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1.2 Newcastle Disease Virus Structure and Genome Organization 
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1.3 Pathogenicity of NDV 
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Figure 1.1: The proteolytic cleavage site ½4 112k Mk M, M) Mk lF 117 >™ "' \ Z\ "� !Z>™� >" 4½Z K! � ½»!¥>" 

EA7 >¥ "� \ ™™ wwy »!¥½�­< ! 7 wwy \ ¥¾ 1121 Mk M, M1 Mk � - 117>™ "' \Z\ "� !Z>™� >" 4½Z � !¥� ½»!¥>" EA7 >¥ "� \ ™™ 

wwy »!¥½�­< ! II. (R- arginine; ) M � ­ ™>¥!d Q- glutamine; G- glycine; CM phenylalanine; L- Leucin; TZZ½Xu 
"� ! \ K\ »! <½™>� >½¥d E5Y_!Zu Z!™>¾5! <½™>� >½¥ >¥ C <Z½� !>¥ha 

1.4 Epidemiology of Newcastle Disease 
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c) \ � ! � \ y T � !Q\ ¥¾!Z \ ¥¾ k 5™™! �� y mr r Hha 2 ' ! 4½5Z�' <\ ¥¾!Y>"y X'>"' _!»\ ¥ >¥ V½5�' ! \ ™� 

T™>\ \ Z½5¥¾ �' ! Y>¾M 1980s and ' \ ™ ™>¥"! !Q<\ ¥¾!¾ � ½ �' ! O >¾¾� ! G\ ™� y G5Z½<!y TY !Z>"\ y 

\ ¥¾ T4Z>"\ cb ! �� ½ et al., 2018), 7 \Z>½5™ »!¥½�­< !™ ' \ K! _! !¥ >Y<�>"\ � !¾ X>�' K\ Z>½5™ EA 
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<\ ¥%½½� >"a O ½™� Z!"!¥� EA ½5� _Z! \ • ™ >¥ V½5�' ! \ ™� T™>\ ' \ K! _!!¥ "\ 5™!¾ _­ '>»'� ­ 

virulent NDV-VII, resulting >¥ '>»' Y½Z�\ � >�­ >¥ "½YY!Z">\ � "'>"• !¥™y >¥"� 5¾>¥» 
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genotypes VII.1.1 (b, ¾y e, j, D) \ ¥¾ 7 wwa m c\ y' y>y• h ck \ _>!> et al., mr mPha 

b ! "\ 5™! ½4 � ' ! '>»'� ­ "½¥� \ »>½5™ ¥\ �5Z! ½4 E!X"\ ™�� ! ¾>™!\ ™!y >� ' \ ™ _!!¥ 
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_! ™5™<!¥¾!¾a z' >� ! z !™� !Z¥ G5Z½<!y �' ! j ¥>� !¾ V� \ � !™y \ ¥¾ b Z\%>� ' \ K! ' \ ¾ »Z! \ � ™5""!™™ 

>¥ Z!¾5">¥» >¥">¾!¥"! ½4 � ' ! ¾>™!\ ™!y Y\ ¥­ Y\ >¥�­ ¾!K! � ½<>¥» "½5¥�Z>!™ >¥ - \ � >¥ TY !Z>"\ y 
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<½5� �Z­ y ™Y\ �� ™"\ � ! 4\ZY>¥»y \ ¥¾ �Z\ ¾>� >½¥\ � �>K! _>Z¾ Y\ Z• ! � ™ >¥ �' !™! Z!»>½¥™ "½¥�Z>_5� ! 

� ½ � ' ! ™<Z!\ ¾>¥» ½4 �' ! EA K>Z5™y \ ¥¾ � ' !™! ½<!Z\� >½¥™ \ Z! ½4� !¥ ¾>™"½¥¥!"� !¾ 4Z½Y ™� \ ¥¾\ Z¾ 

»½K!Z¥Y!¥� >™™5!¾ K\ "">¥\ �>½¥ \ ¥¾ _>½™!"5Z>�­ <Z½� ½"½� ™ \ »\ >¥™� � ' ! ¾>™!\ ™! a 

1.5 Newcastle Disease Virus Classification Schemes and Phylogenetics 

EA7 !Q>™� ™ \ ™ \ ™>¥»� ! ™!Z½�­< ! y _5� >� ™ »!¥! �>" ¾>K!Z™>�­ >™ K\ ™�a 2 '>™ Y\ ­ _! ¾5! 

� ½ �' ! _Z½\ ¾ ">Z"5� \ � >½¥ ½4EA7 y \ ™ X! �� \ ™ �' ! >¥'!Z!¥�� ­ '>»' !ZZ½Z Z\� ! ½4 >� ™ K>Z\ � kE T 

<½� ­Y !Z\™! a V>¥"! � ' ! ¾>™"½K!Z­ ½4EA7 y Y\ ¥­ � ! "'¥>©5!™ ' \ K! _! !¥ 5™!¾ � ½ "� \ ™™>4­ �' ! 

¾>44!Z!¥� ™�Z\ >¥™a G\ Z�­ � ! "'¥>©5!™ Z! � >!¾ ½¥ �Z\ >� ™ c_>½� ½»>"\ � <Z½<!Z�>!™ ½4 K>Z5™h ™5"' \ ™ 

<\ �' ½»!¥>">�­ y <� \ ©5! 4½ZY\ �>½¥y �' !ZY½™� \ _>�>�­ y \ ¥\ � ­ ™>™ ½4 <½� ­<!<�>¾!™y \ ¥¾ 

' !Y\ ½½� 5� >¥\ �>½¥ >¥'>_>�>½¥ <\ �� !Z¥™a - \ � !Z »!¥!M_\ ™!¾ � !"'¥>©5!™ X!Z! 5™!¾ � ½ "� \ ™™>4­ o 

EA7 ™�Z\ >¥™a k !™�Z>"� >½¥ 4Z\ »Y!¥� � !¥»�' <½� ­Y ½Z<'>™Y ckC- Lh \¥ \ � ­ ™>™ ½4 \ Z!»>½¥ ½4 

the F gene was used by Ballagi-Pordiny et al (1996) to group strains, but RFLP is 
¥½� ½Z>½5™� ­ >ZZ!<Z½¾5">_� ! a z >� ' �' ! ¾!K! � ½<Y!¥� ½4 Z\<>¾ ™!©5!¥">¥» � !"'¥ ½� ½»>!™y � ' ! 

¥5"� !½�>¾! ™!©5!¥"!™ ½4 particular NDV genes X!Z! 5™!¾ 4½Z "� \ ™™>4>"\ �>½¥ \ ¥¾ 

' P u hich attempts � ½ >¥4!Z �' ! !K½� 5�>½¥\Z­ Z! � \ �>½¥™'>< _! �X ! !¥ K>Z5™ ™�Z\ >¥™a ply1ogenet1cs, w 
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L' ­ � ½»! ¥! � >" \ ¥\ � ­ ™>™ "\ ¥ _! 5™! ¾ >¥ ™�5 ¾>! ™ ½4 K>Z\ � Z! ™! \ Z"' � ½ Z! \ "' "½¥"� 5™>½¥™ \ _½5� 

!<>¾! Y>½� ½»­ y 4½Z!¥™>"™y ¾>\ »¥½™�>"™y \ ™ X! �� \ ™ �' ! ½Z>»>¥y ! K½� 5� >½¥y \ ¥¾ � \ Q½¥½Y­ ½4 

K>Z5™! ™a L' ­ � ½»! ¥! � >" \ ¥\ � ­ ™! ™ ½4 K>Z5™! ™ "\ ¥ _! 5™! ¾ >¥ � ' ! ! \ Z�­ ™� \ »! ™ ½4 \ ¥ !<>¾! Y>" � ½ 

¾! ¾5"! � ' ! Z! � \ � >½¥™'>< ½4 \ ¥! X K>Z5™ � ½ ½�' ! Z K>Z5™! ™ X' ½™! ™! ©5!¥"! ™ \ ¥¾ "' \ Z\" � ! Z>™� >"™ 

' \ K! _! ! ¥ <Z! K>½5™� ­ ¾! ™"Z>_! ¾a c/ \ Y \ ¾\ y . ¥>Y\ � ™5 \ ¥¾ G�� ! ¥y mr r pha 

T¥ ! \ Z�­ ™"' ! Y! X\ ™ ¾! K! � ½<! ¾ _\ ™! ¾ ½¥ C »! ¥! \¥ ¾ NE »!¥! ™! ©5!¥"! ¾>K! Z™>�­ \ ™ X! �� 

\ ™ � ' ! NE »! ¥! ™>%! y X'>"' divided NDV strains >¥� ½ � 'Z! ! � >¥! \ »!™ c2½­ ½¾\ et al., PSHSha 

- \ � !Zy � ' ! T � ¾½5™ »Z½5< ™�5 ¾>!¾ <\ Z�>\ � C »!¥! ™!©5!¥"!™ � ½ ¾>K>¾! ™�Z\ >¥™ >¥� ½ p � >¥! \ »!™ 

\ ¥¾ PU ™5_M� >¥! \ »!™ cT � ¾½5™ et al., mr r Uha 2' ! Z!™5� � ½4 \ �� � ' !™! K\ Z>½5™ "� \ ™™>4>"\ � >½¥ 

™"' !Y!™ X\ ™ "½¥45™>½¥ \ ¥¾ "½¥�Z\ ¾>"� >½¥y \ ¥¾ � ' !Z! X\ ™ \ ¥ ½_K>½5™ ¥!!¾ 4½Z \ 5¥>4>!¾ 

™­ ™� !Y ½4 "� \ ™™>4>"\ � >½¥a A>! � ™5»»!™� !¾ � ' \ � \ »!¥½�­< ! _\ ™!¾ ™­ ™� !Y _! \ ¾½<� !¾y \ ¥¾ � ' \ � 

� ' ! ™"' !Y! ™' ½5� ¾ Z! � ­ ½¥ � ' ! "½Y<� ! � ! C »!¥! ™!©5!¥"! \¥ ¾ � ' \ � X>�� ' ! � < Z!™!\ Z"' !Z™ 

_! �� !Z understand NDV epidemiology, !K½� 5� >½¥y ¾>™!\ ™! "½¥� Z½� y \ ¥¾ ¾>\ »¥½™� >"™ cA>! � et 
al., mr Pmha A>! � k !™5�� ™ Z!K!\ � !¾ : � \ ™™ w K>Z5™!™ ' \ K! \ ™>¥»� ! »!¥½�­< ! ¾>K>¾!¾ >¥� ½ � 'Z!! 

™5_M»!¥½�­< !™ c� \ y 1 _y \ ¥¾ � !h \ ¥¾ \ Z! Y\ >¥�­ � ½XMK>Z5� !¥� ™�Z\ >¥™ \ ¥¾ "� \ ™™ ww K>Z5™!™ ' \ K! 

PD ¾>44!Z!¥� »!¥! � >" »Z½5<>¥»™ cwy wwy >�� y w7y 7 y 7wy 7 wwy 7wwwy w0y 0 y 0 wy 0 wwy 0 wwwy 0 w7 y 
\¥ ¾ 0 7 ha 

w¥ ½Z¾!Z � ½ \ K½>¾ >¥"½¥™>™� !¥">!™ >¥ ¥\ Y>¥» \ ¥¾ "� \ ™™>4>"\ � >½¥ X' !¥ ¾!\ �>¥» X>� ' 

EA7 y \¥ ¾ >¥ \ ¥ \ �� !Y<� � ½ ¾!\ � X>� ' � ' ! K\ ™� \ Y½5¥� ½4 ¾\ � \ ¥!X� ­ Y\ ¾! \ K\ >� \ _� ! y 

>¥� !Z¥\ � >½¥\ � ™">!¥� >™� ™ 4Z½Y mS � \ _½Z\ � ½Z>!™y >¥"� 5¾>¥» \ �� . wG Z!4!Z!¥"! � \ _½Z\� ½Z>!™ 4½Z 

EAy "½¥K!¥!¾ >¥ mr Pva 2' !>Z »½\ � ™ >¥"� 5¾!¾ o� ' ! !™� \ _� >™' Y!¥� ½4 5¥>4>!¾ "Z>� !Z>\ 4½Z EA7 

™!©5!¥"! "½�� ! "� >½¥ \ ¥¾ "5Z\� >½¥o \ ¥¾ � ½ o<!Z4½ZY "½Y<Z! ' !¥™>K! <' ­ � ½»!¥! � >" \ ¥\ � ­ ™!™ 

using the ½!¥!Z\ � !¾ ¾\ � \ ™! � ™o cA>Y>�Z½K et al., mr PSha 2' ! "5�Y>¥\ � >½¥ ½4 �' !>Z !44½Z�™ X\ ™ I::> I::> 

� ' ! "Z!\ �>½¥ ½4 \ 5¥>4>!¾ updated NDV classification ™­ ™� !Y <5_�>™' !¾ _­ A>Y>�Z½K et a, 
cmr PShy X'>"' \ � ™½ >¥"� 5¾!¾ Z!4!Z!¥"! ¾\ � \ ™! � ™ 4½Z ½�' !Z ™">!¥� >™� ™ � ½ 5™! 4½Z <' ­ � ½»!¥! � >" 

infe id idelines such as a cutoff of 10% nucleotide difference for the assignment P !Z!¥"!y \ ¥ »Y 

½4 »!¥½�­< !™ \¥ ¾ Dt ¾>44!Z!¥"! 4½Z �' ! \ ™™>»¥Y!¥� ½4 ™5_M»!¥½�­< !™a 2' !>Z <' ­ � ½»!¥! �>" 

P · · _ ¾ "½Y<� ! � ! F gene sequences ½4 EA7 ™�Z\ >¥™y \¥ ¾ >¥"� 5¾!™ PSDp analysis 1s rase on ± 

2' 1 · _\ ™!¾ ½¥ the general time Z!K!Z™>_� ! ™5_™�>�5 �>½¥ Y½¾! � y X'>"' sequences. eanalysis was 

· · ' Y½¾! � �' \ � >¥"½Z<½Z\� !™ ¾>44!Z!¥� Z\� !™ ½4 ™5_™�\ �>½¥ 4½Z !\ "' is the most parameter ric 
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nucleotide pair. A pilot tree (which... 
wnict contains a smaller number of sequences that still 

provides the same topology of the 1% e). 
• 1e larger tree) was also provided to decrease the time 

¥!!¾!¾ 4½Z �Z!! "½¥™�Z5"� >½¥ X' !¥ studying NDV samples. 

1.6 Newcastle Disease Virus Genotypes 

2 ' ! "� \ ™™>4>"\ � >½¥ ™"' !Y! <5� 4½Z�' _­ A>Y>�Z½K et al., (2019) divides EA7 ™�Z\ >¥™ 

>¥� ½ �X ½ "� \ ™™!™u "� \ ™™ w \ ¥¾ "� \ ™™ wwa : � \ ™™ w >™ Y\ >¥�­ "½Y<Z>™!¾ ½4 ™�Z\ >¥™ ½4�½X K>Z5� !¥"!y 

\ ¥¾ �'> ™ "� \ ™™ ' \ ™ "½¥™>¾!Z\_� ­ � !™™ »!¥! � >" ¾>K!Z™>�­ � ' \ ¥ "� \ ™™ wwy X'>"' >™ Z!4� ! "� !¾ >¥ � ' ! 

4\"� � ' \ � "� \ ™™ w "½Y<Z>™!™ ½¥� ­ ½¥! »!¥½�­< ! X>� ' �'Z !! ™5_M»!¥½�­< !™ c_!"\ 5™! ½4 � ' !>Z 

Spt '>»' »!¥! � >" Z! � \ � !¾¥!™™ cb ! �� ½ et al., mr PHha O ½™� ½4 �' ! "� \ ™™ w K>Z5™!™ \ Z! >™½� \ � !¾ 

4Z½Y X>� ¾ _>Z¾™a 2 ' ! � ½X »!¥! � >" ¾>K!Z™>�­ ½4 � '>™ "� \ ™™ Y\ ­ _! !Q<� \ >¥!¾ _­ �' ! 4\"� � ' \ � 

X>� ¾ _>Z¾™ \ Z! ¥½� K\ "">¥\ � !¾ \ »\ >¥™� EA7 y ™½ �' ! >YY5¥! <Z!™™5Z! ½¥ "� \ ™™ w K>Z5™!™ >™ 

K!Z­ � ½Xa T¾¾>� >½¥\ �� ­ y ™>¥"! � ' ! ­ \ Z! »!¥!Z\�� ­ \ K>Z5� !¥� \ ¥¾ \ 44!"� X>� ¾ _>Z¾™y � ' !Z! ' \ ™ 

_!!¥ Z! � \ �>K! � ­ � >�� � ! !44½Z� <5� 4½Z�' � ½ >™½� \ � ! \ ¥¾ "' \ Z\"� !Z>%! "� \ ™™ w K>Z5™!™ cA>Y>�Z½K et 
al., mr PSha 

: � \ ™™ ww ' \ ™ _!!¥ 4½5¥¾ � ½ _! Y5"' Y½Z! ¾>K!Z™! � ' \ ¥ "� \ ™™ wy "½¥� \ >¥>¥» \ � � ! \ ™� mr 

¾>™� >¥"� »!¥½�­< !™ cw � ½ 0 0wy »!¥½�­< ! 0 7 � ' \ � "½¥� \ >¥™ ½¥� ­ Z!"½Y_>¥\¥ � ™!©5!¥"!™ X\ ™ 

!Q"� 5¾!¾ 4Z½Y � ' ! 4>¥\ � \¥ \ � ­ ™!™h ¾>™� >¥"� »!¥½�­< !™ c¾!™>»¥\ � !¾ _­ k ½Y\ ¥ ¥5Y!Z\� ™hy \ ¥¾ 

_½�' K>Z5� !¥� \ ¥¾ \ K>Z5� !¥� K>Z5™!™a j ¥¾!Z �' ! ¥!X "� \ ™™>4>"\ � >½¥ ™"' !Y!y ™½Y! »Z½5<™ � ' \ � 

X!Z! <Z!K>½5™� ­ "½¥™>¾!Z!¾ ™5_M»!¥½�­< !™ X!Z! ! � !K\ � !¾ � ½ �' ! ™� \ �5 ™ ½4 ¥!X »!¥½�­< !™a 

V!K!Z\� y _5� ¥½� \ �� y ½4 � ' ! »!¥½�­< !™ >¾!¥� >4>!¾ >¥ �' ! ¥!X "� \ ™™>4>"\ � >½¥ <5� 4½Z�' _­ 

A>Y>�Z½K "½¥� \ >¥ ™5_M»!¥½�­< !™y X'>"' \ Z! ¾!™>»¥\ � !¾ _­ TZ\ _>" ¥5Y!Z\� ™ 5™>¥» \ 

¥5Y!Z>"\ � M¾!">Y\ � ™­ ™� !Y c !»a 7wwa w \ ¥¾ 7wwam Z!<Z!™!¥� ™5_M»!¥½�­< !™ >¥ »!¥½�­< ! 7 wwha 

1 !¥½�­< ! 7 wy X'>"' >¥"� 5¾!™ ™�Z\ >¥™ �' \ � !Y!Z»!¾ 4½5Z ¾!"\ ¾!™ \ »½ >¥ �' ! O >¾¾� ! 

