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Analysis on the distribution features of perfect microsatellite
in the whole genome of yak

XU Yuhui', MA Zhijie'", GUO Weixing', MO Yanxin®*, CHEN Shengmei'
(1. Plateau Livestock Genetic Resources Protection and Innovative Utilization key Laboratory of Qinghai Province/Key
Laboratory of Livestock and Poultry Genetics and Breeding on the Qinghai-Tibet Plateau of Ministry of Agriculture and Rural
Affairs/Academy of Animal Science and Veterinary Medicine, Qinghai University, Xining 810016, China;

2. Qinghai Provincial Livestock Genetic Resources Conservation and Utilization Center, Xining 810016, China)

Abstract To explore the distribution and feature of repetitive sequences in yak genome (BosGru3. 1), the
perfect SSRs were detected by bioinformatics methods in the yak genome, and its distribution

characteristics were comprehensively analyzed . The results showed that: 1) A total of 778 413 perfect
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SSRs were screened out in yak genome (2. 83 Gb), with a total length of 14. 42 Mb, accounting for 0.51%
of the total length of the genome sequence. The relative frequency and relative density were 274. 92 loci/Mb
and 5 094. 43 bp/Mb, respectively. 2) Among the 31 chromosomes of yak, chromosome 1 contained the
largest number of SSRs (48 592, 6.24%)

758, 1.51%). The length of the chromosomal DNA sequence was significantly positively correlated with the

, and chromosome 29 contained the lowest number of SSRs (11

number of SSRs contained. 3) In yak genome, the distribution of six repeat types of perfect SSRs was
uneven. Among them, the number of SSRs with mononucleotide repeat type was the highest (320 592,
41.19%), followed by dinucleotide (197 824, 25.41%), trinucleotide (130 441, 16.76%), pentanucleotide
(75 056, 9.64%), tetranucleotide (52 523, 6.75% ), and hexanucleotide (1977, 0.25%). 4) Repeat copy
category of A, AC, AT, AGC, AAC, AAAT, AAAC, AACTG, AGATC, and AACCCT was predominate in six
repeat types, showing a distinct A (T) base composition advantage. 5) The repeat copy numbers of
different type of perfect SSRs were concentrated at 12-25 (mononucleotide) , 7-26 (dinucleotide) , 5-13
(trinucleotide) , 4-8 (tetranucleotide) , 4-7 (pentanucleotide), and 4-6 (hexanucleotide). In conclusion,
there are differences in the frequency, density, dominant base categories, and copy numbers among
different types of SSRs, showing certain regularity. The results of this study can provide a reference for a

deeper understanding of the composition and distribution features of repetitive sequences, especially

perfect SSRs,

and lay a foundation for subsequent studies on mining yak-specific SSR markers,

constructing genetic maps, and carrying out marker-trait association analyses.
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Fig. 1 Number and proportion of different type of perfect microsatellites in yak genome
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Table 1 Number, length, frequency and density of different type of perfect microsatellites in yak genome
AR e H BB /bp 45 K B /bp AR 4515 / (loci/Mb) A% % & / (bp/Mb)
Repeat type Number Total length Average length Relative frequency Relative density
FRAE FE Mononucleotide 320 592 4708 137 14.69 113.22 1662.79
W % % Dinucleotide 197 824 4 516 744 22.83 69. 87 1 595. 20
Z %L Trinucleotide 130 441 2 353 536 18.04 46.07 831.21
VU i, & Tetranucleotide 52 523 965 072 18.37 18.55 340. 84
LB EE Pentanucleotide 75 056 1811 080 24.13 26.51 639.63
75 B8 3 Hexanucleotide 1977 70 098 35. 46 0.70 24.76
&l Total 778 413 14 424 667 18.53 274.92 5094.43
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2 160 | \\ 42 000
S 1401 “
gém e 36 000 & &
i i @ &
@gloo_ 30000 55
€3 24000 ¥ 2
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Fig. 2 Number of perfect microsatellites in 31 chromosomes of yak
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Fig. 3 Relative frequency and density of perfect microsatellites in 31 chromosomes of yak

0. 141; Spearman’s rho, =0. 066 , P=0. 724 Fl #{ X} %
B (= —10. 297, P=0. 105; Spearman s tho , r=0. 090,
P=0. 6295 H YL AR 7 51 AR OCHEA .35 .
2.3 B4 SERNATIEAESHEN LG A G

