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ABSTRACT Chicken is one of the major livestock, especially for supplying proteins to human. The chicken genome size
is approximately one-third compared with that of the human genome and regarded as a valuable model animal for genetics

and development biology. In this study, we constructed the genetic linkage map for Korean native chicken (KNC) using 131

microsatellite (MS) and 8 single nucleotide polymorphism (SNP) markers. As a result, the total map length was calculated as
2729.4 cM and the average genetic distance between markers was 19.64 ¢cM. The marker orders and genetic distances were well
matched with the consensus linkage map except for the physical order of ADL0278 and MCW0351 in GGAS. In addition, the
recombination rates in marcrochromosomes were 3.7 times higher than that of microchromosomes. The average numbers of
alleles, expected heterozygosity (Hexp) and polymorphic information content (PIC) values were calculated as 5.5, 0.63 and 0.58,

respectively. These results will give useful information for the understanding of genetic structure and QTL studies in KNC.

(Key words : Korean native chicken, linkage map, microsatellite, single nucleotide polymorphism)
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Table 1. Single nucleotide polymorphism (SNP) marker genotyping information using the methods of PCR-RFLP and FLUIDIGM™
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F: t
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PRDM16 - - - 2.1057781C>T -
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2hA 2 ArellM AR 139709 vl Ee] fAd Al Zdell B

Sl ]
W A2 HE Oéoaoﬂ RED 0SS AHgele] Ae

el vl oz

== ZAe 2 99ld ;{3

b
r

Woﬁ

of
F34 Azl Groenen 5(2000)°] X3t consensus 91T

A} 153 A 9 Ae] Aol S ekl 2% &8 5 9)
9L, o5 whAle] P Zefeln] A7 HRE NCBI

o] BLAST Aoz X HE FHste] 4 A7|ME
of ZI¥ket =22 A Zol| Mo A E Hlug 23, GGASS
ADL0278% MCW0351< A 3tal 324 A LA o] A
o BEA AreAe] #4171 dAlshs As ER1E
S tHTable 2). |23 ZA3}= ArkDB “goll A= )
consensus A A} A Agle AN, £44 471
M gellA EA7F T2 Aoz FlEt 28y GGAll
L 3717} 22 microchromosome ol = &5}, =)
o A= 4474 A} 1285 M, E2A A7) 66

Mbp 2 consensus A =l A EHE Z47F 69.2 cM, 21.9

Mbpell Hl] F uff o]/Fe] 2 zfelE &RlE = U=
(Table 2), ©]ZA| 2 zfo]7} FRIH o] fi= 2 o] dhata)

Y5te] AFA = GGAL19] 7%, MCW0097, ADL0123, MCW-
02302] 3702l MS mFA <} MCIR 170€] SNP R E Z 470
9] wiAE A3l AxF AE AL E, & d73

o] MCW009721 77, 3 A viF1ZHA 0 Moz ALty
QAL consensus A EoNAE F HA v R 18 cME] 93X
2 Algko] HF A} ek mix)et npA 9] 74 consensus A&
o A= MCW0230°] vHAEF nlA 24 88 cM2] $1x] =2 A4k
HAA T, 2 AT HAeolM = Al HAl vlAZ 108.7 cMO2
Altslol Azpd o2 T wlA ko] ATE ALK BokS o,
consensus A =2 7o+ 70 cM, ¥ AFFHe] Az 7
Fol= 108.7 cMO.Z 38.7 cM2] Zfo]7} U= Ro 2 &Rl
"t w23 2 Aol s F7E MCW02305E T F o
A MCIR®] SNP w}AE Abg-ate] AR =S AP st
7] W&ol 19.8 cM©] o consensus A =ET} 58.5 cM
o] ol AE d& Ao gRI¥UTHGroenen et al.,
2000). W3, B A 2o Groenen $(2009)°] Hi1gk 1
U SNP chip HI°|E & 7|Hte 2 3 AR = 24 A=
B Aol Aze} vlwsle] HkE W= consensus 1A
=5 HE3 B Aee] A3 E 24 Aze} vlwste] o
A= FARE 295 Jel= AS g8 = s 814
2k A e el s GGA25AIAM = ﬂx} 42 2l
g e v E FEEA]| el 7180 AuA| =} Bl ust
A B AL F7 A B § g JoE Alsdnt
AGAAQ 7 A 2] 7o = consensus TR Lol M=
424 A7} 231.5 cMe] F7| 2 ERIE AR T k=] 2l



80 AE9Y 5 : Microsatellite®} SNP MarkerS ©]-8-3+ sz ste] #2417 AAA = 24

Table 2. Genetic and physical distances with polymorphic information of mapped 131 microsatellite and 8 SNP markers'

