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Abstract |

Honeybees (Apis mellifera) are common pollinators and important insects studied in agriculture,
ecology and basic research. Recently, RDA (Rural Development Administration) and YIRI
(Yecheon-gun Industrial Insect Research Institute) have been breeding a triple crossbred honey
bee named Jangwon, which have the ability to produce superior quality honey. In this study, we
identified a single nucleotide polymorphism (SNP) marker in the genome of Jangwon honeybee,
particularly, in the paternal line (D line). Initially, we performed Sequence-Based Genotyping (SBG)
using the lllumina Hiseq 2500 in 5 honeybee inbred lines; A, C, D, E, and F; and obtained 1,029
SNPs. Seventeen SNPs for each inbred line were generated and selected after further filtering of
the SNP dataset. The 17 SNP markers validated by performing TagMan probe-based real-time
PCR and genotyping analysis was conducted. Genotyping analysis of the 5 honeybee inbred lines
and one hybrid line, D x F, revealed that one set of SNP marker, AmD9, precisely discriminated the
inbred line D from the others. Our results suggest that the identified SNP marker, AmD9, is
successful in distinguishing the inbred honeybee lines D, and can be directly used for genotyping
and breeding applications.
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Table 1. Summary of Apis mellifera genome assembly

Sample No. of reads Total bases (Mb) Q30° (%) GC Ratio (%)
1 209,815,904 21,191 84.69 53.56
2 213,383,387 21,551 85.84 5348
Total 423,199,291 42,743 85.27
“Equivalent to the probability of an incorrect base call 1 in 1000 times
Table 2. Characteristics of single nucleotide polymorphism selected from Apis mellifera reared in Korea
No. Seql.lence Line Cove Genome annotation uety seq.
id A C D E F rage length
1 AmDI1 G G A G G 192 Apis cerana neural cell adhesion molecule 2 94
2 AmD2 C C T C C 192 Apis mellifera nuclear factor of activated T-cells 5 94
3 AmD3 G G A G G 192 Apis mellifera titin-like (LOC551319), transcript variant X3 94
4 AmD4 G G A G G 192 Apis mellifera probable G-protein coupled receptor B0563.6 94
5 AmD5 C cC T C C 192 Apis mellifera odorant receptor 4-like (LOC100576940) 94
6 AmD6 C C T C C 192 Apis melliferaa protein kinase C-binding protein NELL1-like 94
7 AmD7 C C T C C 192 Apis mellifera teneurin-a (LOC411155), transcript variant X7 94
8 AmDS8 C C T C C 192 Apis mellifera guanine nucleotide dissociation stimulator 94
9 AmD9 C C T C C 192 Apis mellifera UPF0489 protein C50rf22 homolog 94
10 AmD10 G G A G G 192 Apis mellifera gamma-aminobutyric acid type B receptor 94
11 AmD11 C C T C C 192 Apis cerana carboxylesterase 1C-like 94
12 AmD12 C cC T C C 192 Apis cerana MAGUK p55 subfamily member 7 94
13 AmD13 A A G A A 192 Apis mellifera glutamate receptor ionotropic, kainate 2 94
14 AmD14 A A G A A 192 Apis mellifera transformation domain-associated protein 94
15 AmDI15 A A G A A 190  Apis mellifera serine/threonine-protein kinase 17A-like 94
16 AmD16 C cC T C C 184 Apis mellifera cyclin-T 94
17 AmD17 G G A G G 182 Apis mellifera disco-interacting protein 2 94

Total genomic DNA®9| =&

GBS £4-2 9J3t library A|ZHS 1) Ao} 2l
(Apis mellifera) A, C, D, E, F A%, 967l| 4| 2 5-&] Total
3} T} Total genomic DNA=
DNeasy Blood and Tissue kit (QIAGEN, Hilden, Germany)
= olgsto] 2El9Lo
H3435 %= 7| (spectrophotometer) (NanoDrop Technologies,
Wilmington, DE, USA)E- ©]-§-sff A =FstlaL, A=
genomic DNA: 50ng/ul 9] H =7} B =5 3]435]o]

4ol o] g3k

genomic DNAE &

, =% genomic DNA+=

Sequence Based Genotyping library X|X}t 9!
Hiseq 2500(illumina) sequencing

Genomic DNA+= SGB -4 9|2t library | 2}o]| o]
L5 Qi) E Lo A= Psd-Msel sequencing library

