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A5 @2 @] Wiy E5 7 € (developmental

Holx % ¥

A ET 7)ol 1A

Az 2] &4 A7]9 % (multilocus enzyme electro-
phoresis, MLEE)o] $it}. MLEE:E t)iE9o] §&2Z <l
DNA A& 2y 553 Fd%5S Yl 43
&k 2ol

—_ =

Ut e e auth %% 442 Rth DNA A
B AMPOoR duAown £ selt wds A
w4 o] g

(restriction fragment length polymor-
phism, RFLP)Z} Btz 2 A}£31= RFLP, t}&84 DNA
o] FZ9] FZwW(random amplification of polymorphic
DNA, RAPD), 33 7|3 A A7) %(pulsed field
gel electrophoresis, PFGE), & 7|4 &4 So] o).

AR Auwe "ed UMl 2dEe AA
gou Az ge detd gAd hal A= ge
A

o
A4 ADE WY 5 Y AR AT
< Aol gk,

27} melslol @ BANY FES RS
Qo] Folof @k o} oW FHH BAYL 24
& 4 gl Y 39S A9 9 oW Pwe o
£ Aut & $2¢ Basted Jsol o Wt 4
Tola F3}e] AlZHevolutionary time)S FHE 4 S
2 Woly] Wi Sot IS A%E Aoz u)
Hote o5 M4 FEER HHaEE Yeth S
"FEEI "R duHdou T E5 T

7}

2 AFHA", DA kS e 471A
2 i3

@ §44 A% Eye del el @ W

b e FAA AxzAd el JFS LA Lot
of

MLEE| A ¢} m}zl7}x] & DNA A& 2 wo] HA
st ot i Adle FZA ddaEjort gt}
dE S0 Zgxan= DNAS 423 A A (minichro-
mosomal) DNAE Ui ZA-EdA FA ¥ AdHo]
2 Aolth. divk st LT xS F8F o] &

3]
[¢)
AA FZAAe] fA ¢ MAEFE TS = F U]

o ol o

dages AAAEAT AT
om AgHBEN TR qgn z
A B FRA AR HJuNF
E ool el el JlestE thew 2,

(1) 9= 542 A8 &4 7719 S(multilocus en-
zyme electrophoresis, MLEE)

MLEEE #4249 #7]d%l <
DNA ®Ayel ozl EddA oty
Wijelth o] 7pA] &ae] WAy ofmqke] W
o] 2 913 3}7 2F(the net charge of the protein)o]y} -
Z(protein conformation)7} W 3}gte] wel H7]YgF9
o=l A= Aol ZTAE Fo 4392, 3],

BE FF9 BY%d T=gdte 43 Witk o
E g3 e gud Fxo Hels: Fu gEH o
g 159 1 FEE A A (coding) 3t U= F=
A FHze] AHE wigdTh. W] 4dFH olEEE
dlgo] HFA(net) Hatel] F2 oJFEdt=H o=
o] Jap fxo ofF FR AR AR Tl o]
ol xp} AFA}, AR} R QBN E FEFE Wt of
23t Tz} 3ol Pzl FAE olnwa AIES
LA AY &A=, o5l @A WA sk
ol 714t A7 oleoE dIFS FToh E
Bis

o

grl 9t BEYR PEPh dwHoE BE
Wgo] ojnliite] of 15%t
ud % dvkm LelA YrH4l o] FFe] NpE
WA BAd A2 BE £32$ giksed 3

3},

MLEE o] dnbAQl 43F 2o F9 Q45
(1) 28 F2 EA(cloning)dtz N ZE 7| 5 A X
& THlete]; @ AzE st diste] dSds
TRt @A extractE: FH| k= AT 3) A7)
FEtaL; (4) FF A (isozyme) FA St (5) A=
BAsle By or A gt

Q) BAAE HEsA] L A B4 Ho] vy



o|ME0 AN EAMES st A nid el T2 T 1M
o 3l AMg-E = W olth6,7]. FEs] A
W oﬂfﬂ A#AGE HUt
g & e 122 §84 Welt. 13y RFLP
9} & &= RFLP % PFGEY ¥} thxr o=