No Chr Marker cM PD k N Hops Heyp PIC
1 1 MCW0248 0.0 2.94 3 593 0.46 0.50 0.43
2 1 ADLO0160 11.7 5.71 5 567 0.65 0.65 0.60
3 1 LEI194 59.1 26.92 7 587 0.34 0.68 0.65
4 1 MCWOL111 85.5 39.04 5 595 0.60 0.70 0.63
5 1 MCW0297 113.5 51.63 4 595 0.49 0.62 0.55
6 1 MCWO0101 164.5 78.09 4 597 0.55 0.64 0.57
7 1 ADL0268 203.7 88.35 5 596 0.69 0.71 0.67
8 1 LEIO169 260.7 129.93 5 593 0.34 0.46 0.41
9 1 LEI0107 288.3 138.75 7 593 0.60 0.67 0.63
10 1 MCWO0145 318.9 157.11 7 596 0.72 0.78 0.76
11 1 MCWO0020 3215 163.76 4 596 0.66 0.70 0.65
12 1 MCWO0115 377.2 182.20 4 512 0.43 0.63 0.56
13 1 LEIO134 3872 186.72 6 592 0.47 0.66 0.63
14 1 THRSP 394.5 192.07 2 593 0.24 0.36 0.29
15 1 MCWO0107 440.3 195.12 4 597 0.28 0.32 0.30
16 2 MCWO0206 0.0 3143 5 595 0.64 0.66 0.61
17 2 MCWO0063 18.6 38.53 7 595 0.63 0.69 0.65
18 2 MCWO0039 64.2 63.28 5 580 0.76 0.74 0.69
19 2 LEI0096 89.6 69.81 6 595 0.66 0.75 0.70
20 2 MCWO0034 89.8 69.97 7 595 0.61 0.73 0.69
21 2 ADLO0181 94.2 77.23 3 596 0.47 0.58 0.49
22 2 MCWO0087 103.1 84.93 9 586 0.75 0.85 0.83
23 2 MCW0009 103.2 88.08 2 597 0.06 0.05 0.05
24 2 MCW0288 118.4 96.02 5 596 0.57 0.61 0.55
25 2 MCWO0264 161.0 112.65 6 597 0.75 0.71 0.65
26 2 FABP4 180.3 121.23 2 590 0.41 0.40 0.32
27 2 MCW0282 211.0 132.30 5 590 0.68 0.73 0.69
28 2 LEI0141 215.7 135.07 8 596 0.50 0.68 0.64
29 2 MCWO0320 228.7 139.68 5 580 0.69 0.78 0.75
30 2 ADLO0146 237.0 145.01 7 539 0.61 0.76 0.71
31 2 MCWO0157 330.1 148.73 6 590 0.63 0.74 0.70
32 3 MCWO0261 0.0 0.81 8 594 0.76 0.83 0.81
33 3 LEI0043 52 3.32 6 582 0.58 0.58 0.55
34 3 MCWO0083 65.3 12.44 5 595 0.71 0.75 0.71
35 3 MCW0222 91.5 22.35 4 596 0.58 0.66 0.58
36 3 MCWO0127 138.9 54.39 9 592 0.65 0.69 0.64
37 3 MCWO0103 159.9 68.79 2 592 0.32 0.35 0.29
38 3 MCW0224 180.0 76.49 4 596 0.52 0.57 0.51
39 3 MCWO0016 204.4 89.93 5 596 0.63 0.74 0.70
40 3 GCT0053 216.5 94.82 4 597 0.54 0.62 0.55
41 3 oDC 234.1 96.35 2 593 0.11 0.10 0.10
42 3 LEI0166 2573 105.02 3 596 0.44 0.45 0.40
43 3 MCWO0037 276.0 108.46 3 597 0.51 0.62 0.55
44 4 ADLO0255 0.0 223 4 597 0.60 0.63 0.56
45 4 ADLO0317 10.2 3.44 8 597 0.69 0.78 0.75
46 4 ADL0203 29.2 8.25 8 572 0.64 0.80 0.78
47 4 MCWO0295 58.9 16.30 5 587 0.63 0.70 0.66
48 4 LEI009%4 127.5 49.53 9 596 0.65 0.81 0.79
49 4 MCWO0098 215.0 78.16 2 597 0.34 0.48 0.37
50 4 LEI0085 235.9 82.44 5 592 0.46 0.53 0.47
51 4 LEI0073 242.1 84.77 10 589 0.61 0.77 0.73
52 5 MCWO0263 0.0 7.11 4 596 0.54 0.70 0.64
53 5 MCWO0193 31.5 14.21 9 594 0.64 0.71 0.68
54 5 ROS0013 56.2 23.55 8 597 0.67 0.79 0.75
55 5 ADL0292 58.6 25.64 7 597 0.74 0.81 0.78
56 5 MCWO0214 63.8 27.15 10 502 0.59 0.71 0.67
57 5 MCW0078 71.0 28.82 3 597 0.28 0.30 0.26
58 5 MCW0029 91.9 41.00 11 595 0.70 0.79 0.78
59 5 MCWO0081 105.3 48.77 2 595 0.37 0.47 0.36
60 5 ADLO0166 120.9 51.88 9 597 0.75 0.82 0.79
61 5 ADL0298 158.9 57.56 6 597 0.43 0.64 0.57
62 6 MCWO0014 0.0 6.46 4 595 0.47 0.51 0.47
63 6 MCWO0250 11.9 15.06 6 534 0.54 0.62 0.57
64 6 ADL0230 14.2 16.00 6 578 0.68 0.74 0.69
65 6 SCD 29.7 17.05 2 589 0.46 0.45 0.35
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No Chr Marker cM PD k N Hops Hexp PIC
