH mapping of 45S rDNA gene in H. discus hannai; the 4, 5, 6 three figures were FISH mapping of 45S

rDNA gene in H. gigantea; the 7, 8, 9 three figures were FISH mapping of 45S rDNA gene in H. fulgens; the 10, 11, 12 three figures were
FISH mapping of 45S rDNA gene in H. deiversicolor; the green signal was the 45S rDNA gene
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PO R R ORATEG LSRR, BREEAEH. KN TEEEBENR, FEAR
W, 4 FhEEAZ R RE A ar NIREM, BT A 3888 &G TR A 22 R e e AR R R A 2R e Ak,
S5 860 R % €0 660 0 5 A W g 0 22 b G itk BAR R TIX 4 Mz OO 2 R iiE, (H2 A HkiE
GER 2 A ASFEA, [F M Rh i G AR A% T 2 S B G AE DU R B O LI, I % R R AT RE LS
W7 : YR i) 4 7 VR AT RE S R e AR (W T 45 s AR S5 B W b e P sl M B 2 [A) bR T % 6 A AR S5 1 3
Hg ek 2d . BT XEAHERERNAE, BOFETFREZ QORI mIX 4 Fhi 1) g ik
PR

HAZAYR, 45S rDNA K2 g iZ Bk RNA [ BEEE 74, | 18S. 5.8S Fl 28S rDNA 41
. 45S rDNA il % 78 35 R 2H b i HE 51114, 45S rDNA 4 fidh 7 51 48 F e B A B A se vk, B[R &
HHILFA R E 8, RV RER R4 I AL H] A R 5] 78 40 f ik A% 22 50, 45S rDNA fif
R IT AR B 2 R s A AR AT, E — e b b B T e 5 1 ) v X ISR JC BR8], 45S rDNA ()4 fh
RS A AT DL IR Y. CMA Je il DAPI Yo %5 5ok Bor, S E B 7752 LA 45S rDNA s FL 6
43 75 (U 18S rDNA) N #EEHE FISH & 7171,

#1 B{12545S rDNA AL s SLRF FE L
Tab.l Summary of location of 45S »DNA in abalone

45S rDNA (or 18S rDNA)

% 2 7 N,
ﬂjj_‘ s frE Sk reference
species karyotype S pair
location

Bl e 14 m+6 m/sm+16 sm 4 2th, TER; 7th, TER; 12 th, TER; 18 th, (3]
(H. discus hannat) TER

20 m+ 16 sm 2 14 th, TER; 17 th, TER (17]

20 m+16 sm 2 13 th, TER; 15 th, TER ENTS
75 e fify 20 m+16 sm 3 9 th, TER; 12 th, TER; 14 th, TER [91
(H.gigantea)

20 m+16 sm 3 5th, TER; 14 th, TER; 17 th, TER AHFF
2+ 16 m+ 16 sm+4 st 2 4 th, TER; 11 th, TER [6]
H. 2
(H. flugens) 16 m+16 sm+4 st 3 4th, TER; 6 th, TER; 8 th, TER A5
2T 1 16 m+18 sm+2 st 2 4 th, TER; 5 th, TER (8]
(H. rufescens)
W4T i 20 m+14 sm+2 st 2 2nd, TER; 4 th, TER (6]
(H. corrugata)
Z £ if] 16 m+14 sm+ 2 t 3 31d, TER; 4 th, TER; 12 th, TER ENGI

(H. deiversicolor)

e AL E S R FEAR(2017) VS TER=1i #5522 Fo G AR 22 1 2K iy B35 V. B 340 5 242 o % 0 A 1) 6L 88 i 34

Notes: the relative locations refer to the Zhu (2017) !8); TER=centromeric termini of acrocentric chromosomes or terminal on the p-arms

