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ABSTRACT

Indigenous chickens, such as Korean native chickens (KNCs), are known for possessing higher disease resistance compared to
commercial chickens. Avian influenza virus (AIV) is an enveloped, negative-sense, single-stranded RNA virus that infects avian species
and other hosts, causing respiratory illness and significant economic losses. Previous studies have demonstrated that a 33-amino-
acid sequence unique to chickens within the ANP32A gene is critical for supporting AIV RNA polymerase (vPol) activity. This study
aims to investigate genetic variants across the entire region of the ANP32A gene, including the avian-specific insertion, using next-
generation sequencing (NGS) and Sanger sequencing in six KNC lines. NGS analysis of 60 individuals identified a total of 510
variants within the ANP32A gene region, including eight located in exon regions. Among these, two frameshift variants (rs733744684
C>CTCTGG, rs732131973 ACT>A) were identified, both of which may lead to a loss of protein function. Sanger sequencing of 18
individuals revealed 10 variants, including three that overlapped with the NGS results. A synonymous variant (rs733980419 G>A),
located at position 134N within the chicken-specific insertion, was consistently detected in all KNC lines. These investigations
emphasize the genetic diversity of the ANP32A gene in KNCs and suggest a potential role for mutations in modulating susceptibility
to AIV. This study provides valuable insights into the genetic basis of AV resistance and establishes a foundation for future breeding
strategies aimed at enhancing AlV resilience in KNC populations.
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INTRODUCTION
Skt 22l S (Korean native chicken, KNC)2 2.3 A|7F 59t 2| o]l g5 AAMEHS Sal F/dH 17 Aoz, 24
Axp A 2{gHAdo] Hojdtk o & Ja] 2 A thManjula et al., 2020). FFEo| A= Ge A EZ23} AjeE o & LRSI, KNC
€ 5719 5 2 12719] A5 & ARkt £35], F2 67 AeliE Ale2 DA EKNC-W), AHMEKNC-B), FEAKNC-Y), 224
(KNC-G), 21 ZA(KNC-R), 2AI(KNC-0)Z 2FHTHCho et al.,, 2023). KNCE= A& SAof| H|sl A &= w27k 2241
Hi S22 Ql5] FU AB|AFEOA| =2 A3 =5 B o|al 9lth(Kong et al., 2006; Manjula et al., 2020).
25015 Z9lI7} HFo] 2| A(avian influenza virus, AIV)= F2 7150 ZFG = A PF ohgst F0 2 Shik

0.

i

AR, 420 Bl FZF B Hofoll A7kt 43S Zafidtth(Peacock et al., 2020). AIVE B0 &0 52 54 B 7Hf RNA H©]
H2A2 o oF 10007 FE LEr]| = o 2 ~ 87112] ¥ o] 7} 2hA¥SHT} ATV hemagglutinin (HA, H1 ~ H5)¥} neuraminidase (NA, N1

~N9) 2&tof| w2} o}ggo] LR, B o] what 117 Y14 (high pathogenic avian influenza, HPAT)®F ¥ /d (low pathogenic avian
influenza, LPAI) 22 U-e Th(Alexander, 2007). HPAI w5, 5] H5% 2 H7 oFg 2 Il =2 H9/d2 Urehm, 2|AkE-0] 719] 100%°1]
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Gohs 7102 HET ek ¥, LPAI 25 Z4t0) Z0lalrAL} SRk AbAolN 8ol Alekg 7ha9} 2he Ak ]
SH= et 4= Q) th(Capua and Alexander, 2004).