G\ ™� >¥ <>»!½¥™ cT � ¾½5™ et al., mr r v hy >™ �' ! Y½™� ¾>K!Z™! EA7 »!¥½�­< ! a 7 >Z5™!™ ½4 � '>™ 

»!¥½�­< ! ' \ K! >¥"Z!¾>_� ! »!½»Z\ <'>"\ � Z\¥ »! \ ™ X! �� y \¥ ¾ �' ! ­ ' \ K! _!!¥ >™½� \ � !¾ ½¥ \ �� 

"½¥�>¥!¥� ™ X>� ' �' ! !Q"!<� >½¥ ½4 T¥ � \ Z"�>"\ a 

1 7 ww · P ¾ the viruses �' \ � "\ 5™!¾ � ' ! 4½5Z�' \ ¥¾ ½¥»½>¥» EA7 <\ ¥¾!Y>"y !¥½�­< ! Y! 5 !™ 

'> ' • P ¾ ¾ · �' ™5_M½!¥½�­< ! 7wwaPaPa T � ™½ 4½5¥¾ >¥ �'> ™ »!¥½�­< ! >™ ™5_M w!ci are inc!uec 1n e 

m '> ' · P ¾!™ K>Z5™!™ �' \ � ' \ K! "\ 5™!¾ \ ™!Z>!™ ½4 Z!"!¥� ½5� _Z!\• ™ >¥ »!¥½�­< ! 7wwa y X ! Y! 5 
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T™>\ y G5Z½<!y \ ¥¾ � ' ! O >¾¾� ! G\ ™� y >¥"� 5¾>¥» w™Z\! � cz >™!Y\¥ y b !ZY\¥ \ ¥¾ ) � !Y!¥� y mr PHh 
\ ¥¾ G»­< � ck \ ¾X\ ¥ et al mr PUh 2 ' _ · · 

· y · !™! ½5� Z! \ • ™ ' \ K! _! !¥ ¾!™"¥_!¾ \ ™ \ <½� !¥�>\ � 4>4� ' 
pandemic. Since early 2011, Egypt has had NDV side +% i» both ·rated ad epidemics in ot vaccinatec an 
5¥K\ "">¥\ � !¾ 4�½"• ™ \ ¥¾ »!¥ �­< 7ww P P 

y ½ ! a a X\ ™ �' ! Y½™� <Z!K\ � !¥� »!¥½�­< ! y \ ¥¾ X\ ™ 
>™½� \ � !¾ 4Z½Y "'>"• !¥™y <>»!½¥™y �5Z©5½>™!y ©5\ >� \ ¥¾ "\ �� � ! !»Z! � ™a In \ ¾¾>�>½¥y »!¥½�­< !™ 

ww \ ¥¾ XXI.1.1 were \ � ™½ ¾! � ! "� !¾ >¥ "'>"• !¥™ \¥ ¾ <>»!½¥™a cT� > et al., mr mmha 

1.7 NDV Vaccines 

: ½¥�Z½� ½4 E!X"\ ™� � ! ¾>™!\ ™! ¾!<!¥¾™ ½¥ ™�Z>"� _>½™!"5Z>�­ \ ™ X! �� \ ™ K\ "">¥\ � >½¥a 

2 ' ! 4>Z™� "½YY!Z">\ � K\ "">¥!™ \ »\ >¥™� EA X!Z! >¥\ "�>K\ � !¾ K\ "">¥!™y X' >"' X!Z! Y\ ¾! 

\ K\ >� \ _� ! >¥ PSvD >¥ � ' ! j ¥>� !¾ V� \ � !™a 2 ' !™! >¥\ "� >K\ � !¾ K\ "">¥!™ X!Z! ¥½� X>¾! � ­ 5™!¾y 

_!>¥» � ' \ � � ' ! ­ X!Z! "½¥™>¾!Z!¾ !Q<!¥™>K! \ ¥¾ ¾>¾ ¥½� "½Y<� ! � ! � ­ <Z!K!¥� "� >¥>"\ � ¾>™!\ ™! 

cA>Y>�Z½K et al., mr Pf ha w¥\ "� >K\ � !¾ K\ "">¥!™ 4½Z EA >¥ »!¥!Z\� \ � ™½ ' \ K! � ' ! ¾Z\ X_\ "• ™ ½4 

Z!©5>Z>¥» >¥¾>K>¾5\ � ™5_"5� \ ¥!½5™ ½Z >¥�Z\ Y5™"5� \ Z >¥9!"� >½¥y \ ¥¾ �' ! ™' !¾¾>¥» ½4 � \ Z»! 

\ Y½5¥� ™ ½4 K>Z5� !¥� "' \ �� ! ¥»! y \ ¥¾ Z!©5>Z>¥» \ X>�' ¾Z\ X\ � <!Z>½¾ 4½Z K\ "">¥\ � !¾ _>Z¾™ 
_!4½Z! ' 5Y\¥ "½¥™5Y<� >½¥a 

w¥ PSvHy � >K! K\ "">¥!™ X!Z! � >"!¥™!¾y _5� �' !™! K\ "">¥!™ X!Z! K>Z5� !¥� � ½ ­ ½5¥» 

_>Z¾™ \¥ ¾ � ' 5™ >Y<Z\"� >"\ �a O 5"' !44½Z� X\ ™ <5� 4½Z�' � ½ 4>¥¾ \ EA7 ™� Z\>¥ �' \ � "½5� ¾ _! 

5™!¾ \ ™ \ � >K! K\ "">¥! X>� ' ½5� "\ 5™>¥» 5¥\ ""!<� \ _� ! � !K! � ™ ½4 ¾>™!\ ™! ™­Y <� ½Y™a V½½¥y 

™5"' ™� Z\>¥™ X!Z! ¾>™"½K!Z!¾y >¥"� 5¾>¥» �' ! b � y - \ V½� \ y 7N and VG/GA strains c\ K>Z5� !¥� 

K\ "">¥! K>Z5™hy X'>"' ' \ ¾ _! !¥ >™½� \ � !¾ >¥ � ' ! j Vy \ ¥¾ X!Z! � >"!¥™!¾ 4½Z 5™! >¥ � >K! K\ "">¥!™ 

cA>Y>�Z½K et al., mr Pfha 2 ' !™! K\ "">¥! ™�Z\ >¥™ _! � ½¥» � ½ »!¥½�­< ! ww \ ¥¾ ™' \ Z! WSHt 

¥5"� !½�>¾! >¾!¥� >�­ a T ¾½X¥™>¾! � ½ �' !™! � >K! K\ "">¥!™ >™ �' \ � �' ! ­ "\ 5™! ™½Y! � !K! � ½4 

"� >¥>"\ � ™­Y <� ½Y™y >¥"� 5¾>¥» \ ¾Z½< >¥ !»» <Z½¾5"� >½¥y \ ¥¾ \ Z! ! \ ™>� ­ >¥\ "�>K\ � !¾ X' !¥ ¥½� 

Z!4Z>»!Z\� !¾ <Z½<!Z�­ a w¥ \ ¾¾>�>½¥y �' !™! K\ "">¥!™y X'>� ! <Z!K!¥�>¥» Y½Z�\ � >�­ 5<½¥ 

"' \ �� ! ¥»! X>�' �' ! K>Z5™y \ � ™½ ¾½ ¥½� ™� ½< K>Z\ � Z!<�>"\ �>½¥ \¥ ¾ ™' !¾¾>¥»y ™½ !K!¥ K\ "">¥\ � !¾ 

_>Z¾™ "\ ¥ ™<Z! \ ¾ �' ! K>Z5™ cV\ Y5! � et al., mr PUha . � ' !Z »Z½5<™ ½4 K\ "">¥!™ ' \ K! _! !¥ 

¾ 1 ¾ · tr:.ins � ' \ � are avirulent and ' \ K! >¥"Z! \ ™!¾ �' !ZY½™� \ _>�>�­ y ™5"' \ ™ �' ! !K! ½<! 5™Y» ™ \ 

1 m · 2 '> tr · · ½K>· ¾!¾ � ½ "½5¥�Z>!™ >¥ T™>\ \¥ ¾ T4Z>"\ _­ �' ! T5™�Z\ � >\ ¥ : !¥�Z! -. strain. s s\ ain is pr 

c In • 1 T · 5� �5Z\ � k !™! \ Z"' 4½Z �' ! <Z½¾5"�>½¥ ½4 K\ "">¥!™ � ½ _! 5™!¾ >¥ K>�� \ »!™ tor \ternationa. .gr1c 
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c: ½<� \¥ ¾ \ ¥¾ Alders, 2005). T · 
' · tese vaccines also ¾½ ¥½� <Z!K!¥� K>Z\ � ™' !¾¾>¥» cV5™� \ et 

al., mrPDha 

In addition to traditional ina:ti ed dl, act1vec anc live vaccines, several new techniques have 
\ � ™½ _!!¥ 5™!¾ � ½ "Z!\ � ! K\ "">¥!™ against NDV. These � ! "'¥>©5!™ >¥"� 5¾! � ' ! ¾!K! � ½<Y!¥� 

½4 Z!"½Y_>¥\ ¥� K\ "">¥!™ 5™>¥» the Fowlpox virus (FPV) !Q<Z!™™>¥» �' ! EA7 C ½Z NE 

<Z½� !>¥a N½X!K!Zy � ' !™! "\ ¥¥½� _! \ <<�>!¾ � 'Z½5»' Y\ ™™ Y! �' ½¾™y \ ¥¾ �' !Z! >™ \ ™>»¥>4>"\ ¥� 

¾!"Z!\ ™! >¥ !44>"\ "­ ½4 � ' !™! K\ "">¥!™ >¥ � ' ! "\ ™! ½4 <Z!K>½5™ !Q<½™5Z! � ½ CL7 y X'>"' >™ 

"½YY½¥a . � ' !Z K!"� ½Z!¾ K\ "">¥!™ 5™!¾ � ' ! ' !Z<!™K>Z5™ ½4 �5 Z• !­ ™ cN7 2hy \ ¥¾ X'>� ! �X ½ 

™5"' K\ "">¥!™ \ Z! 5™!¾ >¥� !Z¥\ � >½¥\ �� ­ y � ' ! ­ \ Z! >Y<Z\"� >"\ � >¥ \ Z! \ ™ X' !Z! EA >™ !¥¾!Y>" 

_!"\ 5™! � ' ! ­ Y5™� _! • !<� >¥ � >©5>¾ ¥>� Z½»!¥ \ ¥¾ Z!©5>Z! 4½5Z X!!• ™ 4½Z >YY5¥>� ­ � ½ _! 
\ "'>!K!¾ cL\ � ­ \ et al., mr Pmha 

k !K!Z™! »!¥! �>"™ ' \ ™ _!!¥ 5™!¾ � ½ "Z!\ � ! K\ "">¥!™ � ' \ � \Z! >¾!¥� >"\ � � ½ � ' ! 

">Z"5� \ � >¥» K>Z5� !¥� EA7 ™�Z\ >¥ _5� \ �� !Z!¾ ™� >»' � � ­ � ½ ¾!"Z!\ ™! K>Z5� !¥"! a 2 ' !™! 

\¥ � >»!¥>"\ �� ­ Y\ � "' !¾ K\ "">¥!™ Z!™5�� >¥ \ '>»' !Z >YY5¥! Z!™<½¥™! � ½ � ' ! "' \ �� ! ¥»! K>Z5™ 

\ ™ X! �� \ ™ ¾!"Z!\ ™!¾ K>Z\ � ™' !¾¾>¥» 5<½¥ >¥4!"�>½¥a k !"!¥� Z!"½Y_>¥\ ¥� K\ "">¥!™ 5™>¥» \ 

- \ V½� \ _\ "• _½¥! ' \ K! _!!¥ ™' ½X¥ � ½ \ � ™½ Z!©5>Z! � ½X!Z ¾½™!™ � ½ Z!™5� � >¥ ¾!"Z! \ ™!¾ 

Y½Z�\ � >�­ Z\� !™ "½Y<\ Z!¾ � ½ �Z\ ¾>� >½¥\ � K\ "">¥!™ c: \Z¾!¥\ ™M1 \ Z">\ et al., mrPDha 2 ' ! 

<Z½¾5"�>½¥ ½4 Z!"½Y_>¥\ ¥� K\ "">¥!™ �' \ � \ Z! \ ¥� >»!¥>"\ �� ­ >¾!¥� >"\ � � ½ ">Z"5� \ � >¥» EA7 

™�Z\ >¥™ Z!©5>Z!™ \ _! �� !Z 5¥¾!Z™� \¥ ¾>¥» \ ¥¾ ™5ZK!>�� \ ¥"! ½4 ">Z"5� \ �>¥» ™�Z\ >¥™ \ ¥¾ � ' !>Z 

»� ½_\ � ¾>™�Z>_5�>½¥a T � ™½y \ ¾>44>"5� �­ >¥ �' ! <Z½¾5"�>½¥ ½4 �' !™! K\ "">¥!™ >™ � ' ! _>½™!"5Z>�­ 

� !K! � Z!©5>Z!¾ >¥ � \ _™ � ' \ � X½Z• X>� ' K>Z5� !¥� EA7 ™�Z\ >¥™y \ ™ Y½™� K\ "">¥! <Z½¾5"!Z™y 

!™<!">\ �� ­ >¥ �' ! ¾!K! � ½<>¥» X½Z�¾y ¾½ ¥½� ' \ K! �' ! ¥!"!™™\Z­ _>½™!"5Z>�­ � !K! � Z!©5>Z!¾ 4½Z 

� ' !>Z <Z½¾5"� >½¥a 
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2. CHAPTER TWO 
2. Problem Statement and Objectives 
2.1 Problem Statement 

E!X"\ ™�� ! ¾>™! \ ™! >™ ½¥! ½4 �' ! Y½™� !"½¥½Y>"\ �� ­ ¾!K\ ™� \ � >¥» ¾>™! \ ™!™ � ½ \ 44!"� �' ! <½5� �Z­ 

>¥¾5™�Z­ y \ ¥¾ >™ ¾!™>»¥\ � !¾ \ ¥½� >4>\ _� ! ¾>™! \ ™! _­ � ' ! z ½Z�¾ . Z»\ ¥>%\ � >½¥ 4½Z T¥>Y\ � 

N! \ �� ' c. wGha w¥ ½Z¾!Z � ½ • ! !< � ' ! ¾>™!\ ™! 5¥¾!Z "½¥�Z½� y »½K!Z¥Y!¥� \ 5�' ½Z>� >!™ >¥ 

¥5Y!Z½5™ "½5¥�Z>!™ !¥4½Z"! K\ "">¥\ � >½¥ \ ¥¾ ™5ZK!>�� \ ¥"! <Z½� ½"½� ™a E !K!Z�' ! � !™™y EA 7 

½5� _Z! \ • ™ ' \ K! ½""5ZZ!¾ >¥ � ' ! ™5ZZ½5¥¾>¥» "½5¥�Z>!™ >¥ Z!"!¥� ­ ! \ Z™a w� >™ Z!<½Z�!¾ � ' \ � 

<\ Z�>"5� \ Z�­ K>Z5� !¥� >™½� \ � !™ _! � ½¥»>¥» � ½ �X ½ ¥!X� ­ >¾!¥� >4>!¾ ™5_M»!¥½�­< !™ ½4 »!¥½�­< ! 

7 ww c7ww' \¥ ¾ 7 ww>y "½½Z!™<½¥¾>¥» � ½ 7 wwama >¥ A>Y>� Z½Ke™ ¥!X "� \ ™™>4>"\ � >½¥h ' \ K! _! !¥ 

™<Z! \ ¾>¥» Z\<>¾� ­ >¥ T™>\ \ ¥¾ � ' ! O >¾¾� ! G\ ™� y >¥ X' \ � ' \ ™ _! !¥ "\ �� !¾ \ <½� !¥� >\ � 4>4�' 

EA 7 <\ ¥¾!Y>"a EA 7 >™½� \ � !™ ½4 � ' ! ™5_M»!¥½�­< ! 7 ww> \ Z! � ' ! Y½™� <Z!K\ � ! ¥� >™½� \ � !™ � ½ 

"\ 5™! ½5� _Z! \ • ™ >¥ w™Z\! � ™>¥"! mr Pm cO >�� !Z et al., mr PD\ ha 2½ ¾\ � ! y ¥½ Z!™! \ Z"' <\ <!Z™ 

\ ™™!™™>¥» � ' ! EA7 ™>�5 \ � >½¥ >¥ � ' ! z !™� b \ ¥• ' \ K! _! !¥ <5_� >™' !¾a 2 '>™ >™ ¾!™<>� ! �' ! 

<Z!™!¥"! ½4 ™!K!Z\� 4\"� ½Z™ �' \ � >¥"Z! \ ™! � ' ! Z>™• 4½Z �' ! ™<Z! \ ¾ ½4 EA 7 y ™5"' \ ™ � ' ! 

<Z!K\ � ! ¥"! ½4 _\ "•­ \ Z¾ <½5� �Z­ � ' \ � ¾½ ¥½� 4½�� ½X \¥ ­ K\ "">¥\ � >½¥ <Z½"!¾5Z!™y \ ¥¾ � ' ! 

<Z!™!¥"! ½4� >K! _>Z¾ Y\ Z• ! � ™ X' !Z! ™!K!Z\� ™<!">!™ ½4 _>Z¾™ 4Z½Y ™!K!Z\� \Z! \ ™ \ Z! • !<� >¥ 

"� ½™! ©5\ Z�!Z™ X' !Z! "Z½™™ >¥4!"� >½¥ "\¥ ½""5Za 2 '>™ ™�5 ¾­ >™ �' ! 4>Z™� ™�5 ¾­ � ' \ � \ �� !Y<� ™ � ½ 

!K\ � 5\ � ! �' ! EA7 ™>�5 \ � >½¥ >¥ � ' ! z !™� b \ ¥• _­ 4>Z™� "½¥4>ZY>¥» �' ! <Z!™!¥"! ½4E A7 _­ 

Y½� ! "5� \ Z � !™�>¥» 4½�� ½X!¾ _­ �' ! <' ­ � ½»!¥! �>" \ ¥\ � ­ ™>™ ½4 �' ! >™½� \ � !™ \ ¥¾ "½Y<\ Z>™½¥ � ½ 

>™½� \ � !™ 4½5¥¾ >¥ ™5ZZ½5¥¾>¥» "½5¥�Z>!™a 
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2.2 Objectives 

The main objective of the present study is: 

2½ >™½� \ � ! \ ¥¾ Y½� ! "5� \ Z�­ characterize NDV from \ 44!"� !¾ _>Z¾™ >¥ �' ! z !™� b \ ¥• y \ ¥¾ 

"\ ZZ­ ½5� <' ­ � ½»!¥>" \¥ \ � ­ ™>™ ½4 � ' !™! >™½� \ � !™ 5™>¥» � ' ! <>� ½� �Z! ! <5� 4½Z�' _­ A>Y>�Z½K et 

al., cmr PSha 

Specific Objectives: 

1. 2½ "½¥4>ZY �' ! <Z!™!¥"! ½4 EA 7 4Z½Y ™\ Y<� !™ 4Z½Y ™5™<!"� !¾ EA 7 "\ ™!™ 4Z½Y _>Z¾™ 

>¥ � ' ! z !™� b \ ¥• _­ Y½� ! "5� \ Z >¾!¥� >4>"\ �>½¥ ½4 � ' ! <\ Z�>\ � C »!¥! a 

2. 2½ "� \ ™™>4­ �' ! ½_� \ >¥!¾ >™½� \ � !™ \ ™ � !¥� ½»!¥>"y Y!™½»!¥>"y ½Z K! � ½»!¥>" _­ \¥ \ � ­ ™>™ ½4 

�' ! C <Z½� !>¥ "� ! \ K\ »! ™>� ! \ Y>¥½ \ ">¾ ™!©5!¥"!™ \ ¥¾ "½Y<\ Z! � ' ! ¾!¾5"!¾ \ Y>¥½ \ ">¾ 

™!©5!¥"!™ ½4 �' ! ½_� \ >¥!¾ >™½� \ � !™ � ½ �' ! ¾!¾5"!¾ \ Y>¥½ \ ">¾ ™!©5!¥"!™ ½4 >™½� \ � !™ 4Z½Y 
� ' ! ™5ZZ½5¥¾>¥» "½5¥�Z>!™a 

3. To K\ � >¾\ � ! >4 <\ Z�>\ � C »!¥! ™!©5!¥"!™ 5™!¾ � ½ "½¥¾5"� <' ­ � ½»!¥! � >" \ ¥\ � ­ ™>™ X½5� ¾ 

Z!"\ <>�5 � \ � ! Z!4!Z!¥"! »!¥½�­< !™ <Z!K>½5™� ­ ¾!4>¥!¾ _­ A>Y>�Z½K et al, cmr PSh 45�� M� ! ¥»� ' 

C ™!©5!¥"!™ <>� ½� �Z! ! a 

4. 2½ "½¥™�Z5"� �' ! <>� ½� �Z! ! 5™>¥» Z!»>½¥\ � EA7 ™!©5!¥"!™y X'>"' X!Z! \ ¾¾!¾ � ½ 

A>Y>�Z½Ke™ <>�½� �Z! ! >¥ ½Z¾!Z � ½ "½Y<\ Z! 45�� \¥ ¾ <\ Z�>\ � ™!©5!¥"!™ 4½Z �' ! <5Z<½™! ½4 

_5>� ¾>¥» >¾!¥�>"\ � � ½<½� ½»>"\ � �Z! !™a 

s. 2½ "½¥™�Z5"� �' ! <>� ½� �Z! ! 5™>¥» _½�' "½Y<� ! � ! \ ¥¾ <\Z�>\ � C »!¥! ™!©5!¥"!™ >¥ ½Z¾!Z � ½ 

"½¥¾5"� <' ­ � ½»!¥! �>" \¥ \ � ­ ™>™ ½4 Z!»>½¥ >™½� \ � !™ \ ™ X! �� \ ™ �' ! >™½� \ � !™ ½_� \ >¥!¾ 4Z½Y � ' ! 

z !™� b \¥• � ½ ¾! � !ZY>¥! � ½"\ �� ­ ">Z"5� \ � >¥» EA 7 »!¥½�­< !™a 
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3. CHAPTER THREE 
3. Materials and Methods 
2 '>™ ™�5 ¾­ X\ ™ "½¥¾5"� !¾ \ � � ' < P · · 

e 'alestine-Korea Biotechnology Center at Palestine 
L½� ­� ! "'¥>" j ¥>K!Z™>�­ y N!_Z½¥y L\ � !™� >¥! a 

3.1 Sample Collection 

3.1.1 Samples from The Central Veterinary Lab- Aroub 

C½5Z kE T ™\Y <� !™ X!Z! •>¥¾� ­ ¾½¥\ � !¾ _­ 2 ' ! : !¥�Z\ � 7 ! � !Z>¥\ Z­ Lab- Aroub, X'>"' 
' \ ¾ _! !¥ "½�� ! "� !¾ >¥ mr PH (Table 3.1). 

