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Candida albicans 235V % MRS (Major repeated sequence)
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Candida albicans D77 7 1Z1E MRS (major repeated sequnece) % HUl &9 28RO KEEANE EN TN S,
2004 fE1Z C. albicans DET J LBLAIMFER S N=AY, MRS 28 E/2JHIKN £ 720 assemble & finishing Z K #HZ L, BIfE
THRMK T LI | AITHREI NS/ LESIOWEITIEZE > TWRn. LAL, —~ 4 TMRS (Ca3, 27A, RPS 35
END) I, BRI EICS =V T A% TV E— MEEICE L Z BT 0, O S FE < Bk O 5 HE IR E 7
EWTHWSEN, C. albicans DIFFREITHELTHNTH. T I TiE, MRS OHEMRTN 527 ) ARERITICES
FTOHEFEE MRS DEHRPEANDIEAR, & SITHREDHILN S MRS 23, C. albicans D ZEBELT 2 SEANEZE, $ED
B ER A IRIBEICB G T2 2 000> TREZ EEBNT 5.

Key words: RFLP, AFLP, Yeft{R/RE (chromosome loss), mating, FISH, E5{& (centromere)

1. EBRNENREERTIZALC RFLP 05 AFLP N\

1980 ERHL ¥, C. albicans DERFRDN O S5k & LT
W R R ERL Y 2 70— JIZH W2 RELP (restriction
fragment length polymorphism) JEMFHFES 4, FO—
TI21E, Cas?, 27A%, RPS?Y R EMA N ENZ. I
SHOTO—7J1%, BRrsMEET/O— 73Nk
HDTHBN, AWICHAZEEZEZATWS (Fig.
D.Zhso/o—J1F BETHLASHHINTS
D, WSCHEIIEEI 0 EBRA TN Y. 20 S Offlr
TlX, C. albicans D77/ I DNA % PR3 EcoR 1 THL
BL, Jo—JaN1TUFAE—-23>F5&23kb
DRNZEAD T H =N RN, ZD/)N> RO/)NY —
> OMEZEFIHL THEOSENMTONS. F5—/)N>
REAEUCZFEERIZDWTHNTAD &, 260 T 0—
TORNEBITIE, BT U E—halt 172bp) WEENT
B0, TOEOERLUEBNELRD DI, 2HERT
ZENHLNMIINTNDY, ZORBIZHEDE, alt
%Z PCRIZ &K - TR I 2 B /2 /1%, 978245 AFLP
(amplification fragment length polymorphism) J£IZ& 5
T, AR D RFLP &IZFF% OMGENHESND &N
R E N 729, Kanbe 5 I alt ® AFLP # & TOP2 DPCR
EHAEGDR MR Z®RE L THBO 7Y, HIETIE,

RIEERYE © FO4E IS

T260-8673 T =i P KX Z 5 1-8-1
TERFHERZENEL > 5 —
chibana@faculty.chiba-u-jp

ZOXRDIEEEDERNZRIA U J= 5043 850, BRI
OO H B0 1

2. REERZEERERIIOREEF

C. albicans DGR/ HiRk%E PFGE NIV A7 1 —)V RE
SUKENE) 1K O 5 &, PfafkEL R (chromosomal
length polymorphism) MBI EN %0, ZOHEEIZDH
KEBEFNNBE S L TWsZENnhoTWD,
Iwaguchi 512& > T, RPSN 7 O —= > 7 I NI,
8 A DYtk TRtk 3 /™ IS DT N TORAIA
FIZRPSFIEL, FRIC R talk 5 & D |25 % T RPS
MEET DI ENMRINTNDS, IHITRPSIE, 7/ A
FICEIFICHEET 2O TR <, B3R EORED
HIRICRET DT ENRBEINTWSY. C albicans D
7L GCEREED EICHNIT 2 &, HIIREER Sfi T D
FECHOHENY, BEEF IMbIZ 1 HFTOBEETHS. =
NZHnH 5T, RPS (2-3kb) DELHI EITIX Sfi 1 D
ALY, mEE (22) THRIELTVWS.

RPS 37 O— > 7 I NF=FRHIIC, 2RV 5 K¥ED
Chu 512&> T, 7/ LAFIBRME O ERIZIT Sfi 1AV
LTW3Z ENRWEEN, ZOHBRMKZE AN T 5 1
O THREOAMEREZEZ L, aRELRIE 25
FRILTWD I EARINTWVS P, Chindamporn
5I2& DT, RPS BEBEEICHEET DRAA 5 HD O
WM 73 ERL X N, RPS O IEfEZRATE P & RPS 1T
# L THOK & RB2 D 7E7E L, RB2-RPS-HOK D ilfi X T
KIEBAMZEE L TW5D Z EAREINY, Chibana 51T
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Homologous chromosome MRS
¢ (o) g )

( R )
100 kbp
g Ca3/27A S
l HOK RPSs RB2
5 kbp
0.5 kbp

5 TGATGAACCACATGTGCTACAAAG3’
(ASDCF)

5’CGCCTCTATTGGTCGAGCAGTAGTC3’
(pCSCR)

Fig. 1. Anatomic description for MRS: from sequence to chromosome.