Hal, S FISH &AL 45S rDNA (= 18S rDNA) fffidk 6 Ff (3% 1) , 45K, #12 455
rDNA A7 5 B 50 H AT B 3l A7 A BOR A AN A2 Ak . DAASURBoh%), BLA R 3 RiiE 4 R EAM
[l ZEHAFIZEBIRL 2 ANkl (# AKX 18S rDNA. 5.8S rDNA. 28S rDNA Fl—E 7.3 kb [a] %5 51 H
B #4522 REHE FISH, LG 4 PS5 . Wang 201710 PCR 73 18S rDNA #3434 fid [X i
FHRAHREHE FISH, KL 81%MHM AR 2 XME5, 2ulhT 14 S 17 SREOEKE IR [
I, EAFAEAE HARARAR AL R A, RPN BE B A A Z2 850, ARTF . 45806 45S rDNA
P gk E A RS WangBlIR 25 AR, WAl 2 XRHEE S, A T2 REBIFTRE R 4 Xk
PSS o ERUX LA R 2 R E R R AT AR, S0 GBI DA & BREF DNA 7Bk, BT AR
AR BN A R . ZRa DA T TUE R DUHEN, ot bl 2/ D AF4E 2 X KK 45S rDNA i 53,
FISH {5 5fa; [FK Al GEIEAE/EZS T X /MK 458 rDNA f7s5, FISH {55 A% . Gallardo-Esc&ate
SEIOBIPE AT it SR RIRY 21 6 tH oW S RIRE I 45 S, 3 Pl iy s T (s vh 35 2 6 5 B 1 R skt
AFEEN] 45S rDNA {55 . EEVA WAL AR LB R f, 2947 12% K04 Fh R BLH rDNA % H A
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I E R AR DO, FER A, KT FISH KG9 R B T IR rDNA A7 5S4, s 2k 25tk
) rDNA Z#i g HER:, TIRER S 2 rDNA 7S5 E B 2 B MEERR ., ki, AFR%LK= FISH
T 7 (ARSI % 0 222 St AT R 5 20 45S rDNA 2 AL 45 R A2 3

H T CHGE R T, %) 60%E A 5% 455 rDNA fi7 5, (H LR i KB h #AELE 2 0Hhr
RAZ RO, TIsk% AR, 45S rDNA AL S IAECN 15, P %l 3.18 X191, #— B A 2~3 X B
W) 45S rDNA {7 s fIE T XA E /ML, REM AR (R D o BTN, 20440020 F
6] Ze 22 BU L AR R JEAL 5 1A) A2 B a1 /R S, SR hrDNA ) B i 4 NP1 TR R T g 3 A
45 rDNA 7 S8 H £ . BRRET, MG RAEFIR A, 1 H 2458 FARH A3 B 10 24 Fi fl 34 251,
Cai SR> HT A fifd X G SR 20 2 FAZ U R B, 2258 P B A QR R AR, Jefhjetn
IRAAFE & FE (IDNA {7 SR s E R EE RN, , Rifn, sEEd, FE5aha R S8
45S rDNA {7 S %0 H 3 5 T D12% 45 rDNA 75 i AcEk, LA 45S rDNA f7 S 3 5K I A= 1 2 8 S
a2 fRERIX e ) G 7 5 2 (M T AR

ARG 455 rDNA (A7 s 30 B AR s, (HILge @ik oA X AE R fae, &E S0 m T4 0
el (R 1D o EEAYH, 45S rDNA A7 55 A Y o fuf 32 2 i s0. Roa Z28VR1 Gornung™®14»
BRI T YA 25 458 rDNA E AL L kL, W UEREE, i 50%M TR L) 43% 1) R B
YO AR A ) 45S rDNA 4755 . Sochorova %505t i1 17 54 Fh D12EH) 45S rDNA @i &b ), Kl
67% 1AL N Yt AR S 0 o A 00, BIE A N BN, rDNA 23 A T Ge o fd i 3 A - e R AR RIVE 4L, 1M
[F] Y5 E 2 T Bt rDNA P3[R 3E fb 1) 25 B2 4 REHLAIT; Gt f s 58 20 A5 tH A T rDNA A7 55 75 e €A i) 7 1
L A28, ghAb, s oA 8 BEE R rDNA 8RB A R Je AR VE A, 5 ki A F 2R qel i,

i LRTIR, SRarhiefl . v IR . SRR A it 2E 4 Fpifl it B 2 %) 45S rDNA i &, Ho 2~3 X
B EE S W, A T Ye iR . i) 45S rDNA A7 5 5% B F1 4 A fr B 3 i 26 B0 HH 48 7K 1 11
Rl ARk, A7 A E SR B o A 2 18] R R BLBE L AR OS5 I 25 I 1 A L s AR B AT T
R AR AE B, B 00 O S B 38 A% 22 T T K I B8 G o B R e A T . DA A B A
MZ ARG T, A LEIFEE 200 T 40 M8 1L 20 5.
S 3Hk
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