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HESZIFEAMBZEFBNDV)FITHR FF1HN & E A= 58 (kA0
I Eig® kB EHE° XNEW® IRA' MEXE' FEp T
Q. IRRMFEFER SR LR Trr 250023)

@ MAREEPCEWZWARAF IR FFR 250100)
@ WARIMERS IR 3FR 250014)

i E. [ FHIRANDRFEHATRSENAE ML —, SRELTERERNZFHE,
B i R 1EH ND #9E 24556, #TIRIE A F(NDV)AATH ) AR —E 2R NDV 69 &
Ho RXAVR T4 853 F &, @it tbiar 20 £ NDV AATHR R E A B A F A= HN A 495
TR AEA R AL T FIRE, AT %8R /) T NDV #95g ealaE [ 7 % J#) A Lasergene 7.1 /= MEGA
5.1 %k, HIRAFEIEE 89 #k NDV 4 F 4k, %4 GenBank T # 49 364 ¥k NDV JAATHR AR
15 # NDV S8 EMRQ AR 57, sSTHHAFTREAELET . 2 FTHERERAES>T. [£XR] &
%K H A, NDV &2 A 15 MAEAR ., —8HIERE =, NDV FAATHARR AR A Z [
MEFREAR)ZER R, MARAEAAZE £ 7R K AHFER RO EARETFRE. NDV L
BA A Larn., s Emmi, VIid ZA %+ B NDV RE 7Tk, A3F44E NDV K769
E, YA Go/GDIQY/1997 #h(F E AT L A 69K H VI BA)AH AR, 1997-2015 “F /7] NDV #9
F/HN 2B 84 4 3 45 3 B2 (B BR) K% 4 2.31x107° (2.26x10 %)/3.37x107° (2.35%10%),
1997-2001 4 (A% A KB VI &5 ) FIHN & B A% 58 4 39 5 X% 4 4.72x107%/8.28x10°%;
20022015 4 (2 G128 &) A 1.6x1073/1.84x10 7%, 27t AR VII A5 % 2454 NDV & Fif &
FEBEAHAROR., (L8] AW EFHoMIESE: A4l 5 NDV FRAT A8 I B b)) 37 A &
WA yEH L AT NDV & 369 K 4E.
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Genetic evolution and substitutions frequency of F and HN gene of
Newcastle disease virus isolates from poultry in China

XU Huai-Ying" HUANG Di-Hai® ZHANG Wei* QIN Chun-Zhi* LIU Xing-Li®
WANG You-Ling" OUYANG Wen-Jun*  QIN Zhuo-Ming"***

(1. Institute of Poultry Science, Shandong Academy of Agricultural Science, Jinan, Shandong 250023, China)
(2. Shandong Jianmu Biological Pharmaceutical Co., Ltd., Jinan, Shandong 250100, China)
(3. Shandong Normal University, Jinan, Shandong 250014, China)

Abstract: [Objective] Newcastle disease virus (NDV) is one of the most serious infection problems in
China in the last two decades, resulting in huge economic losses for the poultry industry. The genetic
evolution of NDV strain is a very important topic for controlling ND. In this study, the evolution of NDV
under the immune pressure of vaccine was further assessed by comparing the molecular characteristics and
genetic variation frequency of F and HN genes of different genotypes of NDV. [Methods] NDV sequences
of F gene and HN gene including 89 NDV isolates in our laboratory, 364 NDV pandemic strains
worldwide and 15 classical strains, were collected and downloaded from the GenBank, and further
genetically analyzed to determine their evolution, molecular characteristic and substitution rate by using
Lasergene 7.1 and MEGA 5.1 software. [Results] Phylogenetic tree analysis suggested that NDV evolved
into 15 distinct genotypes from genotype | to XV. Most NDV pandemic isolates during 1997-2015
belonged to sub-genotype VI d, suggesting that this genotype was the dominate isolate in China in the last
two decades. Furthermore, comparison based on homologies of the nucleotide and amino acid sequence of
F and HN gene of NDV showed that different genotypes had their own distinct characteristics, and
significant accumulation of amino acid variation was also found. In addition, in comparing F and HN gene
with reference Go/GD/QY/1997, which was the first genotype VII in China, average annual substitution
frequencies of NDV pandemic strain nucleotide (amino acid) were 2.31x10° (2.26x10 %) and 3.37x10°°
(2.35x10°%), respectively. Substitution rates of F and HN during 1997—2001 were 4.72x10 % and 8.28x10°3,
higher than that during 2002-2015 (1.6x10 > and 1.84x10°%), when the genotype VII vaccine was initially
applied in the field. [Conclusion] Bioinformatics analysis proved that matching NDV vaccine strain with
epidemic strains in genotype is an important factor in mitigating NDV variability.