AIVE] RNA S3a 4 B34 (vPol)+= polymerase basic protein 1 (PB1), polymerase basic protein 2 (PB2), polymerase acidic protein (PA)
2 25, 53 AM|3E 9] acidic nuclear phosphoprotein 32-kDa (ANP32) T2 AlF o] z|¢lo| & Q 5}CHNilsson-Payant et al., 2022;
Idoko-Akoh et al., 2023). ANP32 TH 22 ZI8H A szof| ] Ho]2]A FAo] 20 7]d 2 A-8-5tH, QIZH2 ANP32A, B, C, D, E ©HiE
< HR{otal 9l WhH, Holli= ANP32A, B, E AT EA|3IT} o] F ANP32AE AIV BAJof| 2% 02 fofeh= 8 Q1A=
Q1= 2 ChMatilla and Radrizzani, 2005). 531, 52] ANP32A §-7217} 4S8k ANP32A Tl A& E-§-Fojli= EA51A] =33
7ff AolQ] opn| it M E & F7tE Eotal it o] A E-2 N-ETHe] Al HHE o H(n-terminal leucine-rich region, LRR)2 C-E&
o] 2} E-3H4d A 4 (c-terminal low-complexity acidic region, LCAR) AFo]ol] @] x]5HH, ATVe] RNA £3+a 49} Agtste o] 23
o2& Tk ¥, g Roll g Aol EAIsHA o} ATHOR AlV 29 $19e] SHe A2 YA Sirksun etal, 205),
o1 A% ol = Blol A ANP32A SHAFAIV RNA FERAS] BAL E90], H}2 0 2 ol AlV 4 E H4o] 203
==

St A= 2003 E-E] 2014'37FA] HSN1E 9 H5NSE HPALZ} 5| EHAgsto] 712 Abgdol ahoist A2 £A1S 2als
(Lee etal., 2017). ©| & °ld5}7] 2fsh WAl o] ] 85 Qloh, AA| dAellA= 1 a7k ARl Zlo = Bk Ql
Th(Lee et al., 2011; Fujimoto et al., 2025). ©]of| w2} Hol| A AIVE ZHES ZaA]7]7] 95t oh2 Wy o 2 vlo]| A B} Haw
[ M Do) A = A g T A E e T3t A WA AtEo] &S| o] f] ] al Qlth(Hunter et al., 2005; Chen et
al., 2008; Sugiyama et al., 2015). 2| Aol A= ANP32A 2] 129812} 1308 ]| ol|A] ZH2} asparagine (N)2} aspartic acid (D) S Y ES
Sh= 3= isoleucine (1)} asparagine (N)= &S 3o e E 2| @F6H= CRISPR-cas9 7|RF -F-%12F HE 7|&-& 58, AIVe] 54 &&
S 35 AAAZ 4 3132 B3l T (Idoko-Akoh et al., 2023). 0] 215 &S W st uf, k=t 2SR ehe] HE 2l 73RS
flet ko 2 Arvol tigh A A A5 2 7iAl e At I {44 )Rt tigk 24 15te] - @ /o] A} AR H .

wheba], B Aol Alve] T FAzEE A X ANP32A F721e] Blol & RAFsto] A4l BEHL 714do] 45t 202
Wkl 3 Afeliste] Alv 4393 BE 317 2918 FHshe AS BEE d

MATERIALS AND METHODS
Ethics statement

B As IS 7 AFAE SEAE S
ATAIE]Q] &2 491 S 2012-C-0370] whet 43§ = q]ct.

Next-generation sequencing data analysis

2 Aol A= S ZA(KNC-G), ZA(KNC-R), FZA(KNC-Y), AAM(KNC-B), S (KNC-W), 2A|(KNC-0) F 671 Al'EollA]
Z}zZ} 1004, & 60t & T 0.2 ANP32A -F-73A12] single nucleotide polymorphism (SNP)E- A& 3}al 75312 Th o] & 25l
g Al5-2] next-generation sequencing (NGS) | ©] E{+= National agricultural biotechnology information center (NABIC, https:/nabic.rda.
gokr/)2] Hlo|E]E -85t QC T2 AR T A A 2| == GATK best practices 30| Z2}Q1-S- wh2} reference genome (Ensembl
GRCg6a)°ll 7138 = 2{THDe Summa et al., 2017). #|£-4 O 2 21l HHo]+= SnpEffE AH8-5t0] WE|E =] UL 7 Ho| 7} x5 74
Al Y BE 2151 tH(Cingolani et al., 2012).
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Sanger sequencing data analysis