2 sl gon, o] 2 24 SBG 100-Kit v2.0
(KeyGene N.V., Wageningen, the Netherlands)7} A-8-Z]
QAT library A|2Fof] AR&-%l genomic DNA= A& &
250ng(S0ng/ul) O], % 27]1] A|E 2 library 7} 7] 2]
AT genomic DNA= ZF 74 &] 5 A5 $12]¢] ¢~
MG v S Q)8) PsAn} Msel A3 A4S 22]kS)
o, ARt A 4 BEG-E 37°C, 2417 F3F 3 = Qi Tk
A gka A A 2% Al &= Adapter ligation W PCR £
= &of library S 535 Al om, o|uf AR&-%1 Adapter
= universal P7 Msel adapter(top oligo: 5" -
CAAGCAGAAGACGGCATACGAG-3’ -; bottom oligo:
5" -TACTCGTATGCCGTCTTCTGCTTG-3" -NH2) £,
37°C, 3A] 752t ligation ¥H-3-0] o|Fof% t}. Adaptor
ligationo] 2+ ¥ A] 2= Library 222 9]3) 1/10 3]
K3ke] PR F20H-& Sas15.00], ofu) A-§

primer+= KeyGeneA}of| A A|-5-51= Msel primer®} Psi
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Table 3. Selected marker for the determination of D line in Apis mellifera reared in Korea

Marker Forward primer sequence Reverse primer sequence Probes
AmDI TTCTGCAGCGGGTACTGTT GAAGCCACGCCACGAAA VIC: AGCGAGCTATCCCCTC
FAM: AGCGAGCTACCCCCTC
AmD2 GCGTTTGCTGCAGGAACT TGGAACCTCACTGGGAATGC VIC: CCTTGTCGGGTAGAACA
FAM: TTGTCGGGCAGAACA
AmD3 ACACGTTGATCCGCACACT CCACGGAGGAACGCTTCAT VIC: CTGGTTGCTCTTTCCCCAA
FAM: TGGTTGCTCTTCCCCCAA
AmD4 AGAGGGCAGGATAAGCAAAGTG CGTGAACGGTGCCATTTGC VIC: TTTTGGCACTCACACTC
FAM: TTGGCACTCGCACTC
AmD5 GCAGCTGACGTGAGTGTGTA CCCTCTTTATTGCGTTCAGTGAGAA  VIC: CGTGCTCTCTTTCTCGA
FAM: CGTGCTCTCTCTCTCGA
AmD6 GCCGAAGAGGTTTTCCAACTC CAGGTGCTGAGGGAGATTACAG VIC: TGAGCTGCTTGTTCCT
FAM: AGCTGCTCGTTCCT
AmD7 GCGTTGTTCCCGCGATTTT CTTCTTGCATGGGTCCTCTGA VIC: ACCGGTCATCAATTC
FAM: CCGGTCACCAATTC
AmD8 GGTTTCCGCTCGAACGC GCCAGCATGGATAACCAAATCTC VIC: TCGAGGCTGTTCTCGT
FAM: TCGAGGCTATTCTCGT
AmD9 CGATGTTGGGACAGAAAGAATGGAT CCTGTGGTAGCTTCAACTGTTGATATA VIC: CTGGCCCTATACAAAC
FAM: TGGCCCTGTACAAAC
AmDI0 GCGAGGTAGTAGCATTCAAAGGTT GCCCAAATGCTCTGTGACAAA VIC: CCAATGGAGTTTTGGCC

FAM: CAATGGAGCTTTGGCC

Table 4. Genotype analysis of AmD6 and AmD9 marker from Apis mellifera reared in Korea

Honey bee breeding lines

Marker Genotype
A C D E F FD
FAM 9 10 0 10 9 8
VIC 0 0 6 0 0 0
AmD6 FAM/VIC 1 0 4 0 0 2
Accuracy rate (%) - - 60 - - -
FAM 8 10 0 10 10 1
VIC 0 0 10 0 0 0
AmD9 FAM/VIC 2 0 0 0 0 9
Accuracy rate (%) - 100 - - -
Primero|t}. BF-S 278 72°C 28 7F HF-S A|7] & Single nucleotide polymorphism (SNP)
94°C 303, 67°C 25, 72°C 2571 13 cycles& HHE-5} a1, marker %} 3! Genotyping
T}A] 30%, 58°C 27, 72°C 2571 37 cycles= HH=-5}14 B9 SNP data 0} 24 T840 =0]7] 2|4
o A XLE] library<= Qiagen MinElute column.©. = 7§ 4] depth(read <), variation call rate(frequency) 5= 322]5}
ot - floweellol] -2-2¢3Fof clusterS TAASHALT, o filtering 5191 2 0], 0] 2 53] 47 SNP 1} S 32
Hiseq 2500(illumina)-&- &3} single end 4] @541 H-& 35} sequence 1722 A4+ tHTable 2). AlRFEl
o]-g-3l 101 cycles®] =02 H7|M L& 45 sequence+= TagMan probe 4] 0] u}# & A|2}Fs}3] ©