W (restriction fragment length polymorphism, RFLP)
RFLPE A EPE EXMd= A Aol e

g Aol A4 W 44 feetel 2 AF B4

of AbgETh A AR Adste FE YHET s

+
& 2

A
= FAAE HE AFnF dgFe A g4A= RAPDH o] EAIH-E AAME Addd &A7F At
RFLP 448 A3 & PFGEE E4dt= wWhiolth = Aolth. oF 10 bases =9 T2 A FAE AME
AAE= & DNA #4E5 Adstn A= o A77t sto] fHA Myt 2A FHFGS PCRE FEg
£ BHAES agarose gelol A B2 3t). Al FAA o}, ZZAES agarose gelo|A] EE]ste] ethidium
= Ui/l @dg DNA B2, ddg Az +4 bromide GAste] ZpA|gtetth AlEA §F3s FAE
Hol Aot o] FAAE A7 B/ ol AT Zroll 7tAo] WststAY A FA A7 YERA

A
A7k D& e dey Ao BE Aol At oAbk o AR]L, A4, Azl os) A 7F wsd

FHAle AT APAZAE FAAETG 88 & & W ol yEbdeh tivl 10-bpe] AlEA ZhApuict
ottt Y= FAA A B RFLP F32 & & 7N WA B 7He] F band9b &4re] - band7h A
Heo] 4 F& A 2oy HAARe %A 4k "ot ol® § band £ FLT AFAHANA wbE A
AF AgTFE ATEALE ALESHH ethidium bromide S & v Aol B4 & FE YJorz F
e FEe ods] Wit(crowded)str] wiEol A bandE Rt i) Ao AREEITh oj2d &l o
A5 2R gE EE RFLP B4& Ald 44 Q7] g4 ATE FIPstrlde vy Wyl WEel F14
Je 9 =771 olyn. WAl ATEEE qas A S Frtsted 2o B3RS A7) S8 oA
< DNA #4& 442 WE7] A8 =84 ZgFe 7 AlEAE AHES A RE FAS ok gty At
AFaLE AR vk RFLP “49] durAel A3 How Hag 2700 AdP e e bands YAt
W] F8 ahEe (1) BHFE HASIm AEZE = AEA <k HE ARt HAT 1671419 BHEA
71%= 5 AEE FHEt (2) A= = bands7} Q&= she Zlo] dnbA AFoz FHH
DNAE FH|E th5; (3) DNA o Agd &4 A= o} E}d* -/] =7t BElFRte] fAA W& &
238}shal; (4) PFGE A7) E3to]; (5) ethidium bro- st=d % W ZoF @k gdAde] A=t UF
mide FAg £ (6) AHE EAdte HAF o2 FAH sole L:rLTE: AFA717] W&ol 10-90 %e] 2] 7ol
o ATH4.5]. Uehhs B4 bandsE AEE AS FITHS-10]
RAPDY o] dubAel A3 W] Fo 2252 (1)
(3) #&3} (hybridization) T4 A& A}§-5HE RFLP e FE A AEE e § AEE WS
x4 M EAYE RFLP S|4 ethidium brom- o]; 2) DNAE #H|3F &; (3) PCR ZZ&}o]; (4) A7)
idee ZE DNA EZE& A3t} o|zlo] a8A % 9 E3taL; (5) ethidium bromide A3le] bandE 7}A|

< band7} Yo o] HiFEt bandE Abeldd 7+ 3kt 5 (6) 25 EAste AP or FAEH] Utk
ol &7bsstAu ol¥A He olfrelth. FHE &
MA}= RFLP Al dX BASvul Melz o ]

&

Asul deld oz oA (5) A719Fl g AFEA (karyotyping)