2 AolM e FHFAE 2] KNC 67l AlSollA 2t} 3ute| 4, & 18ut2]2] Pl A| S 25 E] DNAE prime prep genomic
DNA extraction kit (GenetBio Co., Dagjeon, Korea)S AF&-5to] &35t & ANP324 A AF] A A exon¥ ¥ (Ensembl ID:
ENSGALG00000008054, reference genome GRCgba)e T O 2 Sh= 942] Zeto|m 5 NCBI t|o]EJ#|0] A2] primer BLASTE Ak
8510 AAISFATHYe et al,, 2012) (Table 1). ST A A4 HHS(polymerase chain reaction, PCR)< 20 pLo] ¥Hg E3H=2 43% 3
O1H, DNA 2 UL (25ng/uL), 233k 2 gk meto]m| 2} | L, 32k S5~ 6 UL, HS premix (10x) (GenetBio Co., Daejeon, Korea) 10
L2 =] 9lch PCR S22 thaat o] 3= gl 95°Col|lA] 3483t d B/d2 AR &, 95°CollA] 30%, 59.6°C ~ 65.2°COllA]
45%, 7270 A 4525 13] & 35~ 373] ¥h3-Z 35T 2T 522 72°Coll Al 1023t =351t S-35-F PCR AHE-2 2% agarose
gel©l| ethidium bromideS % 7}F5o] 7] 9-5(electrophoresis) 22 #A15FATH 71952 100VolA] 4527 3= glon, S2 5

AHE2 UV transilluminatorS 55 €?15}3ATh PCR amplification+ purification & Sanger A| 4] H|°]E1E 2AJ 5= o] A% St}

Table 1. Primer sets used for PCR

Primer Sequence (5 - 3) Size (bp) Genome position Tm (°C)
ANP32_F1 CGCACCTCTTATTGGCAACG 1,459 19,695,648 - 19,697,107 64
ANP32_R1 CTCTCCCTCGCAATCGTTGT

ANP32_F2 CTCACGCTGCTCGGTTGTG 528 19,694,379 - 19,694,907 60.6
ANP32_R2 GCTGAGTCCACACAAAACGC

ANP32_F3 AGAGTCCTGGTACGCTCACTT 829 19,689,035 - 19,689,863 62
ANP32_R3 GCAGGTGACAGTAGCAAAGTTGT

ANP32_F4 TGCTGTCAGGGTGTTCATGG 725 19,685,298 - 19,686,023 59.6
ANP32_R4 CTGCCCATGCAGTGTCTTCT

ANP32_F5 AGCAAAATTGGGGATCAGGCA 760 19,682,674 - 19,683,434 59.6
ANP32_R5 CTGTAGGTGTCAGCCCGATA

ANP32_F6 TTCTGCCCCAATTTGGTAGGC 881 19,680,735 - 19,681,616 65.2
ANP32_R6 ACTCCCCATCTTTCAGACGAAAT

ANP32_F7 ACTGTGCCTATCCCTGTCCA 421 19,679,150 - 19,679,571 59.6
ANP32_R7 CAAAGACACCCCCACTGTGA

ANP32_F8 CTGCAATGAAACTTGGGCCG 475 19,678,135 - 19,678,610 60.5
ANP32_R8 GAGAGCTTCCACAAGTGGCT

ANP32_F9 AGCAGGCTCATGTTTTCATTCC 655 19,677,569 - 19,678,233 64.8
ANP32_R9 CCTAGATTTGGAGCACCCCC

ANP32, Acidic nuclear phosphoprotein 32-kDa; PCR, Polymerase chain reaction

RESULTS AND DISCUSSION
NGS-based screening of variants in the ANP32A gene

ANP32A G2+ YYollM = F 5107119] Ho|7k &Rl=|gl o, s o] E2 intergenic Y 47H, exon Y 87H, intron T 102
70, UTR 9 2471, upstream G 3037H, L] 2L downstream G Ol A] 69707} Q1= AT exon GG 2] &1 8712] Hol= 27}
9] frameshift ¥ 0] (rs733744684 C>CTCTGG, 15732131973 ACT>A), 2712] missense H10](rs318224693 G>A, chrl0:19689513 G>A), 4
7H9] synonymous ¥10](rs741217051 G>A, 15315826671 G>A, 15733980419 G>A, 15738788312 G>A)Z 91 =] 1 THTable 2, Table 3).
Frameshift $10]2] 5733744684 C>CTCTGGS} 15732131973 ACT>AZ open reading frame (ORF)S HSHA|A 27 A= = YA}
Al opa| At MES FETO BN, ANP32A 42] 12 9 7|50l 92 1A 4= U= AL 2 o o]2igt o= /4
9] 7|52 B8/ & 7Hs/d o] wom, wkehba] oo thst T4 A77F Q T THGenes, 2004; MacArthur et al., 2012; Stenson et al.,
2017).
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Table 2. Variants detected in 60 KNCs using NGS

