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ABSTRACT

In this study, we conducted a Genome Wide Association Study (GWAS) analysis of the reproductive traits in Hanwoo cows, Age at First
Calving (AFC) and Calving Interval (Cl), aiming to pinpoint candidate genes and their functional relevance. A total of 24,977 Hanwoo
cows from commercial farms were genotyped using Axiom Bovine 60k version 3 (Affymetrix Inc, 2006). Subsequently, individuals with
genotype and phenotype data were selected from this population, resulting in 9,508 cows and 37,999 SNPs for AFC, and 6,442 cows
and 38,379 SNPs for Cl after Quality Control. Bonferroni correction and False Discovery Rate (FDR) correction were applied to GWAS
thresholds, leading to the identification of significant SNP markers for each trait by chromosome. AFC revealed seven SNP markers
on five chromosomes, and Cl identified three SNP markers on three chromosomes. Sixteen candidate genes were identified from
these ten significant SNP markers. Notably, TRNAC-GCA was highlighted as a gene influencing semen quality in bovines and playing
a crucial role in cow reproductive traits. Additionally, Gene Ontology (GO) was identified two GO IDs, respectively, in Biological
Process (BP), Cellular Component (CC), and Molecular Function (MF) (BP: GO:0030259, GO:0005975; CC: GO:0031982, GO:0005794;
MF: GO:0016758, GO:0016757), with no KEGG pathway being identified. These results contribute to advanced understanding of the
genetic architecture of reproductive traits and offer valuable SNP markers for breeding programs in Hanwoo cow.
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INTRODUCTION

Qejuet 18 BEQ 9= 1050 RE] 87152 Wt AASle] QHHOE 94 HENSLE HUET, HEN 20|
& S o] gt M=ol M AR E DL A= dAE d e & 1344 B A4 7ol o] #0121 AL ITHLim et al., 2016; Shin et
al,, 2018). 12U ST BIK 54:0] AollZ AREF ol = E761al 40 52 of| whet Soi|-9-9] 5 ofl Xpo| 7} LA ETh(Park et al.,
2011). &3, 9he-o] A thefd BEn A4 g 371 9 Al 2HE @5 52 lsiA g vligke] € o] FrajAl= 4%
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o|aL, HAl 5= o] 245t oA Aol Tigh Q14] o] ofx| AL QLo o]of w2010\ F-E] 2| - bA HAAIYG o] FXIFoll
ATH(Lee et al., 2020).

FAA A71M D 24 R o] 2t @A) /17 73 A =) E (Human Genome Project; HGP)ZF 22 & o] Q17F] -F-24] 714
Ho] 355 ATH(Collins et al., 2003; Venter et al., 2001). ©]F I7HETE o e}t A & =R] 5 o2 7F5ol| A = -5 A el 50| &
=] TH(Consortium, 2004; Liu et al., 2009; Schook et al., 2005). 92| 2] 21482 4] 17} 71538) 2| 3L DNA microarray 7]<0] 7}
el of) whet X Zofl= &Y Bhlf o)4fe] o]of thgt A H & w2 )] He1ek 4= 1= SNP chip©| 7] o] -&&| 31 /Tt SNP marker
HZ G 2= SNP chip= 0]-§5t0] 2 FAol| §F2 nxl= FAF 229 (Quantitative Trait Loci, QTL)= B}, SH-F
A5 Ak A7RA] A8 24 (Genome-Wide Association Study, GWAS) 5 T et A7 =8| 11 Qlc}.

GWAS+= SNP marker®] 5421 5 5434 9 5394 Holo tfgh A& gAlsto] §o4o] =2 543
o} ATE SNP markerS 25H= 24 o]t} (Kruglyak, 1999). 712 thAF O 2 3 2] 2 0] GWAS B4 A 40] 8
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MATERIALS AND METHODS

1. SAM= 3 o1 H[o]E]

1 Q170] o § 8 S AR EEA LN AT 5712 20 B9S F 4HA vlolejo HEY Hlolsg BE BY
[e]
=]

o

8l = A TR Solt) o] AR S bA 2497752 AR o] 9 13H4 © 2 IQR (Interquartile Range)S &?15to] E&
3 HoIE7H - REEE T2 7HAlES A6kl o] A T4 F A E7HU % (Age at First Calving; AFC) @ 2= HA-6k3L 9l
+ 9,5085F2F R (Calving Interval; CI) B8 -& BRI = 6,4425F-5 2400 o] &513ich A 29H™ 2 2 g7t A7l E