HA stER e #dso] Eopxlith gl AN ZAYEEC] 7FA 2 e vl AAA
AFFEA-58kE DNAS A2 ™8 AR Sou- = PFGEY O A7|7t 288 + e ¥9 <ol
thern blot hybridizationA] 7]+ ZAo] YA ET} F 3 A 7] W Eo] A7GEA AFEMHo] AMAZEHNE HY
EAE FAe HdTE EAs = AFEEHA A S TEY A& AP ALEEAA Full]. AEE
of WhHel Ay FEL Agd FFEs @A §- AEE S AAS = B4 EFFoZA FH4E Ax
FA ] 2E A 2] B AE ALEslE RFLP Hel o ¥ EB-9bA A A (spheroplasts)E agarose plug $toll =
HbE ol Ag "ol 98 g9AEL (1) EIFE EA gtk e A A 8 AHLAA (detergent) 2t
il AEE 7195 5 AEE F¥skd; ) AEE proteinase S F7lsle] @A S Ax3lstn kS R
8t 1; (3) DNAE —?H]s‘} th&; (4) DNAE A% 3t} agarose HIEFE  (matrix)S A @ (shear forces)S
BEaR &ststo; (5) #719E F; (6) ethidium bro- Fox & dAA DNA 7} #85E A& et o
mide GA3lo]; (7) DNAZ o] 271 D}%; 8) & 3 agarose plugZ agarose slab gel2] well <ol Yo
X}i F3steted; (9) FFE s F (10) 23E PFGE A71d%d & A4 A DNAE ethidium bromide

Mote o2 FHEH St 2 dAgt. A E dAA-5o] FAAERZ Sou-
thern blot hybridizationdle] T3 4= o). #4494 &

4) ©+¥ 4 DNAS 729 F3EHW (random amplifica- 2 BN AL u FAE] AMAAHel d; &
tion of polymorphic DNA, RAPD) o] ¥ ogs W] et Hux: goul2]
RAPDE ZIHAZAE WATe] DNA A F 2 ALk, AA F0, W7 4% 206 wak Fdol W3t
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FRd PFEE, AdgHon Wold e A=
te FadA e #E0lt A £UEE 2a
oz AP AU 2 e PeFEd dal %
g3t BA wyor FAM AlS(similarity coefficient)
= A A2 5949 sete] AR ECd AT A
ETTE AT OE FAE AR Hudd.

Teob frAoR g WPEc] & ¢ 4T &
FFES Y, 12 Jd3E EYFES U3
Ak B3] e AeR, FHI RIUFES AR
e Zew FAsta, £ AR A T Y EC
FEFES 543 Fydeoz #& et 1 B2
A#F] BRE FEodA AR 5&2 A g5
Tt Zuh weF ago] Fddittn FEEE 2
FTES YT A2 T, a2 FHLY oY
T e RYFES H=T AER THIINL
U, 552 #dd #5& FHAd BYUFEE BFH
o za M3 Fx(fashiomz TS EFA &
s o2y F sk & ot W2 e dH
A< Brksted ¥EsAYd = v 2o 7o
F ool 2YFES I or FUY LEE BF
s 235 3 Y ez ddEdey YA
¥ BEFES HEY F JduW I HHES AME
@A AL AAW E F shiwel FEYom Ao
A3t 3+ Feh(a clonal colonizing population) W] 2] m]
AR 8E HEsked 294 d ol

o ARkAQ wat I AFEI M, 7YF W
AT 9 BT AR AEYe AES Hrietet
AR&E oA SETH3,10,17]. FH A A& AEHe 2 A
A7 uhh FAEA BoleAd Fuglel, wxk &
1S A fuAME AME e FEY ABEdS 11
st e dal & oidtEs F= does A
= Zrxsfortt gty 2y elg wak gl 8
Hel Ad F2E A ABS AT st
AL A4 slok FTH3,10,18,19].
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5. XAIE 24

(1) FAH Aol ALt

FHA AL AEY ARES AR UE dH=E
Uehdth. MLEEE v A Fge = 14e 3 RAPD
9} RFLP, & A& A}4-3}= RFLP % PFGE: thEo|
v o] band FFow vtk Az e 7
Al A AE APEMe] Rx = AlE S (dendrogram)
U Als Ut (tree) s A7 S8l BelFEe 4 %
el A AF(Saps)E ARtstedl Atk SyupsE
Axtetr] A 43 Saps2FH AeUTE A
7] 913 T Fo| A Adegaof ti20].