Keywords: NDV, F gene, HN gene, Evolution, Substitution frequency
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% (Newcastle disease, ND) 3= %5 /2 i i ks
J5 57 (Newcastle disease virus, NDV)5 EHIZEE | B
B IRYL I —Fh ZUEAL Y, R TR 2 e
RS REEAMEERZ—"T, [ 1926 45 K1E
BeE LML, %N A I ANE B A T 90 4R,
HRIRF BB AE LRGN T EAF, WRTE
PNGNELS) 70

NDV & —FP A BRI i . Ao B
) RNA W85 . AR A KN, #1243 4 Class
| 1 Class Il HikZs, Class | FHEFEAKE, H
15 198 METFRA N, FE M55, Class Il
15 186 F1 15 192 PIZRAZTFIRALN, BRAELA | BUAIFR

o3 T RUR 5 EE50, KR Mo EE. NDV JEH 4
55 6 ANIER, 43345 3'NP-P-M-F-HN-L5'/5
ZE R TP R 25 A R 1B NDV 938 F
HN B 4R, F ORI RENS A& 16 T anii
R, (PR ATE EY s HN OB P AT I
R AR BHE M, e B R i R iU 4 i
ZAR, IR AR, R T R A
P, XPIRRE I PeEE NDV IHT R (G458
VRN G S )

NIRHIE 20 4E3 [ NDV 40 P 478 1 #4
P U E SRR A L, SR
GenBank 2 [E N4 364 ¥k NDV J¥41, IFLAE
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HAEEENEER VI B Go/GDIQY/1997 (fii 5
“QY97) WS HE R, M F A HN LR R R AN
FERRAKF- EAr T UL AIR, BIE— P
NDV Ay5s 57 S, NDV (45 BB 1 et .
1 MRS HE

1.1 NDV &R FFIXKIE

AL 1997-2015 AEHATE] 4 1 . %5
) 89 #k NDV WitT stk 2L ¥4, LA R
GenBank T #kf% 364 FREACEMEM ENINE IR
NDV Jif TEEAk I 15 Ak [ N SR 2 B Rk P51
12 F#&

(1) FIM Lasergene 7.1 Fil MEGA 5.1 3R{FX}f
NDV &:#ERT F Al HN JERAZ TR (nt) F1 24 L % (aa)
FEANEA TR, FIFH F A0 HN LR nt 3351 4 K22 il
RGEEW, S8 Diel 457 b TR 37l

(2) ZHCHR[7-8]1 5%, #IH MEGA 5.1
A, e NDV WA THRAS R R AL F A HN
SRR B IR (AR ) &R FeE, DLEN
R AR VI QY97 S 2% (GenBank %55
KJ782375), ESIPEM T 1997-2015 AEfEFKRET 2
WATH VI B NDV A TRRIGE RIS, R
GBERRN ST, LA L
2 HREHM
21 REAEMBIME

FIFH NDV F 1 HN B KAZ AT IR (nt) ¥ 512
T RGEIAR, SRR A5, K18
INHEARE F AL nt 2K HIN R G L B K5
Diel %CItRifE, %1424 NDV 6k4H 15 DL
R 1), ARSI /AT 89 #k NDV S ik F 2
O3ATTFHEEA 1 RL8 AK) . VIEL(6 £K) . VI EI(71 FE)
FLIX A4 BR). Hoep, JEH VI BIE— AR
[FRE L& 1), T VI d BIZ5k 67 B4 VI ELRY
94.4%), XFEH VI d WAL VII B f 3
Bk, WSEFRE NDV Hif ik oSk

[E5h NDV A7k ELZ 504 T X B X1 B
X7, S5dE NDV A rokBH AR, Bk Ai

R R X AGEfk, JHASEMHERE), X
(3 Pk, WE ARSI A X1 B4 bk, I
H R LT

FEACR B : NDV A Tk R 78 1) 2 A 5 bk
T2 UIAH DG . ANIRIEH ] . ASTR] I G X, AL
KA, HA IR, WOkl NDV {4
U ZREE RN 24 .
2.2 FENMEERER

