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Genetic diversity analysis of Potato virus Y in three provinces of
north China based on the full genomic sequences
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Abstract Complete genome sequences of Potato virus Y (PVY) from three provinces (Jilin, Heilongjiang and In-
ner Mongolia) of north China were used to investigate its genetic diversity and population differentiation. Mean-
while, the effects of mutations, recombination and selection on population genetic dynamics were evaluated. The
complete genomes of 24 PVY isolates from Jilin and Inner Mongolia were amplified and sequenced using 4 pairs of
primers designed according to the conserved regions of the reported PVY isolates, and were then combined with
complete genome sequences of 9 Heilongjiang isolates for estimation of genetic variation, population differentia-
tion, molecular variation, etc. The genetic diversity of the PVY populations in the three provinces was high. Fur-
thermore, the genetic diversities of PVY isolates from Heilongjiang and Inner Mongolia were higher than that of
PVY from Jilin and there was a certain degree of genetic differentiation among the three populations. Analysis of
molecular variation revealed that there were 1 786 mutation sites in PVY genomes, which indicated that the de-
gree of variation in PVY populations in the three provinces was high; 85.54% of the variation was from individu-
als of different potato planting areas. Recombination and phylogenetic analysis showed that 90. 3% strains were

recombinant and there was obvious strain diversity in the PVY populations, indicating that the recombinant strains
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had become the epidemic strain in the potato cropping regions of the three provinces. Totally 501 and 315 purif-

ying selection sites were detected by using FEL and IFEL methods, respectively, suggesting that the PVY popula-

tions in the three provinces were mainly affected by purifying selection pressure. In summary, the PVY popula-

tions in the three provinces of northern China had high genetic diversity, and mutations, recombination and selec-

tion all contributed to the genetic diversity and population differentiation.
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EO2 kIR 10 Mpae . D% Y fi#E Potato
virus Y (PVY) RAETERIET & AT K i ™
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PVY B2 Y 5 E R Potyviridae 5552
Y JEEEE Potyvirus AU G Ho R 2 25 il
AR B RERLIA LS — BRI, %
PRIZH e iF SCEREE RNA R K2 9. 7 kb, A5 — 4>
KA FF B 2 HE Copen reading frame, ORF) . 9 v
A JE S X (untranslated regions, UTRs), &
HEER, R EELE RS -2 REN
(polyprotein) , fif5 38 i F S 4 fih iy 3 A2 11 il
B2 R EAYIEIN T N P1LHC-Pro.P3 % 10 i
BEEATY . BRILZAN, PVY SEHEY R A — 4l
SRR R B H——PIPO, % 1 5 P3 R
FIAY N 3 L P3N-PIPO @il & 1 7 7EM . BeX,
PVY J A 2H d o ix i AD 7 204 i 11 AR 2 3
RBZE 1 TR L P 2 2 R R R JE it % 2 RE b

ITEE4E, PVY B &2 5 2R KRG
. PVY $F5EC AR BRAE 7 TR bk R 4 E VB
TR RESUESE JrE - AL AR A AL TR
IR T, B8 TAEFREBEFELP 1~
2 NINREFNIF ST PVY At 15 Z RS2 R g
T 2 e PVY AR AL . Rt AR5 i
P4 v P AE T BORTH I AR (T AN 523l (NMG)
PVY sy g4 4741 24 55, FF B GenBank
AR N 9 45 2B TR T (CHLD 43 B 4 1) 4 5 PR 41
GIHEAT P B LR 73 #5245 22 R S B00F Al S A 14
IR A — R AN 3T B AR T A B P 4 51 B
HUER AR R E L 3 44 (KO PVY Bk 2
FEME AL . 2o 4 kA BT T IR L

genetic diversity;

genome sequence

JTHLIX PVY (9% 2 AT S AL S A s
FEARHE PSR

1 MREFE

L1 #FiF

2017 42018 45 P AR P 52 1 % 35 A AR
X, PR ALAARE 2R R AT AE I A R PR A1 55 i 7Y
FEEAE AR 1 8 S o S R Y DK B 75 W A v
(enzyme linked immunosorbent assay, ELISA) ¥
G TE . Z 5 XTI B CP LR PEAT P38 6 0 o2
PVY 73 &5 ¥y 0y M R %% B A7 AR — 80°C AR IR vk
GEL
1.2 FZEiLHA