3.1.2 Samples from Live and Freshly-Deceased Birds 

V\ Y<� ! "½�� ! "�>½¥ >¥ �'> ™ ™�5 ¾­ X\ ™ "½¥¾5"� !¾ _­ "½¥K!¥>!¥"! y X'>"' Z! � >!¾ ½¥ _!>¥» � !¾ 

� ½ <½� !¥� >\ � EA 7 "\ ™!™ _­ X½Z¾ ½4 Y½5� ' 4Z½Y K! � !Z>¥\ Z>\ ¥™ \ ¥¾ � ½"\ � 4\ZY ½X¥!Z™ � ½ 

_>Z¾™ ™544!Z>¥» 4Z½Y ¥!ZK½5™ \ ¥¾s½Z Z!™<>Z\ � ½Z­ ™­Y <� ½Y™ ½Z ¾! \ �' a 2 ' !™! ™­Y <� ½Y™ 

Y\ >¥�­ "½¥™>™� !¾ ½4 5¥5™5\ � �X >™� >¥» ½4 �' ! ¥!"• ½Z "\ ™!™ X' !Z! \ � \ Z»! ¥5Y_!Z ½4 _>Z¾™ ½4 

\ 4�½"• ™5¾¾!¥� ­ ¾>!¾a T � ½� \ � ½4 Ur ™\ Y<� !™ X!Z! "½�� ! "� !¾ 4Z½Y <>»!½¥™y "'>"• !¥™y \ ¥¾ 

�5Z• ! ­ ™ �' \ � ¾>™<� \ ­ !¾ ™­ Y<� ½Y™ >¥¾>"\ � >K! ½4 \ <½� !¥�>\ � >¥4!"� >½¥ X>� ' EA 7a 2Z\"' ! \ � 

™X\ _™ X!Z! \ � ™½ "½�� ! "� !¾ ¾>Z!"�� ­ 4Z½Y � >K! \ ¥¾ 4Z!™'� ­ M¾!"! \ ™!¾ _>Z¾™ 4Z½Y ™Y\ �� � ½"\ � 

4\ZY™ >¥ N!_Z½¥ \ ¥¾ b ! � ' � ! ' !Y �' \ � X!Z! ™5™<!"� !¾ ½4 _!>¥» >¥4!"� !¾ X>�' EA 7 a E>¥! ½4 

�' !™! <Z½¾5"!¾ \ <½™>� >K! Z!™5� � 4½Z EA 7 \ ™ � >™� !¾ >¥ Table 3.1. 2 ' ! _>Z¾™ ™' ½X!¾ 

™­Y <� ½Y™ ½4 E!X"\ ™�� ! ¾>™!\ ™! y >¥"� 5¾>¥» � ½™™ ½4 \ <<! � >� ! y "½5»'>¥»y »\ ™<>¥»y ¥\ ™\ � 

¾>™"' \ Z»!y X\ � !Z­ _Z>»' � »Z! !¥ ¾>\ ZZ' ! \ y \¥ ¾ ¥!ZK½5™ ™­Y <� ½Y™ ™5"' \ ™ �X >™�>¥» ½4 �' ! ¥!"• 

(Figure 3.1). 
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Figure 3.1: Samples collected from local farms. cTh V\ Y<� ! "½�� !"� >½¥ 5™>¥» ™� !Z>� ! ™X\ _™ 

¾
5™!¾ � ½ "½�� !"� ™\ Y<� !™ 4Z½Y �Z\ "' ! \ a cb h : '>"• !¥™ ™' ½X>¥» ™>»¥™ ½4EA7 a b½� ' ¾>!¾ X>� '>¥ �X ½ 
\ ­ ™a 

Table 3.1: RNA and Swab Palestinian Samples from Diseased poultry 

V½5Z"! 7 \ "">¥\ � >½¥ 
: ½�� !"� >½¥ ™� \ �5 ™ MMMMMMMMMM M - MM ...;.:.;, ;.:.:.;,: :..._ _ 

b>½K\ " VIR November-2020 Hebron 
105-VH strain M M•MMM M MM M MMMM MMM -· M MMMM M MMyM M MM 

TZ½5_ I LT- Mpp I Chicken Januery-2018 Jerusalem - Unknown 
RNA PAL-458 Chicken March-2018 Nablus Unknown 
samples PAL-1025 Chicken July-2018 Tubas Unknown 

~~ ~~ L T- MPmvv Chicken September-2018 Jerusalem Unknown 
Tracheal PAL-TH Chicken April-2021 Hebron vaccinated 
Swab PAL-8T Turkey April-2021 Hebron vaccinated 

PAL-Z3 [Chicken Februery-2022 Hebron vaccinated 
LT- Mb m Chicken Februery-2021 Bethlehem E½� K\ "">¥\ � !¾ 
PAL-OH Chicken April-2021 Hebron Not vaccinated MMMM 

V\ Y<� ! E\Y ! N½™� A\ � ! ½4 k !»>½¥ 

7 \ "">¥! 

3.2 Identification of Strains 

3.2.1 RNA Extraction 
2½� \ � kE T X\ ™ !Q�Z\ "� !¾ from 200l swab ™<!">Y!¥™y 5™>¥» QIAamp ® MinElute® 7 >Z5™ 

V kit (C w be .57704) according to � ' ! Y\ ¥54\"�5 Z!Ze™ >¥™� Z5"� >½¥™a 2' ! <Y w \ � \ ½»5! ¥5Y er. s 

_ I ¾ · P D I G<<!¥¾½Z4 � 5_!™ "½¥� \ >¥>¥» vr r µ P LbVy \ ¥¾ >¥"5_\ � !¾ 4½Z ™X\ ™ X!Z! < \ "! Y� ½ a Y 

PD · · ½Z¾!Z � ½ Z! � ! \ ™! Y\ � !Z>\ � 4Z½Y ™X\ _ >¥� ½ �' ! Y!¾>5Ya minutes at Z½½Y � !Y<!Z\�5Z! w�� 

T4� ' • K>\ ½Z½5™� ­ \ ¥¾ ™©5!!%!¾a C½Z kE T !Q�Z\ "� >½¥y mr r µ P 
!ZX\ Z¾™y � ' ! ™X\ _™ X!Z! ™ \ !¥ e 
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½4 ! \ "' ™X\ _ ! Q�Z\ " � X\ ™ Y>Q! ¾ X • ' 
m ,,... tt 25l QIAGEN protease and 200l of buffer AL (containing 28g/ml of carrier RNA), 

, which was <5� ™!MK½Z�!Q!¾y \ ¥¾ >¥"5_\ � !¾ 4½Z PD 
Y>¥5� !™ \ � Dp ° : ½¥ \ ' ! \ � >¥» _� ½"• T4� ! � ' t, 250.1 

· Z \ y µ ½4 ethanol (96-100%) was \ ¾¾!¾ � ½ 
!\ "' ™\ Y<� ! a T4� !Z Y>Q>¥» � ' ½Z½5»'� ­ _ � · 

/ puuse-vortexing and >¥"5_\ � >½¥ X>� ' ! � ' \ ¥½� 4½Z 
D Y>¥5� !™ \ � Z½½Y � !Y<!Z\�5 Z!y � ' ! � ­ ™\ � ! X\ ™ �Z\ ¥™4!ZZ!¾ ½¥� ½ a QIAamp-column followed 
_­ �X ½ X\ ™' !™ X>�' X\ ™'>¥» _544!Z cTz MP and AW-2). Finally, kE T X\ ™ ! � 5� !¾ >¥ mr µ P 
½4 T 7G ! � 5�>½¥ _544!Z \ ¥¾ ™� ½Z!¾ at -80C until Z!©5>Z!¾a 

3.2.2 cDNA Synthesis 

"AET X\ ™ ™­ ¥� ' !™>%!¾ >¥ mr µ P Z! \ "� >½¥ K½� 5Y!™ 5™>¥» V5<!ZV"Z><� ™ w7 k !K!Z™! 

2Z\¥™"Z><� \ ™! c: \ � \ � ½» ¥5Y_!Zu PHr Sr r Dr h \ ""½Z¾>¥» � ½ � ' ! Y\ ¥54\"� 5Z!Ze™ >¥™� Z5"� >½¥™a 

T 3l sample ½4 ! � 5� !¾ kE T X\ ™ Y>Q!¾ X>� ' P µ w ½4 \ Dr ¥»6 µ w ™� ½"• ½4 Z\¥¾½Y ' !Q\ Y!Z 

<Z>Y!Zy P µ w ½4 Pr µ O ¾E2L™ \ ¥¾ � ' !¥ AGL: M � Z! \ � !¾ X\ � !Z X\ ™ \ ¾¾!¾ 5< � ½ PUµ Pa 2 ' ! 

Z!™5�� >¥» Y>Q�5 Z! X\ ™ >¥"5_\ � !¾ \ � pD° : 4½Z D Y>¥5� !™ � ½ ! � >Y>¥\ � ! ™!"½¥¾\ Z­ ™� Z5"�5 Z!™y 

� ' !¥ "'>�� !¾ ½¥ >"! a 2 ' ! D0 VVw7 _544!Z X\ ™ <Z!MX\ ZY!¾ \ � Z½½Y � !Y<!Z\�5Z! _!4½Z! 5™! 

>¥ � ' ! Z!\ "� >½¥a T vµ P \ Y½5¥� ½4 _544!Zy Pµ P AA2y � µ w kE \ ™! >¥' >_>� ½Z \ ¥¾ Par V5<!ZV"Z><� 

Z!K!Z™! �Z\ ¥™"Z><� \ ™! cmr r j6 µ - h X!Z! \ ¾¾!¾ � ½ � ' ! Z!\ "� >½¥ � 5_! a 2 ' ! Z!K!Z™! � Z\¥™"Z><� >½¥ 

Z!\ "� >½¥ X\ ™ <!Z4½ZY!¾ _­ >¥"5_\ � >¥» Z!\ "� >½¥ �5 _!™ \ � 23C for Pr Y>¥5� !™ 4½�� ½X!¾ _­ 

53C for P . Y>¥5� !™ \ ¥¾ � !ZY>¥\ � !¾ _­ ' ! \ � >¥» at 80C for � r Y>¥5� !™a 2' ! resulting cDNA 

X\ ™ ™� ½Z!¾ at -20°C until Z!©5>Z!¾a 

3.2.3 Primers 
C ¾ ¾ · !¥"!™ ™<!">4>" 4½Z �' ! \ Y<� >4>"\ �>½¥ ½4 �' ! <\ Z�>\ � C »!¥! orwar an Z!K!Z™! <¥Y!Z ™!©5 

cCa _ · ¾ 4Z � >� !Z\�5Z! c) \ ¥� et al. PSSf h (Table 3.2). LZ>Y!Z™ X!Z! igure 3.2) were oltaine om 3 
· a yaaMy ¥�Z\ � >½¥ ½4 Pr r µ O y 4Z½Y X' >"' X½Z• >¥» ¾>� 5� >½¥™ dissolved in lx TE buffer to a conce 

· f 10 M and these X!Z! ™� ½Z!¾ at -20C until ¥!!¾!¾a X!Z! Y\ ¾! � ½ \ 4>¥\ � "½¥"!¥�Z\ � >½¥ ½ 
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Table 3.2: Primers used t . or partial a1 I; 
� ! ¥»� ' was 362 bp. mplification of the NDV F gene. 2 ' ! \ Y<� >"½¥ 

Forward (A) 5'- TTG ATG GCA GGC CTC TTG C - 3' 
PS ¥� 

Reverse(B) 5-GGA GGA TGT TGG CAG CAT T-3' 

~ 
1 : uDf aSt 

2Yu DHav 

PS ¥� 1 : uDmap 
% 

2Yu DDaf 

3 NP -s -{EEll-s 

T <Z>Y!Z 
: � ! \K\ »! ™>� ! 

Amplified F-gene fragment Upm_< 
TOTT 

nt no. 95-113 
B primer 

nt 1o.457-439 

Figure 3.2: PCR target. 2 ' ! Z!¾ Z!»>½¥ ½4 � ' ! C »!¥! Z!<Z!™!¥� ™ �' ! Upm bp region 
\ Y<�>4>!¾ _­ �' ! <Z>Y!Z™ ¾!™"Z>_!¾ above. "° 

3.2.4 Preparation of PCR Controls 

NDV vaccine >¥ L\ � !™� >¥! market (BIOVAC- VIR PrD live K\ "">¥!y 7b M™�Z\ >¥y Batch: 1­ 
011463, Newcastle ¾>™!\ ™!y VLCh X\ ™ 5™!¾ \ ™ \ <½™>� >K! "½¥�Z½� >¥ L: k Z!\ "�>½¥™a 2 ' ! 

K\ "">¥! <½X¾!Z X\ ™ ¾>™™½� K!¾ >¥ w Y� <' ½™<' \ � ! ™\ � >¥! _544!Z cLb Vhy \ ¥¾ mr r µ P X\ ™ �\• !¥ 

4½Z kE T !Q�Z\ "�>½¥y � ' !¥ "AET ™­¥ �' !™>™ X\ ™ "\ ZZ>!¾ ½5� \ ™ ¾!™"Z>_!¾ \ _½K! a 2 ' ! Z!™5� �>¥» 

™\ Y<� ! X\ ™ 5™!¾ \ ™ <½™>� >K! "½¥�Z½� >¥ all PCR reactions. 
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w¥ all PCR experiments the negative control reaction was prepared by mixing all 

components of PCR without the DNA template, and was named ¥½ template "½¥�Z½� cE2: ha 

3.2.5 Polymerase Chain Reaction (PCR) 

A>44>"5� �­ X\ ™ !¥"½5¥� !Z!¾ >¥ \ Y<� >4­>¥» �' ! Z!»>½¥ ½4 >¥� !Z!™� 4Z½Y the cDNA obtained 
4Z½Y ™½Y! ½4 � ' ! ™\Y <� !™a 2 ' !Z!4½Z!y X' !¥ ™� \ ¥¾\ Z¾ <Z½� ½"½� ™ ™5"' \ ™ 5™>¥» 2\ © AET 

<½� ­Y !Z\™! •>� ¾>¾ ¥½� Z!™5�� >¥ �' ! ¾!™>Z!¾ Z!™5�� ™y Y½Z! ™!¥™>� >K! <½� ­Y !Z\™!™ X>�' � ' !>Z 

™<!">4>" "½¥¾>� >½¥™ X!Z! 5™!¾ 4½Z ™5"' ™\ Y<� !™ \ ™ ¾!™"Z>_!¾ _! � ½Xa T �� L: k ™ 5™!¾ � ' ! ™\ Y! 

<Z>Y!Z <\ >Z™ \ ™ ¾!™"Z>_!¾ \ _½K! \ ¥¾ \ �� Z!\ "� >½¥™ X!Z! <!Z4½ZY!¾ >¥ 25 l volumes \ ¥¾ 
Z!\ "� >½¥™ X!Z! "\ ZZ>!¾ ½5� 5™>¥» b >½Mk \ ¾ 2 Pr r ™ 2 ' !ZY\ � : ­ "� !Za 

3.2.5.1 Standard Taq DNA polymerase Kit 

V\ Y<� !™u vaccine, PAL-66, PAL-1025, PAL-1244 

TY <� >4>"\ � >½¥ Z!\ "� >½¥ X\ ™ <!Z4½ZY!¾ 5™>¥» � ' ! 2\ © AET <½� ­ Y!Z\™! •>� cNw1 N 

PURITY# HTDO078) \ ""½Z¾>¥» � ½ � ' ! Y\ ¥54\"� 5Z!Ze™ >¥™� Z5"� >½¥™a k !\ "� >½¥™ "½¥� \ >¥!¾u 

w0 Z!\ "� >½¥ _544!Z cPr YO ) : � y Pr YO cENvhmV. vy 20 mM TrisHCI c<N Haf Dhy r aPt 

Triton X-100, r aP Y»sY� b VThy v YO O »V. v cD µ Jhy r am YO ¾E2L™ Y>Q�5 Z! cr aD µ wh 

a · wh 2 AET (DNTp 100, V>»Y\ hy r am µ O ½4 !\ "' <Z>Y!Z cr aDµ Ph e r af D 5¥>� cr aPDµ a \ © 

<½� ­Y !Z\™! (Sul µ � hy \ ¥¾ Par µ � ½4 � !Y<� \ � ! "AET \ ¥¾ ¾>™� >�� !¾ X\ � !Z � ½ _ZY» � ' ! 4>¥\ � 

Z! \ "� >½¥ K½� 5Y! 5< � ½ mD µ wa 

Sv ° : ti D Y>¥y· UD "­ "� !™ . . . itial denaturation \ � ½Z 2' !ZY½"­ "� >¥» "½¥¾>�>½¥™ X!Z! a Y> a 
r ; t 53 ·C for vr ™!" !Q� !¥™>½¥ \ � fm : 4½Z vr ¾!¥\ �5 Z\� >½¥ \ � Sv ° : 4½Z vr ™!"y \ ¥¥! \ Y» \ e 

: o, for5 min,and then a hold at4°C. sec, then a final extension at 72 'C fo 

3.2.5.2 Q5-DNA polymerase Kit 

V\ Y<� !™u PAL-8T, PAL-458 
a a AET L½� ­Y !Z\™! •>� (M0491) according . QS® N>»' MCP¾! ' �­ a 

PCR was performed using the . ¾ a the 5X Q5 Reaction b 544!Z X'>"' 
a a ™ Reactions containec . 

� ½ the manufacturer's instruction:». 4>¥ 
P 
(IX) "½¥"!¥�Z\ �>½¥y 0.2 mM dNTPs 

'. 'mM Mg++ at the a 
>™ ¾! � !Z»!¥� M4Z!! \¥ ¾ "½¥� \ Y™ 21 '% . 

P
a�­ AET L½� ­ Y!Z\™! cr ar w j sµ why Par 

:. .: .12lQ5High-Fidelit 
Y>Q�5 Z!y r am µ O !\ "' <¥Y!Zy 0. 21 a � ' ! final reaction volume. 

' 5lled water to bring l of template cDNA and distillec 16 



. <�>Y \ � \¥¥ ! \ � >¥» � ! Y<! Z\�5 Z! ™ for Q5 H; ' p· . 
» M >¾! �>�­ AET L½� ­Y !Z\™! � !¥¾ � ½ _! '>»' !Z �' \ ¥ 4½Z other PCR polymerases. 2' ! NEB T 

. m : \ �" 5� \ � ½Z X\ ™ 5™!¾ � ½ ¾! � !ZY>¥! � ' ! \ ¥¥!\ � Y» � !Y<!Z\�5Z! X' !¥ 5™>¥» this enz yme. 

