The Least Squares (LS) Criterion

Given two trees, the one minimizing
the sum of squares is best

The Minimum Evolution (ME) Criterion

Given two trees, the one minimizing the
sum of edge lengths is best

In both LS and ME, edge lengths are
estimated by least squares
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Pairwise Evolutionary Distances

human chimp gorilla orangutan
chimp
gorilla 0.1144
orangutan 0.17848 0.19413 0.18836
gibbon 0.2042 0.21591 0.21592 0.21466

Data from: Brown et al. (1982)
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Taxon distance | distance
Pair (data) (tree)
Hu-Ch | 0.09267 @
Hu-Go | 0.10928 0.3
Hu-Or | 0.17848 @
Hu-Gi | 0.2042 0.4
Ch-Go 0.1144 0.3
Ch-Or | 0.19413 0.4
Ch-Gi | 0.21591 0.4
Go-Or | 0.18836 0.3
Go-Gi 0.21592 0.3
Or-Gi 0.21466 0.2
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Let's evaluate fit of some
totally made-up edge

lengths
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SS tells us something about goodness of fit

Go

Cavalli-Sforza & Edwards (1967)
Fitch & Margoliash (1967)

X Y (x-N*
Taxgn distance | distance SS
Pair (data) (tree)
Amte Hu-Ch | 0.09267 0.2 0-61\ 5L
Damielle | Hu-Go | 0.10928 0.3 0.03637%
berite | Hu-Or | 0.17848 0.4 6.049467
Savermea | Hu-Gi 0.2042 0.4 0,.039065
Mand~ | Ch-Go | 0.1144 0.3 6.01301
clelsea | Ch-Or | 0.19413 0.4 0.0Y¥Y 1393
Ele~a | Ch-Gi | 0.21591 0.4 c.033 9
Nea bk | Go-Or | 0.18836 0.3 0.01 1956
Cllie Go-Gi | 0.21592 0.3 ©0.60%0(9
Jenwse~ | Or-Gi 0.21466 0.2 0000711
fren dem
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Taxon | distance | distance
Pair (data) (tree) SS

Hu-Ch | 0.09267 0.09267 @
Hu-Go | 0.10928 0.10643 | 0.000008123
Hu-Or | 0.17848 0.18026 | 0.000003168
Hu-Gi | 0.2042 0.20528 | 0.000001166
Ch-Go | 0.1144 0.11726 0.00000818
Ch-Or | 0.19413 0.19109 | 0.000009242
Ch-Gi | 0.21591 0.21611 0.00000004
Go-Or | 0.18836 0.18963 | 0.000001613
Go-Gi | 0.21592 0.21465 | 0.000001613
Or-Gi | 021466 | 0.21466 )
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Now choose edge
lengths that minimize SS

Hu
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Least squares criterion ranks tree topologies

Negative estimated

Ch edge lengths are set to Go
zero by default in
0.05591 Sl 0.05790
-o.ooV w1 78 o.ooy WGm
Hu 0. 04742 | | 0.09482 O r Hu 0. 04092 | | 0.09482
0.05175 0.11984 0.05175 0.11984
| | | |
Go Gi Ch Gi
SS = 0.00034 SS = 0.00003314

(0.000048541= SS allowing negative edge lengths)
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Minimum evolution criterion O Lode
y‘ e $ 7\0\ "). 3
- 0\v\’w
Negative estimated )
Ch edge lengths are set to Go
zero by default in
0.05591 Sl 0.05790
-0.00701 0.04178 0.00761 0.03691
Hu 0. 04742 0.09482 Or Hu 0. 04092 0.09482 Or
0.05175 0.11984 0.05175 0.11984
Go Gi Ch Gi
Sum of edge lengths Sum of edge lengths
=0.41152 = 0.40975
(0.40451 = sum allowing negative edge lengths) (best)
=

Kidd & Sgaramella-Zonta (1971)
Paul O. Lewis ~ Phylogenetics, Spring 2024 Rzhetsky & Nei (1992)



Sum-of-squares variants

The power k is most commonly one of these choices:
k=0 Cavalli-Sforza & Edwards (1967)
k=2 Fitch & Margoliash (1967)

Paul O. Lewis ~ Phylogenetics, Spring 2024



Estimating edge lengths using LS

(4-taxon case)

A D
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Neighbor Joining

E ¢
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Split Decomposition

Chlamydomonas

°

Euglena
Rice
Olithodiscus  ° \ ~ " Tobacco
Marchantia
Chloorella
Anacystis ’ 0.01

Produced by SplitsTree 4: https://tinyurl.com/4mwhcb49
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What if data are not
phylogenetic?
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o _ ]
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Additivity and the 4-point condition

1 3 Question: On the tree at left,
which of these three sums
should be the smallest?

1) dip +dy
2) dyg + dy
2 4 3) dy, + dys

Paul O. Lewis ~ Phylogenetics, Spring 2024 Buneman (1 971) 17



Split Decomposition

Pairwise distances estimated from real data

1 2 3
2 0.13531
3 0.11771 1 0.15842
4 0.13751 | 0.13531 | 0.13091

013+ dyy = 0.25302

)e

14 + dpy = (29593 frefecty

Paul O. Lewis ~ Phylogenetics, Spring 2024
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Split Decomposition

Estimate central edge for both remaining splits

1 3 1 2

0.014855 0.021455
7 221 T4 3 -4

Can make one "SplitsTree" that shows both
splits simultaneously
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Split Decomposition

1 3 1
>§ 0.014855
0.014855 KN~ 0.021455
2 \\

0.021455

3 ~ _— 4 Estimation of external edges
similar to method described
for central edge.

N
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