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Abstract: The aim of this study was to analyze the phylogenetic tree of Mongolian horses using
the speedy double bootstrap method. The mitochondrial DNA D-loop base sequences of 30 mod-
ern horses were used, which included 5 Mongolian horse subspecies (Baerhu, Sanhe, Wushen,
Ujimqin and Xinihe horses) 6 for each subspecies and 6 Przewalski’s horse as the outgroup, and
all 105 possible phylogenetic trees were analyzed. Mega6 and PAMAL4. 9 were used, and maxi-

mum likelihood phylogenetic tree of Mongolian horse were estimated by maximum likelihood
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method. Finally, the 3™ order accurate P-value (speedy double bootstrap P-value, SDBP) of the
105 phylogenetic trees was calculated with the CONSEL, SDBP packages in R3. 0. The phyloge-
netic tree of Mongolian horse with the largest SDBP value had 3 branches; Baerhu and Wushen
horses were clustered together, Ujimgin and Xinihe horses were clustered together, and Sanhe
horse formed an independent branch which was sister to all other Mongolian subspecies. The
Mongolian horse phylogenetic tree with the largest SDBP value was consistent with the predicted
relationship between Sanhe and the other 4 Mongolian horse subspecies, and this topological tree
also had the highest likelihood value. The results of this study also showed that it was more ef-
fective to analyze the topological relationships of Mongolian horses using the maximum likelihood
method combined with the SDBP value than using the maximum likelihood method combined with
the approximately unbiased (AU) value and the bootstrap P-value (BP) value. Additionally. this
approach was more effective than the unweighted pair-group method with arithmetic means (UP-
GMA), and had similar results to the neighbor joining (NJ) method. The results of this study provided
robust genetic data which would produce a more complete picture of Mongolian horse evolution.
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Table 2 DNA base sequences of S species

£ 1 REHEID D-loop KB EF 5 GenBank E RS

Table 1 GenBank accession numbers of Mongolian horse
D-loop sequences
GenBank & 35
5hFh Breed B /o GenBank

Quantity accession number
B /R 12 5 Baerhu 6 JN790867~ JN790872
=i & Sanhe 6 IN790879~]IN790884
547 I, Wushen 6 JN790885~]JN790890
L kA0 & Ujimqgin 6 JN790897 ~JN790902
B Je i 1y Xinihe 6 IN790891~]N790896
I P D Przewalski’s 6 DQO017347 .DQ0O17373.
GU565340.GUS65529
JN398402,JN395403

JEN n IREEE S L 2. T — e R R B T
FIH T L DNA BR3P 5. G it P, id S
Fi A9 DNA BT 5 WA X, = (2ys0ax,) s
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R 2R G A 110 A8 232 PR 2K

fk(l';(%) (@)
Hr, ke RRE R RRGEW, 6. FRRE  BRAGM
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DNA i 3 )7 51
DNA base sequence

1 2 3 4 5 6 7 8 n
1 T C A C C T A T G
2 T C A C T T A T G
3 T C A T C T A T G
S T C A C C T A T G

RPFIR“1.2.3, - S"RREWWITF S FTHY1,2,3, - .n"FRKIR DNA G EE Fp 71 19 1 5 7 5

The "1, 2, 3,++, S" in the columns denote the serial number of species; the "1, 2, 3,

number of sites

n" in the rows denote the serial
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AT REM TS LREHRER HR M
SDBP {73 Hr R G . 75 100 B RGER 9 SDBP
KN 0,980, & RGEM M AU (EF BP {H 53
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0.717 A1 0. 215, R H & KR 45 G SDBP {8 53
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£3 0ECEHDH 60 #IEEHR SDBP.AU UK BP EHITHER
Table 3 The results of SDBP, AU and BP values of 60 candidate phylogenetic trees for 30 Mongolian horses