S W Uho|(Y), 22 7T A1 S WAL B A7 5 271 h7kA] 2 242 A oSt

2, A HlojE] & EF 2|

o

A A E 2] 742 Axiom Bovine 60k version 3 (Affymetrix Inc, 2006) 60,5747H2] SNP markers= ©]-25}0] 24,9770 thsl 77
21542 AA 3Tt 0] Plink v1.9 (Purcell et al., 2007) software 2 7} 2} SNP markerol] tigt &2 32](Quality Control, QC)Z X133}
o QC 7|2 vkt 2tk 1) G AA| T A H | 2) S-5-%F SNP marker Al| 74, 3) call rate <0.9, 4) Minor Allele Frequency (MAF) <0.05,
5) Hardy-Weinberg Equilibrium (HWE) p-value <10°. 233} 3304 to] 8 & 25 B3 /A 53 AEsto] A L2 9,508
2} SNP marker 37,9971, £RHFZ-2- 6, 44252} SNP marker 38,379717F 55 A of] AR&E| U
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Mo rx
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% A= SNP markerS= T2 GCTA v1.94.1 (Yang et al., 2011) software®] £ 23
of| thet GWASE AAIFE MLMAC] T &2+ 7iA|9] ST E, 249, A 2Rt d e, A 29Hd 2 283t 5t
322 GCTAS] GRM E-AJHM 0 & Alakslo] o] 230tk MLM 2l P Al

y=at+bX+g+te

o] 7] A, yi= AFCEH C19] B HE], at= B %] WE], b= A7 G &3} X+ SNP marker?] W EIK0, 1, 1211 2), o= RA
A THA BEY ZE SNPEQ] A 51} o= 9 9] 2ka} HlE| S UERAT

5. PIXIY FEFHAL 2t

A FFS F 5579 suggestive level 2 FDR correction (((p-value X 0.01)/number of SNP marker) X 0.01)2} Bonferroni correction
(1/number of SNP marker)E ©]-&5}3itt. 7+ o] met YA¢FE W2 = SNP markerS 2 32 1| SNP markers = 25}
% TF. NCBI database®] Bos taurus UMD 3.1.15 7|92 SNP markers2 7P 24 422 S 3ITH 7241 SNP
marker®] 912 & 7|2 02 EFE| o] AU 7P ZHI FAAES XS TEAHAE TSI

6. XX} et 2M(Gene Set Enrichment Analysis)

B S fHzLEe] EA 9 7] 5-& &?1517] $J5H Database for Annotation, Visualization and Integrated Discovery (DAVID) tool
< 0]85} Gene Ontology (GO)2} Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 412 A A|3ic,

RESULTS AND DISCUSSION
1. BAH OJE] 1=

L= HV:.%] ‘9—] Y g EFHAH) S A BTHA T (Age at First Calving, AFC)°] 735.22£56.18 (¥), 2YHF4 (Calving Interval, CI)©|
367.56133.91 (¥)= UEFATHTable 1). Brtdte B0 A ERtdR 2] - ka7t efolid 2] oF 20| &= A|Hol|A] A &5to] %1
E—UJJU 785 1akxkeh 24kak 7HA o] oF 13 A= 2 YT A Bty Bubrhd YA S st F Ao 8 £ st

o:] Al ohS 3t ZHeh(Table 2, Table 3). 3 2RFI -2 AFCS (711-740d)0] 2,3195(24.39%) & 714 2 ok A7} sl 7| 7kol] 5 &
T2 3 O ™ AFC4-AFC6 (681-770d) 717HE Rt 2F 62%9] A7t A #9H2 3t A 0 = Uebtt) S92 CI3 (331-360d)°1] 2,308
710 2 LFERTE Lopez et

T(35.83%) 2 7P Be dASo] G E ATk =5 °0F 47.7%2] A7 Uz o] 1W(365Y) Et Al Zlo

2L ol

al. 2019)= -2utzt 97 A| ol A ARGH - A 15,355F2] AP A S QI O™ AFCE= 752.42168.34, Cli= 363.11£28.74
2 LFEFSETE Shin et al. 2021)& 3H- 4 19,565572] HAIG S FRIF 00 AFCE 730.2427.6, CH= 399.0£101.1% LFeRgTh

