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Distance ~ Time

Table 3. Average resemblances and divergence times by extrapalation.

' D7 (%) Dz LCAE LCA’ LCA™  LCA™

Deuterostorne-protostome -y 64 = 10 35 750 656 E75 673
Schizocoelome-pseudocoelome g g4 x B ar 750 784 750 750
Fungi-animal 54 55> B 52 10580 a78 885 865
Plant-arimal a3 5T+ 8 47 1000 1000 1000 1000
Protist-plant-animal-fungi 14 51 =10 59 1250 1238 1230 1230
Archaebactaria-eukaryotes g 3P 6 B3 1800 18889 1700 1870
Eubacieria-eukaryotes 57 Tz 8 g8 205C 2080 1875 2156
Bacii-E. cali 28 45+ 9 75 NS00 1810 1450 1523
E. coi=-Salmaonelia 8 gd = B & (100 (100 (100 (100

Table 2. Average resemblances and divergence times from fossil record.

N Identity: Dis- LOA%

(% = 50) tarces \a)

1. D=-InSx 100

Mammal-mammal 43 81 +8 B 100
Eutheria-marsyupial 2 g2z2 5 130
Marnmai-ord.reptiie 12 B4 =8 11 ol 2- Extrapolate on
Amnicte-amphibian 5 780 17 3685 vertebrate fossil
Tetrapod-fish < 74x8 22 400
Gnathostome-lamprey 1 78 16 450 records
Chaordate-echinodesn 1 g9 27 550
"Numder of enzyme S818 Compared. TPercent identiy. jDistances taken from Fig. 2C, jlast comman
anCestor.

Doolittle 1996
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n0
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n2 n4
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Table 1. Amelioration parameters used for E. coli and 5. enferica

Proportion of sites

Substitution rate®

Class Synonymous Nonsynonymons (% Divergence per Mryt)
Synonymous 1 ] 0.910
Nonsynonymons 0 1 0.045
First codon position 0.09 001 0.123
Second codon position 0 1 0.045
Third coden position 0.72 028 0.668

" Based on a divergence time between E. coli and 5. enrerica of 100 million yvears (Doolitile et al. 1996; Ochman and Wilsen 1987, 1988)

Lawrence 1997



flexneri spa genes
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Fig. 4. The GC contents of the three codon positions of the Shigella
flexneri spa genes are plotted for 323 iterations of 1 Myr of ameliora-
tion toward the base composition of the Salmonella enterica genome.

inv/spa genes of Salmonella enterica are required for bacterial
Lawrence 1997

entry into mammalian intestinal cells




Spa genes

Shigella flexneri (plasmid-bome)
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SGC 23 a3 33 A7 a2 a3z 4 a5 a2 a2 a4

a3 51 64 189 24 63 23 45 49

%identity 36 46
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Salmonella enterica sv. Typhimurium (chromosomal)

Lawrence 1997
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G+C,,, vs G+C

% GC of codon position
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% GC of codon position
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Lawrence 1997



Average GC content

HGTs in E.coli

Time ameliorating® Range®
Bases” ORF 1° 2° 3° (Myr) (Myr)
1 4 2682 291 371 273 230 17 12-24
2 9 7479 338 419 333 26.3 24 24-29
3 2 870 328 348 314 32.1 22 14-34
4 & 6133 37 395 30.2 31.3 na®
5 3 6768 36.7 448 324 33.1 93 85-109
6 4 4470 39.7 49.6 37.7 31.7 0 0-4
7 4 2586 35.2 35.0 26.8 394 na
g 7 4446 382 441 342 364 na
g 6414 41.6 489 376 38.2 17 12-22
7 5595 442 543 403 38.0 0 0-4
3 3480 4356 507 396 374 na
11 6243 419 45.0 37.9 429 na
8 7620 433 487 387 42.5 37 20-48
7 6492 445 516 404 41.6 22 17-26
a 6660 450 53.5 36.8 42.8 15 8-24
11 5118 46.6 3598 37.0 42.8 na
7 4056 496 63.1 398 439 na
9 8367 444 459 39.0 48.2 34 42-69
& 4803 459 404 40.4 479 na
10 2043 46.5 525 00 474 3 0-12
12 o712 477 56.0 368 474 2 0-7
10 6471 494 §0.2 399 48.0 0 0-5
6 5097 504 64.3 386 48.3 na
7 3894 483 504 422 52.5 63 58-72
8 5304 331 62.6 40.8 55.9 9% 91-112
4 4281 51.0 534 375 62.2 48 42-57
6 7333 4.1 60.9 386 62.8 0 0-3
4 7350 57.3 61.3 438 66.9 26 24-29
8 6777 582 63.5 425 66.7 4 0-13
& 6687 571 59.0 41.3 71.2 na
a 5802 60.2 635.4 437 71.4 0 04
4 2706 384 36.6 42.0 76.6 na
3 4521 61.6 67.9 41.6 754 1 0-5 Lawrence 1997
229 185461 252
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5= RG{,' + RAT l:l]