NDV F Fl HN FERARRIVE LA B [A]— KR
RUNAZAF IR (N AR AR 5 (3R 1) LA HN BE A Ry 491 -
L VI BURERRE]) nt ARRIPE A 92.1%-99.9%; SEIA
I BFERRIA] N 95.6%-100%; KL | FIEEkEE
93.1%-100%; JEPA 111 BYEEREE] R 99.3%-99.9%;
LD IX BERRIA] N 99.4%-99.9%; KLPA VI FIFEAKA]
9 91.4%-100%. HFHSZ, AS[mlEEDRIAYA] 22 Ak,
in La Sota HFEH VI BIFEREZ 6] nt/aa AHIPEN
78.19%-80.1%; 5 3 [F IX AUAH{LIE 4 86.8%—-87.4%;
SR VI FRARRIPE S 79.9%-81.2%. F I HN ZE[A]
nt ARAESE R —3.
23 FHHNBETFERESFREXE
231 NDV Tk 54 G HRIIZER E 5 tLE
DL MLRE T La Sota #R 1Y F IRE T IRT 5 NS BE,
ERFEIEETIR NDV WA THRA g, DR R
RYAER, DARAOREALPR, F A% IR 25 5 32 bl
SERASHOS R . E 2 FR: 1997 4ELIHT,
NDV ATk FE LA IX B, BRI m, H
WATH K, BFEHRE, E50a0E KA
VII #4 NDV J& 1997 4EJ5 8 b B #Ekk, Rl A
2001 4ELUE , AU EROL R TR, 18] 2 BT
MR X —Y0; ZEH R R VI VIS
B AT B VI AYAE 1979 1 1985 4 H R ;
[ B A= 7E 1930 4F, 5 7E 1995-2005 4 H Bt
H AT Bk s 2 8 VIR UR T VI AL NDV
BEbR, J2 1972 AELUEHNR B RERR, e E R
2, Bl 2 "] 1L, NDV B[ VI B 78k 5 La Sota
(2 52 5L R Y TR 3
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2008-2015 (68 isolates)

2005-2008 (6 isolates)
FI754271 Ch.WFQOC 2000
L—— 2001 (2 isolales)

lconsagill] 2003 (9 isolatcs) d

L— KM977903 Duke.Ilcbei.l 2005

2000-2008 (4 isolates) Vil

IN618348 Ch.XJ-2 1997

DQ363538 Chicken.Shandong.Lye 2001
KJ607169 Go.HLI.1 2006

e (4 isolales)

¢ (7 1solates)

h (2 isolates)

i(3 isolales)

k (3 1solates)
AF458011 chicken. XJ-2 1997 | xv
AF458014 chicken.)X-2.1999

- X[[ (3 1solates)

GUI182323 chicken. SPV( Pakistan.43.2008
(i1J182329 chicken.SPVC . Pakistan.26.2005 X111
IN682210 chicken.BYP.Pakistan.2010

GUI82331 chicken SPVC Pakistan,33.2007

VI (42 isolales)

VIII

-
HQ266604 Chicken. MG MEOLA 08.2008
\—50266602 Chicken.MG 725 08.2008
i —i HQ266603 Chicken. MG.1992
v

(11 isolales)
|[< (2 isolates) X
Fl436302 Ch.F48ES8 1948
# (3 isolates) i
L EF201805 Mukteswar
(288390 mallard. US(MN).00-32.2000
anzsssqz mallard.US(MN).00-39.2000
LF1705464 mallard, US(OH).04-411.2000
(14 isolates)
L AY845400 chicken.LaSota.1946
(6 isolates)
{2 isolates)
AY562991 Ulster. 1967

XI

X

‘ll

0.01

1 HfE 1997-2015 FHIWERITIK F ZEERRFE R B R
Figure 1 F gene phylogenetic tree of NDV strains from 1997 to 2015 in China
: GenBank 531F NDV #HkAFZHT; € FReE 240 Btk 65 P MEEIR e mRAEREITH2E 5.
Note: GenBank accession number were listed before the names of NDV. «: More than two strains; The numbers in brackets indicate NDV
isolates; The scale bar means sequence difference.
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£ 1 TEEEZE! NDV F #1 HN EEZERE A B R ELE

Table 1 Comparison with different NDV genotypes average nucleotide substitution per cite per year in F and HN gene

F5LH HN FEH
F gene HN gene
. DR A Y ] . SRR Y ) .
P AR e —y FERE  epm AR E
Genotype Year e Average o Average
Number of - Homology in substitution Number of Homology in substitution
strains the same rate (x10°%) strains the same rate (x10°%)
genotype (%) genotype (%)