Every chromosome except chromosome 3 includes one or two MRS. MRS consists of HOK, RPS and
RB2, of which only RPS is repeated tandemly. MRS shares homologous sequences with Ca3 or 27A,
which are frequently used as probes for RFLP analyses. RPS includes sub-repeated sequences alts, which
are a good target for AFLP. The primer pair of ASDCF and pCSCR for the AFLP has been designed »

W4Tk H3 e

R 184E

&> T, RB2-RPS-HOK D 18 BRI D B AR & 3
WMLUTHEEL TWVWD I EMNERSI N, T O KIEHEMIT
MRS (major repeated sequence) E#ffIF5N TS !
(Fig. 1). 51T, C. albicans DGR EL R, MRS
fEI & A U 7= Pt Al B R & RPS O D3R S 7= [A1%k
DENVTEL TS ZENFHLMAITEINTNS D, B
£, 7 ) LRI T B MRS %, MRS Z 3112 &
DEFNDS, Pefifh 3 BEEOT N TOREMA RITHFL
TWBHZENGMHO>THEY, MRS DEEEFEIZTDNT
MEAED 5N TND,

3. REAADBICKLYFEEZND C. albicans DIHE

ﬂ

C. albicans TR EWIIM, A AMEAHRINT, D
5< B BRI AT IS LomEbIN
TWiz? UL, Hul 505 /7 AERMITICED, C
albicans 12 Saccharomyces cerevisiae D ZZ LT B AR T T b
% MATBETPEIZHEMLIO MTL (mating-type-like) JE{x
FIE (MTLa & MTLe) HBFER I N, Z O IR
FHITRAAAR 5 J/ITHETET B 2 LR I N, Ptk 5
FHatB T2 2 LI R D EBRITENTETH D 2 &n
RENTND 120 EEERAHRRT, 2<OHEGAT O
E ik (MTLa/MTLa) T& 0 5B T & /2 W, C
albicans M DB Z R THREHEGRNFZEIND.
MTL DT OHEERTIE, Rl RIFICEEL 7236
5 FEMN, (ENITEZ B) BEERASEE (chromosome
non-disjunction) 12X > T 2 DDORAAGHAN— 5 DAL
WChHBaINb TO/E EOKsENDHEEARK

) pupafk 3 % Iwaguchi SIFHAMK 4 FERLL TWBN,
IZHE— S NEAAIK 3 & & 725 o [ABRIC Iwaguchi 5K L -
gefifk 6 BIIUAAIAR 5 JBITHE -3z 2.

(monosomy) (2725 72fil@AEC . ZD&E, DR
BRI ZARDEETH S, KRIT 2 EHORERAEEC
Ko THAEAMK 5 F D " RANK (disomy) 12785 7z #llfig
MAEL, REHEGHR (MILa/ MTLa or MTLa/MTLa)
1272 %, REEEGERIE, A XR—7 /i EFEN 232k A
ICABI N G LMK (tetraploid) 127825 22, PUf
AL U TR BN T, BRI ELREINTNOR
WS, ERARTRAKRRSBEDMERICED, R4 I12
BRITEDLS EZEZBNTWVNS, ZDEX DI, C. albicans
DEBRITBNT, RAKRRNGEENEERERERFDZ
EMM o TR 2,

4. REETDBICIUTZEEINITEZEL

BRI DB BTN AT, C. albicans T, [ He iR
DOEOEICE > TTIVaAF — IV DEZENELT
TENWMEENTNDD | £z, Yefoff 5 BT HYALK
L7813V ViR — 2 (Lsorbose) D EALMEAIM]
EIBZEbWEINTVDEY. ZOXIBBEN5,
PR BHIH 72 IR BRIE T O A RBRIHIAL (niche) 8
BDOD C. albicans DR D—DEEZEZ 5N TS,

5. FISH &% A\ /- fEBEDER

1996 4E 12 9R R B B Tld#)® T FISH (fluorescence in
situ hybridization) % 12 & % @ 28 W & = N .
Propidium iodide |2 X 240, MEAOHIRIEICL S
B-Fa—TU Y, FISHIRIZK D DNA YLD =&
PONfEI Nz, ZHUTEK D C. albicans DRINEE L D %
AT —VIZBUT D RPS, rDNA, T 0O A 7 OREARTENH
LI, C. albicans DL 5> Z T3 BEE 72 e ARk iR
TSN &, FRBIAOFT RN RN Z EAVR
INTVBY,. 2N DBERHELD, C albicans D5y
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Fig. 2. A model for chromosome non-disjunction events, supported by FISH and genetic analysis.