Position(bp)* ID Ref Alt Variant type
19,689,213 15733744684 C CTCTGG Frameshift
19,689,541 15732131973 ACT A Frameshift
19,677,796 15318224693 G A Missense
19,689,513 - G A Missense
19,679,390 rs741217051 G A Synonymous
19,680,997 1r$315826671 C T Synonymous
19,681,326 15733980419 G A Synonymous
19,681,395 rs738788312 G A Synonymous

KNC, Korean native chicken; NGS; Next generation sequencing; Ref, Reference; Alt, Alternative; *, Located on chicken
chromosome 10

Table 3. NGS-based analysis of variants across KNC lines

Position(bp)* ID KNC-G KNC-B KNC-R KNC-Y KNC-W KNC-O
19,689,213 15733744684 C>CTCIGG 0 1 0 0 0 0
19,689,541 15732131973 ACT>A 1 0 0 0 0 3
19,677,796 15318224693 G>A 0 0 0 1 0 0
19,689,513 - 0 0 3 0 1 0
19,679,390 1s741217051 G>A 0 1 0 0 0 0
19,680,997 1rs315826671 C>T 4 1 9 8 5 6
19,681,326 15733980419 G>A 10 9 4 4 9 6
19,681,395 15738788312 G>A 0 3 3 0 5 0

KNG, Korean native chicken; NGS, Next generation sequencing; *, Located on chicken chromosome 10

Sanger sequencing-based screening of variants in the ANP32A gene

KNC 6711 A1'52] 187He] &S o2 ANP32A F-3AAES] HA| 1271 exons 415 A2, F 107112] Hol7} Eel= Qi) 4
A A 2.2 exon 3914 4702] 5-untranslated region (UTR)¥1°](rs13704383 G>A, rs13704382 G>A, rs13704381 T>C, 1316166643
G>A, 15317369619 T>C), exon 5914 1702] intron B0](rs314407990 T>A), exon 8°YA4] 2712] synonymous B©](rs733980419 G>A,
15738788312 G>A), exon 99|41 17§2] synonymous ¥ 0] (15315826671 T>C), exon 1201 A] missense B 0] 17(1s318224693 G>A)7} 221
%] I TH(Table 4, Table 5). ©] % exon 8F0Y| 9] 2|5} 15733980419 G>A Hlo]+= Fof|7t Eo|Z 0 2 Zx|5|= ofn] At A F F 134 ¢
%] 2] 134N (asparagine)°ll 3 5h= 2 22 E1=] lct. 24 A3 3 #lo]+= synonymous HlO| 2 ofu| At A H o] #IgtE F1s
A= e A0 2 FRlEQlrh 2 sl Ho|7} il W 2ot £ AX 7)ol 7| 7hs/do] okar B sl gk
(Sauna and Kimchi-Sarfaty, 2011; Chu and Wei, 2019).

& ATl A= ANP32A F212] 244 exond 22 Ho| S RIst o, AV 23 A2} 97| & 5ol 2|?] 2 2| o) H
o] 2 EFAI5}9] Th(ldoko-Akoh et al., 2023; Park et al., 2021). A7+ A3}, 7|2 G212 W 7] 7]9F AL A ATV Ao 2.5 &2 3}
= 0.2 1H 129N (asparagine), 130D (aspartic acid), 149D (aspartic acid)2} 152D (aspartic acid) ] 2|l A= 1 o] 7} &1 & %] Lok
o, 22y 523 5 o] 2 A Ulof] f1X|3 134N (asparagine)ol| 4] 1 o] 7} A of] wh} s g 91| HA] ATV 2 /gdof] dhoi e 7}
5730l Qlﬂﬁl,%c}—%r |2 WY 75 55 EEe AFS Bl AIvel AR 7HI ZiA Zite] ’i o 2 i 4= Ql& Zojoh
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Table 4. Variants identified in 18 KNCs using Sanger sequencing