B A LATH= Lopez et al. (2019)2] AFCS] B3t Bk WA, Cl1o] Bt Bt =4 Urebka, B2 Shin et al. (2021)2) AFCS]
2% Boh 0, C1o) gt Bk WAl etttk SUa E50| haglelE 275 olefst EAY AR50| Aol £ T
U0 AFSA| A, AFSEY, HA Y 9l Q1F4J AL 5 TFFSE &7 A|A| 2] &fo] uflfol] YERd A 0 & ALRH T}
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Table 1. Descriptive statistics for 2 types of reproductive trait.

Traits Mean SD Median Max Min
AFC (days) 735.22 56.18 729 891 591
CI (days) 367.56 33.91 363 465 273

AFC: Age at First Calving, CI: Calving Interval

Table 2. Summary of statistics of AFC in eight categories.

Category Range (d) No. of records Mean SD Percentage
AFC1 591-620 109 607.03 8.95 1.15
AFC2 621-650 317 638.45 8.52 3.33
AFC3 651-680 987 667.70 8.50 10.38
AFC4 681-710 1,901 696.28 8.68 19.99
AFC5 711-740 2,319 725.22 8.53 24.39
AFC6 741-770 1,641 754.38 8.54 17.26
AFC7 771-800 963 784.30 8.74 10.13
AFCS8 801-891 1,271 837.36 25.70 13.37

AFC: Age at First Calving, SD: Standard Deviation

Table 3. Summary of statistics of Cl in six categories.

Category Range (d) No. of records Mean SD Percentage
CIl 273-300 22 291.73 8.00 0.34
CI2 301-330 743 321.54 6.55 11.53
CI3 331-360 2,308 345.95 8.33 35.83
Ci4 361-390 1,864 373.92 8.54 28.94
CI5 391-420 963 403.83 8.72 14.95
Cl6 421-465 542 439.40 12.70 8.41

CI: Calving Interval, SD: Standard Deviation

2. SNP marker E%

2901l ARE-E SNP markerol] T3l A1 MAF2} LD2] 4 =5 213 th(Figure 1). MAF 2= QC ©]31 2] A4 lof 1 %|5h= E&
SNP marker5-& thAF o2 B30 B 2 (0,05 FH 2|0l £:51= SNP markers = 235tz o] QI B4 A} Ao A AF SNP markers
o] B# MAFE 0.187+0.1650] 2132 0-0.05 10l A] 71 B2 SNP marker?} UHEREE 0.3 0.05-0.5717] 12| LRt LD SNP
markerZt 2] 7|5 0-500 kbW B 2 ZFo. 2 SHIZITh A SNP marker?H B 22 0.04710.11.2 LRI, SNP marker?t 7 2] 7}
0-50 kbl R 9]l A Bt r2o] 2F 0.5010.38°1A4 0.20+0267H] FAH daste 432 BT - Y45 t/d2 2 Nlumina
32 -5 SNP chip& AR A2 AT = MAFS] WIE S} LDO] H =7} 2 Q17 Aue} u]5:5h oF4d-& LFERIEHOh & Yoon,
2022). ©]+= A2 TH2 SNP chip Z21& 7t SNP marker S2Hgoll 24|17} glaL, h- A ko] 44 i3t §-44 2ol = 2
w817} g7] meol Lieh Ael Ao 2 Abg it
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Figure 1. (A) Number of SNP markers by MAF, (B) Average r2 by distance between SNP markers.