It is supgosed that chromosome disjunction proceeds while undoing chromosomes that have gotten

tangled 2 )

. This process seems to progress less efficiently due to MRS region, and in rare cases leads to

failure of chromosome disjunction. Chromosome nondisjunction occurs more often on the

28)

chromosome bearing the longer MRS than the shorter one =

ZUNTIL, B &3 E 2 0 PRI A T2 IREEIZ 7
0, #E o YOI NTZ D S WAL T b
ZEMHENE Nz ZOHEIAIE LTI, MRS D& S
BREWEDRUMEZ S D BREIREED, FaoiEc
MENDOEEEZEZDDTIHRNNEWIRHANLTS
N7z (Fig. 2).

6. MRS DEEBAERRDEENDEE

C. albicans %) )V R — A 720 2 R BEJRIC U 7= B
9 2E, Fefafk s BNBEPEARLL 27 O0— 72100
EBETED. ZOZEaFIRAL THRAER S FEDOMHRIRA
RMETT, MRS O A XY FT3 % bk D G AR AR 5l D 55
ERFHNSNTND, ZOFEE, MRS DY XNEWH
[ERAARD S D, FARAR S BEOBE AT E WY Z &S
MO TNBE D PHRRZE DI C. albicans IZHB
T, BEERGEIERESERZR > TH D MRS 133
AR LT, KB, B OB, EH
JRZMER EITEEL TWDH I ENgho TE. Flich
ik 5 BORAKRDEE T, tMORAEKDBEITHN
THENEEHNEL N DI GR 5 FD MRS DY X
MEWHETIZH D EEZEZEN5.

7. MRS &t hOXAT

MRS DO REEH R & LT, MRS D H1IZ, RPS 78 d D
RPS O HIZIZ alt 2S7FET 5 & WD BRI 7858 0 X U %
WEWRRS5NS., ZOXDEVRLUMEL ot
ra A7 @EEK) THDT7IVT 51 KEDNAD 2L

BITWB Z EMMS, MRS C. albicans Dz > F O XY
TH DRI RE I N T W=, F/2F7R D FISH 12
KB TIE, MRS FORXY, HDWIZDIEE
KHEETHZEHRBEINTWED, £ 2 TMRS it
S ROAYDNENEBIEFINRGET 572912, HILH
HEIR X7 & —Tdh 5 pABSK 28 f 4L X 11 MRS (16
kb) ZHA, C. albicans DEMIE P ZIT BT 257 BEDZ)
RPHRENZ UL, BREEZERDSNT, £ b
OXA7 &L THRRIIRENRM > 72 (RFEK). Sanyel
5I2& 2T, B2 hOATY OF N FEMERNRI N
2, FOFEHIT MRS IZE TN TWARNA ZDEE
& MRS OBRIFBTESMTHTH D, Mmld £G5S
TR,

8. C. albicans ZEEYE R DIEE

C. albicans D77/ LW EHLE D {F 813, Magee 51
Ko THmE iz £THIRBRESSi12HNTY /0
WP MER I N, 7 LTz ORARITIEEARIC
8A, 7 LY A XL 16Mbp, 25K THDZ ENHS
MITE N, RIZ, C albicans D7 ) L\ DNA T 7
ZU—z2HWT, BEKTE () 1Mbp) OTORXT %
Bk < &% & 71 )N — 9 % STS (sequence tagged sites)
map DMER XN, C. albicans DYABAR D EEA IR AR
S/MCINY. FOEE T, WX O ER G ik S
BEIN, ZOFEICEST, 7HLUNOREARD Y
M DIERD BRI HED 5 7z,
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9. C. albicans DT/ A>—o T R7O2 1 b

2AH T F— RRKRZICBT D C albicans DT ) I
=T ATOY 7 NTIE, EEHEs s L
727 ) KT ay NHAETERNITT 5 & WS R DR
BTHol WAMMDTIAI RO =T T2 AN
WEIN, TOAEEHI C. albicans DT 7 LADKI10 4%, 156
Mbp ICBIAR). ZLEEIBRFETHO T2
7 )V (assemble) @ {EFEIT104FE T < & D 3 7= 725,
Assembly 19 & L CamXFRI N2, LoL, TOR,
RPSIZ7 > TNOTRRICEEEELZTENWSEHEHT
FEAEDT =T T ANWRINTNS.