RNeasy Plant Mini Kit, QIAGEN /2 #];
ReverAid First Strand ¢cDNA Synthesis Kit, 222k &
/R B /3F] (Thermo Fisher Scientific) ; TaKaRa LA
Tag .pMDI18-T Vector Cloning Kit,DNA Marker, 54
YT IEA R F] ;s AxyPrep DNA Gel Extraction Kit,
Z B YIHARS F] (Axygen) .
1.3 R E
1.3.1 RNA R EEF 7 %

$i2H8 RNeasy Plant Mini Kit $iH] 5, YL PVY
() EhE4 I RIS RNA, DUSRIR I i RNA
R, L Oligod T iy 5149y, 44 B i s a0 & 156 W
P45 cDNA 5 —4f . R4 GenBank 2 $2 58 1Y
PVY [R5 &5 W) 55 B A 5 i Oy X Bt T8
1 PVY R SRS AR s 1 (R D,
I ZFCTE B BB TR A5 1

PCR 38R 50 pl WA R : TaKaRa LATaq
(5 U/1)0. 5 pul.,10 X LA PCR buffer [[(Mg*" Plus)
5 pL.dNTP mixture 5 pL..cDNA 1 uL 1E [ 5]4)
(10 pmol/ID 4% 1 pL i ZlisK 36. 5 ul., PCR
Z0F:94°C FiASPE 5 min; 94°C A8 30 s, Bk 30 s
R KGR BEALEE PR R Bemiog ) » 72°C S fifp oy 143 b (A
s al4% 1 kb/min 3150 , 3 30 M I 5 72°C
FZE{# 10 min,
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Table 1 Primers for PVY genome amplification
Bt 514 F1YF51(5'-3" B JGREE/C JBER/N/bp
Segment Primer Primer sequence Annealing temperature Expected size
A PVY-AF AAATTAAAACAACTCAATACAAC 42 3720
PVY-AR GATGATGTTCGAATTGTGTCCTC
B PVY-BF AGTGGTAGCATTTATGGCTTTAGTC 51 2279
PVY-BR TTCCTGTATGCAGATCCAAAGAATTC
C PVY-CF AGCAGGCGCTGTTGCAATTGGTGG 52 3387
PVY-CR ATATACGCTTCTGCAACATCTGAG
D PVY-DF GSAAAYGAYACAATYGATGC 42 1129
PVY-DR GTCTCCTGATTGAAGTTTACAGTC

B4 pL PCR F=41H 1. 590 Br i b5t e vl ik 0F
AR, AU S I B 25 R B it ) &
BT A Y3 5 pMDIS-T ik & 42 . i&
R B KBTI DHSe 2 54l h . 23
& PCR 56 Ji5 i 16 4 BH: e B, BEBLIEE 3~5 4~
PR R L Zo 46 75 AR 56 AR D RHECA BN W 2R 4T
DU 53 a0 s e P18 e 3] Ee X HERR PCR g v
AIAET R RE .

1.3.2 F7| 4

D PP ARAT I 35 AROMA Sl PVY 20 8494 )7 97
FBcfli 1] DNAMAN 6. 0 #4447 9F 4, JF 18 i
PVY %% %41 (GenBank % 3% 5 & NC_001616)
ITRRIE . BIERHEEH MEGA 6. 0 # {4 ) Mus-
cle Btp Xt PVY 2R P57 2 E X, Z 5
{8 il Muscle(codon) B % PV'Y %E K 40 4 5 [X. 1
A7 X o f Jo o 2 i IX B A AR 1 R e 97
PN TALIE s AR PR FE R 20 7 90 ) s o 3
FHRRIEIL PVY 43 2 W) 5L K 417 41 112 NCBI Hh
TSNP I P Bk SOE s WE 1D, 4
FTARBHTIEH PVY 4340 e 44t 33 4.
1.3.3 @tk ZHESE0FE BB R i T

ffi ] DnaSP 5. 10 #AFHE B S £
BYENT S B H (segregating sits, S) ., B A% H
(number of haplotypes. h) ., Hf% %I Z 4 (haplo-
type diversity, Hd) . % H R 2= 7 ¥ )81 (average
number of nucleotide differences, %) JIZHTRZAEIE
(nucleotide diversity, Pi), f#iff] Arlequin 3. 5 #{4it
BHEARSME 25 (fixation index, Fso) FFRIE Fst {HH
R/NFIWTHRAR I SRR EE . 2 0<<Fs=<0. 05 I, f 1A
B 2 0. 05<<Fst=<0. 15 i} B M b B2 434k 24
0. 15<TFst=20. 25 I} BHAE ks 24 Fse=>0. 25 [},
FEA A . AR RS AL 700 B E KPR AT Kot