3.GWAS X 2ERHx

5 7] A A of ths] GWAS 242 AAISH Z3HE QQ-plot¥ Manhattan plot2 = WEFHTH (Figure 2). 233 H|o] g
9] /< QQ-plote &2 ISt A3t = 7HA] YA BE HFEE st A2 A GWASO 88 AA™2 A 25kl
20| FDR p < 9.89 X 107 ((376/37,999)*0.01), Bonferroni p < 2.63 X 107 (1/37,999) ©]311l, EFHFE-2 FDR p < 1.01 X 10*
((386/38,379)*0.01), Bonferroni p < 2.61 X 10 (1/38,379) °|A 21 K5 -logi(p)& A-&5tAct. A ERtL -2 5702] FAA| o
A Z 77012] SNP marker (Chr4:ARS-BFGL-NGS-40546; p < 3.04 X 107, Chr9:ARS-BFGL-NGS-29290; p < 2.34 X 1075, Chrl1:ARS-
BFGL-NGS-102088; p < 8.88 X 10, Chrl1:Hapmap35103-BES3_Contig455_1055; p < 1.68 X 1075, Chr15:ARS-BFGL-NGS-72108;
p <3.17 X 103, Chr23:ARS-BFGL-NGS-40685; p < 341 X 10, Chr23:ARS-BFGL-NGS-55885; p < 4.49 X 10°%), 20722 37} 9]
FA Aol A 2}z 54 & 37]2] SNP marker (Chr9:Hapmap32423-BTA-92864; p < 1.11 X 10°%, Chr16:BTB-01612388; p < 4.61 X 10
3, Chr27:ARS-BFGL-NGS-18614; p < 3.39 X 10°%)7} g-2|n|3t A 0 & Uepttt. A 2Rt gollA 71 =2 f94= YUehd SNp
marker= 118 G244 2] Hapmap35103-BES3_Contigd55 1055°] L, R A0l A= 981 A4 2] Hapmap32423-BTA-92864 2 =
&= 1T}, Hapmap35103-BES3 Contigd55 10555 240 FAAF T ALof|A] -f-2]u|gt SNP marker®2 LHFEFGTH(Cecchinato
etal, 2019). & 244 eh= th2A| 3k Fake-E2] A 2R St 2= GWAS 2413 Hyeong et al. (2014) Hapmap32423-
BTA-928647} A 7t 23} -7-2]u]dt SNP markerQ! 2102 LFERGHTE 9] 27FA] SNP markerS A 2] 8}l U 2] SNP markers
T E ML= Sholw] x| okghe), §-0] A 01 SNP marker?] 70471 A 7] Uehd 212 M1 A1§ Zo] of g e Fafof| Jke whn
CAFART 32 S e dl29] 2102 AR ETHLopez etal., 2019)
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(A) AFC | AFC

(B) . | -

Figure 2. The Manhatton plot of GWAS for reproductive traits with significance thresholds indicated at -logioP. (A)
AFC: p<2.63X10° (blue), p<9.89x10* (red), (B) Cl: p<2.61X10° (blue), p<1.01X 10* (red).

TH FHRE FA5LAL Bos taurus genome (Bos_taurus UMD 3.1.1) 7|5 0.2 gAsto] folulslA| ekt 107]2] SNP
markerS 22 E £ 16719] TR FHAES 5H5AtHTable 4). A 2L o A= 10719] TEFHAHE(LOC104972036,
LOC10190805, TRNAC-GCA (transfer RNA cysteine (anticodon GCA)), LOC104973449, LOC782101, LOC527409, GGTAI (Alpha-
Galactosyltransferase 1 (glycoprotein)), SYT9 (Synaptotagmin 9), ANKS1A (Ankyrin Repeat And Sterile Alpha Motif Domain Containing
1A), TCP11 (T-compex 11)), 27 A0 A= 67]2] T B -G HAS(LOCT81989, TRNAS-GGA (Transfer RNA serine (anticodon GGA)),

LOC101904592, CAMSAP2 (Calmodulin Regulated Spectrin Associated Protein Family Member 2), SH2D4A (SH2 Domain Containing 4A),
LOC104970724) EHo13ich
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Table 4. The list of significant SNPs for two reproductive traits.

Trait  Chr SNP ID rsnumber  Allele  Position SE  pvalue -log(p) Candidate genes
AFC
4 ARS-BFGL-NGS-40546 15109934047 G/A 47,869,938 0.188 3.04E-05  4.52 LOC104972036
9 ARS-BFGL-NGS-29290 15109880330 AIC 100,892,769  0.223  2.34E-05 4.63  LOCI101908095, TRNAC-GCA
11 ARS-BFGL-NGS-102088 15109539195 AG 83,796,925 0179 888E-05  4.05 LOC104973449, LOC782101
11 Hapmap35103-BES3_Contigd55_1055  rs43710111 AG 92,297411 0.338 168E-05  4.77 LOC527409, GGTAL
15 ARS-BFGL-NGS-72108 1542621160 G/A 46,058,920 0183 317E-05  4.50 SYT9
23 ARS-BFGL-NGS-40685 15109902639 AC 8,998,867 0.191 341E-05 447 ANKSIA
23 ARS-BFGL-NGS-55885 15109568295 G/A 9,020,371 0191 449E-05 4.35 TCP11
CI
9 Hapmap32423-BTA-92864 rs41606134 A/G 52133642 0.618 1I1E-05 4.95 LOC781989, TRNAS-GGA
16 BTB-01612388 1542729612 G/A 81,238,066 0.677 4.61E-05 434 LOC101904592, CAMSAP2
27 ARS-BFGL-NGS-18614 13109807388 G/A 38,109,791 0.684 3.39E-05 447 SH2D4A, LOC104970724