I 19672014 23 95.5-99.9 1.01 23 93.1-100 0.97

1 1946-2015 23 96.3-99.6 0.07 17 95.6-100 0.08

1 1950-2009 8 96.0-100 0.02 6 99.3-99.9 0.07

X 1948-2014 25 98.9-99.8 0.02 12 99.4-99.9 0.06

VI 19722015 62 92.7-100 2.22 47 91.4-100 1.82

Vil 1997-2015 327 93.3-99.9 2.26 274 92.1-99.9 3.23
& 20 . Tzt s, 450 % 2 FIK 3, Mk 2 7]
=y .
%o i - M UL: NDV WAk F KK 19972015 4EA4REF-39#%
= A 4 e 2 . N —
S | e 0 Y = IR Y 2.31x10°°, Horh, 19972001 4F (A f
= o - - - TN S N
e 10 FASEIR VI B 1) FORLRAR P PR RO
E o] AV] _ N —
g st All evi 4.72x107%; 2002-2015 4E(ZEHi {4 )5 ) A 1.6x10°°,
5 e Il oy _
L adiean BRI VI R NDV A S )y
—
S 1945 1955 1965 1975 1985 1995 2005 2015 15 HH 5 2 B

Isolation time of strains (year)

Bl 2 NDV jifT#k5 La Sota tk F EEMKHRES K
HE5FRMBEXME

Figure 2 The relationship between F gene nt homologies
of NDV epidemic strains against La Sota in different years

232 A EEEZNDVZERE LB RER
e : FIH MEGA 5.1 3 4% NDV AN [R]BE R B () F
FHN BRI TR AT IR A L, 25 R AR 1.
TEFTA LR A, DIBEDR VI B CR e, JEA VI
W2, FEFE L W X EXTAL, FAHN f945
W, EAEFEE VIENDV A TRk T, HN L Y
BRI E T F AR,

2.3.3 NDV £[A VII B F F L EHR/ SR
W (1) BT A BEH VI ZFRE NDV
PIPLSAA TR, LR SRR 2R QY97 (JEIA V)
FZM, ARREERE NDV BN VI ARk S HE

% 3 Al hL. 1997-2015 4EE], NDV JifThk
HN JE K B 4E - B IR U O 3.37x10°7° Hiv,
1997-2001 4F(Aff FHEE R VIELRE 1) HN 3 [H (445
SRR RN N 8.28x10°;2002-2015 4F (B TH
B FE) A 1.84x107°,

(2) EEMEBEICRILE: S bk, X
20 A1 NDV [ VI A TR IR B A R T H
B S5 F ILTE 1997-2015 45 [a] il 41444
SRR 1.14x107°%, Hirp, 1997-2001 4F[H] f4
BNy 3.86%10°%, TTE 2002-2015 4E[a] (£ L%
124 0.31x107%, HN JEKI7E 19972015 48] 1 4E -
W R %k 2.35%10°%, Hirfr, 1997-2001 4
] ARl 5.86x107°, 1T 2002—2015 4F i (AL
FRAU N 1.49%x1072,

AW R HN JEDR AYAEE B A s v
FF, SRt EHHAA MR
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F 2 1997-2015 &£#H [E NDV £HE VII BlE#f F ERSES U SKERERE

Table 2 Genotype VII F gene of NDV average nucleotide substitution per cite per year from 1997 to 2015 in China

B AR mECE  REERKE R BRE ff?ﬁ% Eﬁﬁ RS SERAE
Period Year Numb_er of  Length Nun}bgr of  Variation 5 $  Substitution Average subsqatution rate
strains (nt) variation rate (%) =] Q rate (%) (x10°°)
FAdiFHFEE VIl 1997 1 1662 0 0 0 0 0
T s 1 1998 1 1662 40.0 241 38.0 2.0 2.53
Unused 1999 2 1662 75.0 4,51 69.5 5.5 4.90 472"
genotype VII 2000 5 1662 39.4 2.37 35.6 3.8 2.54
vaccine 2001 6 1662 36.5 2.20 328 3.7 2.36
R vl 2002 6 1662 343 2.06 295 3.8 2.16
T s i 2003 23 1662 46.2 2.78 41.5 4.7 3.00
Using genotype 2004 6 1662 39.5 2.38 345 5.0 2.59
VII vaccine 2005 16 1662 425 2.56 38.0 45 2.76
2006 33 1662 475 2.86 42.4 5.1 3.10
2007 42 1662 51.9 3.12 46.2 5.7 3.40
2008 47 1662 53.5 3.22 48.0 5.5 3.50
2009 20 1662 56.8 342 516 52 3.70 160
2010 20 1662 62.8 3.78 56.6 6.2 4.11
2011 45 1662 63.7 3.83 57.6 6.1 417
2012 17 1662 67.2 4.04 61.1 6.1 4.40
2013 12 1662 64.4 3.87 58.2 6.2 4.22
2014 4 1662 59.0 356 53.0 6.0 3.86
2015 5 1662 67.1 4.04 60.8 6.3 4.40