KX688597 | HLJ-6-1
KX688598 | HL)-9-4
KX688602 | SC-1-12
MN607706 | JL-13
MN607717 | JL-21
MN607709 | NMG-1
MN607713 | IL-W1
MN607719 | JL-24
MN607703 | JL-C1
MN607718 | JL-22
KX688601 | INM-W-369-12
MN607715 | JL-14
MN607724 | NMG-6
MNG607708 | JL-9
MN607704 | IL-12
MN607720 | IL-8
MN607722 | NMG13
MN607707 | JL23
KY800342 | PVY-CJ
MN607705 | JL10
MNG07714 | JL11
MN607712 | NMGS
KX688600 | HLJ-C-429
MN607716 | JL20
MN607711 | NMG4

KX032614 | HLJ-BDH-=2
KX688599 | HLJ-30-2
KU569326 | HLI-C-44
MNG607726 | NMG9

MN607721 | NMG10
MN607710 | NMG11

MN&07723 | NMG3
100 MNG07725 | NMG7

E1 EF2ERAFFIHENDEILTIE(X)
PVY REXBEW
Fig. 1 Phylogenetic analysis of PVY from three provinces of

northern China based on complete genome sequences

Z\Snn* 3 RS GE 5 TR A T AR B S8 2 HE S
86 (1 000 permutations) 47 HIWHT ,
1.3.4 PVY ZHAWN T LR

PLPVY R 750 R 7 Fhnid, FIHT Arle-
quin 3. 5 BAFHEATA R BRI 735722 553 B (analy-
sis of molecular variance, AMOVA), {fi /] DnaSP
5. 10 BF kAT A2 S A0 5 03 M. 7E M 2 heep: //
blast. ncbi. nlm. nih. gov/ 347 F#5)— 203 ¥r .
1.3.5 PVY AHFAWMEA

LI PVYC #R & E Y Oz(EF026074) #1 PVYY
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BRR S B5) Mont (AY884983) 1F H e A . i i} Sim-
Plot 3. 5 #4741 43 Hr. [A) B AE 99 3 Cheep: //
www. datamonkey. org) fdf 152 £ 55125 v A E 2H G N0 72
(genetic algorithm recombination detection, GARD)™*
AT ELA A ARSI B AT SEMETA
1.3.6 JE /44T

i Ji] 76 £k ™ Y Chttp: / www. datamonkey.
org), 3 F 418 ¥, # i IFEL C(internal branches
fixed-effects likelihood) . FEL (fixed effects likeli-
hood) , MEME (mixed effects model of evolution)
3 FPANR Iy % PVY FEPR 2 2817 kil K 4t it
R FE 7 e 45 05 1) AR 4R I () SOA% 1 1R R #oe 3 o6
(dN) 5 [F) S IR HOE R (dS) U (0=dN/dS)
KANHATHIWT . 24 w>1 HAFARZE 5 i ), i 5
[K2H 3% 2| 1E [ 35 £E (positive selection)/E 3 4 0<w
<1 i, 6B JE PR 240 52 31 1 AL 126 % (purifying selec-
tion) VEFH s X4 w=1 I, JEH AR Z k57
L.3.7 RAREAH

i F Fe AR EE (maximum likelihood, ML) 3t
TR H 5 415 X (coding sequence, CDs)#%

IRy S & PVY RGELE W w7, 681
MAFFET #5133 25 PVY Gl X% H IR )Y
G PEAT Z LR IF (8 DAMBE #4600 4% 1 1R
B EHA, ZEF MEGA 6. 0 # ik P il
AL HIAZ A BR By B AU, I 2 B BIC (Bayesian infor-
mation criterion) bvER B AN 250, )51 000
UK H 2 (bootstrap) AR RS 2% 73 357 1Y B A (R
TPl