2' !ZY½"­ "� >¥» "½¥¾>� >½¥™ X!Z!u initial denaturation at Sv ½" c 
D 

• 
UD P Ior min; cycles 

¾!¥\ �5 Z\� >½¥ \ � Sv ° : 4½Z vr ™!" \ ¥¥! \ � >¥» \ � pf ½" c vr • 
• for sec, extension at 72.PC for 40 

™!"y � ' !¥ \ 4>¥\ � !Q� !¥™>½¥ \ � fm ° : 4½Z D Y>¥y \ ¥¾ � ' !¥ \ ' ½� ¾ \ � 10C. 

3.2.5.3 OneTaq® Quick-Load® 2X Master Mix with Standard Buffer kit 

V\ Y<� ! u PAL-B2 

TY<� >4>"\ � >½¥ X\ ™ <!Z4½ZY!¾ 5™>¥» . ¥!2 \ ©® , 5>"• M- ½\ ¾® m0 O \ ™� !Z O >Q X>� ' 

V� \ ¥¾\ Z¾ b 544!Z • >� ci O r vHpVh \ ""½Z¾>¥» � ½ the manufacturers recommendations. 
k !\ "� >½¥™ "½¥� \ >¥!¾ u w0 ½4 . ¥!2\ © , 5>"• M- ½\ ¾ m0 O \ ™� !Z O >Q X>� ' V� \ ¥¾\ Z¾ b 544!Z 

c "½¥� \ >¥™ ¾E2L™y O »: � my _544!Z "½Y<½¥!¥� ™ \ ¥¾ ™� \ _>� >%!Z™ \ ™ X! �� \ ™ �X ½ "½YY½¥� ­ 5™!¾ 

� Z\"• >¥» ¾­ !™ 4½Z AET »! � ™hy r am µ O ! \ "' <Z>Y!Zy mar µ � ½4 � !Y<� \ � ! "AET \ ¥¾ ¾>™� >�� !¾ 

X\ � !Z � ½ _Z>¥» � ' ! 4>¥\ � Z!\ "� >½¥ K½� 5Y! 5< � ½ mD µ wa 

O \ ™� !Z Y>Q 4½ZY\ � "½¥� \ >¥™ >¥!Z� �Z\ "•>¥» ¾­ ! 4½Z !\ ™­ \ ¥¾ ¾>Z!"� � ½\ ¾>¥» ½4 L: k <Z½¾5"� ™ 

½¥� ½ »! � ™a 

· · '.I d � 5Z\ � >½¥ \ � Sv ° : 4½Z U YYd UD "­ "� !™ Thermocycling conditions were: initia, ena 

Pa � DU ° : 4½Z Ur ™!" !Q� !¥™>½¥ \ � fm ° : 4½Z vr denaturation at Sv ° : 4½Z vr ™!"y \ ¥¥! \ Y» \ e 
0 c D · \ ¥¾ � ' !¥ \ ' ½� ¾ \ � w r ° : a ™!"y � ' !¥ \ 4>¥\ � !Q� !¥™>½¥ \ � fm C tor min, 

3.2.5.4 Phusion DNA polymerase kit 

V\ Y<� !™u < T- M f Ny L T- MSNy PAL-Z3 

Na h-Fidelity DNA L½� ­ Y!Z\™! ci O r DUr Vh : Ph ion® 1gli-T'1 
PCR was <!Z4½ZY!¾ 5™>¥» 5™> a � \ >¥!¾ • w0 L' 5™>½¥ NC immendations. Reactions "½¥ a 
\ ""½Z¾>¥» � ½ � ' ! Y\ ¥54\"� 5Z!Z srecot �Z\ �>½¥h o m YO ¾E2L™ 

final [IX] reaction concent u h ' 
b 544!Z "½¥� \ >¥™ O »: Pm (1.5 mM \ � � '

! a < w !Z\™! c 1.0 units/50 l reaction), 
<·.] Phusion DNA 'olym Y>Q� 5Z!y 0.2 M each primer, 0.25 
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A 4>¥\ � "½¥"!¥�Z\ � >½¥ of 3% DMSO is Z!"½Y ¾ ¾ 
Y!¥ ! y Par µ w ½4 template cDNA and ¾>™� >�� !¾ X\ � !Z � ½ _Z>¥» � ' ! 4>¥\ � Z! \ "� >½¥ K½� 5Y! 5< � ½ mD µ wa 

2' !ZY½"­ "� >¥» "½¥¾>� >½¥™ X!Z!u >¥>� >\ � ¾!¥\ � 5Z\� >½¥ \ � SH ½" c 
U 

· 
UD 

w 
1or min; cycles 

¾!¥\ � 5Z\� >½¥ \ � SH ° : 4½Z Pr ™!"y \ ¥¥! \ � >¥» \ � 65 C for Ur ™!"y !Q� !¥™>½¥ \ � 72 ·C for Ur 
™!"y � ' !¥ \ 4>¥\ � !Q� !¥™>½¥ \ � fm ° : 4½Z D Y>¥y \ ¥¾ � ' !¥ \ ' ½� ¾ \ � Pr ° "a 

3.2.6 Agarose Gel Electrophoresis 

L: k <Z½¾5"� ™ X!Z! Z5¥ ½¥ \ PaDt XsK \ »\ Z½™! »! � <Z!<\ Z!¾ _­ ¾>™™½� K>¥» \ »\ Z½™! >¥ � Q 

2b G _544!Z cmaU » \ »\ Z½™!u PDr Y� TBE buffer), and ™� \ >¥!¾ X>� ' ! � '>¾>5Y _Z½Y>¾! ¾­ ! a T 

5X stock 2b G _544!Z X\ ™ <Z!<\ Z!¾ _­ Y>Q>¥» Dv » 2Z>™ _\ ™! (Amresco/ 0826), 27 » _½Z>" 

\ ">¾ cV>»Y\ s r f H) r r Uf hy mr Y� r aD O GA2T cT � 4\ T!™\ Zs PrPmmDvphy \ ¥¾ ¾>™� >�� !¾ X\ � !Z 

5< � ½ w -a T w0 ¾>� 5� >½¥ ½4 � ' ! _544!Z X\ ™ 5™!¾ 4½Z \ »\ Z½™! »! � <Z!<\ Z\� >½¥ \ ¥¾ r aD0 4½Z 
Z5¥¥>¥» _544!Z >¥ »! � ! � ! "�Z½<' ½Z!™>™a 

C½Z !\ "' ™\ Y<� ! y mD µI ½4 L: k <Z½¾5"� \ � ½¥» X>� ' m µI ½4 p0 � ½\ ¾>¥» ¾­ ! X!Z! Y>Q!¾ \ ¥¾ 

� ½\ ¾!¾ ½¥� ½ PaDt \ »\ Z½™! »! � \ � ½¥» X>� ' Prr _< AET � \ ¾¾!Z c: \ �a No. DMOO1-R500). 

2 ' ! K½�� \ »! <½X!Z Z\¥»!¾ _! �X !!¥ Hr \ ¥¾ Pmr K½�� ™y \¥ ¾ \ Y<� >"½¥™ X!Z! K>™5\ �>%!¾ \ ™ 

_\ ¥¾™ 5¥¾!Z j7 � >»' � \ ¥¾ <' ½� ½»Z\<' !¾ 5™>¥» b >½Mk \ ¾ Molecular Imager® Gel A½"™ 0 k 

V­ ™� !Ya 

· ¾ 4Z Y �' ! »! � \¥ ¾ <5Z>4>!¾ X>� ' � ' ! •>� 2' ! � \ Z»! � _\ ¥¾™ ½4 ™<!">4>" ™>%! X!Z! !Q">™! 0 

h R�>¥½ � ½ � ' ! Y\ ¥54\"�5 Z!Ze™ >¥™� Z5"� >½¥™a 2 ' ! cE5"� !½V<>¥® 1 ! � \ ¥¾ L: k : � ! \ ¥M5< accor 
. . . ffi E2w \ ¥¾ >¥ �' ! "\ ™! ½4 \ "5� M½5� »! � _\ ¥¾ cmr r µ P ½4 sample was mixed with Binding Buffer 

1 ' ! \ � !¾ � ½ ¾>™™½� K! �' ! \ »\ Z½™! a 2 ' ! NTI per Pr r Y» »! � X\ ™ \ ¾¾!¾hy the sample X\ ™ a 
½� 5Y¥ X\ ™ <� \ "!¾ >¥ \ m ml collection tube c5< � ½ 

NucleoSpin® Gel \ ¥¾ L: k : � ! \ ¥M5< " ¾ �' flow-through was 
: 30 seconds at 11000 x »y \ ¥ C -l ·bS 

f r r µI ™\ Y<� !h \ ¥¾ "!¥� ¥45»!¾ 4½Z u shing ith ethanolic z \ ™' b 544!Z 
: : : ioved by simple wasl 1g wI 

discarded. Contamination was remo 1000:.g, and the flow-through was 
:. 5 fo 30 seconds at 11 X ±» 

NT3, followed by centrifugation tor � 5Y¥ X\ ™ <� \ "!¾ >¥� ½ \ PaD Y� 
. d PCR Clean-up "½ 

discarded. The NucleoSpin® Gel and <jfi6 1 membrane of a NucleoSpin® 
bound to the silica 

microcentrifuge tube, \ ¥¾ � ' ! AET X\ ™ AET X\ ™ ! � 5� !¾ 5¥¾!Z � ½X ™\ � � 
C>¥\ �� ­ y � ' ! <5Z! 

1 ! � \ ¥¾ L: k : � ! \ ¥M5< : ½� 5Y¥a E (5 mM Tris/HCl, pH HaDh _­ \ ¾¾!¾ 
a G� 5�>½¥ b 544!Z N' 5 "½¥¾>�>½¥™ X>�' slightly alkaline 
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mr ar µ P EG \ ¥¾ � ' ! ¥ >¥"5_\ � !¾ \ � Z½½Y � ! a 
· mperature for I minute, and � ' ! ¥ "!¥� Z>45»!¾ \ � 

PPr r r » 4½Z P YY5� ! a 2 ' ! ! � 5\ � ! X\ ™ Z! � a dfc · 
amne or ™!©5!¥"Y»a 

3.2.7 Sequencing of Amplified Regions 

2 ' ! <5Z>4>!¾ AET 4½Z V\ ¥»!Z ™!©5 · • 
encing was sequenced using a b >»A­ ! ® 2!ZY>¥\ � ½Z 

K PaP : ­ "� ! V!©5!¥">¥» Kit \ ""½Z¾>¥» � ½ � ' ! Y\ ¥54\"�5Z!Ze™ >¥™�Z5"� >½¥™a 

T � ½� \ � of 1-2 l of <5Z>4>!¾ L: k \ Y<� >"½¥ X\ ™ \ ¾¾!¾ � ½ \ Z! \ "� >½¥ Y>Q�5 Z! "½¥� \ >¥>¥» Pµ P 

b >»A­ ! ™!©5!¥">¥» _544!Z \ � w0 4>¥\ � "½¥"!¥�Z\ � >½¥y m µ w b >»A­ ! y r aD µ w !>� ' !Z 4½ZX\ Z¾ ½Z 

Z!K!Z™! <Z>Y!Z™y \ ¥¾ ¾>™� >�� !¾ X\ � !Z � ½ _Z>¥» � ' ! 4>¥\ � Z! \ "� >½¥ K½� 5Y! 5< � ½ P r µI. 2 ' ! 

™!©5!¥">¥» Z! \ "� >½¥ X\ ™ <!Z4½ZY!¾ 5™>¥» \ �' !ZY½"­ "� !Z X>�' � ' ! 4½�� ½X>¥» "­ "� ! 

"½¥¾>� >½¥™u >¥>� >\ � ¾!¥\ � 5Z\� >½¥ \ � Sp ° : 4½Z ½¥! Y>¥5� ! 4½�� ½X!¾ _­ �X !¥�­ M4>K! "­ "� !™ \ � 

Sp ° : 4½Z � !¥ ™!"½¥¾™y DU ° : 4½Z 4>K! ™!"½¥¾™y \ ¥¾ pr ° : 4½Z 4½5Z Y>¥5� !™a 

2 ' ! ™!©5!¥">¥» <Z½¾5"� X\ ™ <5Z>4>!¾ 5™>¥» � ' ! b >»A­ ! ® 0 2 !ZY>¥\ � ½Z2O <5Z>4>"\ � >½¥ • >� 

\ ™ <!Z �' ! Y\ ¥54\"� 5Z!Ze™ >¥™� Z5"� >½¥™a b Z>!4� ­ y Pr µ w ½4 ™!©5!¥">¥» <Z½¾5"� X\ ™ Y>Q!¾ X>� ' 

45 l SAMT solutions and 10 l b >»A­ ! ® 0 2!ZY>¥\ � ½Z™ ™½� 5� >½¥ >¥ !\ "' X! �� ½4 an 8­ 
X! �� ™�Z><a 2 ' ! <� \ � ! X\ ™ "� ½™!¾ X>� ' Tb \ ¾'!™>K! "½K!Zy 4½�� ½X!¾ _­ K½Z� !Q>¥» 4½Z Ur 

Y>¥5� !™y � ' !¥ "!¥�Z>45»\ � >½¥ \ � w r r r Q » 4½Z �X ½ Y>¥5� !™a C>¥\ �� ­ y �' ! <� \ � ! X\ ™ � ½\ ¾!¾ ½¥ 

� ½ \ ¥ T<<�>!¾ b >½™­ ™� !Y™ V!©V�5 ¾>½ 1 !¥! �>" T¥ \ � ­ %!Z Y\ "'>¥! 5™>¥» 

b >»A­ ! ® 0 2 !ZY>¥\ � ½Z™ Z5¥ Y½¾5� ! a 

E P � a¾ � ' !¥ \ ¥\ � ­ %!¾ \¥ ¾ \ ™™!Y_� !¾ 5™>¥» V!©5!¥"' !Z ™½4�X \ Z! 4½Z 5" !½ P ! ™!©5!¥"!™ X!Z! 

V\ ¥»!Zy K!Z™>½¥ vaPav 

3.2.8 NDV Identification 
• • !™ X!Z! \ ™™!™™!¾ 5™>¥» �' ! b \ ™>" - ½"\ � T � >»¥Y!¥� The raw data from Palestinian sequenc 

¾ � �' !Z ™!©5!¥"!™ >¥ �' ! 1 !¥b \¥• E: b wa T b - TV2 V! \ Z"' 2½½� cb - TV2h \¥ ¾ "½Y<\ Z! ½ 0 
:. th identity of Palestinian sequences. search was performed to determine the 1 

:. Mesogenic, or Lentogenic 3.2.9 NDV Classification as Velogemc, C! '5' ·3 • • 

'. samples were translated to amino acid sequences 
E5"� !½�>¾! ™!©5!¥"!™ 4½Z local virus Ip . . 

X'>"' \ �� ½X™ 4½Z �' ! �Z\¥ ™� \ �>½¥ ½4 \ ¥5"� !½�>¾! 
5™>¥» �' ! GQ<\ ™­ �Z\¥ ™� \ �>½¥ � ½½� y 
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(DNA/RNA) sequence � ½ \ ¥ \ Y>¥½ \ ">¾™ 
equence. The ¾!¾5"!¾ \ Y>¥½ \ ">¾ ™!©5!¥"!™ X!Z! 

analyzed for the presence or absence of dist;r +» .,% ,_, 
1stinctive 3asic amino acids in the fusion protein 

cleavage site for all confirmed Newcastle di- , 
1sease viruses. 

3.3 Multiple Sequence Alignment and Analysis 

k !<Z!™!¥� \ � >K! ™!©5!¥"!™ Z!"½YY!¥¾!¾ _­ A>Y>�Z½K et \ �aycmr PSh 4½Z complete F-gene 
™!©5!¥"!™ X!Z! Z! �Z>!K!¾ from GenBank. Accession ¥5Y_!Z™ \Z! 4½5¥¾ >¥ T<<!¥¾>Q Table 
Sl. 

V! � ! "� !¾ ™!©5!¥"!™ 4Z½Y Z!»>½¥\ � "½5¥�Z>!™ ½4 »!¥½�­< !™ ww B 7 ww X!Z! \ � ™½ ½_� \ >¥!¾ 4Z½Y 

1 !¥b \ ¥• X'>"' ' \ K! \ complete F-gene sequences X' !Z! \ <Z>½Z »!¥½�­< ! \ ™™½">\ � >½¥ ' \ ¾ 

_!!¥ Y\ ¾!y X!Z! 5™!¾ � ½ _5>� ¾ � ' ! �Z!!™a 2' ! ™!©5!¥"!™ 4½Z � ' ! <\ Z�>\ � C »!¥! ½4 »!¥½�­< ! 

ww >™½� \ � !™ 4Z½Y ™5ZZ½5¥¾>¥» "½5¥�Z>!™ X!Z! ™! � !"� !¾ _\ ™!¾ ½¥ \ "5� ½44 "Z>� !Z>½¥ ½4 ™!©5!¥"! 

>¾!¥� >�­ >¥ b - TV2¥a T""!™™>½¥ ¥5Y_!Z™ \ Z! 4½5¥¾ >¥ T<<!¥¾>Q Table S2.1 and Table 
S2.2. T �� ™!©5!¥"!™ X!Z! \ � >»¥!¾ _­ � ' ! :� 5™� \ � Y5™"� ! Y! �' ½¾ using MEGA-X version 
Pr aPaH ™½4�X \ Z!a 2' ! \ � >»¥Y!¥� X\ ™ <!Z4½ZY!¾ X>�' �' ! ¾!4\5� � »\ < <!¥\ � � >!™ <\ Z\Y! � !Z™ 

c1 \ < . <!¥>¥» L!¥\ � �­ was -400.00 and 1 \ < GQ� !¥™>½¥ L!¥\ � �­ X\ ™ %!Z½ha 

T � �' ! !¥¾ ½4 �' ! ™�5 ¾­ y \ Y5� � ><� ! ™!©5!¥"! \ � >»¥Y!¥� X\ ™ <!Z4½ZY!¾ � ½ "½Y<\ Z! � ' ! 

™!©5!¥"!™ ½_� \ >¥!¾ 4Z½Y »!¥½�­< ! ww 4½Z L\ � !™� >¥>\ ¥ >™½� \ � !™ \¥ ¾ � ' ! ½� ' !Z ½¥! � ½ "½Y<\ Z! 

»!¥½�­< ! 7 wwa w \¥¾ »!¥½�­< ! 7 wwam ™!©5!¥"!™ ½_� \ >¥!¾ 4Z½Y L\ � !™� >¥>\ ¥ >™½� \ � !™a 

3.4 Construction of phylogenetic trees 
Aa · y •>¥ 1 � !¾ Z!<Z!™!¥� \ �>K! full-length F-gene sequences 4½Z \ "� \ ™™ 1mitrov's worl g group selec 

¾ ' o · P ¾ � � oh � ' \ � X½5� ¾ \ �� ½X 4½Z Z\<>¾ »!¥½�­< >¥» >¾!¥�>4>"\ � >½¥ ww ¾\ � \ ™! � c� !ZY! � e 'pilot \ \ ™! 

½4 ¥½K! � >™½� \ � !™a 

. Il id tified ™5_s»!¥½�­< !™ 4½Z �' ! A>Y>�Z½K "� \ ™™>4>"\ �>½¥ k !<Z!™!¥� \ �>K! ™!©5!¥"!™ 4Z½Y a, 1en 

. . dt Table S1) cA>Y>�Z½K et al., mr PSh X!Z! ¾½X¥� ½\ ¾!¾ ™"' !Y! c¥FPmDh listed in (Appen w0 a 

4Z½Y 1 !¥b \ ¥• ½4 � ' ! E\ � >½¥\ � : !¥� !Z 4½Z b >½� !"'¥ ½� ½»­ w¥4½ZY\ �>½¥ cE: b wha 

!Z! _5>�� >¥ OG1 T 0 5™>¥» �' ! Y\ Q>Y5Y Phylogenetic trees ½4 \ � >»¥!¾ ™!©5!¥"!™ we 
s il time reversible (GTR) model with 1000 � >•! �>' ½½¾ cO- h Y! �' ½¾ _\ ™!¾ ½¥ �' ! »!¥!Z\ a 

¾>™�Z>_5�>½¥ was being used � ½ Y½¾! � _½½� ™�Z\< Z!<� >"\ � !™ X>�' \ ¾>™"Z! � ! »\YY \ 
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evolutionary rate differences among sites, as shown in (Appendix S4) and Figures 4.6, 
4.7, 4.8). 