H: T 5 2002-2015 4F NDV 4B B2 5 5. 25 (P<0.01).
Note: ": Highly significiant difference comparing NDV isolates in 2002—2015 with separate periods (P<0.01).

%3 1997-2015 £ F[E NDV £E VII 258k HN ERSESMSKERERR

Table 3 Genotype VII HN gene of NDV average nucleotide substitution per cite per year from 1997 to 2015 in China

W R HHECR EEKE  ERECE GRS fﬂ*ﬂﬁ Eﬂﬁ B RS
Period Year Numb_er of Length Numbe_r of Variationrate %X e Substitution rate  Average subst_igution rate
strains (nt) variation (%) P Q (%) (x10°°)
R 1997 1 1716 0.0 0.00 0.0 0.0 0.00
VI BUps 1998 1 1716 8.0 3.08 7.0 1.0 0.50
Unused 1999 3 1716 52.7 3.00 48.0 4.7 3.30 8.20"
genotype VIl 2000 9 1716 51.4 3.78 45.2 6.2 3.26
vaccine 2001 8 1716 64.7 3.53 58.6 6.1 4.13
3L VI 2002 9 1716 60.5 4.01 53.5 7.0 3.83
TR 2003 22 1716 68.7 4.37 61.1 7.6 4.38
Using 2004 11 1716 69.5 4.38 62.7 6.8 4.44
genotype VII 2005 14 1716 74.9 4.67 66.5 8.4 4.85
vaccine 2006 20 1716 75.0 4.43 66.5 8.5 4.79
2007 24 1716 80.0 4.65 71.2 8.8 5.14
2008 37 1716 75.9 4.43 67.7 8.2 4.89
2009 11 1716 79.6 4.65 71.0 8.6 5.14 L
2010 9 1716 83.0 4.45 74.0 9.0 5.35
2011 29 1716 90.5 5.29 79.6 10.9 5.92
2012 19 1716 92.6 5.41 83.0 9.6 5.99
2013 11 1716 96.6 5.64 86.2 10.4 6.26
2014 2 1716 75.5 4.41 65.5 10.0 4.87
2015 2 1716 98.5 5.57 88.0 10.5 6.41

7 5 2002-2015 £E NDV 43 B bk 2% 5 5. 25 (P<0.01).
Note: ": Highly significant difference comparing NDV isolates in 2002—2015 with separate periods (P<0.01).
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2.4 NDV &R VII Bk EBRALm 217
W IEXF 71 BREP NDV JER VI R ) R
MARGR T LRI, NDV HEH VI ENFATERR A AT
PItb—2 00 AR ] AR, 2045 50 EL A 22 STk
RO, ARBIFSEIESE, 2L VI d SRS A
WATHR, WHAH WA R B EIEIRNL S,
71R. 4741 #1500A %55 [Alf, F AR THRZME
HmR, Bl 78K—R 145N—K . 279Q—H 387K—R.,
480K—R, 513V—| I 520G—A, Hk 4 NIt
PRSI AN e 3 AN USRS I B
PERTT BT RSk, 1T HLELA 2R A S 1) BB
HN JEE 5 FIEEAEERL, Bl T 2Rk
HEFERREACALA, 4N 45V—A | 48T—M, 49T—E,
102T—V,118A—E . 120N—S,129D—G .310D—G,
362G—A . 347E—K . 443T—M ., 479H—-Y A
540V—A 4,
3 Wig
31 NDV ERFBMZHHEESMN
HEDE— R KE, EEREpa ND (15
AR, T, FRE T ND =
F FAARAKT R sk, ERSR A - NDV

!