HO¥  RB SDBP AU fif BP | ) WJE  SDBPM  AUfE BP fii
Rank Tree SDBP value AU value BP value Rank Tree SDBP value AU value BP value
1 100 0.980 0.697 0.026 31 4 0. 440 0.012 0. 000
2 66 0.933 0.717 0.096 32 79 0.348 0.093 0. 000
3 19 0.751 0.563 0.215 33 70 0.351 0.097 0. 000
4 89 0.777 0.570 0.161 34 102 0. 345 0.098 0. 000
5 30 0.769 0.499 0. 101 35 41 0.353 0.095 0. 000
6 78 0.776 0.497 0.101 36 9 0.339 0.081 0. 000
7 43 0.778 0.498 0. 101 37 53 0.352 0.096 0. 000
8 103 0.768 0. 366 0.003 38 5 0. 348 0.059 0. 000
9 37 0.771 0.496 0.101 39 63 0.327 0. 000 0.101
10 24 0.780 0.160 0. 005 40 42 0.329 0. 000 0. 005
11 49 0.774 0.496 0.101 41 35 0.329 0. 000 0.101
12 99 0.649 0.446 0.210 42 52 0.337 0. 000 0.210
13 73 0.649 0. 447 0.209 43 50 0.339 0. 000 0. 209
14 82 0.596 0.374 0.148 44 58 0.337 0. 000 0.148
15 77 0.678 0.154 0.003 45 93 0. 340 0. 000 0. 003
16 16 0.539 0. 144 0.009 46 6 0.331 0. 000 0. 009
17 55 0.558 0.234 0. 050 47 21 0. 335 0. 000 0.050
18 32 0.559 0.238 0.051 48 83 0.336 0. 000 0.051
19 74 0.565 0.237 0.051 49 17 0.326 0. 000 0.051
20 76 0.559 0. 237 0.051 50 22 0.336 0. 000 0.051
21 13 0. 564 0.199 0.002 51 20 0.333 0. 000 0.002
22 44 0.557 0.128 0. 001 52 69 0.307 0. 000 0. 001
23 94 0.558 0.134 0.000 53 60 0.300 0. 000 0. 000
24 25 0.582 0.226 0. 000 54 23 0.296 0. 000 0. 000
25 26 0.577 0.221 0. 000 55 87 0. 306 0.033 0. 000
26 92 0.573 0.002 0. 000 56 98 0.313 0.031 0. 000
27 34 0.576 0.002 0. 000 57 72 0.312 0.032 0. 000
28 95 0.584 0.232 0. 000 58 10 0.316 0.032 0. 000
29 7 0.580 0.231 0. 000 59 14 0. 309 0.032 0. 000
30 62 0.583 0.235 0.000 60 12 0.312 0.032 0. 000

{ Baerhu { Ujimgin
Wushen Xinihe
—: Ujimqin ——— Sanhe
Xinihe Baerhu
Sanhe Wushen
Przewalski’s Przewalski’s
1 SDBP {EHRKRFH t100 ¥ & B2 AUEZRKRLEH 166 A EN
Fig. 1 The topology of tree t100 with the highest SDBP Fig.2 The topology of tree t66 with the highest AU (approxi-

(speedy double bootstrap P-value) value mately unbiased) value
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Sanhe
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—————————— Xinihe
Wushen

Baerhu

Przewalski’s

B3 BPESXRSHR 19 HHEH
Fig.3 The topology of tree t19 with the highest BP
(bootstrap P-value) value
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TAHIEMES L.

Wushen

Xinihe

Ujimgin
Sanhe

Przewalski’s

B4 SAREDEBFH N RIEHEN
Fig. 4 The topology of NJ trees of 5 Mongolian horse
subspecies
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Ujimgqin

Baerhu

Wushen

Xinihe

Przewalski’s

BS5 SARHDEEN UPGMA HRIMNEH
Fig.5 The topology of UPGMA tree of S Mongolian
horse subspecies
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