Chr: chromosome, SE: Standard Error, AFC: Age at First Calving, CI: Calving Interval, Position is in base pair (bp)

A Bt ol A 714 f-ojulshA] Uehd 118 A3 9] Hapmap35103-BES3_Contigds5 1055 Z210f 91|38 GGTA12 o] &3t
}7] o] &) A] g=ofztofA] AR ¥hE-2 A0 7| 1 7tFo|A= F 2 HA|E o] &3 A4L7F XgFol| 3l.om o} AR ofAl
A ZH sl = E7J0] RTH(Lai & Prather, 2002). THE- 2= 3-2] 1] 51A] LERD 981 4484 2] ARS-BFGL-NGS-29290 <-4l £
3 TRNAC-GCAE B2 A3 Aol A ZRl=qiTt. E5], A9 43t AbR &8/ (King et al.,, 2022), £ Z32+] 2 (Kaminski et al.,
2016), ZAAE-2] Z|ETHMelo et al., 2017) Soll G v|x]= 7 0 & SHolx|9) 11, w3} o] Sz} 7h7to] 92|35t QTLE ] X%
125U §71 2 @RR, M) 5ol 2 JFFe F= 70 2 el thJanior et al., 2016; Tizioto et al.,, 2015). 158 G242 SYT-9
+ 2 QA B2 7)5-2 5 A FHo) drA=E s 22 WE Uy 7] 9 uligho]] S vlxl= A& YERGTHRoper
etal, 2015). £2] 9ol Wl 2|33} H Ql= A0 2 QIE QI Th(Lazaro et al,, 2023). 231 HAA| 2] ANKSIAE 2] 9] /3%
A2t 8AE AU A7toA A2y ot WAHFH AR Fitol] S vix= Ao R FRIE A (Jia et al,, 2019), Lol|A|=
40 A a1t -frte] Zlojoll AkE 71 0 2 LFERSTHFang et al,, 2019). 238 A2 2] TCP110|A41 &= 40] A 119} 52| Zlo]of] J &

< PX= A2 = YEG O H(Jiang et al., 2018), Q17+2] A1z 73 F-of A| 22 HHyat ks §-0l51A] AAIgt A 0 &= e TH Wang et
al., 2023). WA A 713 8-2]n|51A] Urehd 9 A4 2] Hapmap32423-BTA-92864 3] of] 9] %3+ TRNAS-GGA= Buffalo2]
A B A Aol A -1, AN L] ar ThalA Aabol] RS 72| = A Q= UEFGTH(Venturini et al., 2014). 279 G A4 2]
SH2D4A= Holstein 7ol A] Zkod AFZ A& &t Ankel 71 0 2 vrebdthHardie et al., 2017). TH2-0. 2 16WH A4 2] CAMSAP2
+ HISAA nlMlAe] S= Eitol] 2= 40 QL nlMlAe] Ay, 12 B S35 24T £ o Al 2H, ol 5 2 &
Stoll = e vl = A= 1= I ChJiang et al., 2014).

O Zolu 7H52 A3 4 Q1 A& Uehd of2] fxak=o] ERl=gl o oAt Hle {422 TRNAC-GCA (A
o] 20 A, ZSU §715 5), SYT9 (FA9] HF A|&A4)), TRNAS-GGA (F/34F e /d) o 2 I Qict o] Fof|A

oX

TRNAC-GCA 9H4:0) A4} A58 2140 wet 57he) A5 27} deba) 1, 28U 8718 Pgo] 5242 Frhoo) &
Aol 2A FRFE F 4 9 A0 Btk Defu} B Aol BHE N HulUy 9 BuzkA JAsT AyHoR A
T Ueble 579715 & 8hele] 1] erolr o] ool AR el GWAS MR/t BEal7] t2el Ao Mol S
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4, Gene Ontology