1) band®] 9ol thet &= g ZAE & U4
T W& bande] FFE
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17} 02] o]z <4 Zk (binary value)o.2 z}z} 7] &3k},
nape A B F o] ¥52 2 & band (1,1 2
#7]) Folth as Bole flou Ade 3= band 9
(1,0 22 F7))ola be Ade §loy Bele e
band ¢ (0,1 2 FE7])ol™ c= A% Bej $lE band
o] 40,0 22 FE7])oltt. AA =7l x= bande] &
2 Yz $2oZE x= puptat+tb+co
o FE& (match)¥ = & m& m = n, 5+ ¢ 0|3 =
Z](mismatch)®] =21 ux= u =a + b o]t} o]H 7| &
¢ =22 band®] 91X ZAE Fol AHd ¢
B ope oY A Susd TAS AL & Ak

°1% 713 F5E W A Jaccard(S )] FH ek,

—, Ot

[

oo 2

S~=¢
/ nAB+a+b

the coefficient of Dice (Sp ) :

S _ﬂ
D7 Ompptatb
the sample matching coefficient (S,, ) :

S = n AB+ C
" magtatbtc
the Pearson coefficient (S, ) :

(n apc— ab)
VI agt+ @) (n ap+0)(b+ c)a+ o]

S¢:

MLEEY d#e] AlFAER o] 2] o] (binomial) =}
B2 AlFste RAPDS 22 wog dojxl A8gE
£ banding AFEAA A AF} KA ulErA
(matrix)& Y37 98l o] X4 oz W & 9l
o a9 g azxe 2EFE 4 4
Axtatz] flef Ab-gd
A L FAES 1A + Ak

2) band 91X} = Fapel] 2

B 4F band AEoA Aojx] HEE band $13|
o e FE H7rEd o2 FHEAA X9
X ip= A9t B FFolA el band ZF=E 7}

X%t X p= A9t B 74'7]'01]"1 REE A=

ozl F2Eo] vk 9l

9] product-moment “FZ#A = (S, )o]t}.
;[(XM_T({A)(XB_T({B)]

(X=X B (X = X )’

S,=

13
absolute difference/total area (S 45 ) :
3 X=X |

21Xt X |

SAB:l.O_

Sap w5 Astete By A9d o 2 kA F
o4& Aalok @tk AA, band F=o] @Gl F
2l o band $IA|RE A S,k EWE o F
gottte= Aotk &4, AHEF W o] bande] FFE
AH A (allele)o] f79F o] HFEFrh band 9]
Aolgt ZAG Spps7b AHEET U AMEE =
DNA 7 & 2o tif-Eo A o g(allelism)o] 7
G3EE AL ot AL AA ok gk AA, 1t

Aol = T WHEYA band e FHAZ
band f1x|eA A& AUF LS AW i FERE

g FE oML

A= b2 fA AFEe] dgra Folx
A Aelochl A Y FHAE 2 FH ok
e otk ole o] fE wA-EY ol
gol dzaAth At W @AY
g WHE $AT XS o
7] wFolth ®E §A4 FAE 4554 (codomi
nant) EAAe] WEe] 2AE F 444 Aelzry %7}
@ F= 9Ieh20)

) AsTY A4

SapsE AN T AT AFAN £
o AFE vt (matrix) g2 A Qr)r o] #E
ASTE A= A7 Ik B FES
F(tree)2 AAs= 7Y £39] 220]= Y-S Rohlfr}
]S A}-8-3F unweighted pair group method using arith-
metic averages (UPGMA) o|t}. o] H'ye By Qe
AE JH(rooted tree)S A aTH21]. A3 A|AE
Bl & Fitch- Margoliash® = 8] 9l A%< (rooted
dendrogram)S A3t} 1o FrlEE EAo g FA

A Aged 7HAe Aol Ateldl AMtHE Alw
(squares)®] FAIS FHastolr] ffa] &4 (node) &=
Aoz A o daf] d8 7hsdk oA
T 9F(alternative topology)< A7) wEd 3=
o Alzke] © ZAdth EE #FEC dal 384
A AAE 7Pk 7] wEel e gle Ale
U (unrooted tree)E A= WHER ZEFo)A 3
t}. neighbor-joining'] ¥} Fitch- rgollash H S Zo
g AAE JERA &2 UHELS Y gle A%