SSRs 571 Z& 1 % K /I

HY ¢ 2 7] 40, L o L Fi A 2R A b A CT) i i
A UG SSRs $ H e £, 1L 318 4251,
BAURK FE H A M SSRs BUEARY 99.32%, BLK E R
4 679 981 bp, A XF 4 F& FAH XF % B 4y G A
112. 46 loci/Mb #1 1 652. 85 bp/Mb., 5 A CT)f#
HEEE KB, CG M I EE # 0251
SSRs H BUIFCREAL, AUA 2 167 4, 75 HUig 3k 5 42 2%
R 5 B 0. 68540, SR BE AR X B3R AR X 4% B 4y
B4 28 156 bp 0. 77 loci/Mb F19. 94 bp/Mb., 1 ik
FEFEERMA AC AT AG HGC 4 Fh i & $% 12
B, H ACEE LK H SSRs B H I £, 4t
121 982 A~ , /i Wi Bk ik & & 2J¢ A SSRs & F iy
61.66% , A/ X 45 % & 43.08 loci/Mb; H: ¥k J& AT
(29.12%) F1 AG (9. 06%) | & ¥ Il 25 5| fY SSRs,
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Horr AGC 28 51 A X9 2 5z 5 (33. 89 loci/Mb) , H
K HE AAC (3. 44 loci/Mb) \AAT (2. 61 loci/Mb) Fl
ACC(1. 85 loci/Mb) 2l , ACG 2 5l A XF 551 % fe fI%
(0.02 loci/Mb) . 7 P4 fis & & & 28 A vp | 2L

132 T E AT 4B DT i, HG R R A AR A R Y
AAAT (4.68 loci/Mb) Fl AAAC (2.89 loci/Mb)
20, Hok 2 AATG (1.52 loci/Mb) . AAAG
(1.49 loci/Mb) F1 ATCC (1.43 loci/Mb) 2 4 ,
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B SSRs HAZ O 7 5 1 552 48 D g 2 B4R P A 4~
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%2 E4L2EREATFAEAEEHE MKMW A LR SSRs(HITEKXTF 1loci/Mb)H B KE SIEMEE
Table 2 Number, length, frequency and density of different category of perfect microsatellites
(frequency above 1 loci/Mb) in yak genome
By i gE| B /bp T E R /bp RS A/ Cloci/Mb) - 3 % B / (bp/Mb)
Motif Number Total length Average length Relative frequency Relative density
A 318 425 4 679 981 14.70 112. 46 1652.85
AC 121 982 2776 730 22.76 43.08 980. 67
AT 57 597 1 390 796 24.15 20. 34 491.19
AG 17 921 344 144 19. 20 6.33 121.54
AGC 95 957 1742 907 18.16 33.89 615. 55
AAC 9 750 167 379 17.17 3.44 59.11
AAT 7 388 127 068 17.20 2.61 44.88
ACC 5249 95 424 18.18 1.85 33.70
AGG 4 164 71427 17.15 1.47 25.23
CCG 2 898 61 842 21. 34 1.02 21.84
AAAT 13 256 238 264 17.97 4.68 84.15
AAAC 8 181 166 344 20.33 2.89 58.75
AATG 4 305 73 884 17.16 1.52 26.09
AAAG 4217 77 112 18.29 1.49 27.23
ATCC 4 046 76 708 18.96 1.43 27.09
AACTG 54 062 1295 945 23.97 19.09 457. 69
AGATC 11 894 298 100 25.06 4.20 105. 28
100 000
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Fig. 4 Repeat copy numbers of different type of perfect microsatellites in yak genome
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T Al 5 TR 2 AN TR E HE 2 G 6 1 AR A
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M, B TR TS ACT) L C (GO B 5L 43 A 14
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SEHT R SE R W], Rk E S R SSRs AR
HoAth 8 52 80, 5 A Wy R (st A2 o B — 1Y
H S A 5 o B = he 3 A 28 R A SSRs Al
MOERCEE R R, SSRs 7R 4E 4 5 K 41 P
I BERFAE IR 4R ML LA K 5 5 2 e 5 i R ] 1) 5¢
B A Fe it — IR AR R .

WHoE R W], B & SSRs JF 51K B2 iy 19 i, oA e
PES W [, B SSRs T & ¥ 51 #5 U1 BUHE ), B 2%
by KA L g AR A IOk i B4l B SSRs AR b B A
B SSRs wCAE i TR J7 1, AT 3 B0 SSRs £¢ H 9
AU HEARE T L R A A I N 4 R 4% L ALY
SSRs HAZ .0 7 5 0 # E 4 DU E R R 26 5%, in
Bl 25 | TR | R O R R L T R K e A
SR T SSRs L H 5 48 UKL 4 ) 32 = A o
TE 12~25 K\ 7~26 K . 5~13 K .4~8 K . 4~T7 K HI
4~61K ., Ak, 6 FlvH 42 5 AL Y B4 AY SSRs ¥ 1
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