2Z!!™ X!Z! K>™5\ � >%!¾ using Fig Tree version Pavam � ½ Y\ • ! �Z! ! "� \ ¾!™ "½� ½Z45� \ ™ ™' ½X¥ >¥ 
(Figures 4.2, 4.3, 4.4, 4.5). 

3.5 Pairwise amino acid similarity 

L\ >ZX>™! "½Y<\ Z>™½¥™ ½4 ¾!¾5"!¾ \ Y>¥½ \ ">¾ ™!©5!¥"!™ 4½Z L\ � !™� >¥>\ ¥ !Q<!"� !¾ »!¥½�­< ! 

ww \ ¥¾ »!¥½�­< ! 7ww ™!©5!¥"!™ X>� ' »Z½5< ww \ ¥¾ »Z½5< 7 ww ™!©5!¥"!™ 4Z½Y (½Z¾\ ¥y G»­< � y 

\ ¥¾ w™Z\ ! � (Table S3.1, Table S2.2) were "½Y<5� !¾ 5™>¥» � ' ! VwTV � ½½� \ K\ >� \ _� ! >¥ �' ! 

4½�� ½X>¥» link: http://imed.med.ucm.es/Tools/sias.html. 

3.6 Estimating Time Tree 

k ! � 2 >Y! X>�' A\ � !¾ 2><™ k 2A2 \ ¥\ � ­ ™!™ X!Z! "½¥¾5"� !¾ 5™>¥» O G1 T 0 _­ <Z½K>¾>¥» 

� ' ! !™� >Y\ � !¾ O - �Z! ! c™' ½X¥ >¥ Figure 4.7) for »!¥½�­< ! 7 ww >™½� \ � !™ X>� ' ™\ Y<� >¥» � >Y!™a 
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4. CHAPTER FOUR 
4. Results 

4.1 Identification and Classificati f S . on o trams 
4.1.1 PCR, Gel Electrophoresis d S . , an iequencing 
2' ! \ Y<� >4>"\ � >½¥ ½4 � ' ! <\Z� >\ � p . 

. gene region of � ' ! >™½� \ � !™ <Z½¾5"!¾ _\¥ ¾™ \ � \ _½5� Upm 
_< (Figure 4.1), and � ' ! <5Z>4>!¾ _\ ¥¾™ X!Z! ™!©5!¥"!¾a 

w = 
M NTC 1 

1500bp> 

1000bp> 

500bp> 

100bp-> 

362 bp 

Figure 4.1:Representative image of Agarose gel electrophoresis showing Polymerase 

chain reaction amplification of the Newcastle disease virus fusion gene using A and B 

primers, which gave a product size of 362 bp. 2' ! \Y <�>"½¥™ X!Z! ! � !"�Z½<' ½Z!™!¾ >¥ PaDt 

\ »\Z½™! »! �a - \ ¥! O u Pr r _< AET � \ ¾¾!Zy - \¥ ! E2 : u L: k Z!™5�� X>�' ½5� � ' ! AET � !Y<� \ � ! y 

- \ ¥! Pu L: k Z!™5� � 4½Z <½™>� >K! >™½� \ � !™a 

22 



4.1.2 Identification by BLAST 
Table 4.1: BLASTn results for is w t 0 a es most clos l l isolates. e Y re ated to sequenced Palestinian 

Palestine Percent Accession 
samples Identity Number Isolate name in NCBI Isolate genotype in 

NCBI 
PAL-Z3 SSapf t MK495888 Chicken/Egypt/L uxor/2012/8 7wwawaw 

SSapf t MH377309 Israel/PHL255913-Turkey/2016 7 wwa_ 
PAL-B2 SSapHt MK495888 Chicken/Egypt/L uxor/2012/8 7 wwawaw 

SSapHt MH377297 Israel/ PHL257758/2016 7wwa_ 
PAL-8T SHaf Ut ) / r f pr UD chicken/Pakistan/1002/1A/2015 7 wwam 

SHavmt O NpPvSUU : ' >"• !¥s(½Z¾\¥s(w 1-Spleen/2018 7wwam 
PAL-1244 SHapr t ) / r f pr UD "' >"• !¥sL\•>™� \ ¥s w r r ms 1A/2015 7 wwam 

SHaUPt O NpPvSUU Chicken/Jordan/J 1 1-Spleen/2018 7 wwam 

PAL-1025 Sf afHt ) / r f pr UD chicken/Pakistan/1002/1A/2015 7 wwam 

Sf avHt ON pPvSUU Chicken/Jordan/J 1 1-Spleen/2018 7wwam 

PAL-7TH SSapSt OE vHPmvv EA 7 s: ' >"• !¥sOGDsG»­< �s mr Pp II 

SSapSt O ) Hr pUSp : ' >"• !¥sb HSvs (>\ ¥»™5smr PHs: '>¥\ II 

PAL-9H SSavDt OE vHPmvv EA7 s: ' >"• !¥sOGDsG»­< �s mr Pp II 

SSavDt O) Hr pUSp : '>"• !¥sb HSvs(>\¥ »™5smr PHs: '>¥\ ww 

PAL-66 Pr r t OE vHPmvv EA 7 s: ' >"• !¥sO GDsG»­< �s mr Pp II 

Pr r t MK806396 : '>"• !¥sb HSvs(>\¥ »™5smr PHs: '>¥\ II 

EA 7 s: ' >"• !¥sOGDsG»­< �s mr Pp II PAL-458 SSaPf t OE vHPmvv 

MK806396 : ' >"• !¥sb HSvs(>\ ¥»™5smr PHs: ' >¥\ II SSaPf t 

�' PP � ' ! ™\Y <� !™ "½�� ! "� !¾ >¥ L\ � !™� >¥! ™' ½X K!Z­ '>»' BLASTn results "� ! \Z� ­ ™' ½X \ � \ 
:. oig to NDV genotypes II and VII that were attained homology to other NDV strains belong1lg . s- · P 2 ' ! '>»' !™� ¾!»Z!! ½4 ' ½Y½� ½»­ X>�' >™½� \ � !™ >¥ � ' ! within the past ten years in Table 4..±. 
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1 ! ¥b \¥• ¾\ � \ _\ ™! X\ ™ 4½5¥¾ _ 
· etweensamplePAL- : 

which showed 100% similarity. S;»,,, -66 and isolates from Egypt and Chin 
·similarity of>99, a, 

Z3, PAL-B2, Pal-7H, P T- MSN o X\ ™ \ � ™½ 4½5¥¾ _! �X !!¥ ™\Y <� !™ < T- M 
e \ ¥¾ PAL-458 1d . 

: ' >¥\ a \ ¥ >™½� \ � !™ Z!<½Z�!¾ 4Z½Y G»­< � y w™Z\! � y \ ¥¾ 

4.1.3 Palestinian NDV Clas ifi 3 ssI11cation as Veloenic. Mc ., 
Table 4.2: Classification ofisol, P8° ©,1 1esogenie, or Lentogenic 
· o1isolates based on ded ­ site (112-117 a.a). Iuced amino acid sequence of the cl · · e c eavage 

Palestinian Neucleotide Sequence 
Sample 

Amino acid Detected Pathotype 
sequence genotype 

PAL-66 »»» \ »\ "\ » »»» "»" "�� GRQGRL II - !¥� ½ »!¥>! 
PAL-458 »»» \ »\ "\ » »»» "»" "� � GRQGRL ww - !¥� ½ »!¥>! 

PAL-TH »»» \ »\ "\ » »»» "»" "� � GRQGRL II - !¥� ½»!¥>" 

PAL-9H »»» \ »\ "\ » »»» "»" "�� GRQGRL II - !¥� ½ »!¥>! 

Biovac­ »»» \ »\ "\ » »»» "»" "� � GRQGRL 
vaccine 

ww - !¥� ½ »!¥>! 

PAL-1025 \ »» \ »\ "\ » \ \ \ "»" � �� RRQKRF vu 7 ! � ½»!¥>" 

PAL-1244 \ »» \ »\ "\ » \ \ \ "»" � �� RRQKRF VII 7 !� ½»!¥>" 

PAL-8T \ »» \ »\ "\ » \ \ \ "»" � �� RRQKRF VII 7 ! � ½»!¥>" 

PAL-B2 \ »» \ »\ "\ \ \ \ \ "»� ��� RRQKRF 7ww 7 ! � ½»!¥>" 

PAL-Z3 \ »» \ »\ "\ \ \ \ \ cgt ttt RRQKRF 7ww K! � ½»!¥>" 

2' ! ¾!¾5"!¾ \ Y>¥½ \ ">¾ ™!©5!¥"!™ ½4 � ' ! "� ! \ K\ »! ™>� ! ½4 �' ! C »!¥! Z!K!\ � !¾ �' \ � � ' ! 

L\ � !™�>¥>\¥ >™½� \ � !™ !Q\ Y>¥!¾ >¥ �'> ™ ™�5 ¾­ "½¥™>™� !¾ ½4 _½�' � !¥� ½»!¥>" c� ½X K>Z5� !¥"!h \ ¥¾ 

velogenic (high K>Z5�!¥"!h ™�Z\ >¥™ (Table 4.2). The K! � ½»!¥>" ™�Z\ >¥™ "½¥� \ >¥!¾ \ <½� ­ _\ ™>" 

\ Y>¥½ \ ">¾ <\ �� !Z¥ �' \ � >™ "' \ Z\"� !Z>™� >" ½4 virulent NDV strains, \ ¥¾ \ Z! �' ! ™\ Y! >™½� \ � !™ 

�' \ � b - TV2¥ \ ¥\ � ­ ™>™ <Z!¾>"� !¾ � ½ _! � ½¥» � ½ »!¥½�­< ! 7wwa 2 ' ! K! � ½»!¥>" >™½� \ � !™ >¥"� 5¾! 

�X ½ >™½� \ � !™ ½_� \ >¥!¾ >¥ mr PH (samples PAL-1025 from 25_\ ™ \¥ ¾ LT- MPmvv 4Z½Y 
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(! Z5™\ � ! Yhy �X ½ >™½� \ � ! ™ ½_� \ >¥! ¾ in 2021 ( P < 
samples T- MH2 4Z½Y N!_Z½¥ \ ¥¾ b m 4Z½Y b ! �'� ! ' !Yh \ ¥¾ >™½� \ � ! 8U ½_� \ >¥!¾ in 2022 fr N _ 

½Y eiuron. 

4.2 Phylogenetic Analyses 

4.2.1 Complete and Partial F Gene Dimitrov's Pilot Trees 

w¥ ½Z¾!Z � ½ ¾! � !ZY>¥! whether Dimitrov's method 4½Z 45�� length F-gene sequence 
"� \ ™™>4>"\ � >½¥ "½5� ¾ _! 5™!¾ � ½ »!¥½�­< ! Z!»>½¥\ � \ ¥¾ L\ � !™� >¥>\ ¥ partial F-gene sequences, 
\ <>� ½� K\ � >¾\ � >½¥ 5™>¥» �X ½ �Z!!™ X\ ™ ¾½¥!a 2 ' ! 4>Z™� �Z! ! X\ ™ "½¥™�Z5"� !¾ 4Z½Y �' ! ™\ Y! 

¾\ � \ ™! � �' \ � ' ! 5™!¾a 2 '>™ <>� ½� ¾\ � \ ™! � >¥"� 5¾>¥» Z!<Z!™!¥� \ � >K! ™!©5!¥"!™ 4Z½Y \ �� 

>¾!¥� >4>!¾ ™5_s»!¥½�­< !™ 5™>¥» � ' ! "½Y<� ! � ! C »!¥! ™!©5!¥"!™ 4½Z �' ! "� \ ™™ ww ¾\ � \ ™! � X\ ™ 

<' ­ � ½»!¥! � >"\ �� ­ \ ¥\ � ­ %!¾ X>�' � ' ! O - Y! � ' ½¾ \ ™ ™' ½X¥ >¥ Fig 4.2 with � ' ! '>»' !™� � ½» 

� >•! � >'½½¾ cMUPrSpavf ha 2 ' ! O - \ <<Z½\ "' X\ ™ 5™!¾ � ½ <' ­ � ½»!¥! � >"\ �� ­ !Q\ Y>¥! � '>™ <>� ½� 

¾\ � \ ™! � � ½ ¾!Y½¥™�Z\ � ! �' \ � � ' ! � ½<½� ½»­ ¾!Z>K!¾ 5™>¥» !¥� >Z! C »!¥! ™!©5!¥"!™ 4½Z �' ! "� \ ™™ 

ww ¾\ � \ ™! � X½5� ¾ _! Y\ >¥� \ >¥!¾ >4 <\ Z�>\ � C »!¥! ™!©5!¥"!™ X!Z! 5� >� >%!¾a 2 ' ! � \ Q\ ¥\ Y!™ 

>¥"� 5¾! �' ! 1 !¥b \ ¥• >¾!¥� >4>"\ � >½¥ ¥5Y_!Zy ' ½™� ¥\ Y!y "½5¥�Z­ ½4 >™½� \ �>½¥y ­ ! \ Z ½4 

>™½� \ � >½¥y \ ¥¾ A>! � »!¥½�­< >¥»a 

2 ' ! <Z!K>½5™� ­ 45�� � !¥»� ' MC »!¥! \ � >»¥!¾ ™!©5!¥"!™ X!Z! �Z>YY!¾ � ½ �' ! ™\ Y! ™>%! � ½ 

>¥"� 5¾! ½¥� ­ ¥5"� !½� >¾!™ 4Z½Y <½™>� >½¥ SD � ½ vpr cUpp _<h � ½ ½_� \ >¥ <\ Z�>\ � C »!¥! 

ith lified region, which includes the cleavage site. The tree ™!©5!¥"!™ "½¥»Z5!¥� XP ½5Z \ Y< P ½ y 

with the highest log likelihood (-6422.06) is shown in Fig 4.3. 

a !¥"!™ ™5""!™™45�� ­ Z!"½¥™� >�5 � !¾ �' ! ™\ Y! »!¥½�­< ! The pilot tree for partial F gene sequ 
. . t l (mr PSh X'>"' 5™!¾ "½Y<� ! � ! EA7 C »!¥! topology as the tree reported by Dimitrov etal., h 

>¾!¥� >4>!¾ \ ¥¾ indicated according to "½� ½Z \ ™ ™!©5!¥"!™ T �� EA7 »!¥½�­< !™ X!Z! 
· check that trimming reference ™!©5!¥"!™ � ½ . 4 3 w¥ ½Z¾!Z � ½ " !" ½ 

presented in Fig 4.2 and Fig 4.3. ,,, le full length and partial 
ld not distort tlie trees, ' �' 1 �' 4 sequences wou 

Y\ � ! ! !¥» ½ ½5Z a ¾ ¾ �' !™! X!Z! "½Y<\ Z!¾a a X!Z! 5™!¾ to buil trees \ ¥ 
™!©5!¥"!™ 4Z½Y Z!4!Z!¥"! >™½� \ � !™ "!™ ½_� \ >¥!¾ \ <\ Z�>\ � C »!¥! 

a \ Z�>\ � C »!¥! ™!©5!¥ 2Z>YY>¥» ½4 �' ! ™!©5!¥"!™ to obtain p . 
<� ! � ! C »!¥! <>�½� �Z!! a <>� ½� �Z! ! ½4 >¾!¥�>"\ � � ½<½� ½»­ to the com 
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2 ' ! "½¥™� Z5"� >½¥ ½4 \ <' ­ � ½»!¥! �>" �Z _ ¾ a 
ee vase on either :. .: 

• a Z \ YY ½ \ ">¾ ½Z ¥5"� !½�>¾! ™!©5!¥"! ¥!"!™™>� \ � !™ � ' ! "Z! \ �>½¥ ½4 \ ¾\ � \ Y\ �Z>Q �' 
a a \ � 5™!™ \ Y½¾! � 4½Z ¥5"� !½� >¾! ½Z \Y>¥½ \ ">¾ 

™5_™�>�5 �>½¥ c\ � ™½ "\ �� !¾ \ ¥ !K½� 5� >½¥ ¾ 
P . · ary mo ! ha V!K!Z\� Y½¾! � ™ !Q>™� ½4 K\ Z­>¥» 

complexity depending on �' ! ¥5Y_!Z ½4 a 
a <\ Z\Y ! � !Z™ taken into account, ™5"' \ ™ �Z\ ¥™>� >½¥ 

and trans version rates, 1 : "½¥� !¥� <½™>� >½¥ ½4 � ' _ · • • 
e ! substitution in the "½¾½¥y ! � "a c: \ � ¾\ Z� 

et al., 2018). MEGA X is a program that tests 24diffe Gt. 5hr 
1i1erent evolutionary models in order to 

™! � ! "� � ' ! ½¥! � ' \ � _!™� 4>� ™ �' ! >¥<5� ™!©5!¥"! ¾\ �\ c · � >• � >' ¾ 
Ior maximum el ooc tree 

"½¥™�Z5"� >½¥a 

In � '>™ ™�5 ¾­ ½4 �' ! <\ Z�>\ � C »!¥! ™!©5!¥"!™ ½4 � ' ! >™½� \ � !™ ™! � ! "� !¾ _­ A>Y>�Z½K et al. 4½Z 

� ' !>Z <>� ½� �Z! ! c \ ¥¾ "5� � ½ �' ! ™\ Y! � !¥»�' \ ™ ½5Z L\ � !™� >¥>\ ¥ \ Y<� >4>"\ � >½¥ <Z½¾5"� ™h � ' ! 

_!™� M4>� Y½¾! � X>�' �' ! � ½X!™� b w: cb \ ­ !™>\ ¥ w¥4½ZY\ � >½¥ : Z>� !Z>½¥h ™"½Z!™ X\ ™ 4½5¥¾ _­ 

O G1 T 0 � ½ _! � ' ! )amg1 gw Y½¾! � c>a! ay �' ! )>Y 5Z\ mM<\ Z\Y! � !Z Y½¾! � X>�' v "\ � ! »½Z>!™ 

½4 ™>� !MZ\� ! ' ! � !Z½»!¥!>�­ 5¥¾!Z � ' ! 1 \ YY \ Y½¾! � ¾>™�Z>_5� >½¥ cg1 hy X>� ' >¥K\ Z>\ ¥� ™>� !™ 

\ �� ½X!¾ cgwhha T ¾>™� >¥»5>™'>¥» 4!\ �5Z! ½4 � '>™ )m Y½¾! � >™ � ' \ � >� � \• !™ >¥� ½ "½¥™>¾!Z\� >½¥ 

¾>44!Z!¥� Z\� !™ ½4 �Z\ ¥™>� >½¥™ \¥ ¾ �Z\ ¥™K!Z™>½¥™a 2 ' ! <>�½� �Z! ! � ½ X'>"' �'> ™ Y½¾! � X\ ™ 

\ <<� >!¾ "\ ¥ _! 4½5¥¾ >¥ APPENDIX S4.2.B. N½X!K!Zy >¥ � '>™ ™�5 ¾­ X! \ ¾½<� !¾ �' ! 1 2k 

+ 1 ™5_™�>�5 � >½¥ Y½¾! � y X>�' ¾>™"Z! � ! 1 \ YY \ ¾>™�Z>_5� >½¥y >¥ ½Z¾!Z � ½ Y\ >¥� \ >¥ '>»' 4>¾! � >�­ 

� ½ � ' ! X½Z• ½4 A>Y>�Z½K et al. cmr PSha 2 ' ! 1 2k g 1 Y½¾! � \ �� ½X™ >¥¾>K>¾5\ � <Z½_\ _>� >� >!™ 

4½Z !\ "' <½™™>_� ! ™5_™� >�5 � >½¥y \ ¥¾ \ �� ™5_™�>�5 � >½¥™ \ Z! \ ™™5Y!¾ � ½ _! Z!K!Z™>_� ! c- \ Yy N½¥ 

\ ¥¾ 2 \ ¥»y mr Pr ha 2 ' ! �X ½ �Z! !™ "½¥™�Z5"� !¾ 5™>¥» �' ! �X ½ ¾>44!Z!¥� ™5_™� >�5 � >½¥ Y½¾! � ™ 

· � · a did P � P �Y ½™� \ � � ' ! � !K! � of genotype and ™5_»!¥½�­< ! y X>� ' Y>¥½Z mamntaine ilentica topo ½»­ a. s 

K\ Z>\ � >½¥™ ½_™!ZK!¾ >¥ _½½� ™�Z\ < K\ � 5!™ \ ™ ™' ½X¥ >¥ APPENDIX S4.2.A and B. 
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4.2.2 Addition of Regional Isolates to Dimitro , p-
1 

t T 
v s Io ree (Complete and Partial F Gene Sequences) 

MSA for �' ! "½Y<� ! � ! C »!¥! 4½Z ™!©5!¥"!™ 4Z½Y � ' ! <>� ½� ¾ � � · P ¾ ¾ · 
aaset inc 5 ! Z!<Z!™!¥� \ �>K! 