SH- Ao A ERIH 1671 R GRS 4L 75 BEE ERI517] 95l A=5H4 7d Z(Biological Process, BP), A|Z -
/32 ?1(Cellular Component, CC) L8] 3l A4 7|5(Molecular Function, MF) Al 7FA] 59 2 Gene Ontology (GO) 41§+ 2
3t F 3719] =}l A 6702 GO ID7} Q1= Y Th(Table 5). BPRF & H 7]-5-5-2 lipid glycosylation (GO:0030259)2} carbohydrate
metabolic process (GO:0005975), CC2} THH 7|55 vesicle (GO:0031982)} golgi apparatus (GO:0005794)0] 1= =6, th
Foto] ol gl 212 g5l wh3-2 ZA[A|7F AR o) 2} o] 7] wiiEell GO:00302592}F GO: 00057947} UERt Zlo g Helt
(Stanley, 2011). £3], GO:0005975+ ©3He HRES T2 240l H7loto] AE2A0 SnAEEA |EAE 23T BH45}
S T 3FeH thgat =& U= 2 thAF 2P 0 2 A tjekg AAkehs TiAL 2ol & dﬂl 2+-g-att, 2 HANA
7t agdS AAste FSAkRok: 715 0 2 HE IAshe Tl mehZ £0]7] gt dAG50] 213 Fof| e B 2 8 GOID
ol 7o 2 et MFeF W 7|55 transferase activity, transferring hexosyl groups (GO:0016758), transferase activity, transferring
glycosyl groups (GO:0016757)2t 72 Fo| a4 2/ s} 712t WA H 7] 550 Rl Ut =t A Bvhdsy 2 o] GGTAIZEE
£ GO DA YERStTh KEGG pathway 2427 GO IDSY A8E 2= FR1E#] ekottt. 99 Alufjol] 2| 23t BkpdhEo)
o] W A dao] Qa4 Al 22 A 5o AR JF= & 4 =t (Park et al, 2013), 3H% L4 0] 7ol
AYako] 52 0] of 7] wjZol H4] 583 A|ofiotA| Y= XA eh3hE T thA 240 B d 210 2 Al Hh

Table 5. The list of GO analysis of candidate genes associated with reproductive traits from GWAS.

GO ID Description Genes p-value Fold Enrichment  Gene symbol

Biological Process

GO:0030259 Lipid glycosylation 2 5.00E-03 345.3 GGTA1, LOC527409

G0:0005975 Carbohydrate metabolic process 2 4.20E-02 40.3 GGTA1, LOC527409

Cellular Component

G0:0031982 Vesicle 2 2.30E-02 76.2 GGTA1, LOC527409

GO:0005794 Golgi apparatus 3 2.40E-02 10.4 GGTAIL, CAMSAP2,
LOC527409

Molecular Function

GO:0016758 Transferase activity, transferring hexosyl groups 2 5.20E-03 322 GGTA1, LOC527409

GO:0016757 Transferase activity, transferring glycosyl groups 2 1.50E-02 111.1 GGTA1, LOC527409

GO: Gene Ontology

SUMMARY

B o= 3he ohao] AP & A Buklauf 2utzhA ol thigt GWASS GO 241 AAIZIL 1 A}, X 21kl o)A 771,
BOH7FA0)A 3702] $-0179) SNP markerS-2 2151500 0| SREE & 16712] TR SHAE BT 1 F 3 Eorel

oAl TRNAC-GCA= 74H-9] Al rtoll 932 nlx|= A2 UeH AL, SYT9+ HEAS T 22 W3 U7 527] B izt o
2 02| 58] Aol = Hf A& T E A 02 YEHE oW TCP11E 49 A 1.2 §+te] Zlojot e Zlo & B E|g)
o}, £7H7FA ol 4] TRNAS-GGASE SH2DAAE 7853 HaAE £ 2d 2102 B =/ Q{r}. Gene Ontology £41 2 akol|A] g4
3HE7H 214 At B GO ID7F 1= gl o m o] §he- ehaol|A] WA STt ofe] ciaRzt WAgeh Bado] Sl o2 gtk
A s A 0 2 e e on B ATANE vhg o & Sto] 2144 Q1 7t AFE AAISHIL Aol
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