Newcastle disease virus

First ND outbreak, 1926, Newcastle, UK

Genotype I (1930), IIT (1932), Australia and India

Genotype IV(1933), Northern Ireland and Europe

Genotype 1I(1944), North America

Genotype IX (1946), China

Genotype V (1970), North America and Europe

Genotype VI (1975), Bulgaria in Europe,worldwide

Genotype VIl (1979), SourthAfrica, Malaysia and China

Genotype VI (1984), East Asia and Europe

Genotype XI (1992), Madagascar ; é
Genotype XV (1997), China Funty

Genotype X (2001), USA

Genotype XIII (2005), Pakistan

Genotype XVII (2006), West and Central African

Genotype XIV (2007), Nigeria

WATECAME N EZE . ITHIREE UK NDV HFR3
FIICICAEER A TROAEE . SR | 15 EFE . fak
TR Mdimta) -, i 7R =M™, Hil, o
NDV i ik FEA &L 11, VI, VI, IX, XII
XV IS BB NDV BB R 2 E 5
Z—, XITCEENFRERY NDV Bt T ki .

LR Ay RUEAE NDV 2026y it 32 . ffd
FERURAER I 5, B B S R R 471
G AR IR OB S N i B SPS i el 1 O R s X S
REFEAEE EOE UM . PR ETES R E
BRI 8 L R R S hnfE R IRl B, X NDV
P T HON A BN RMR S, VIAE T NDV AN
Ivi) 35 DR 784 i) fg P 2 1 AR B 5 (109%) , FRAU A R 4
SE R BRAE . AR BT /32078, Class |
Yo 7 B — LRI RUZH B, 177 Class 11 Wy 18 /N JE[A
BRI B (ARSERAE 15 A FEHEAY), A5 JC Tt e )
10 (11X AT XN FER BRI 8 A 3 H Y (X
X=XV e 5t R Rk [ L3 . JEV
FIRRIH, XN AT XV IR A BES E 3 ER T A
HE] ) NDV - B AR FB PR AL s B s ], SR
TE—E MRS T, M7 | R[EE EREEHE
A HERAE R AL RESE T NDV k.

0,

0

Genotype XVII (2007), West and Central African
Genotype X VI (2008), Dominican Republic
Genotype XII (2010), China

B3 #HmERsSITREREREMRELDSE

Figure 3 Evolutionary history of different genotypes of Newcastle disease virus in different years
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3.2 NDV T ZnEmIRIT

1 FNAR S 2095 8538 0 A0 IR I A R A A7
) —Fh B 2, R bR FIHCHTTE 5 i e
JEMEZET-B . NDV J&T RNAJg#EE, HR. sk,
AorBrBr, HAGHIEH = A EMLE], Ik, NDV 1
AR SRR AN T DNA a1, NDV AR [FIJEH
2], H e As SR R —, DL VI VI
RUAR PRI IR, e S AR /N, 1% F
FENAR EPUREER S Lee ZRIBIFTANIT (CEAZ TR
AR AT A 2.89x10 M HE— B BF T W,
1997-2001 4 NDV FEK VI Bl R B, H HN
SR AT R AR B H F 3L R, kR
FXF NDV B3 R ) HN S 8k 25 5%
M98 BT PR SRS R o R FRAE S B i v i DR
FOR, BRZe3ER TR VL KIS AN, e
2002-2015 4F[H], HN FEEZAT IR 5L
o 1.84x10°7°, X EM, MFATIR SR H bk SE AL
B, IR RBEAR e XS B R HE B i A o, b
NDV 75 55 fry 45 5 00 32 48 30 5 A S0 1 8 30 ek
HON2 28 543 EXFF 2 R Be i) & it
BEIM T, HON2 WA Tk HA JER A4 R0
T NDV [ HN 25 A5l
3.3 NDV ZEWFREMHIZHETR

R NDV HAA—AN g R, HHYuhdad 3
R HEEE] 18 1>, XFEH], NDV 7K1 fis ik
FEE N T IR TRzt bz b m Bk o 2
BY, NDV iy HN JERFT F IR [RE A5 HIE A2
PRI A A, (HETE HN ERE K, X
WAE—E R LIRS TR SRR R T
NDV #i J5i 4 75 (10

HN 2 /& NDV 2 i KRR =R, 1
B SN HAPOEVE, SR R A
HN & 452 B IBIETE, WA 4 BT
6 A B Prd X AR 2 I R X A A H
175-228 (BL: PUIEXIRA A5 23), 237-288 (B2: T
JEOGE R A A 3) . 316—396 (B3: HLIF XA 3. 1.

4 F11 14), 401-403 (B4). 472-515 (B5: PrEXT M7
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