™!©5!¥"!™ 4Z½Y \ �� >¾!¥� >4>!¾ "� \ ™™ II sub/genotypes from �' ¥· · �Z 
1 

·fi · 
le himitrov classification 

™"' !Y! (n=l25), \ ¥¾ ½¥! "� \ ™™ w ™!©5!¥"! \ ™ �' ! ½5� »Z½5<y X>� ' ™!©5!¥"!™ 4½Z >™½� \ � !™ ½4 

»!¥½�­< ! ww \ ¥¾ »!¥½�­< ! 7 ww 4Z½Y � ' ! 4½�� ½X>¥» ¥!>»' _½Z>¥» "½5¥�Z>!™ (n=56): w™Z\! � y 

(½Z¾\ ¥y G»­< � y wZ\ ©y wZ\ ¥y \ ¥¾ 25Z• !­ y X'>"' ' \ ¾ �' !>Z "½Y<� ! � ! C »!¥! ™!©5!¥"!™ 

™5_Y>�� !¾ >¥� ½ E: b w X>�' complete F-gene sequences. T¾¾>� >½¥\ � >¥4½ZY\ � >½¥ >™ 4½5¥¾ >¥ 

T<<!¥¾>Q (Table S2.2 and Table S3.1). The \ ¥\ � ­ ™>™ >¥K½� K!¾ PHm ¥5"� !½�>¾! ™!©5!¥"!™a 

2' ! �Z!! X>� ' �' ! '>»' !™� � ½» � >•! � >' ½½¾ cMUDr HUaPph >™ ™' ½X¥ >¥ Fig 4.4. 

2' ! � \ Q\ ¥\ Y!™ >¥"� 5¾! �' ! 1 !¥b \ ¥• >¾!¥� >4>"\ � >½¥ ¥5Y_!Zy ' ½™� ¥\ Y!y "½5¥�Z­ ½4 

>™½� \ � >½¥y ­ ! \ Z ½4 >™½� \ �>½¥ \ ¥¾ »!¥½�­< >¥»a w™Z\! �> »!¥½�­< !™ 5™!¾ >¥ �'> ™ ™�5 ¾­ \Z! 

'>»'� >»' � !¾ >¥ _� 5! 4½¥� y k !4!Z!¥"! >™½� \ � !™ 5™!¾ >¥ � '>™ ™�5 ¾­ \Z! '>»'� >»' � !¾ >¥ _� \ "• 4½¥� y 

\¥¾ ½� ' !Z >™½� \ � !™ \ Z! '>»' �>»' � !¾ >¥ Z!¾a 

· w ¾ nI ¥5"� !½� >¾!™ 4Z½Y <½™>� >½¥ SD � ½ 2' ! <Z!K>½5™� ­ \ � >»¥!¾ ™!©5!¥"!™ X!Z! "5� � ½ Y! 5 ! ½ Y 

vDf cUpU _<h � ½ ½_� \ >¥ <\ Z�>\ � C »!¥! ™!©5!¥"!™a 2' ! �Z!! X>� ' � ' ! '>»' !™� � ½» � >•! � >'½½¾ cM 

pHvf ar ph >™ ™' ½X¥ >¥ Fig 4.5. 

' itrov's vilot �Z! ! >¥ ½Z¾!Z � ½ "½Y<\ Z! 45�� \ ¥¾ k !»>½¥\ � EA7 ™!©5!¥"!™ X!Z! \ ¾¾!¾ to Dimi: p . 
ldi g identical topological trees. The topologies of <\ Z�>\ � ™!©5!¥"!™ 4½Z � ' ! <5Z<½™! ½4 building . . � ¾ 
: '5 4.4 id Fig4.5.Regional isolates associate d Fig an ·5 ''· ·% � ' ! �X ½ �Z!!™ \Z! >¾!¥� >"\ � \ ™ presentec in ·% " 7ww a �' ' ­ � ½½!¥! � >" �Z!!y 

id tified as genotype in e pi '% X>�' »!¥½�­< ! 7 ww >¥ E: b w \ Z! \ � ™½ I !¥ I e b 

\ ¥¾ � ' ! ™\Y ! >™ �Z5! 4½Z »!¥½�­< ! wwa 

il ·t �Z! ! \¥ ¾ �' ! <\Z�>\ � C »!¥! a a �' ! "½Y<� ! � ! C »!¥! <P ½ 
2' ! \ ¾¾>� >½¥ of regional isolates � ½ a 5¥¾>¥½ "½5¥�Z>!™ "� 5™� !Z!¾ 

4Z Y �' ! K\¥½5™ ™5ZZ½ a i:, ww a \ � >™½� \ � !™ om1 th . <>� ½� �Z!! Z!K!\ � !¾ �' \ � \ Z!»>½¥ a from Israel "� 5™� !Z!¾ � ½»! � er 1n 
umber of isolates <o 

"� ½™! � ­ � ½»! � ' !Z (Figure 4.4). T � \ Z»! ¥ a 
1 

� 5™� !Z!¾ � ½»! �' !Z ™!<\ Z\� ! 4Z½Y 
4Z a G\ ­< � X'>"' \ ™½ " · w � !™ om ·5. 3 "� ½™! � ½ _5� ™!<\ Z\� ! from isoa 
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enetic maxim um-likelihood tree ofNDV complete F gene containing Newcastle disease vims isolates of'hylog · I · I · Th· I · · h a.

. ddition to reg1ona ISO ates.
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• netic maximum-likelihood tree of N])y partial F gene sequences including Newcastle diseasePhy o.e ddi> · · · ces
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Partial F Gene Pilot Tree with Pal ti . 
. estinian Isolates 

and phylogeruc analysis of the part' 1 F
Jal gene (309 bp) fror 

sentative sequences from the Dimitr 1 · m the pilot dataset included
oV classification scheme (n=12¢ ,, 

es (n=10). The tree with the highest lc like (n=125), with Palestinian 
0g <elihood (-5061.82)is sh :. , 

sis involved 135 nucleotide sequen T] shown in Fig 4.6.This 
nces. he taxa 

names include the GenBank fication number, host name, country f ·
1o iso ation, year of isolation, and genotype.

inian isolates are highlighted in green.

idition of the Palestinian isolates to the partial F sf 
gene pilot tree revealed that the samples

ted to belong to genotype VII by BLAST did ind d I ·
ee c uster in genotype VII by

5enetic analysis. Three Palestinian isolates belonging to g typ VII I deno e c ustere very
y together in a cluster with branch support of 100%. These isolates include two isolates

ed from Aroub in 2018, one from a chicken in Jerusalem (PAL-1244) and one from a

n in Tubas (PAL-1025), as well as an isolate obtained from a Turkey in Hebron in 2021

8T), and these were found to be more closely related to isolates obtained from Pakistan

donesia. Another two isolates were found to be outside the aforementioned cluster, one

ken from a chicken in Bethlehem in 2021 (PAL-8T) and the other was recently taken

[ebron (PAL-Z3) in 2022, and also these belonging to genotype VII, and were found to

e closely related to isolates obtained from China. The remaining four samples included

nples identified as lentogenic by deduced amino acid sequence, and they clustered
· · I bt · d · 2018 as well as samples obtainedr in genotype II. These mcluded samp es o ame m

land the Palestinian Biovac VIR 105-VH strain vaccine sample which is a live

nic virus vaccine for Newcastle disease.
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. Sub-phylogenetic Trees for Genotyp VI 
pes I and II with (D" · 

Palestinian) NDV sequences mitrov study, regional, 

analysis for genotype VII involved nucl t·deo 1 e sequence: fr 1 • . • . s rom 3 Dimitrov isolates 53 
nal isolates, and 5 Palestinian isolates as is sho . . '

· wnin Fig4.7.There was a total of 308 
ions in the final dataset. Israel isolates used · hi

. · Int s study are highlighted in blue font.
itrov study isolates used m this study are highli ht d · blg e m ack font, and other isolates are
lighted in red. Palestinian isolates are highlighted in green.

1ylogenetic tree based on the partial F gene sequences of t II · 1 · our geno ype 1so ates m 5 
stinian isolates and genotype II isolates from neighboring Middle Eastern countries in

tion to sequences from 3 Dimitrov isolates, was constructed as shown in Fig 4.8. The

nbly of sequences used in the analysis was constructed based on a cutoff criterion which

detennined as follows: The percent identity between the two most divergent genotype II

tes (Sequence Identity between 9H and GU978777 sequences) on the original pilot tree in 

4.6 was determined to be 96% by BLASTn analysis. The percent identity between the PAL­

solate and the closest isolate in the closest neighboring genotype, genotype X (accession

3J705466), was determined to be 91 %. The mean value between these two values ofpercent

tity (93.5%) was used as a cutoff criterion. The 9H sequence was used as a query in

\STn analysis and partial F gene sequences meeting or exceeding this cutoff for percent

tity were included in the analysis, under the condition that the sequences were from isolates

1ined in the Middle East.

. . . . . . T ble S3.2 shows that the VH strain (downloaded
comparison of amino acid similarity in .a1 3o, :% ..5] 6th 

P 1 ( • an vaccine are 100% identical wit 
NCBI from Israel #KY569362) and the a estum . 

II In addition in phylogenetic analysis,
l . . . . h t b Iona to genotype . ' ulating viruses in Palestine t a CI bs ' . · ll as regional

. h The addition of Palestinian as we
ie clustered together in the same brancl. . . . 1 t were found to belong to

that Palestinian isolates 
ates to trees of the individual genotypes . . . f the relationship between the

learer visualization O 
1otypes VII and II) allowed for a c e VTI that clustered together in the

belonging to genotyp 
ates. The three Palestinian isolates e1 #' h an isolate from Jordan, while the

· the sub-tree wit 
v1ous tree (Figure 4.6) clustered in d re closely with isolates from

. . isolates cluster e mo
laining two aenotype VII Palestnuario 
{pt and Israel as shown in Fig 4.7 · 
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4,2.4. Sub-phylogenetic Trees for G. · ienotypes VII and II .
and Palestiman) NDV sequence with (Dimitrov st J • s tudy,regional, 

The analysis for genotype VII i 1. . nvo ved nucleotide se
regional isolates, and 5 Palestinian ic9], quences from 13 Dimilrov i'-olal n."I lSO ates as . nh . ~ ~~1 ',J,"1 

-' . . th . . is ,) own J.n Fio 4 7 Tlpo:.,1t1ons m e final dataset. Isra
1

. . .t') • • ere Was a tof·al of 'i()ll 
e isolates used ir this " 

D
. . . stud . . .. ' m t is study are l , l I' .imitrov study isolates used in this study re his l highlighted in blue font. 
. .. , . y ar., h1ghhgh.tcd in bl2 k f. . . . ;sighted inred. Palestinian isolates ar 'lack font, and other isolates are 5F 9-@l6Si1n1an1s0latesarehighlightciin "°"" a¢ lig) lighted in green h4lo 

The comparison of amino acid similarity in Table S$3.2 shows that the VH strain (downloaded

from NCBI from Israel #KY569362) and the Palestinian vaccine are 100% identical with

circulating viruses in Palestine that belong to genotype II. In addition, in phylogenetic analysis,

th
ese clustered together in the same branch. The addition of Palestinian as well as regional

isolates to trees of the individual genotypes that Palestinian isolates were found to belong to

(genotypes VII and II) allowed for a clearer visualization of the relationship between the

isolates. The three Palestinian isolates belonging to genotype VII that clustered together in tbe
previous tr (F' 

4 6
)

1
t d in the sub-tree with an isolate from Jordan, while the

ee igure ·· c us ereremainit VII p
1

t.
1
·an isolates clustered more closely with isolates from

ng two genotype a es in

Egypt and Israel as shown in Fig 4.7. 
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, Maximum likelihood phylogenetic tree for NDV genotype VII isolates including Palestinian isolates (in 
figure 1 isolates are highlighted 1Il blue, Dimitrov isolates are in black and other regional isolates are m red. ML tree
green), Jsrae p replicates with the highest log likelihood (-1368.11). There was a total of 308 positions in the final dataset.joOO bootstra
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g; Maximum likelihood phylogenetic tree for NOV genotype II isolates including Palestinian
figure 4: ·oreen). ML tree with 1000 bootstrap replicates. The tree with the highest log likelihood (-549.72).
oolates (in "total of313 positions in the final dataset. This analysis involved 26 nucleotide sequences.'[here was a 
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■
4 2 5 MSA between local genotype II sequences and . · vaccine sequences 
A multiple sequence alignment was perform d t

e o compare the sequences obtained from
genotype II for Palestinian isolates as well as two vaccine strains as shown in Fig 4.9. The

vaccine strains studied in this analysis are the LaSota vaccine, which is used worldwide, and

the Biovac-VH vaccine that is used in Palestine and Israel (#KY569362).

This alignment revealed that the PAL-66, P AL-458, and PAL-7H isolates were all identical.

These three isolates were obtained from vaccinated birds. They are identical to the sequence

obtained from these isolates and the Biovac-VH vaccine, it is apparent that the source of their

infection was the vaccine. The PAL-9H isolate was obtained from an unvaccinated bird, also

identical to the Biovac-VH vaccine. 

» a] 
G CC AA A C AAAATGCTGCCAACATCCTCCG AF077761-Lasota] C C G C A G C T C T G A T A C A A 

G 
KY569362-VH , • 

BIOVAC- PAL , , 

PAL-66 

PAL-458 

PAL-TH 

A 

A 

A 

A 

'9 [;''' ' 
. between Palestinian genotype II sequences and 

Figure 4.9: Multiple sequence alignme', p. e sequences according to this study. 
vaccine strains in position 272 to 317 in partie gen 

A 

. b genotype VII.I and sub-genotype . t of Palestinian sul­ 4.2.6 Multiple Sequence Alignmen 

VII.2 Sequences e genotype VII.I and genotype VII.2
. s erfonned to compar 

A multiple sequence alignment wa P he two sequences that clustered most
. . . lates as well as t

sequences obtained from Palestinian 1sol, (MW580389-Egypt-VII.1.1 and 
:. on the pilot tree 

closely to these Palestinian isolates was constrained by the length of the
th of the sequences 0) 

MH6I 4933-Jordan- VII.2). The lengt 1 d variation are shown (Figure 4·1 ·
[eotides that display© 

PAL- Z3 sequence (306 bp ). The nuc 
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PAL-23 : C G A G A G G G T T C T T C C T A ,,. 
111 114

'" "' "' "' u, "' m "' m 
111 

.., 

PAL-B2 C G A G A G G G T T C T T T G T G A T T T T A A C G A 
W580389-VIl1.. G C G A G A G G G T T C T C C T A T G T G A T T T T A A C G A 

PAL-ST A T A G A G A A A C C T T C C T A T G T G A T T T T A A C G A 
C C T T G 

PAL-1244 A T A G A G A A A C C T C C T G G G A A A G C C C C G G T A c
PAL-1025 A T A G A G A A A C C T C C : T G G G A A A G C C C C G G T A c

MH614933-V11.2] A T A G A G G G A A A G C C C C G G T A cA A A C C T C C T T G G G A A G G C C T C G G T A C 

26 59 61 62 68 74 22 
% IO1 ID8 LIO It 1H 

Figure 4.10: Multiple sequence alignment between . . 
with different two sub-genotypes. Palestinian genotype VII sequences 

The alignment clearly distinguishes between genotype VII 1 d VII 2. an . sequences. There were

no mismatches between the genotype VII 1 isolate · th · ·· sin ie region studied. There were 32 

mismatches between genotype VII 1 and genotype VII 2 · h · ·· sequences in the region studied. The 
local genotype VII.2 sequences showed no variation, but differed from the closest genotype

VII.2 sequence in two positions (177 and 221 ).

4.3 Amino Acid Similarity to Regional Isolates 
Comparative analysis for partial F gene deduced amino acid sequences was performed to assess

the relatedness and similarity between sequenced Palestinian isolates and Israeli and other

regional sequences. Isolates from Israel and other regional isolates used in the analysis are

described in tables in APPENDIX S3. Where the deduced amino acid similarity between

Palestinian sequences and sequences from regional isolates revealed a very high degree of

similarity.

4.4 Time Tree Estimation 
A time tree for genotype VII isolates was inferred by applying the Rel Time with Dated Tips

(RTDT) h d h 1
'd ence alimment and phylogenetic tree (Figure 4.7) whose

met o to t e nuc eotl esequ 
b h l 1 d

· the Maximum Likelihood (ML) method and the General
rancl lengths were calcu ate using 

T
. • • • d 1 The branch (JN986837-V11.2-Netherland-1993) was 
ime Reversible substitution model. 
l

. his sition, with the root sequence being the oldest and
se ected to set the root of this tree at t s po '• . The tree is shown in Figure 4.11. The time tree was
the b.p sequences being the most recent.0_ • 

71
taxa that were used as calibration constraints. A

computed using sampling tIp dates for . .54el evolutionary rate differences among sites (S 
discrete Gamma distribution was used to mo e .• al is involved 71 nucleotide sequences. Codon

categories (+G, parameter = 0.4223)). This an ys

P
. . 2 d+3rd+Noncoding.

ositions included were 1st+ n
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Figure 4.11: Timetree analysis using the Rel Time with Dated Tips (RTDT) method for ML

phylogenetic tree for NDV genotype VII isolates (308 nt), Palestinian isolates in purple. The
• ated log likelihood value of the tree is -1374.90. estum 

2018.34

2014.88 
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S. CHAPTER FIVE 
5, Discussion 
This study is the first in Palestine to determi 

. . ne genotypes, and to infer from these pathotypes
ofNewcastle disease virus (NDV), which causes a de . . . '. vaStatmg and highly infectious disease in
poultry. Partial F gene sequences were amplified b PCR e: 11 .Y , 10 owed by sequencing of the
amplified regions. A total of 30 samples from 2018 a d 2021;22 .n were collected from pigeons,
chickens, and turkeys which displayed respiratory symptoms indicative of a potential infection

with NDV. Nine samples produced a positive result in PCR and five of these were found to

belong to genotype VII (high pathogenicity), while the remaining four were found to belong to

genotype II (low pathogenicity) and were identical in sequence to a local vaccine strain.

The phylogenetic analysis was performed on nucleotides based on the full-length nucleotide

sequence of the fusion gene ( 1662 bp) using the pilot tree reference sequences proposed by

Dimitrov et al. (2019) and compared to a pilot tree constructed using partial F gene sequences

that matched with the amplified region according to the primers used in this work (362 bp) to

preserve the tree topology and determine the genotypes ofthe isolates. The trees were compared

to assess if the use of partial F gene sequences produced a tree with congruent topology to the

original tree based on complete F gene sequences.

While the complete F gene should be studied in order to identify novel genotypes as suggested

b
· · d strate that the partial F gene sequence is sufficient

y Dimitrov et al., (2019), here we lemon 
· · 1 t · to genotypes, rapid diagnosis and

for phylogenic studies that aim to classify isolates Int % 
. : itudies that used the partial F gene sequences

pathotypic analysis, as has been done m previous s . .
8

B 11 t al 2018 · Ghalyanchilangeroudi et al., 
(Dimitrov et al. 2016: Abolnik et al., 2013: e O e ., ' . 

. , ' . d t NDV nucleotide sequences are available
2018; EL-Morshidy et al., 2021). Being that abun an I ·tid 

b d as a reference to compare nuc eo'1 .e 
. G nB nk can e usein NCBI, sequence data from e a • 1 F gene in order to predict

. 1 sis based on the partia o
sequences and perform phylogenetic analy . . 