2 ERE5HM

2.1 E=EFEHFIIFIE

ARG 24 A~ PVY 34 25 4 751
(9 698 nt B 9 699 nt) .5 AL X K BF A 184 nt 5
185 nt, 3" k4 fith X K BF Ky 328 nt, i i XA EH 9
186 nt; HHIFE AL DX FR 43 » ST I el 132 AE X6 1 1 22
REAMM TR 9 186 nt, i ih— 5
3 061 Z LR IR FE I 2 5 R 1 5 /NI TS [ 12 AE X
1) 11 PIPO 4afi% ¥ 51 £ 2k 195 nt 5% 228 nt, 3f:
W A B D — % 65 B 76 S IR Ak Ak
1% 1 PIPO( 2).,

K2 HRBHOPVY SBEHNERARR

Table 2 Genome information of newly obtained PVY isolates

SrEY e UTR FFRFRAE 1 ORF1 IR EEAE 2 ORF2
Isolate 5'UTR/nt 3'UTR/nt Polyprotein/nt AA PIPO/nt AA
JL-C1 184 328 185~9 370 3061 2 914~3 144 76
JL-W1 185 328 186~9 371 3 061 2 915~3 145 76
JL10 184 328 185~9 370 3 061 2914~3 144 76
JL11 185 328 186~9 371 3061 2 915~3 145 76
JL12 184 328 185~9 370 3061 2 914~3 144 76
JL13 184 328 185~9 370 3061 2 914~3 144 76
JL14 184 328 185~9 370 3 061 2914~3 144 76
JL20 185 328 186~9 371 3061 2 915~3 112 65
JL21 185 328 186~9 371 3061 2 915~3 145 76
JL22 185 328 186~9 371 3061 2 915~3 145 76
JL23 184 328 184~9 369 3 061 2 914~3 144 76
JL24 185 328 186~9 371 3061 2 915~3 145 76
JL8 185 328 186~9 371 3061 2 915~3 145 76
JL9 184 328 184~9 369 3 061 2914~3 144 76
NMG1 184 328 184~9 369 3061 2 914~3 144 76
NMG10 185 328 186~9 371 3061 2 915~3 145 76
NMGI11 184 328 184~9 369 3061 2 914~3 144 76
NMG13 185 328 186~9 371 3 061 2 915~3 145 76
NMG3 185 328 186~9 371 3061 2 915~3 145 76
NMG4 184 328 185~9 370 3061 2 914~3 111 65
NMG6 185 328 186~9 371 3061 2 915~3 145 76
NMG7 185 328 186~9 371 3 061 2 915~3 145 76
NMGS8 184 328 185~9 370 3061 2 914~3 144 76
NMG9 185 328 186~9 371 3061 2 915~3 145 76
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PVY Bt ZREES BN R 3 fiR . 3 4
BHAR Z B S RH (SRR —E 5 5. Hhp
BTN G BRI S AR ER » 23807 K
HAA 1 232 A1 1 229 A, 35 MRBEAAE X408
LN S ECE K 807 AN s AT IR 22 S -8 (k) T
T80 ARG TLFN N 52 05 BEAAR & (EBEK, 43 512491, 361
F1526. 933, H MBER & (HE /N R 249. 6595 HLAE R
ZHANE(HD J71H 3 AR Hd (632 1, KF 0.5,
H 33 ey rh AR B 33 FhEAE A (h) , A H I
A —BIIT A A AR 3R B0 55 e ) A
RIZREME s AT TR Z R PE 5 1 (P 3 AN HEIR Y Pi
B4 5k 0. 050 61,0.025 72.0. 054 29, K F
0.005, W] 3 MRS HA R = MR EZHE.
DI SR FW R EI S 38 (XOPVY Bkt £
PR AR RTLAIN 2 PVY B 2
TR AR

PLPVY LR 40 R 4 1 Fric, 28 8 V0 R 35 Ak
PVY B E] Fst {fi)y 0. 051 71,Z Bt B2, Kst

1 Snn AHGEH AL - R UL BRI VORI BRA X
(1) PVY HEA[E] S B B AR 22 S5 A B2 SR e VL
NS BER Z 18] Fst {0 0. 072 52, Z, Kst
Snn GETHEYA B2 L F W IR IE TR A 52 3y Ff A XA
PVY BER B A B2 b, (022 57 AN B35 s i AR A
SR IE] Fse {2 0. 233 52, Kst Geit 3% . Z
GETRCRRE  Snn GETEAS B3 R UMM 5k Rl
HXH PVY R BRI ML HZE R BEGRED.