66 6 ADLO0159 41.1 19.47 9 563 0.76 0.79 0.75
67 6 MCWO0176 136.1 21.72 7 578 0.59 0.78 0.74
68 7 LEI0064 0.0 0.10 10 587 0.60 0.69 0.66
69 7 MCWO0183 51.6 2221 3 595 0.50 0.57 0.48
70 7 ROS0019 64.6 26.04 10 596 0.59 0.64 0.61
71 7 ADLO0315 87.1 30.33 2 597 0.48 0.50 0.38
72 7 MCWO0316 99.3 3241 2 596 0.48 0.50 0.37
73 7 ADLO0169 1152 35.88 6 562 0.67 0.75 0.71
74 8 MCWO0275 0.0 5.19 3 578 0.66 0.55 0.46
75 8 MCWO0095 29.4 11.02 5 597 0.54 0.60 0.52
76 8 MCWO0160 384 14.36 5 597 0.42 0.53 0.45
77 8 ADL0278 103.4 27.97 4 595 0.49 0.59 0.54
78 8 MCWO0351 109.0 27.62 5 597 0.49 0.52 0.44
79 9 ROS0078 0.0 0.49 15 593 0.76 0.83 0.81
80 9 GCTO0016 383 3.60 8 595 0.47 0.75 0.72
81 9 ADLO0191 45.6 3.80 6 590 0.56 0.57 0.54
82 9 ADL0021 56.4 6.07 8 593 0.80 0.84 0.82
83 9 ADL0259 103.3 20.47 9 594 0.82 0.83 0.82
84 10 MCW0228 0.0 0.85 6 597 0.59 0.68 0.62
85 10 MCWO0194 30.9 5.27 6 596 0.70 0.72 0.68
86 10 MCWO0067 333 7.87 3 596 0.66 0.62 0.54
87 10 ADLO0158 68.7 16.76 4 595 0.38 0.48 0.43
88 10 ADLO112 86.4 19.77 3 596 0.40 0.43 0.36
89 11 MCWO0097 0.0 3.16 4 577 0.52 0.58 0.49
90 11 ADLO0123 8.7 4.95 3 577 0.32 0.35 0.30
91 11 MCW0230 108.7 17.84 4 529 0.51 0.61 0.56
92 11 MCI1R4 128.5 69.14 2 593 0.07 0.47 0.36
93 12 ADL0372 0.0 0.73 7 551 0.72 0.82 0.79
94 12 ADL0240 9.4 1.50 7 573 0.50 0.54 0.51
95 12 MCWO0198 53.6 5.61 5 580 0.63 0.65 0.61
96 12 MCWO0332 62.9 10.86 2 577 0.46 0.41 0.32
97 13 LEI0251 0.0 11.12 12 597 0.80 0.87 0.86
98 13 MCWO0216 48 12.25 4 597 0.47 0.59 0.52
99 13 ROS0083 7.7 12.43 7 596 0.68 0.75 0.71
100 13 MCWO0104 28.9 17.04 12 595 0.71 0.82 0.80
101 14 ADL0200 0.0 3.97 7 597 0.59 0.80 0.77
102 14 LEI0098 20.9 7.38 6 597 0.45 0.49 0.45
103 14 MCWO0123 30.6 11.34 5 591 0.48 0.72 0.67
104 15 ADL0206 0.0 1.90 14 583 0.81 0.88 0.87
105 15 LEI0120 7.3 3.68 7 529 0.55 0.64 0.61
106 15 MCWO0080 42.7 10.38 4 594 0.39 0.68 0.62
107 17 MCW151 0.0 2.04 6 597 0.48 0.66 0.61
108 17 MCWO0330 21.9 3.84 4 597 0.58 0.53 0.48
109 17 ADL0293 40.8 5.81 7 594 0.65 0.71 0.67
110 18 ADL0304 0.0 1.45 8 592 0.71 0.75 0.72
111 18 FASN 29.2 4.89 2 589 0.27 0.26 0.23
112 18 MCWO0219 48.9 6.94 6 550 0.52 0.62 0.56
113 19 MCW0266 0.0 2.15 3 407 0.58 0.65 0.57
114 19 MCWO0287 43.4 7.26 8 554 0.67 0.74 0.71
115 20 LEI0080 0.0 0.63 8 576 0.75 0.81 0.78
116 20 ADL0324 14.4 2.69 6 596 0.63 0.75 0.71
117 20 ADL0034 21.5 3.53 10 549 0.65 0.78 0.76
118 21 PRDM16 0.0 1.04 2 597 0.36 0.36 0.30
119 21 SLC2A1 89.3 6.94 2 593 0.12 0.11 0.11
120 22 GCT0042 0.0 2.70 4 596 0.60 0.68 0.61
121 22 ROS0073 242 2.56 9 577 0.74 0.79 0.76
122 23 FABP3 0.0 0.59 2 590 0.41 0.40 0.32
123 23 ADL0262 14.0 0.60 3 597 0.47 0.55 0.48
124 23 MCWO0165 16.5 0.60 3 595 0.44 0.57 0.50
125 23 ADL0289 26.0 1.82 3 596 0.46 0.52 0.47
126 24 MCW0301 0.0 4.55 6 594 0.65 0.77 0.73
127 24 LEI0069 12.9 5.03 13 573 0.74 0.84 0.82
128 26 MCWO0069 0.0 2.57 8 597 0.52 0.63 0.58
129 26 MCWO0285 0.8 2.63 6 597 0.57 0.67 0.63
130 26 LEI0074 37.8 4.78 6 597 0.73 0.80 0.76
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Table 2. Continued