0 
ND in a given region (Saputri, Poetri

:..:. 3fthe virus causing 
genotype identity and trace the origin O . .d tifyina isolates where time is. be valuable m l en:' ± 
and Soejoedono, 2021).This suggestion m@' . ountries where funds might be

. icularly in developmg c
of the essence and in laboratories, part! 
limited. ti hypotheses depend upon an

veloping phylogenelC . 
Maximum likelihood approaches for dev structed with the General Time 

. this study were cons
evolutionary model and the trees In [9). The GTR family of nested models

·, imitrov et al.(201), 
Reversible (GTR) model applied by D
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for DNA site replacement, which is more comple» th . · • · x t an other mod 1 
,f substitution for each pair of nucleotide » 4;,,, els and assumes distinct rates 

· 1es, mn addition to vat ·, 
occun-ence (Choudhun, 2014). In additic @lying nucleotide frequencies of

ion, the GTR famil .
is the most widely used and useful H y ofnucleotide substitution models

. towever, a family of ti. 
constructed by restricting one or more of the ume-reversible models can be

GTR model paramet d
Kimura model was a better fit th th ers, an we found that a

an e general GTR model of Di > 
Nevertheless, Kimura models are examples f · hmitrov et al., (2019).

. o special cases of the GTR model (Jia Lo and H
2014) and this work adopted the more gene 1 GTR . '

0

' . ra model for wider applicability after
comparing the outputs ofboth models and confirmin th h . .. . . g at t e trees shared identical topologies
with only minor differences in bootstrap values (figure S4.2). 

This study first determined the viability of using partial F gene sequences to analyze isolates

according to the classification scheme presented by Dimitrov et al. (2019). The pilot tree for

partial F gene sequences successfully reconstituted the same genotype topology as the tree

reported by Dimitrov, which used complete NDV F gene sequences. However, sub-genotype

categorization was not always definitive, as sub-genotypes VII.2 and V. l, comprised

monophyletic clades using complete F-gene sequences (Fig 4.2), as described by Dimitrov et 

al. (2019), which broke down when using the partial sequence of 366 nucleotides (Fig 4.3). 

While there were differences in sub-genotype topology between the pilot trees based on partial

and full F gene sequences, all Dimitrov reference isolates were classified as being of the same

sub-genotype in both trees, whether based on complete or partial F gene sequences. In the next

stage, to confirm the robustness of the genetic grouping obtained by the partial F gene
. . d t d based on the complete F gene.

sequences, phylogenetic analysis was conducte 

D 
t e cleavage site in the F gene product for

ue to the great predictive value of a short pro eas . don martial sequences ofthe F gene and used
determining virulence, many investigations focusec P . . . f th fusion protein surrounding the location
these for epidemiology. The partial sequence O e .. a2fragments is sufficient for molecular virulence 
where the F0 precursor is broken into Fl audF 0)

Mundt E. and Rautenschlem, S., 202 .
assessment (Suarez, D., Miller, P., Koch, G., '

:. roups: class I (low virulence; usually
Phys :, :. divided into two gF'© ° Ylogenetically, NDV isolates are . d wild birds and having a wider
fo · • . ( diverse in poultry an .und in wild birds) and class II (very 4..:» a;al., 2019). Using the pilot : sd[-XXI(Dimitrov et »' • 
'@nge of virulence) with genotypes design@l 
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tree proposed by Dimitrov (2019) the Pal f .es iruan samples in thi 
two different genotypes ofNDV Class II- s

stu
dy were found to belong to

. genotype II, and genotype VII.

The phylogenetic analysis based on partial F gene sequences of genotyp II . 1 
validates the viability of the use of the partial F e 1sOates further

. . . · uat gene sequence for identification and analysis
fNDV isolates, which is particularly important in ·id < .: epidemiological studies when the goal is to 
rapidly assess the presence and spread of NDV, 

The LaSota vaccine is used worldwide and the Biovac VH · • . . , - vaccine is used in Palestine and 
Israel; both of which are prepared from genotype II NDV strai ·f 1 · 1 • hins or tow virulence, witl the 

Biovac-VH vaccine strain having a lentogenic cleavage motif of 12-GRQGRL-11_ These two

vaccine strains have more than 99% identity in nucleotide sequence for the HN and F genes

(Shahar et al., 2018). Samples PAL-66 and PAL-458, which were collected in 2018, belonged

to genotype II, as well as samples PAL-7H and PAL-9H, which were collected in 2021. The

sequences of these samples were all identical (Fig. 4.9) to each other and to the Biovac (VH­

strain) vaccine strain, from which it is suggested that these infections could have been caused

by vaccination. However, while P AL-7H came from a vaccinated flock, P AL-9H came from an

unvaccinated flock while the other 2 samples came from flocks with unrecorded vaccination

status (Table 3.1) indicating the possibility of both direct infection as well as the existence of a

natural reservoir of infection in wild-birds. It should be noted that as the vaccine is a live one,

recovery of viral RNA from vaccinated birds is not strange in of itself, but the presence of

cl· · 1 d rtality 5 vaccinated birds is cause for concern. In addition to
mica symptoms an mo a 1 m ..

· · · rotocols environmental or nutritional 
biosecurity lapses or misapplication of vaccination ' . 

:. ressive viruses may also increase the 
factors, bacterial infections, and immunosup 

h
. . . . . hin fl ks (Swayne et al., 2019). 

pathogenicity of vaccination witl 1oc 
I NDV strains isolated from poultry have caused

Others have also suggested that genotype 1 . . ik id. 2004). According to
. . d fr vaccmation (Aboln et a . ' 
infections that could have been denve om . . d fr on-vaccinated birds

[e disease viruses isolatec rom n 
previous research, low-virulence Newcastl. : :ould escape from poultry:.·that vaccine viruses C 
we hi hl . . . tr ins, suggesting re g y similar to vaccine s a , 0

• ' o' their spread into the environment
:. ·a1d birds, perhaps aiding 1nl 

and be transmitted by free-flying wild 21r05»' 4c stic fowl from North and South 
hi. kens and omes 1

(C : Wild birds c c ' .ardenas Garcia et al., 2013). 'I ' d to have isolates of this genotype
all been reporte

America, Africa, Asia, and Europe have

(Bello et al., 2018). 

42 



- 
Live vaccinations are frequently given in lar .

. . ge doses, either as a s r .
water which likely leads to environmental cont . . P ay or in the form ofdrinking

ammat1on (Brown and B .
oflive ND vaccines provided has a direct 1 . · 5evis, 2017), The dose

relationship with their effect'
connected with vaccinating free-roaming bird · tuveness. The challenges

ras, especially th 3f : · · · . ose o) varying ages, as well as
issues mamtammg the cold chain to retain th th . .. . . . e iermo-labile antigens in the vaccines are all
difficulties m the vaccination protocol. Chicke • h . . . . '. . ns witl insufficient immunization frequently 
become ill and die. The presence of antibodies (incl d' . .u mg maternal) in birds, can neutralize the
vaccine and reduce efficacy (Dimitrov et al., 2017).

Interestingly, it is noted that all of the our lentogenic field isolates were sourced from

commercial vaccines, whereas Israel apparently does not have such a high degree of infection

from the vaccine, as only one genotype II sequence has been deposited into NCBI from Israel.

The reason for this difference in outcome may be due to the strict vaccination protocols that are

enforced in Israel against NDV compared to the West Bank. Israeli protocols dictate that a live

vaccine be administered on the day of hatching by spray, followed by individual subcutaneous

injection of an inactivated vaccine on days 10-12, and yet another aerosol administration of live

vaccine at day 17-2l(Wiseman and Berman, 2017). On the other hand, in the West Bank in the

farms from which samples were taken, vaccine is administered by mass vaccination through

drinking water (Personal communication). This may result in birds receiving unequal doses,

Wh b
. d · hi h d that causes symptoms and other birds receiving a low

ere some ·Ir .s receive a g ose
1 1 t d in close proximity to each other, which

dose that provides no protection. Farms are a so tocatc 
· · t' between farms occurring.increases the possibility of cross contamination 

. . . 
0 

e VII, as shown in figure 4.6, which is
Five of the Palestinian samples are identified by gen typ '

. . ub es. Genotype VII viruses are the most
grouped into two separate clades with different s typ h ld. 

1 
ts and wild birds all over t e wor

commonly documented in ND outbreaks m pou try, pe ' Alf d Dutton, 2021) 
t andemic (Clemmons, son an ,

(Wesula Lwande et al., 2021) until the recent : di outbreaks in Asia the
: 5[ly significant disease ° 

and have been linked to a number of economica ~ 2000 Two samples, PAL-
th Africa since the year ' 

Middle East, and areas of America and Sou NDV trains responsible for the fourth
e VII.1.1. The s

B2 and PAL-Z3, belong to the sub-genotyp .. 2019). 1n the 1980s, genotype VII
· j(Dimitrov.etat,-' ; 

Pandemic belono to sub-oenotype VIL 1 · . (Vllb) and in the 1990s, they
8 5' 5d-;) and Indonesia " 

viruses first appeared in Taiwan (Vila an -c. . . Southeast Asia and expanded to most 
hich originated in 

ProducedthefourthpanzooticofND, w O l 2001· Miller et al., 2015a). These 
sc.s :. {h America(Yuetal." ,:. +biring the 
ltican countries as well as in Sout! 5cleotide distance, combining 

. e VII.1.1) based on nu
Viruses were merged into one genotype ( z 
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previously identified sub-genotypes VII, VT 

. ' Id, Vile, VIIj, and YIU . .
sub-genotype Vllf, which was previously cla . · An exception is the former

ssified as a separate sub 
et al, 2022). The new merging of these sub -genotype VII. 1.2 (Sultan

·genotypes are accordi :. .: 
(Dimitrov et al., 2019). mg to the Dimitrov scheme 

The remaining samples (PAL-1025, P AL-1244 d, an pAL-8T) belong to sub- enotyp VII 2
this is the sub-genotype that contains the viruses which g e · '. c are reported to have caused the fifth
NDV pandemic (Mapaco et al., 2016; Abolnik et al. 2018: G . . ., , alyanchilangeroudi et al., 2018;
Kamman et al., 2018).In fact, given the recent expansio f th · h. . . . . n ° err ost range and geographic
distribution, as well as their mcreasing virulence among vac · t d bid cma e irds, several of these sub-

genotypes (Vllh and Viii were combined into a single sub-genotype VII.2.) that are involved

in the fifth NDV pandemic are those affecting Indonesia Asia the Middle E t E d, , e as , urope, an

Africa (Bello et al., 2018; Dimitrov et al., 2019; Rabiei et al., 2021; Sultan et al., 2022). 

These genotype VIl.2 samples also cluster most closely to isolates that are classified as VIIi

under old classification systems. This particular sub-genotype has been reported as rapidly

circulating in Indonesia, Pakistan, and Israel (Dimitrov et al., 2016) with high mortality rates

even in vaccinated flocks. This subtype (Viii) was also found to be most closely related to NDV 

isolated last isolated in Indonesia in 1988 and 1990. This suggests that this particular subtype

(Vlli) did not evolve from other strains that were widely circulating in poultry and subject to

isolation and characterization, but evolved from NDV strains that were circulating in a wild

reservoir (Miller et al., 2015b), mainly that wild reservoir species can spread NDV across 

national borders (Turan et al., 2019). As shown in figure 4.7, Israeli NDV strains clustered
· :. sting rapid spread and epizootic

together with Indonesian and Pakistaru strams, sugges 0 

d f this sub-genotype in neighboring regions
characteristics for sub-genotype VII.2. The sprea o s' . . h NDV is continuously evolving. Particularly 
presents a serious risk to poultry suggesting t at' k . . which include "Friday markets" where
due to market factors present in some West Bank cites, e ot in cages in close conditions where 
different species of live birds from different areas are ept s° rk 11. d different areas. These mar ets as we
in£ . . d d then be came to 1ections can pass between brr s an . and evolution of NDV 'b te to the rnamtenance
as the prevalence ofbackyard poultry may contrib! :.NDV measures. 

tr 
. t mandated anti-

s ams if they are left out of any governmenl 
l t

. . an isolates a multiple sequence
type VII Pa es llll

To validate the sub-genotypes oI virulent geno type VII 2 sequences obtaineds VII 1 1 and geno 
ali otyp? " lgtunent was performed to compare gen h lustered most closely to these
fro two sequences tha © 

om Palestinian isolates as well as the VII 1 1 and MH614933-Jordan-VII.2). Pat&..rw58389-EgyP' 
alestinian isolates on the pilot tree II' 
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The alianment clearly distinguishes between genotype VII 1 and V

00
mismatches between the genotype VII 1 . . · II.Z sequences. There were

• isolates in the re io .
· matches between genotype VII 1 d g n studied. There were 32mist 5 % anc genotype VII2 : • · sequences m the region studied The

local genotype VII.2 sequences showed no variation. ·

In Israel, as well as other areas, there have been •· persistent outbreaks of NDV, despite strict
vaccination protocols. From here arises the question t h . .as o w y vaccmated birds and flocks are
affected (the vaccination status for our samples is shown in t bl 3 l) V •a e . . accme breakthrough

may be occurring in part as the circulating strains identified in this stud b 1 y, ie ong to genotype

VII while the strain used to produce the widely used vaccines belongs to genotype II resulting

in poor cross-immunity between the vaccination and field challenge virus strains due to genetic

divergence between the wild virus and vaccine strain. A study looking at comparative efficacy

of vaccines of different strains against challenge with genotype VII strains found the vaccines

derived from genotype II to be deficient, resulting in mortality rates of up to 66%, and vaccines

homologous to the challenge strain with genotype VII resulted in a significantly better outcome

(Sedeik et al., 2019). Accordingly, the production of vaccines antigenically matched to

circulating strains may become a strategy to control NDV in endemic areas.

The pathogenicity of NDV strains is commonly inferred by examining the amino acid
· · "d 112 t 117 with highly pathogenic strains

sequences of the cleavage site through ammo aci s O 
, 

· 1 · 1 b · c amino acids and phenylalanine at
(called velogenic) being characterized by mu tip e ·asi 

. . Fl t i% (de Leeuw et al., 2003). On the other 
position 117 (F") as the first ammo acid of the pro em . .

. ) trains is monobasic with a leucine residue 
hand, the F cleavage site of avirulent (lentogen1c, S 

. . f the cleavage site of the F gene revealed
at position 117. The deduced ammo acid sequences O O

• 1 .
. . . tud consisted of both lentogenic and ve ogeruc

that the Palestinian isolates examined in this s y VII d all had the
. strains belonged to genotype an

strains (Table 4.2). The West Bank velogemc . 1 t NDV strains had this
: KRF whereas most of the viruen 

same polybasic cleavage motif RRQ ' . . were genotype II and all
. . 1 0) The lentogenic strains 

motif at the cleavage site (Chm et al., 20 
had the monobasic motif: GRQGRL. 

. [ belonging to aenotype VII and
·. Palestinian isolates ° 

The deduced amino acid similarity between ,, ·4th a mean similarity of 0.969 
f

, __ :1anty, w1
:. high degree otsre : 
isolates from Israel revealed a very gI ' th enotype VII isolates found in 

. :. jjlarity between t e g
as shown in table S3.3. The very high sim hina 0.97 and 1. This suggests that

· ithsimilarity react % ' 
this study and isolates found in [srael, WI' West Bank and Israeli areas.

· {pybetween the /e5 
there is a high degree of exchange of N 

b b 
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In addition to genotype II and VII isolates ~ d .1ounc in Palestine : 
f

•
1 

e, recent studies have reported the
presence o iso ates from genotypes XXI.I 1 d V . .

. · · an I circulating in pigeons and wild birds in
Egypt and Israel (Wiseman et al., 2018; Joshi et al 20 . .· «, )2l,Naguibet al.,202l), but these were 
not seen here. Viruses of genotype VI are high th • . .pa ogerucity and likely to be virulent in poultry.

It may be that a larger survey would pick up more ge typ b .no es, ut another explanation for these

other regional genotypes (VI and XXI) not being isolated in this study is the possibility of

mismatches between the primers used in this study and template DNA derived from these other

genotypes. To examine this possibility, multiple sequence alignment was performed on the

primer pair against the target sequence from all NDV genotypes. The primers employed in this

study were evaluated for their ability to amplify target sequences from the various isolate

genotypes observed in the surrounding region. Multiple sequence alignment was carried out on

all the sequences used in this study, in addition to the genotype XXI.1.1 and VI sequences from

Egypt and Israel (MW285790 and KY042134 from Egypt, and MH377302 from Israel), and

the primer sequences used in this study for amplification of the partial F gene. Upon

examination of the MSA, it is clear that, despite some mismatches between the primers and

some of the genotypes (Appendix S5), the critical first two nucleotides of the 3' region of both

primers are complementary to the target sequences for many genotypes, including genotypes

VI and XXL Therefore, we conclude that the primers used would be capable of amplifying the

target sequence of all the genotypes expected to be present in the region and that genotypes II
· h w t Bank since 2018, without excluding the possibility that

and VII have been present in t e es '
. . d 11 poultry might detect more genotypes.

a larger survey including wild birds as we as

Recommendations and Future Studies 
. the NDV situation in the West Bank, we

. . hi fi t study assessing Based on our experience in t s us . .
di F·rstly because of the great pathogenicity of 

h d . £ future stu es. 1 '
ave several recommendations tor : thi: ger type at a national level.

[ be carried out for is geDO 
genotype VII, screening should regular y . f h of the two genotype VII

resentative members o eac
Secondly, the complete F gene for rep . . 1 . 1 appino and improved timetree 

detail epidemiological m% 
clades should be performed for finer . . ation needs to be addressed by

infections despite vacctn 
analysis. Lastly, the problem of 1 . fi h licensing of more effective vaccines.
. orb lobbymg or t e i o .
unproved vaccination protocols audl y . ·ffective in some cases, future studies

'es are proving 1n© 
Being that the currently used vaccmnc b antigenically matched to the circulating

NDV vaccines to e. 5 : 
should revolve around the need for h terization of circulating NDV. 

· illance and cl arac 
strains, which requires persistent surv© 
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6. APPENDIX 
Table S1: Complete fusion gene "pilot" d t . a aset of class IT NDV . 
The dataset contams 125 sequences -and 1 used m Dimitrov's study . . . sequence outgroup * d ·
tree depicted m Figure 4.2. - an was used to build the

jy», Accession 
No. 

Host Country Collection 
Date 

Genotype Diel Cleavage 
Genotype site 

l KX2635 l Chicken Iran
2

EF579733 Chicken Ch
2015

VII.1.1 VII.i RROKRFina 2004
3 KC542905 Gallus China 2009 Vll. l. l Vll.d RROKRF
4 EF589133 Pheasant China 1998 Vll.1.1 Vll.i RROKRF
5 AB853927 Gallus Jaoan 1999 VII.1.1 Vll.b RROKRF
6 AY028995 Fowl China 1996 ~l.1.1 VII.e ~= 
i so iisos iii ii6 }""5 {"' iii 
8 D 227246 Goose China 1999 Vll.1.2 VII.f RROKRF
9 JN986837 Chicken Netherland 1993 Vll.2 VII.a RROKRF
10 KY747479 Chicken Namibia 2016 Vll.2 Vll.k RROKRF
11 MF622047 Chicken South Africa 2013 VII.2 VII.h RRRKRF
12 KU862293 Parakeet Pakistan 2014 Vll.2 VII.i RRQKRF 
13 HO697254 Chicken Indonesia 2010 VII.2 VII.i RROKRF 
14 JX518885 Chicken Mali 2010 :XVIII.I :XVIII.a RROKRF
15 JF966389 Fowl Mali 2007 XVIII.I XVIll.a RROKRF
'I6 FIT72455 Avian Mauritania 2006 XVIII XVI.a RRQKRF 

17 HF969218 Chicken Ivorv-Coast 2007 XVIIl.2 XVIII.b RROKRF
18 HG326600 Not mentioned Ivorv-Coast 2006 :X.VIIl.2 :X.VIIl.b RROKRF
19 1X518886 Chicken Mali 2010 :X.VIII.2 XVIII.b RROKRF
20 HF969176 Chicken Nigeria 2011 XVII XVII.a RRRKRf 
21 HF969191 Chicken Nigeria 2009 XVII XVII.a RROKRF
22 HF969194 Chicken Nigeria 2009 XVII XVII.b RRQKRF 
23 HF969210 Chicken Nigeria 2011 XIV.