®3 EESHESHEITY

Table 3 Summary statistics for genetic diversity

ﬁﬂ}% N/4~  S/A4 h/Fp Hd k 123
Population
ML HL] 9 1232 9 1. 000 491.361 0.050 61
HARIL 14 807 14 1. 000 249.659 0.025 72

MEE NMG 10 1229 10 1.000 526,933 0.054 29
it Total 33 1786 33  1.000 442.576 0.045 60
D N: BEAKG S: ZBMENLR b BFREH; Hd: SAAERZRE

s ke BAFRESTHEG Pi: B BRE k.

N: Number of sample; S: Segregating sites; h: Number of

haplotype; Hd: Haplotype diversity; k: Average number of
nucleotide differences; Pi: Nucleotide diversity.

®4 FAEMEXBESLLE"

Table 4 Subdivision test statistics of PVY from different cropping regions

G P{H

P {# P1{H

Population o T B e z Pvalue o™ P value Fst
PEIT ws T AR HL] ws JL 344.23829 0.028 40 0.164 0 ns 119. 43 0.044 0* 0.608 70 0. 224 0 ns 0.051 71
MY os W5 HL] vs NMG 510.083 33 0.039 45 0.122 0 ns 81. 36 0.123 4 ns 0.473 68 0.591 0 ns 0.072 52
TR vs W5 L us NMG 365.190 17 0.141 13  0.011 0% 119. 82 0.003 0 0.62500 0.187 0 ns 0.233 52

1D ns: LHH2ZER;: * . 0.01<<P<0.05; *x* . 0.001<P<C0. 01,

ns: No significance; * : 0. 01<CP<C0. 05; ** . 0. 001<P<C0. 01.

2.3 HFERSW

EFEH Ay — B0 F X o3 Br 4 R 2R, AR F
FEARIRIY 24 D0 B Z AT IR — B0 90. 3%
~99. 020 AR — BN 99. 000 ~10000 , #— 25
5 NCBI 2 Bk 1y 9 S BIETL PVY 43 854 Hoxt
KA IR — B AE 89. 3% ~99. 5% 2 I, & Ak
R —FEAE 98. 6 %6~100% 2 A, 25 b FTk AR BT
FE 3 AMREMZ IR IR — Bk 89. 306~99. 520, 4
SEMR—EhEH 98. 6% ~100%,

AN RT3 IR PVY 25 H 2
AV 5 (polymorphic sites)3: 1 786 4>, Horpep—
AR S 37 1 (singleton variable sites)450 4>, faj 212 B
v J5 (parsimony informative sites) 1 336 4>, F& B
PVY JE[N A7 AR R BE A2 57

PLPVY FER A1 il , AMOVA 43 #4655 4
5 IR, 14. 46 0978 5ok [ BEIARH] L 85. 54 %0 A8
ok AR R R AR X PVY B 2 [ 1) 5
LA 5 R ER B ANFEX N PVY AR 1 5L

N B
A5t

x5 AEMERBEESTFERSN
Table 5 Analysis of molecular variance of PVY populations

from different cropping regions

e Al HEAS ERESLY
A5 SRR ..
. .. Degree of  Variation Percentage
Source of variation o
freedom  component of variation
X [&
P X . . 112 33.58 14. 46
Among cropping regions
X
WTE';W . . 596 198. 65 85. 54
Within cropping regions
il Total 708 232. 23 100. 00
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fifi 1 Simplot A4 73 #fr & B, 33 > PVY 43 5§
Y 30 MBS E EAME 5. AL B YA
B 90. 3%, I H B A K 2] i 4 S B 1 3N
NXOFEHHEA, HHRMBIEIL PVY B 5

WM MNSEE PVY BHAAAE 3 > OB R
FEEAT Y. i GARD ¥ #ik .3 4
FERTAAE 4 el 5 ANFAN A B EALAL AR
A B R R SORp AR H KH R B 3 78 51 .25 K F
(F£6),

% 6 GARD 3 R"
Table 6 GARD analysis result

s BN /A (DL SR/ %)
Population Breakpoint (support rate for breakpoint)

Mgy HLJ 309(99) ** 519(84) ***
ML 309(99) *** =
MZ2 1 NMG 306(98) *** 516(90) **

2 319(99) ***
2 281(92)
2 281(91)

5 676(83) *
5 641(90) **
5 661(87)