Exon Position(bp)* ID Ref Alt Variant type
3 19,689,698 1rs13704383 G A 5 UTR

3 19,689,632 1rs13704382 G A 5 UTR

3 19,689,606 1513704381 T C 5 UTR

3 19,689,599 1rs316166643 G A 5 UTR

3 19,689,589 1rs317369619 T C 5 UTR

5 19,685,610 1rs314407990 T A Intron

8 19,681,326 1r$733980419 G A Synonymous
8 19,681,395 15738788312 G A Synonymous
9 19,680,997 1rs315826671 T C Synonymous
12 19,677,796 1rs318224693 G A Missense

KNG, Korean native chicken; UTR, Untranslated region; Ref, Reference; Alt, Alternative; *, Located on chicken chromosome 10

Table 5. Sanger sequencing-based analysis of variants across KNC lines

Position(bp)* ID KNC-G KNC-B KNC-R KNC-Y KNC-W KNC-O
19,689,698 1513704383 G>A 2 1 3 3 2 1
19,689,632 1513704382 G>A 1 0 1 2 2 0
19,689,606 1513704381 T>C 2 0 2 1 2 1
19,689,599 15316166643 G>A 1 0 2 0 1 0
19,689,589 15317369619 T>C 3 1 2 3 2 0
19,685,610 15314407990 T>A 3 3 3 3 3 3
19,681,326 15738788312 T>A 0 0 1 1 1 0
19,681,395 15733980419 G>A 2 2 2 3 2 1
19,680,997 18315826671 T>C 2 2 1 2 2 1
19,677,796 1r$318224693 G>A 0 0 0 1 0 0

KNG, Korean native chicken; UTR, Untranslated region; *, Located on chicken chromosome 10

Comparative analysis of NGS and Sanger sequencing results

NGS&} Sanger A4 A3Hg vt Aa}, & WHolA Fdgh Hol7h AR eIl 3522 &lH Hol= 2719
synonymous t10°](1s733980419 G>A, 15738788312 G>A)2} 1712] missense 0] (rs318224693 G>A)Z 221 =] THTable 3, Table 5). ©]
% 27119] synonymous ¥10]+= KNC - Al 5ol A 354 0= SRI=| ]} o|2|gh A= sl Hol7FKNC e Woll A 230 717t
o 24 4 o2 DHEUAALY, A A Y& Fol AA1H SAY Aolet F5E o o]2|g E/4d2 KNCY] A2t e
FAA 7|RkS &AEHE o] Qlo] 83t 7|2 AtE 2 &8 4 S Aot

HHA | frameshift B10] 2 2H01% 15733744684 C>CTCTGGE} 15732131973 ACT>A= NGS H|0|E]9] Y B A|Zoj|Aut AR} o,
Sanger Al oNA = EHRIE|A] QEQETHTable3, Table 5). ©] 213t 2fol= T ¥o|7} -2 ¥l & & EX)joh= 3] Hold 740l o
™, Sanger Al Aol ARERH A 5.9] 427} A|JHA 0] 17| mF O = T % Kt @2 A58 SHato] s Hlo|59 Fx Y

RI=EHSE Her & Aol

CONCLUSION

& Q15 A= ANP32A AP GO AIV A0l S27E 4TS T 4 5 ARt 53], sllg A= 54 W

3 AV Z4FS A G- E 223 7Rl o] Al 7= Qleh 5 B A LoflAf s Algt #o] 9 ATV vPol 23 H-9let o175t
= = S

A 8-o]n|5t Ho|7} BolE| 9]t} o]= ANP32A SAIe] 2B =7} Hlolg]A el 24 7|A 7} 74e] A wof u)z]

i

Journal of Animal Breeding and Genomics 53



Screening of genetic variation for the ANP32A gene in Korean native chickens

A AFSHH(Nilsson-Payant et al., 2022; Idoko-Akoh et al., 2023).
TR, 2 Qs S B B8 wlolo] 7154 75 4astA EYTHE SAZE ZAKRITh ol g Sof, & Aol Hele
synonymous rs733980419 G>A W o|o]| thsl 32 HAY & Fof A4 ¥st o & FRlst= A= o0
9 Sanger AR OIA] S UG A 25 ALESH BT, A2 47} AR 0] 7] whiol 4 A
IRl = S5k 2 A= KNC F Tl A AV 4 Holl JaF2 1l X]= ANP32A {732
S Algotn, AR A S 7R A 55 ek a1 B e iES SRt Alg 2 28E 4 12 Ao R VdiEH.
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