2
XIV.b ~g~ 

24 KY171990 Chicken Nigeria 2009 XIV.2 XIV.b RRRKRF
25 HF969187 Chicken Nigeria 2008 XIV.2 XIV. pROKRF 
6 iio@sos Turke tee 2 \Y ]© {5?Rk ur ey ,~ 2008 XIV. 1 XIV.a RROKRF 
27 J0039386 Chicken Nigeria XIV.a RRQKRF 
.28 JN872 l 65 Chicken Nigeria 2006 XIV. 1 RROKRF 2o 14 XIII.2.2 XIII.b
29 KT734767 Chicken India 2011 XIII.2.2 XIII.b RRQKRF 

30 KX372707 Chicken India RROKRF201 3 XIII.2.2 XIII.b
31 KM056349 Chicken India 7 XIII 2 1 XTII.b RROKRF
32 Pakistan 2007 · 

33
GU18233 l Chicken p kistan 2011 XIII.2.1 XIII.b RRRKRF' 
KFl 13338 Chicken a . 2008 XIII.2.1 XIII.b RRRKRF

34 GU182323 Chicken Pakistan-- 2008 XIII.1.2 XIII.a RROKRF
.J.5 10267585 Chicken Iran 2008 XIII.1.2 XIII.a RROKRF
36 J0267584 Chicken Iran 2011 XIII.1.2 XIII.a RRRKRF 
~37 10267579 Chicken Iran 1995 XIIl.1.1 XIII.a RROKRF
38 JN942034 Ostrich South-Africa 2015 XIII.1.1 XIII.a RROKRF
39 MF409241 Chicken zambia 2010 XIII.1.1 XIII.a RROKRF
o isis i&in e 5oi iii {"f] nk; &, cs iois xa.a x iii@if 
~ MF278927 Goose China 2010 Xll-

2
XII.b RROKRF

~ JN627507 Goose China 2005 XII.l ~i:: RROKRF I ® uses lee rs"gt 5"}' i? iiiii 45 issisis chicken Ee2015 0l1 lla " 
46 KU594618 Chicken Sf 47 



---- JX901367 Pigeon
47 USA

L-- JX901351 48 
Pigeon USA

2008 VI.2.1.1.1
L MG018211 Eurasian- 2007

VI.a RRKK.RF

49 USA VI.2.1.1.1
collared-dove 2015

VI.a RRKK.RF

a» JX094510 Pigeon 
VI.2.1.1.1 VI.n RRKK.RF

50 China
5! JX486553 Pigeon China

2012 VI.2.1.1.2

JX901 l 10
2011

Vl.i RROKRF

~ 
Pigeon Belguim 

VI.2.1.1.2 VI.i RROKRF

53 MG840654 Pigeon 
1998 VI.2.1.1.2

KT163262 Pigeon
China 2016

Vl.j RROKRF

54 China
Vl.2.1.1.2 Vl.k RROKRF

55 JX901124 Pigeon Belguim 
2013 Vl.2.1.1.2 VI.k RROKRF

56 JX518532 Laughing-dove Kenva
2011 VI.2.1.1.2 VI.k RROKRF

57 HG326604 Pigeon Nigeria 
2012 Vl.2.1.2 Vl.h RROKRF

58 HG424627 Pigeon 
2009 VI.2.1.2 Vl.h

Nigeria 
RRK.KRF 

59 JX244794 Pigeon 
2013 Vl.2.1.2 Vl.h RRRKRF 

China
60 KJ607163 Pigeon 

2008 Vl.2.2.2 Vl.e KROKRF
China

61 FJ480825 Pigeon 
2004 Vl.2.2.2 VI.e KROKRF

China 2005 Vl.2.2.2 Vl.e KROKRF

62 JN872180 Pigeon USA 2002
63 JX901312 Pigeon USA

Vl.2.2.1 Vl.f RROKRF
2001 Vl.2.2.1

64 JN872182 Pigeon 
Vl.f RROKRF

USA 1998 Vl.2.2.1 VI.f RROKRF

65 FJ865434 Pigeon China 2002 VI.1 VI.b GROKRF

66 FJ410145 Pigeon USA 1984 VI.1 Vl.b RROKRF

67 AF109885 Domestic-fowl Britain 1984 Vl.1 VI.b GROKRF

68 JF824032 Pigeon Russia 2005 XXI.1.1 VI.g KROKRF

69 KY042132 Pigeon Egvot 2015 XXI.1.1 VLg KROKRF

70 KY042136 Pigeon Pakistan 2015 XXI.1.1 VI.e RRKKRF 

71 KY042141 Pigeon Pakistan 2016 XXI.1.2 Vl.m RROKRF 

72 KU862298 Pigeon Pakistan 2015 XXI.1.2 Vl.m RRORRF 

73 KY042135 Pigeon Pakistan 2015 XXI.1.2 VI.m RROKRF

74 KU377533 Dove Italv 2010 XXI.2 Vl.i RROKRF 

75 JN638234 Dove Italv 2011 XX1.2 Vl.i RROKRF 

76 KU377535 Dove Italv 2012 XXI.2 VI.i RRQKRF 

77 KC205479 Chicken Ethiooia 2011 XXI VI.l RRHKRF

78 AF458016 Chicken China 1986 xx VI.c RROKRF

79 AB853928 Chicken Japan 1987 xx VI.c RROKRF 

80 KY042142 Quail Korea 1988 xx Vl.c RRRKRF 

81 EU518684 Chicken Mexico 2006 V.2 V.c RROKRF 

82 10697744 Chicken Mexico 2010 V.2 V.c RROKRF 

83 EU518682
Mexico 2004 V.2 V.c RROKRF 

Dove V.1 V.b RROKRF 

84 Honduras 2007 
JN872194 Chicken V.l V.b RR OKRF 

85 JN942027 Fighting-Cock Nicaragua 2001 RR OKRF 

86 USA
1982 V.1 V.b

JN872189 Parrot 2003 XIX V.a RR OKRF

87 JN942024 Cormorant USA KR OKRF 
2012 XIX V.a

88 KC433530 Cormorant USA 1992 XIX V.a RR OKRF

89 FJ705456 Cormorant USA 1970 VIII VIII RROKRF 

90 
Argentina VIII RROKRF 

AY734534 Chicken 1979 VIII

91 FJ751918 Chicken China 2010 VIII VIII RROKRF 

~ JX012096 Avian
Malaysia 1986 XVI XVI RROKRF 

3 JX915242 Chicken
Dominican 2008 XVI XVI RROKRF 

4 JX186997 Chicken
Dominican 1947 XVI XVI RROKRF 

~ JX915243 Chicken
Mexico 2008 I.1.2 I.b GKOGRL

~ HG326605 Goose
Nigeria 200 1 

I.1.2 Lb GKQGRL

97 AY965079 Duck
Russia 2009 I.1.2 Lb GKQGRL

98 KC503453 American-green USA 
winged-teal 2001 1.1.2.1 Le GKOGRL

wow 
99 EF564816 Red-Knot

USA 
48 



a 9+ Gull Russia
a) GQ918280 Black-headed- Sweden

2014 l.1.2.1
gull 1994 l.c GKOGRL

I 
11.2.1 l.c GKQGRL

j2 KC503479 Red-poll Russia 
i xcsow76 Northern- USA

2008 11.2.2 l.d

i AB46s607 Chicken Japan 
2009 11.2.2 

GKOGRL

1962 
l.d ERQGRLi AY935490 Chicken Australia 2002 

I.1.2.2 l.d GKOGRL

AY935495 Chicken Australia
1.1.1 I.a RRORRF

io M24693 Chicken Australia
1999 1.1.1 I.a RROGRL

c- 1N87215 1 Chicken USA
1966 1.1.1 I.a GKQGRL

[08 1947
AF077761­ Chicken

II II GROGRL
109 

USA 1946
GU978777 Chicken

II II GROGRL
II0 USA 1948

FJ705466 Mallard
II II RROKRF

Ill USA 1999 X.2
I2 KX857721 Mallard USA

X.b EKOGRL
2010 X.2

113 KX857716 Redhead USA
X.b EKOGRL

2009 X.l X.a GKOGRL
114 FJ705468 Mottled-duck USA 2001 X.l X.a GKOGRL

115 FJ436303 Chicken China 1986 IX IX RRORRF

116 FJ436302 Chicken China 1948 IX IX RRORRF 

117 AF458009 Chicken China 1985 IX IX RRORRF

118 EF201805 Avian China 1940 III III RRORRF

119 MH996904 Pigeon Bulgaria 1995 III III RRORRF 

I20 GU182327 Chicken Pakistan 1974 III III RRORRF 

121 JX518882 Chicken Madagascar 2009 XI XI RRRRRF

122 JX518884 Chicken Madagascar 2011 XI XI RRRRRF

123 HO266602 Chicken Madagascar 2008 XI XI RRRRRF

124 AY741404 Fowl UK 1933 IV IV RRORRF 

125 MH996900 Pullet Bulgaria 1959 IV IV RRORRF 

EF564833 Canada-goose USA 1987 CLASS I CLASS I ERQERL
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r ble s2.t: Palestinian (partial F gene) and b . al. published NCBI 
tries considered as genotype II used in buildir ±Sequences from neighborin 

co Jing phylogenetic tree infi4.8. 8 

Length of 
g .

\0 
Country Accession no. 

sequence 
Identity Query Genotype in 
percent cover NCBI 

~ Egyp! 1662 I MN48 1244 99.45% 99%

7 E 1662 MW285793
- 

1662 I 
gge 99.17% 99% II 

3 Egyp! MW285791 99.17%I 99% II 

4 Egypt 1662 FJ939313 95.59% 99% - 

s Egypt 1792 I FJ969395 96.14% 99% -

1 6 \ Egypt 1792 FJ969393 95.59% 99% - , Egypt 1661 KY549653 99.45% 99% - 

8 Egypt 513 JX193771 99.45% 99% II 
JO Egypt 506 JX1937709 99.45% 99% II I 

10 Egypt 514 JX193769 99.45% 99% - 

11 Egypt 440 MH559344 99.45% 99% II 

12 Egypt 531 KX580987 95.87% 99% II 

I 13 Israel 1661 KY569362(VH) 99.45% ' 99% I II 

14 Jordan 1662 KY212127 99.17% 99% II 

' 15 Iraq 420 MH407202 98.92% I 76% II 
\ 

16 Iraq 420 MH407206 99.28% 7c% II 

17 Iran 1659 KU886038 I 99.17% 99% - 
I 

18 Iran 1203 MN385842 99,45% 99% II - I ll
I 19 Palestine 317 Vaccine-Biovac - - 
L , 

20 
Palestine-66 I - - II 

Palestine 317 - II 

21 Palestine 317 Palestine-458 - 
~ I I I II 

a I pPalestine-TH - - 
Palestine 317 II 

23 I Palestine-9H - - 

<! Palestine l 317 
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'fable S2.2: Palestinian (partial F gene) and bl" h. pu is ed NCBI 
countries (complete F gene) with assigned genotype VII. sequences from neighboring

All Accession No. Host O. Country Collection 
Date 

Dimitrov- Diel- Cleavage 

- 1244-Palestine
Genotype Genotype site 

1 Chicken I Palestine 2018 VII I : 1025-Palestine Chicken Palestine 2018
I RRQKRF 

,... ST-Palestine Turkey I Palestine
VII RRQKRF 

3 2021 VII
4 B2-Palestine Chicken Palestine 2021

RRQKRF 

Chicken 
VII RRQKRF 

s Z3-Palestine I Palestine 2021 VII RRQKRF 
6 KY212126 Chicken Jordan 2004 VII.d RRQKRF 
7 MH614933 ' Chicken Jordan 2018 VII.2 VII.i RRQKRF 

8 MK005980 Chicken Egypt 2011 VII.1.1 RRQKRF 
9 MK005987 Chicken Egypt 2012 I VII.1.1 RRQKRF 

10 MK495885 Chicken Egypt 2012 VII.1.1 RRQKRF 

11 MK495909 Chicken Egypt 2013 VII.1.1 I RRQKRF 

12 MK005974 Pigeon Egypt 2015 VII.2 RRQKRF 

13 MG717686 Teal Egypt I 2016 I VII RRQKRF 

14 MH899938 Gallus Egypt 2016 VII.b RRQKRF 

15 I MT876631 . Chicken Egypt I 2016 ! VII.1.1 RRQKRF 

16 *MN905162-( 1656) Chicken Egypt 2019 VII RRQKRF 

17 MW580389-(1650) Chicken I Egypt I 2020 VII.1.1 I RRQKRF 

18 "MW591503-(1650) Chicken Egypt 2021 viu.1 __L RRQKRF 

19 MH377280 Chicken 1 Israel 2007
I 

VII.d RRQKRF 
I VII.d RRQKRF 

20 MH377276 Turkey Israel 2007

21 , MH377246 Avian Israel I 2008 I
VII.d I RRQKRF 

2009 j VII.d RRQKRF 
22 MH377250 Pigeon Israel RRQKRF 

KF792023 , Israel 2009 VII.1.1
23 I Turkey 1 RRQKRF I Israel 2010 I i VII.d
24 MH371040 Chicken VII.b RROKRF 
25 I MH377260 Chicken Israel 2011 I RROKRF VII.2 I 
26 KF792018 Chicken Israel 2011 VII.b RRQKRF 

2011 
2 Israel ' I RRQKRF MH377274 I Chicken 2011 I VIL.b 

Chicken Israel 28 MH371025 Vll.b RRQKRF 
ls 2011 
29 MF686923 I Chicken Israel l VII.i I RRQKRF 

...__ I 2011 I 
30 MH371095 Chicken I Israel VII.i RRQKRF 

31 Turkey Israel 2011 { I VII.b RROKRF 
- MH371036 2011 ! I 

Israel RRQKRF 
32 MH371043 Turkey 2012 VIL.2 
33 Parrot Israel I VII.i RROKRF 

,..___ KF792020 2012 J RRQKRF 
Ji_ \ MH377323 Chicken \ Israel VII.b

2012+ RROKRF 
~ MH377262 Chicken Israel 7 VII.i

2012 I RRQKRF 
Turkey Israel VII.i

201.3 RROKRF 36 MH377263 Israel VIL.1.1 
37 MH377267 Chicken 2013 RROKRF Israel 38 KF792022 Pheasant 2013 VII.2 RROKRF 
39 hicken Israel VII.b 

® »MM 
I 

KF792019 Cw Ski4aka toe' 4jt't'].. [] Israel 
MH377268 Turkey

42 MH371050 Turkey Israel 
43 Israel 

MH371072 Chicken
44 MH371079 Chicken I Israel

2013 
2013 
2013 
2013 
2014 

VII.b
VII.i
VII.i

RRQKRF 
RROKRF 

VII.b 
RRQKRF 
RRQKRF 
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s MH377269 Chicken Israel 2014 
% KM1646I [cakes iaa Vll.b

2014 lee RRQKRF 
) MNo73461 Chicken Israel VII

2015 RRQKRF a» rrss Chicken Israel 2015 
VII RRQKRF 

49 KT804693 Chicken Israel 2015 
VII.b RRQKRF 

% wusrss Chicken 'Israel VII.b RRQKRF 
2016 

» MH377296 Chicken Israel
VII.b RRQKRF 

51 2016
@ gp"° Chicken Israel 2016

VII.b RRQKRF 
VII.b RRQKRF 

53 MH377309 Turkey I Israel 2016
\ Chicken

VII.b RRQKRF 
54 KY073880 Israel 2016

KY968651 Chicken Israel 
VII RRQKRF 

55 2017 VII RRQKRF 
56 KY510687 Chicken Israel 2017

MT370499 Chicken \ Iraq
VII RRQKRF 

57 2005 VII.1.1 RRQKRF 
ss KU201415 Chicken Iran 2013 VII.l RRQKRF 
59 MT876630 I Chicken Turkey 2016 VII.2 RRQKRF 

60 \ MH588684 Chicken Iran 2017 VII.d RRQKRF 

*- These three isolates have been included in my study, although the number of nucleotides in

F-gene is less than 1662 nt, because they are the most recent isolates that have been added into

NCBI in the regional area.
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gy Amino Acid Similarity to Regional Isolates 
gg.1 Comparison of Genotype II Samples id I 

an solates from Israel, Egypt
d Jordan 

Table §3.1: Palestinian (partial F gene) and published NCBI
· tr' ( l F sequences fromjeighboring countries (complete gene) with assigned genotype II. 

No. Accession No. Host Country Collection Dimitrov- Diel- Cleavage 
Date Genotype Genoty site 

1 I Vaccine- Palestine 2021 II GRQGRL 
2 \ 66-Palestine Chicken Palestine 2018 II GRQGRL 
3 I 458-Palestine Chicken Palestine 2018 II GRQGRL 
4 I 7H-Palestine Chicken Palestine 2021 II GRQGRL 
5 1 9H-Palestine Chicken Palestine 2021 II GRQGRL 
6 KY569362(V Chicken Israel 2017 II II GRQGRL 
7 MW285791 Chicken Egypt 2011 II II GRQGRL 

8 KY212127 Chicken Jordan 2004 II II GRQGRL 

Table S3.2: Global Similarity (Blosum62) between Palestinian genotype II isolates and genotype 
II isolates from Israel, Egypt, and Jordan (listed in table S3.1). Palestinian isolates are in red. 

Min= 1, max= 1 mean= 1 standard deviation= 0.
' ' 

KY569362(VH)­ MW28579 1­ KY212127­ 

Biovac­ 66-Pal 458-Pal 7H-Pal 9fH-Pal Israel Egypt Jordan 
vaccine 1 1 

1 1 
lliovc-vaccine 1 1 1 1 

1 1 1 
66-Pf 1 1 1
458-Pa] 1 1 1 1

1 1 1 
1 1

711-Pa1 1 1 1 1 1 1 
1 1 

9IL-Pa 1 1 1 1 1 1 
Ys9362(1H­ 1 1 
Israel 1 1 1 1 

1 1 1 1 
MW28579 1-Egy pt 1 1

1 1 
KY212127-Jordan 1 1 1
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$3.2 Comparison of Genotype VII Regional amino acid sequences and 
Palestinian Isolates 

Table S3.3: Global Similarity (Blosum62) between Palestinian genotype VII isolates (1-5 in green)
and genotype VII isolates from Jordan and Egypt (6-18 in red) and Israel (19-56 in blue). (All isolates
listed in Table S2.2). Min = 0.75, Max = 1, Mean= 0.969, Standard deviation= 0.0389.

by MEGA X with their bootstraps S4. Phylogenetics constructed 

value 

S4.1 D'mitrov pilot tree:IF Gene for IComplete and Partia 
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~ 
54

.2 Partial F Gene_ (366 nt) ML Pilot Tree With 1000 bootstrap replicates. A: constructed
figure GTR +G model as Dnmtrov work. B: constructed tree by K2+G+J model (best fit model).tree by 
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C nstruction of Phylogenetic Tree include Dimitrov's Pilot Tree with regional o . F 
' (complete and partial gene sequences) jte$ 
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Figure S4.3 Phylogenetic ML tree of NDV complete F gene containing Newcastle
disease virus isolates of Dimitrov's pilot tree in addition to regional isolates with an
out-group. Israel genotypes are highlighted in blue font. Dimitrov isolates are
highlighted in black font and other regional isolates are highlighted in red .
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Fig S4.4 Phylogenetic ML tree of NDV partial F gene containing
Newcastle disease virus isolates of Dimitrov's pilot tree in addition to regional
isolates with 1000 bootstrap replicates. Israel genotypes are highlighted in
blue font. Dimitrov isolates are in black font and other regional isolates are in
red .
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S5. MSA of all NOV full-length Fl. sequences with the forward
and reverse primers used in this study

>primer-B-R-{457-439) 

TTGATGGCAGGCCTCTTGC 
AATGCTGCCAACATCCTCC 

~ 3' 

3' 
TTGATGGCAGGCCTCTTGC 

clade name 

1,ll,J.1,IV,V,Vl,Vll,XI, XI,!, XIV,XXI 

V, VTII, IX, X,.Xtl,XV,)(Vl , 
XVI l,)(Vl 11,)(JX 

3 
AATGCTGCCAACATCCTCC 

1,11,rv.v,Vl,Vll,IX)(,Xl,XV,!)(XI 

I1, 
Vlll)Cll,Xlll,XIV,XV,XV!,)(Vl :l)(IX 

Figure S5.1: The result of MSA of all NDV full-length F sequences with the forward and reverse 

primers used in this study. These sequences, which include all the Dimitrov (2019) reference

sequences, include all genotypes identified to date. The genotypes in yellow indicate genotypes that

can be amplified using primers in one or both directions.
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