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without 77 ° with 7 ¢

T OME S —b Al AUf KHE® SH" Al° AU KH® SH"

1 (AIVE,(P,(S(A,MF)))  (-92159.9) - - - (-87559.0) - - -

2 (AIV,P,(E,(S(A,(M,F))))) 278 0249 0148 0821 151 0354 0214  0.859

3 (AIV,E,(S,(P,(A,(M,F))))) 290 0216  0.107  0.801 314 0038 0022  0.648

4 (AIV,P((E,S),(A,(M,F)))) 300 0343 0192 0.799 415 0058  0.042  0.509

5 (Alv,(P,E),(S,((M,F),A))) 307 0223 0115  0.804 195 0292 0138  0.821

6 (AIV,E,((P,S),(A,(M,F)))) 356 0112 0062  0.739 232 0.145  0.085  0.760

7 (AIV,S,((E,P),(A,(M,F)))) 424 0197 0109  0.688 380 0089  0.061  0.556

8 (Alv,(S,(P,E)),(A,(M,F))) 482 0172 0.087  0.603 360 0121 0079  0.576

9 (Alv,(P,(E,S)),(A,(M,F))) 618 0072  0.042  0.464 660  0.005  0.004 0236

10 (AIV,P,(S,(E(A,(M,F))))) 68.1 0010 0019 0414 445 0015  0.034 0470
11 (Alv,(E,S),(P,(M,F),A))) 722 0.000 0017 0368 744 0003 0001  0.172
12 (Alv,(E,(P,S)),(A,(M,F))) 91.0  0.004 0004 0233 650  0.006  0.006  0.249
13 (Alv,S,(P,(E,(A,(M,F))))) 950  0.016  0.003  0.196 704 0.001  0.002  0.198
14 (AIV,S,(E,(P,(A,(M,F))))) 976  0.000  0.002  0.186 773 0.001  0.000  0.152
15 (Alv,(P,E).(S,(M,(F,A)))) 1078 0.004 0001  0.141 762 0.001  0.002  0.163
16 (AIv,P,((E,S),(M.(A,F)))) 1126 0.003  0.005  0.122 1014  0.008  0.001  0.056
17 (Alv,P,((E,9),(F,(AM)))) 1133 0.003 0004  0.127 1049  0.007  0.000  0.049
18 (Alv,(S,(P,E)),(M,(F,A))) 1202 0.008  0.003  0.099 924 0001 0002  0.089
19 (AlV,S,((E,P),(M,(A,F)))) 1229 0.001 0002  0.083 972 0016  0.001  0.065
20 (AIv,S,((E,P),(F,(A,M)))) 1273 0.003 0001  0.074 1021 0.000  0.000  0.054
21 (Alv,(P,(E,S)),(M,(F,A))) 130.1  0.003  0.002  0.074 1205 0.001  0.000  0.022
22 (Alv,M,(P,(E.(S,(A,F))))) 2038 0.000  0.000  0.002 1934 0.000  0.000  0.000
23 (Alv,(P,E),(A,((M,F).S))) 2297 0.007  0.000  0.001 2033 0.000  0.000  0.000
24 (Alv,(P,(E,M)),(S,(F,A))) 2481  0.005  0.000  0.000 2197 0.000  0.000  0.000
25 (Alv,E,(M,F),(A,(P,S)))) 2624 0.000  0.000  0.000 2336  0.001  0.000  0.000
26 (Alv,(P,(F,A)),(E,(M,S))) 2713 0.000  0.000  0.000 2548 0.003  0.000  0.000
27 (AIVE,(A((P,S),(M,F)))) 2893 0.000  0.000  0.000 2497 0.001  0.000  0.000
28 (AlV,M,(P,(S,(A(E.F))))) 4372 0.004  0.000  0.000 3684  0.000  0.000  0.000
29 (Alv,(M,S),(F,(P,(E,A)))) 5276 0.000  0.000  0.000 4467  0.000  0.000  0.000

T ODFRMITH T D 9458V OFRFMO AR P—D 55 2958 DHITOVTRLT

Alv, TR T E, 2= V) VTP, KGN S, K A, B M, PIaT i F, B

¢ PEQLRA T DI EE ORI EM & B8 LRV RT

4 BERLR T ORI E DO REEME DRI LD ZRICANTf#T. ThENOSFORLZHEE TO IyHO
shape /X7 A —HFao OHEENE : EFla, 0.57; EF2, 0.59; VRS, 0.71; IRS, 0.68; RPOIIL 0.73; ACT, 0.73; TBa,, 0.72; TBB,
0.64; SSUrRNA, 0.46; LSUrRNA, 0.54

¢ BRI D D O D 7. ()PILFA R OB KR A D

f Approximately unbiased (AU) & (T (2002), Shimodaira (2002)) @ p {&

& Kishino and Hasegawa (1989) {Z X 5HRED p i

" Shimodaira and Hasegawa (1999) (2 L& 2RED p i
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without /™ * with 77 °

g AN a1 TN ¢ a1
EFl o 22 43,6 £15.0 22 [12.7+8.1
EF2 23 -17.7+12.0 23 -11.1£95
VRS 25 75+13.6 25 75+9.7
IRS 28 43.4+229 28 233 +16.0
RPOII 27 9.7+13.1 6 2.9+£37
ACT 24 -183+13.7 24 9.9+10.7
TB « 2 S15+7.1 2 -719+6.7
TB B 2 -13.0+8.8 2 -10.6 7.7
SSUrRNA 26 68.0£17.9 26 J13.2+£8.7
LSUrRNA 29 -37.0+£23.5 29 A11.2+13.8

* FEALIEC DEALTREE ORI E M A E B L iRkt

® RN T DAL E ORI E DI & 0 ZBIC AN R

¢ ERTORERZMBIO RO —0D%E 3 12B1F 5 No.

SRR S O E D, £13 1SE (Kishino and Hasegawa (1989))
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The maximum likelihood method of molecular phylogeny, which infers an evolutionary
tree based on sequence data of DNA, RNA and proteins, is briefly described and applied
to a data analysis on early eukaryotic evolution. Possible existence of a long branch
attraction artefact is introduced. This artefact has recently been regarded as one of the
most serious problems in making an inferred tree misleading. To overcome this problem,
evolutionary rate heterogeneity across sites is taken into consideration by I'-distribution.
With this approach, the phylogenetic position of microsporidia at the basal position of
the eukaryotic tree in several previous analyses is shown to be an artefact caused by long
branch attraction. The extremely high evolutionary rate of microsporidia in the molecules
used in previous analyses may have been a major cause of the artefact. Re-analyses of the
currently available molecular data with rate heterogeneity across sites and a combined
analysis of these data clearly demonstrate that microsporidia are not early branching
eukaryotes but are closely related to fungi.

Key words: Maximum likelihood method of molecular phylogeny, long branch attraction, rate hetero-
geneity across sites, I'-distribution, early eukaryotic evolution, microsporidia.