o} o] &
2 KeyGeneAlol| 4| A &35} SBG bioinformatics

3] 5w ek,

SBG clustering, read-mapping 2 SNP-calling

pipeline&-

1, 0| = 9|3} Primer Express = & 13(ABI)<
E-0]|%] PCR primer ¥ allele £-0] %] probeE- T] A}
¢l 3}9ic}. o]w], DA% allele E-©] %] probe= 59| FAM
S A 814 AL, 1E ] ¢F-2- allele probe= VIC &

o]-&-3l

locus £
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IS 1A]31% 2™, multicomponent plot-2-
genotyping 42 R3LsAck. A2 SNP v} %
z28 =B AF A CD,E FFxDo| tjgt 4
A2 2 5E] genotype B4 Saa}oirt. WA zhzt
o 29 AlF & 10ukof ek genomic DNAS:
DNeasy Blood and Tissue kit (QIAGEN, Hilden,
Germany)E ©]-8-5}o] 2|2k th, SNP 0}~ primer
% probe - ©]-§-3lf RIPCRE =33} 3{th. RT-PCR Rt
&2 ABI 7500 real time PCR machine (Applied
Biosystems)2- 0]-8-3}0] 423) %] %] © 1, 2x Quantinova
PCR master mix (Qiagen) 12.5ul, 40x primer/probe mix
(Applied Biosystems)E- 0.675ul g2 & Z} o] A 3=

273} genomic DNAE- 5ul (2F 50ng)'d 11 95 = of 4] 10&
FHESAIZ] & 95% 15%, 60% 122 2 40 cycles R
8131 7} cyclen}th FAM} VICS] 33475 89l

b

O]—Q-z%H

I olo r\l

.ﬂ

O]

21t % 1

lllumina sequencing

2 QoA HRY £ DAE So|dsl
SNP wtA 7H-E- 913l SBG 4 o] =34 =] Glt}. SBG
AL oA 445U 57N EE AlF A,C,D,EF

of tfaf o] FoiF on, A 967 HAE 270 A E
2 o] pagskith 4 734’ Z}7} 209,815,904,
2133833872] read”7} 24 T ¢ 01, & 423,199,291 9]
read, 42 GB2] assemble sequenceE BHH S 4~ Q1 ¢it}.
GC contents+= Z+Z} 53.56%, 5348%2] 7 S & 29 ¥
Som), B EAE T o 4 9= Qa7 HE
ol A 7]—‘—5— A10] 1/1000)-2 717} 84.69,85.84 0 & H] 1l
A 2 Z o= SIE It Sequence VS ETf=
SBG bioinformatics pipeline2 3+ SNP-calling 4
annotation 4] =34 5131 0™, 71 A3} D AlF 50|
Z Q1 SNP. lociE 7}A|+= 10297]) sequence= A¥tsh 4=

A

¢

SNP 01A A& 8! validation

A dEkE 1,0297l sequence+= annotation 2 I} 2

depth(read <), variation call rate(frequency) 5= 1125}
o] 27120 2 17719 sequenceS A9t 5} th(Thale
2). A5FE sequence= D A& £0]|Z 2] SNP lociE 3E
3lslar Q1o 180 ©]A4)2] =2 coverageS H.0| 1L Q)
}lt}. o] & sequenceof tgl genome annotation Z 1}-oj|
w2 H, S| sequence+= signal transduction X odorant
receptor, membrane integral component 51} T+ F G-
A2 EFeLL Qi A LR ShelEl ek o] Za of
% B A5o| %AW phenotype)t W H TAo]
B 2015 422 el AR A4 Bt

A1 *1?4_ sequence= Z}7+2] SNP lociE EZgF
o 50|43l vupAE A Aol AHE-E S
-0l A= TaqMan probe =S ©]-&3t u}# 7} #|
t}. £3] DAE S0 allele 7HA]= H71A
VIC & 3(Green), 12 A ¢F2 H7|A €& FAM 3
(BlueyZ 3£ 4] 513 . A 21 RT-PCR primer 3! wp#|
% genomic DNA©]| tfj gt RI-PCR HF-8-2 =345}
11, 58X o] $-4=31 107} primer A S 2712 Ak
5193 tH(Table 3).
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Fig. 1. Multi-component plot of the real-time PCR result of Apis mellifera reared in Korea using AmD9 marker.
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Fig. 2. Multi-component plot of the real-time PCR result of the next generation of D lines using AmD9 marker.
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