8 362(93)
8 381(91)
8 362(90) **

D BIBTTHIASH RS 5 AEAN S . FMRIAA 4 DPEANM A »* : 0.001<TP<C0. 015 #xx . P<{0.001,
There are five breakpoints in HL.] and NMG populations and four breakpoints in JL. populations. % ; 0, 001<CP<C0. 01; %x*x . P<Z0. 001

2.5 BEBREASH

PVY @RI B8 ) 438 s (R D
FEL.IFEL.MEME 3 Fft 6 Il J7 32 X5 465 0 1) K 1
BEE I 7E 3 AN BEAR PRI FEL A IFEL 545
SR 501 A~ F1 315 A4~ v A 16 2407 pst o {HASUAG
9 ASH 12 AN IE [ BB 55 1 MEME 7446
A3 AN IE AL S . LA 3 Ay ik S ) AR
6 AN IE 1) 3 B 007 5, LSk e s B B 3 (3R 8D
DL SRR PVY JEN 4 2 5 b e 358 5 S ok
T AFL LR 2 ot A7 AL A ) 2 B 67 A5 32 B 5 B 11
IEMEFEE T,

*7 PVY ERAXRZFEADIF

Table 7 Analysis of selection pressure of PVY genome

RS TREE /A B ALE /A E TR 1L /A
Number Purifying selection Positive selection
of codon FEL IFEL FEL IFEL MEME
3061 501 315 9 12 43

2.6 REXEHH

SR P 51 2 F HE X R KB 9 186 nt, AR g
MEGA 6. 0 #F# BIC R @A ¥ 51 e i 1 4
HRREHMAA N GTR+1+G, ML I H#I RS
KAEMWE 1 PR, WEFRTEIE S 34 (XDPVY
O3 VTR LI DX O B AT SRR, R e T 3 A
(KOPVY 7y ESWIE R G R T R A L5 MBI A G
BFEBFR . M Chang 5 BIRELR . KL PVY
S g XA R G R B W AR R R 0 )
SR ISR  F B DL Ok R R S v TR A
FEH 334 PVY I3 Bs e LA R bR 2R 28RN AR A

R  d e a] LA AL T 3 4 (KO B PVY HEARH.
AH W B RIRR R L.

# 8 PVY ERAIF [EREEAHEN

Table 8 Detection of positive selection pressure of PVY genome

i FEL IFEL MEME
li:ii%n dN/dS P dN/dS P {i dN/dS P
of codon P value P value P value
62 =>100 0.050* =100 0.077* =100 0. 002 **
522 =100 0.085* >100 0.029* >100 0. 008 **
744 >100 0.052* >100 0.016* =100 1.32e-09**
900 =100 0.090* =100 0.097* =100 0.092*
1150 =>100 0.057* >100 0.060* >100 0.071*
2792 =100 0.089* >100 0.051* >100 0.096*

1) FELIFEL J5 {46 15 003 62 45, » F D o) M 44 A 1 R 5 45 26

dN/dS F1 Wi s MEME J5 AU 1F i 356428 1 g o7 o5, oAz 1 R
B dN/dS w785 % 0 0.01<CP<0. 055 xx ; 0. 001<C
P<C0.01; %% . P<Z0.001,
FEL and IFEL methods are used to detect the selection pressure
site, and the site direction is judged according to the nucleotide
substitution rate dN/dS. MEME method only detects the posi-
tive selection pressure site, and their nucleotide substitution
rate dN/dS is replaced by w™; *: 0. 01<TP<C0. 05; *x .
0. 001<CP<C0. 015 »xx ; P<C0. 001.

3 itig

T L R SR A B A A X PR S5 1V T 1Y
— I B bR, R R A B R (R T
¥ HEALERAS T A SR EFE 5 Fist 1% 77 KIAR BLAR
MIAER . L e G 3 I A Y 2R A
1. it AL Z R R I A B 58 14 A A7 0 gk
PR, B SRS LT 14 25 A AR R . TP
T IR EA A SR AT ST B T T AR )
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S I I 2 A R A T IR 5 oA R S ) Sl
BB S LB AR

HEAET 3 8 (KOPVY 8 RS B s 1
FW L EIRVE MR S 3 A (KO PVY B4t
ket S AR 4 R — 2 /45 E PVY
BRI AL ZREE S MR AR, 3 8 (KD 4%
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