UFEs Adsm Ak f Xo g3l § 3 %= E(topogra-
phies)s A/ g}[21,22].

neighbor-joiningy ¥} 53] UPGMAE THE WHE
o A&t 2 AEA HAE daldes o A
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Fig. 1. Example of a dendrogram. The similarity coe-
fficients (.S,ps) were generated from the patterns of 33
isolates of C. albicans fingerprinted with the complex
Ca3 probe. The value T1 represents identicalness, at an
Sap of 1.00; threshold T2 demarcates highly related

isolates at an S,z of 0.90; threshold T3 demarcates

clades at an 0.70; and the value T4 represents the
average S, p at 0.66. Using an arbitrary S,z threshold
of 0.70, four groups (A through D) were readily
distinguishable in a dendrogram of these isolates. Only
1 of the 33 isolates, P39, did not fall into one of the
four groups, which is an outlier (i.e., members of no
group). In this example, a South African-specific clade
of C. albicans (SA) was identified in addition to the
three clades (I, II, and III) present in U.S. collections.
Reprinted from reference 23.

A9 7t W EI A2 e Ee] Atk ol e W
HEol A#F o FTolgy] Bue ¢ ool
A AT URE BEES AEEHAoY ofFy w3
FEolA dadE 5 e A% UEEs AAdgE A
= QAdol gtk Az Eo] sttt ofW Wy ol
A= QA EA FHFe] PR AFFEC] oA ok
gk #FUl BAE sl Aol ABSFES dHo
2 855 ASTATA R gRste ARE AA
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Fig. 2. Computer-assisted processing and analysis of
DNA fingerprint patterns generated with the complex
Ca3 probe of 11 isolates of C. albicans. (A) Original
digitized image with inherent distortions; (B) straigh-
tened patterns; (C) correlations of bands with universal
standards; (D) model generated from data. Adapted from
reference 13.

o] E_‘é AESo z3H = A= L]-—‘?A(consensus tree)
= AA 3} "majority rule consensus” AAHMHo] zb %]
Fiodeyel wrAlel iy e A AHgH o
wEgo] 80 % ol4olwl <AE AL epaL,
= WAZ &3 el jackknifingo| &= 4239
Z(subsets)= <F 100 HE: F2H 2 HE 35}

A=)

T

Z71A0 AESE WA ZF AT oA wage] W
B8-S Axat25). 28y o3 wHEL =33
FAA A RYFAAES Jele AREL 9

g DNA A& 98 A=A RFLPUr
RAPDd| ojs] ¥ 3 22 ArES 99
e Aol otk A ol5E dwkA< "4?‘1}*—1
ATEdAE €3 ASHA ey 23y 4 AlE
A= o1 o] RAPD &9

[e]
SRR

Wake o]
g = 7
= FEI BA @S wrt &3tk BT SABYE 19
A ThEA ARE Student t test®= F7F # sl
o]# 7 Student t testE L3 o g FE
(probability value)e] 0.05 (5 %) °]3fo|™ FoAE Y
Ebdittz &t

6. #AH X2 AMEYM HFEQ H&

G Ue A ATl 434 v ey
= AFE Z2 W zosol Tl TREA

st AE AEged o

2~H 2 Y FE g5t AL
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Adapted from reference 31, 32.
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(commensalism)el] A $] E-©]Ad(body location specificity)
I #FEY A 8F E-o]A(geographical specificity)z}
43 1A 2 3F(microevolution)7} YthE ZA 7 =7
3 YH2, 28, 29]. C. albicans L HATL g
oo HeEsld = glomz Zo ol 9] dA 7d
A7F AASJEAE st Aol A it30].
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T T Aol e #AE AL AR gE Fa
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distinct) ¥ E}—r«] A (populatlon)——
= "\jE“% % aEsol gt Eo g, nM sl &
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3}(substrain specialization) ZHg-& #A45ta o™ 1
AR 3ol A A é.‘—_‘.:_(]mear rate)7} A2 & A3 AF
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2rol & "hHoltk. Mycobacterium tuberculosis®| 73 -]
T g2 AgshE RFLP7L 7HE 3] 2ole B
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