Ree=Ree_art Roc.co (2a)

Ryr=Ryr .cc+Ryr .14 (2b)

Lawrence 1997



Amelioration equations (1)

S =Rge + Rur (1)
Ree=ReeurtRec.co (2a)
Ryr=Riyr .ce+Ryr.r4 (2b)
| A & G All transition
mutations, and
RGE= RGC—}AT—i_ |:2 :}{ IT'E"' I'Htiﬂ' + 1 * RGC—}.‘!'.Ti| half Of the
IV rati 1 transversions,
__‘Vrato+ % R 3) change the GC
IV ratio + 1/2 GC—AT C = T gUEideiaviVa

IV ratio: transition/transversion rate

Lawrence 1997



Amelioration equations (1)

S =Rge + Rur (1)
Ree=ReeurtRec.co (2a)
Ryr=Riyr .ce+Ryr.r4 (2b)
| A & G All transition
mutations, and
RGE= RGC—}AT—i_ |:2 :}{ IT'E"' I'Htiﬂ' + 1 }{ RGC—}.‘!'.Ti| half Of the
IV rati 1 transversions,
__‘Vrato+ % R 3) change the GC
IV ratio + 1/2 GC—AT C & T geluchigois\V
IV ratio: transition/transversion rate
IV ratio + 1 .
~ | IV ratio + 12 X RGeoar

IV ratio + 1 R IV ratio + 1
TV ratio + 1,2 < T4T-6C | = TV ratio + 172

X [Regeoar+ Rat il (4) Lawrence 1997




Ryr .cc
GCP=
Ryr .cc+ Roc_.ar

Y TEQ _ RGC‘-:-AT

Ryr .ec+ Ree_ar

(5a)

(5b)

Ryr.cc Reeoar

R + R = =
AT GO GO AT G CEQ ATEQ

(6)

I Wratin +1 RAT—!GC
“ IV ratio+ 1/2 X GCEe

B I'V ratio + 1 Ree oar
= : W
IV ratio+ 1/2 ATEY

(7a)

(7Tb)

Lawrence 1997



Amelioration equations (3)

IV ratio+ 1/2

- = o
Raroce=5 X agtor1 < GC* (8a)

R . IV ratio+ 1/2 4TEO .
=5 X - At :
GC—dT IV ratio + 1 (8b)

the change in the GC content over
T_ HT . T time can be expressed as the gain in
AGC™ =[AT™ X Ryr.oc] = [GC™ X Roco.ar) SN GC nucleotides minus the loss of GC
nucleotides

IV ratio+ 1/2
AGCHT =5 x ——— x [4TFT
IV ratio+ 1

X GC — G x AT*9]  (10)

Lawrence 1997



Amelioration equations (4)

IV ratio 4+ 1,2
AGCTT =5 % x [(1 — G

IV ratio + 1
x GC — g x (1 — 69 an

(AGC) the rate of change in GC

content of horizontally transferred
IV ratio + 1/2 . DNA is proportional both to the
Vot 1 ] substitution rate () and to the

AGCT =58 x

magnitude of the difference in
nucleotide composition between
horizontally transferred DNA and
equilibrium values.

GCl=0.615 X GClapome + 26.9 (13)
GC,  =0.270 X GCq__ . +26.7 (14)
GCyy=1.692 X GCqpporme — 32-3 (15)

Lawrence 1997



=600 kb
=31 kb / Myr
=3Mb

=Average time of introgression 25.2 Myr

Lawrence 1997
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