10. EHINET BT/ LIER

Assembly 1913 412 @ contig THERL E 1, £ contig D

AU, VT ARIFATITIE, MRS Bk & 72 18 B 511
MEEL, RERIIRETH 5. FFiZ MRS fHE 2 R —))
T hyay MARICEST, =V T AERET
52 EEFAREETH oz, £ 2T, FITER L TR
AR 7 BZBOYHMX % S &1, ik 7% (1 Mbp) @
contig ¥ v FAMEH I N, ZHICL D TI6HATD
Frw THRIN, TNS5OF v v JI3 PCR THIE, X
SIZHRMAARTHED 2 DO MRS #HI (16 kb) D4 —
JIABREINLY. ZORORBKTEDT /
F—2a DR E Assembly 1907 J F—3 3 >
DHRZHEDWTHERINLT —F XN— AN,
Candida Genome Database (CGD) T INTW5
[http://www.candidagenome.org/].

AFE, 7AUT, HADIKFIZEK D Assembly 1912
H & DK< finishing fE¥( 2D 5N TWS. £, PFGE
&Ko TREAR DNA B 0, 7I)Vin S il L7z
REARDNANY A 707 LAIINA TUT A XEN
7z, THUT KD, Assembly 19 D% contig 3, £ DFEARK
ICHRT D20DRI Nz XA 707 L1 OREREI X
VI RFTHD SN TE K STSmap DR, = 5121
HETH D C. dubliniensis DT ) =7 LU AT =45 &
DBIRFER S B DE T, Assembly 19 D contig 435, Feff
R LIRS J A AER I N &R, &
contig @ [ 3§ 72 & & A Z AVIMANZ 171 72 PCR 2347 D
N, MRS ZR<IFZEAEDF v v THED SN
(http://candida.bri.nrc.ca/candida/alignments/index.
cfm). BIfE, 207> JIicLo THEEET N
Assembly 20 Al E N K S L L TWwa. KL,
Assembly 20 ICE> THERB DO TR, ¥ 770
ATEAZETHY, TOATHBIIE FENTNA
. MRS FIFIZ DN T, REAKEFELTHDS—I T
2 AIMRTE S NI, NS D MRS 1, F v v Tk
SNIREETH 5.

S. cerevisiae DT —HF X—ZASGDIZBWVWTH, v —7
IIRET ) T—a D7 —FR3BHETH B & it
T B ZTHITH W, Assembly 20 D 23 B LU B
Candida Genome Database (CGD) IZBWT, 7/ A

HEGE 478 B35 FEAIsE

HISHEGANCEFH SN TN T &> TS 637,
Eb Y

C. albicans DWHFREIL, WE R T EYFNFIEZE
BATSHIEITED, WEAEREOHP TR F < AT
EREIETE 2 BAIETI, C gabrata, C. famata™
% C. dubliniensis 7% £ non-albicans Candida %>, Cryptococcus
neoformzmsgg), Aspergillus fumigatus 0 DL ) AEFD
RREWRESN, T/ LET Ty b7 x—LITC
albicans DWIFEDN 515 5 N2 B TFMNTIERD, <D
W CHRERICHRAE S ND ZENEGS ER>TER. 5%
WEEEMEERME DS F L NIAENERNT ) 5741
RITHFE S 0, R E R D AR & R R D AR R BT fig
TENTHWSZEITRDETHAD. ZTDHRER, MRS DX
S IS HEEEAR AT T “Junk DNA” & B H 7= DNA D HIZ
b, THRINGED S SRR B DA N R
DT 5N, HEREOMIAEFIEREORIEITHE I TSN
H5EEZLNS.
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Structural and Functional Analyses of MRS (Major Repeated Sequnece) in Candida albicans
—Application for Genotyping and the Eternal Way to the Complete Genome Sequence —

Hiroji Chibana, Yuzuru Mikami
Research Center for Pathogenic Fungi and Microbial Toxicoses, Chiba University,
1-8-1 Inohana, Chuo-ku, Chiba 260-8673, Japan

There are several different types of repeated sequences in the genome of Candida albicans, including the
MRS (Major repeated sequence). In 2004, the whole genome sequence of C. albicans was published.
Assembly of the sequences to chromosomal length contigs was not achieved, mainly due to interruption of
the sequences by MRS. However, MRS including Ca3, 27A and RPS have been playing important roles in a
number of epidemiological research studies and basic biological investigations into C. albicans chromosome
loss events and associated phenotypic changes. Here we summarize structural analyses from subrepeat
sequences to the chromosome level, and functional analyses of MRS.
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