No Chr Marker cM PD k N Hopbs Heyp PIC
131 27 MCWO0300 0.0 1.72 3 597 0.41 0.59 0.52
132 27 MCW0328 38.5 3.51 10 562 0.61 0.74 0.70
133 27 GCT0022 54.6 3.76 3 547 0.56 0.56 0.46
134 28 LEI0135 0.0 0.21 6 597 0.55 0.59 0.54
135 28 GCT0009 39.0 2.32 7 583 0.73 0.79 0.76
136 Z ADL0273 0.0 25.10 4 596 0.25 0.45 0.40
137 V4 ADL0201 15.1 3229 4 592 0.16 0.21 0.20
138 Z LEIO121 73.5 50.70 4 584 0.41 0.49 0.46
139 V4 LEI0075 113.3 61.99 8 593 0.31 0.75 0.71
Min 2 502 0.06 0.05 0.05

Max 11 597 0.76 0.85 0.83

Average 5.5 588 0.55 0.63 0.58

' SNP markers were indicated as bold and italic letters.

PD: physical distance (Mbp) from NCBI G. gallus 4.0 genome sequence; k: number of alleles; N: number of animals; Hops:
observed heterozygosity, Hey: expected heterozygosity; PIC: polymorphic information contents.
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location of physical distances of all markers were based on the forward primer sequences using NCBI blast search. Marker pairs with
a genetic distance greater than 50 cM were omitted. Linear regression lines for macro- (full line) and microchromosomes (broken line)
reveal a 3.7-fold higher recombination rate on microchromosomes.

Table 3. The average and sex-specific linkage map lengths in the Korean native chicken population. The linkage map difference
between male and female was evaluated by i-test

GGA Number of loci Average Female Male Sex difference
1 15 440.3 451.0 467.7 26.0°
2 16 330.0 3247 332.8 20.3
3 12 276.0 261.5 292.5 13.6
4 8 242.0 250.1 224.1 6.2
5 10 158.9 161.7 158.7 12.1
6 6 136.1 99.8 139.4 1.9
7 6 1152 115.1 123.8 16.5™
8 5 109.0 125.2 101.3 9.1
9 5 103.3 106.9 103.4 2.6
10 5 86.4 90.9 82.5 6.1
11 4 128.5 109.5 133.3 0.6
12 4 62.9 60.1 63.2 53
13 4 28.9 28.7 29.1 8.0"
14 3 30.6 33.7 28.2 2.1

15 3 42.7 45.7 39.9 3.0
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Table 3. Continued

GGA Number of loci Average Female Male Sex difference
17 3 40.8 51.6 34.0 5.7
18 3 48.9 50.4 44.7 49
19 2 43.4 44.1 41.9 1.8
20 3 215 223 20.9 1.4
21 2 89.3 46.0 100.0 0.4
22 2 242 23.6 25.4 0.1
23 4 26.0 26.3 243 4.1
24 2 12.9 16.0 9.9 3.6
26 3 37.8 39.0 37.1 33
27 3 54.6 40.4 120.7 10.9”
28 2 39.0 39.4 383 0.0
z 4 113.3 97.9 173.8 12.0™

* P<0.05, " P<0.01.
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