
ACCEPTED MANUSCRIPT

negative-sense RNA viruses
Unprecedented genomic diversity of RNA viruses in arthropods reveals the ancestry of

Jianguo Xu, Edward C Holmes, Yong-Zhen Zhang
Ci-Xiu Li, Mang Shi, Jun-Hua Tian, Xian-Dan Lin, Yan-Jun Kang, Liang-Jun Chen, Xin-Cheng Qin,

http://dx.doi.org/10.7554/eLife.05378DOI: 

Cite as: eLife 2015;10.7554/eLife.05378

Published: 29 January 2015
Accepted: 27 January 2015
Received: 29 October 2014

and proofing.
formatted HTML, PDF, and XML versions will be made available after technical processing, editing, 
This PDF is the version of the article that was accepted for publication after peer review. Fully

elife.elifesciences.org at Sign up for alerts
Stay current on the latest in life science and biomedical research from eLife.

http://dx.doi.org/10.7554/eLife.05378
http://www.elife.elifesciences.org/


� �
�

8QSUHFHGHQWHG�JHQRPLF�GLYHUVLW\�RI�51$�YLUXVHV�LQ�DUWKURSRGV�UHYHDOV�WKH���

DQFHVWU\�RI�QHJDWLYH�VHQVH�51$�YLUXVHV���
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3UHYHQWLRQ�DQG�&RQWURO��1DWLRQDO�,QVWLWXWH�RI�&RPPXQLFDEOH�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ�����
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����
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0DMRU�5HVHDUFK�2UJDQLVPV��YLUXVHV�� ����



� �

$EVWUDFW��$OWKRXJK�DUWKURSRGV�DUH�LPSRUWDQW�YLUDO�YHFWRUV��WKH�ELRGLYHUVLW\�RI�DUWKURSRG�YLUXVHV�����

DV�ZHOO�DV�WKH�UROH�WKDW�DUWKURSRGV�KDYH�SOD\HG�LQ�YLUDO�RULJLQV�DQG�HYROXWLRQ��LV�XQFOHDU��7KURXJK����

51$�VHTXHQFLQJ�RI����DUWKURSRG�VSHFLHV�ZH�GLVFRYHUHG�����QRYHO�YLUXVHV�WKDW�DSSHDU�WR�EH����

DQFHVWUDO�WR�PXFK�RI�WKH�GRFXPHQWHG�JHQHWLF�GLYHUVLW\�RI�QHJDWLYH�VHQVH�51$�YLUXVHV��D�QXPEHU����

RI�ZKLFK�DUH�DOVR�SUHVHQW�DV�HQGRJHQRXV�JHQRPLF�FRSLHV��:LWK�WKLV�JUHDWO\�HQULFKHG�GLYHUVLW\�ZH����

UHYHDOHG�WKDW�DUWKURSRGV�FRQWDLQ�YLUXVHV�WKDW�IDOO�EDVDO�WR�PDMRU�YLUXV�JURXSV��LQFOXGLQJ�WKH����

YHUWHEUDWH�VSHFLILF�DUHQDYLUXVHV��ILORYLUXVHV��KDQWDYLUXVHV��LQIOXHQ]D�YLUXVHV��O\VVDYLUXVHV��DQG����

SDUDP\[RYLUXVHV��:H�VLPLODUO\�GRFXPHQWHG�D�UHPDUNDEOH�GLYHUVLW\�RI�JHQRPH�VWUXFWXUHV�LQ����

DUWKURSRG�YLUXVHV��LQFOXGLQJ�D�SXWDWLYH�FLUFXODU�IRUP��WKDW�VKHGV�QHZ�OLJKW�RQ�WKH�HYROXWLRQ�RI����

JHQRPH�RUJDQL]DWLRQ��+HQFH��DUWKURSRGV�DUH�D�PDMRU�UHVHUYRLU�RI�YLUDO�JHQHWLF�GLYHUVLW\�DQG�KDYH����

OLNHO\�EHHQ�FHQWUDO�WR�YLUDO�HYROXWLRQ�����

����

,PSDFW�VWDWHPHQW��:H�GRFXPHQW�H[WHQVLYH�JHQHWLF�GLYHUVLW\�DQG�QRYHO�JHQRPH�VWUXFWXUHV�LQ����

51$�YLUXVHV�IURP�DUWKURSRGV��VKHGGLQJ�LPSRUWDQW�QHZ�OLJKW�RQ�WKH�DQFHVWU\�DQG�HYROXWLRQDU\����

KLVWRU\�RI�PDMRU�FODVVHV�RI�YHUWHEUDWH�DQG�SODQW�YLUXVHV�����
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,QWURGXFWLRQ����

1HJDWLYH�VHQVH�51$�YLUXVHV�DUH�LPSRUWDQW�SDWKRJHQV�WKDW�FDXVH�D�YDULHW\�RI�GLVHDVHV�LQ�KXPDQV����

LQFOXGLQJ�LQIOXHQ]D��KHPRUUKDJLF�IHYHU��HQFHSKDOLWLV��DQG�UDELHV��7D[RQRPLFDOO\��WKRVH�QHJDWLYH����

VHQVH�51$�YLUXVHV�GHVFULEHG�WR�GDWH�FRPSULVH�DW�OHDVW�HLJKW�YLUXV�IDPLOLHV�DQG�IRXU�XQDVVLJQHG����

JHQHUD�RU�VSHFLHV��.LQJ�HW�DO����������$OWKRXJK�WKH\�VKDUH��L��DQ�KRPRORJRXV�51$�GHSHQGHQW����

51$�SRO\PHUDVH��5G5S����LL��LQYHUWHG�FRPSOHPHQWDU\�JHQRPH�HQGV��DQG��LLL��DQ�HQFDSVLGDWHG����

QHJDWLYH�VHQVH�51$�JHQRPH��WKHVH�YLUXVHV�GLVSOD\�VXEVWDQWLDO�GLYHUVLW\�LQ�WHUPV�RI�YLULRQ����

PRUSKRORJ\�DQG�JHQRPH�RUJDQL]DWLRQ��.LQJ�HW�DO����������2QH�NH\�DVSHFW�RI�JHQRPH����

RUJDQL]DWLRQ�LV�WKH�QXPEHU�RI�GLVWLQFW�VHJPHQWV��ZKLFK�LV�DOVR�FHQWUDO�WR�YLUXV�FODVVLILFDWLRQ�����

$PRQJ�QHJDWLYH�VHQVH�51$�YLUXVHV��WKH�QXPEHU�RI�VHJPHQWV�YDULHV�IURP�RQH��RUGHU����

Mononegavirales��XQVHJPHQWHG��WR�WZR��IDPLO\�Arenaviridae���WKUHH��Bunyaviridae���WKUHH�WR����

IRXU��Ophioviridae���DQG�VL[�WR�HLJKW��Orthomyxoviridae���DQG�LV�IXUWKHU�FRPSOLFDWHG�E\����

GLIIHUHQFHV�LQ�WKH�QXPEHU��VWUXFWXUH��DQG�DUUDQJHPHQW�RI�WKH�HQFRGHG�JHQHV�����

'HVSLWH�WKHLU�GLYHUVLW\�DQG�LPSRUWDQFH�LQ�LQIHFWLRXV�GLVHDVH��WKH�RULJLQV�DQG�HYROXWLRQDU\�KLVWRU\����

RI�WKH�QHJDWLYH�VHQVH�51$�YLUXVHV�LV�ODUJHO\�REVFXUH��$UWKURSRGV�KDUERU�D�GLYHUVH�UDQJH�RI�51$����

YLUXVHV��ZKLFK�DUH�RIWHQ�GLYHUJHQW�IURP�WKRVH�WKDW�LQIHFW�YHUWHEUDWHV��%DOOLQJHU�HW�DO���������&RRN����

HW�DO���������0DUNOHZLW]�HW�DO���������0DUNOHZLW]�HW�DO���������4LQ�HW�DO���������7RNDU]�HW�DO������

����D��7RNDU]�HW�DO�������E���+RZHYHU��WKRVH�DUWKURSRG�YLUXVHV�VDPSOHG�WR�GDWH�DUH�JHQHUDOO\����

WKRVH�WKDW�KDYH�D�UHODWLRQVKLS�ZLWK�YHUWHEUDWHV�RU�DUH�NQRZQ�WR�EH�DJHQWV�RI�GLVHDVH��-XQJOHQ�DQG����

'URVWHQ���������7R�GHWHUPLQH�WKH�H[WHQW�RI�YLUDO�GLYHUVLW\�KDUERUHG�E\�DUWKURSRGV��DV�ZHOO�DV�WKHLU����

HYROXWLRQDU\�KLVWRU\��ZH�SHUIRUPHG�D�V\VWHPDWLF�VXUYH\�RI�QHJDWLYH�VHQVH�51$�YLUXVHV�XVLQJ����

51$�VHTXHQFLQJ��51$�VHT��RQ�D�ZLGH�UDQJH�RI�DUWKURSRGV�����
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5HVXOWV����

'LVFRYHU\�RI�KLJKO\�GLYHUJHQW�QHJDWLYH�VHQVH�51$�YLUXVHV��:H�IRFXVHG�RXU�VWXG\�RI�YLUXV����

ELRGLYHUVLW\�DQG�HYROXWLRQ�RQ����SRWHQWLDO�KRVW�VSHFLHV�IURP�IRXU�DUWKURSRG�FODVVHV��,QVHFWD�����

$UDFKQLGD��&KLORSRGD��DQG�0DODFRVWUDFD��7DEOH���DQG�)LJXUH�����)URP�WKHVH�VDPSOHV��������

VHSDUDWH�F'1$�OLEUDULHV�ZHUH�FRQVWUXFWHG�DQG�VHTXHQFHG��UHVXOWLQJ�LQ�D�WRWDO�RI�������*E�RI��������

EDVH�SDLU�HQG�UHDGV��7DEOH�����%ODVW[�FRPSDULVRQV�DJDLQVW�SURWHLQ�VHTXHQFHV�RI�QHJDWLYH�VHQVH����

51$�YLUXV�UHYHDOHG�����GLVWLQFW�W\SHV�RI�FRPSOHWH�RU�QHDUO\�FRPSOHWH�ODUJH��/��SURWHLQV��RU����

SRO\PHUDVH�SURWHLQ����3%���LQ�WKH�FDVH�RI�RUWKRP\[RYLUXVHV��WKDW�HQFRGH�WKH�UHODWLYHO\����

FRQVHUYHG�5G5S��7DEOHV�������)RXU�DGGLWLRQDO�W\SHV�RI�SUHYLRXVO\�XQGHVFULEHG�5G5S�VHTXHQFH����

�!�����DPLQR�DFLGV��ZHUH�LGHQWLILHG�IURP�WKH�7UDQVFULSWRPH�6KRWJXQ�$VVHPEO\��76$��GDWDEDVH�����

7RJHWKHU��WKHVH�SURWHLQV�H[KLELWHG�DQ�HQRUPRXV�GLYHUVLW\�LQ�WHUPV�RI�VHTXHQFH�YDULDWLRQ�DQG����

VWUXFWXUH��0RVW�QRWDEO\��WKLV�GDWD�VHW�RI�5G5S�VHTXHQFHV�LV�GLVWLQFW�IURP�ERWK�SUHYLRXVO\����

GHVFULEHG�VHTXHQFHV�DQG�IURP�HDFK�RWKHU��ZLWK�WKH�PRVW�GLYHUJHQW�VKRZLQJ�DV�OLWWOH�DV����������

DPLQR�DFLG�VHTXHQFH�LGHQWLW\�WR�LWV�FORVHVW�UHODWLYHV��7DEOHV�������2YHUDOO��WKHVH�GDWD�SURYLGH����

HYLGHQFH�IRU�DW�OHDVW����SRWHQWLDOO\�QHZ�IDPLOLHV�DQG�JHQHUD�RI�QHJDWLYH�VHQVH�51$�YLUXVHV�����

GHILQHG�DV�ZKRVH�5G5S�VHTXHQFHV�VKDUHG�OHVV�WKDQ�����DPLQR�DFLG�LGHQWLW\�ZLWK�H[LVWLQJ�WD[D�����

1H[W��ZH�PHDVXUHG�WKH�DEXQGDQFH�RI�WKHVH�VHTXHQFHV�DV�WKH�QXPEHU�WUDQVFULSWV�SHU�PLOOLRQ����

�730��ZLWKLQ�HDFK�OLEUDU\�DIWHU�WKH�UHPRYDO�RI�U51$�UHDGV��7KH�DEXQGDQFH�RI�YLUDO�WUDQVFULSWV����

FDOFXODWHG�LQ�WKLV�PDQQHU�H[KLELWHG�VXEVWDQWLDO�YDULDWLRQ��)LJXUH����7DEOHV�������ZKLOH�WKH�OHDVW����

DEXQGDQW�/�VHJPHQW��6KD\DQJ�6SLGHU�9LUXV����FRQWULEXWHG�WR�OHVV�WKDQ��������WR�WKH�WRWDO�QRQ����

ULERVRPDO�51$�FRQWHQW��WKH�PRVW�DEXQGDQW��6DQ[LD�:DWHU�6WULGHU�9LUXV����ZDV�DW�D�IUHTXHQF\�RI����
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�������DQG�XS�WR�������LI�ZH�LQFOXGH�WKH�PDWFKLQJ�0�DQG�6�VHJPHQWV�RI�WKH�YLUXV��7KH����

UHPDLQLQJ�YLUDO�5G5S�VHTXHQFHV�IHOO�ZLWKLQ�D�UDQJH����������730��WKDW�PDWFKHG�WKH�DEXQGDQFH����

OHYHO�RI�KLJKO\�H[SUHVVHG�KRVW�PLWRFKRQGULDO�JHQHV��)LJXUH��������

(YROXWLRQDU\�KLVWRU\�RI�QHJDWLYH�VHQVH�51$�YLUXVHV��:LWK�WKLV�KLJKO\�GLYHUVH�VHW�RI�5G5S����

VHTXHQFHV�LQ�KDQG�ZH�UH�H[DPLQHG�WKH�HYROXWLRQ�RI�DOO�DYDLODEOH�QHJDWLYH�VHQVH�51$�YLUXVHV�E\����

SK\ORJHQHWLF�DQDO\VLV��)LJXUH����)LJXUH��²ILJXUH�VXSSOHPHQW�������7KHVH�GDWD�JUHDWO\�H[SDQG����

WKH�GRFXPHQWHG�GLYHUVLW\�RI�IRXU�YLUDO�IDPLOLHV�RUGHUV�±�WKH�Arenaviridae��Bunyaviridae�����

Orthomyxoviridae��DQG�Mononegavirales�±�DV�ZHOO�DV�RI�WKUHH�IORDWLQJ�JHQHUD�±�Tenuivirus�����

Emaravirus��DQG�Varicosavirus �.LQJ�HW�DO����������0RVW�RI�WKH�QHZO\�GHVFULEHG�DUWKURSRG����

YLUXVHV�IHOO�EDVDO�WR�WKH�NQRZQ�JHQHWLF�GLYHUVLW\�LQ�WKHVH�WD[D��WKHLU�GLYHUVLW\�HLWKHU�HQJXOIHG�WKDW����

RI�SUHYLRXVO\�GHVFULEHG�YLUXVHV��DV�LQ�WKH�FDVH�RI�SKOHERYLUXV��QDLURYLUXV��DQG�GLPDUKDERYLUXV��RU����

DSSHDUHG�DV�QRYHO�OLQHDJHV�VDQGZLFKHG�EHWZHHQ�H[LVWLQJ�JHQHUD�RU�IDPLOLHV��DQG�KHQFH�ILOOLQJ�LQ����

D�QXPEHU�RI�SK\ORJHQHWLF�µJDSV¶��)LJXUH����)LJXUH��²ILJXUH�VXSSOHPHQW�������2QH�LPSRUWDQW����

H[DPSOH�ZDV�D�ODUJH�PRQRSK\OHWLF�JURXS�RI�QHZO\�GLVFRYHUHG�YLUXVHV�WKDW�IHOO�EHWZHHQ�WKH�PDMRU�����

JURXSV�RI�VHJPHQWHG�DQG�XQVHJPHQWHG�YLUXVHV��)LJXUH�����ZH�QDPH�WKLV�SXWDWLYH�QHZ�YLUXV�����

IDPLO\�WKH�µ&KXYLULGDH¶�UHIOHFWLQJ�WKH�JHRJUDSKLF�ORFDWLRQ�LQ�&KLQD�ZKHUH�PRVW�RI�WKLV�IDPLO\�����

ZHUH�LGHQWLILHG��³&KX´�LV�DQ�KLVWRULFDO�WHUP�UHIHUULQJ�WR�ODUJH�DUHD�RI�&KLQD�HQFRPSDVVLQJ�WKH�����

PLGGOH�DQG�ORZHU�UHDFKHV�RI�WKH�<DQJ]L�5LYHU���$OVR�RI�QRWH�ZDV�WKDW�VRPH�RI�WKH�SUHYLRXVO\�����

GHILQHG�IDPLOLHV�QR�ORQJHU�DSSHDU�DV�PRQRSK\OHWLF��)RU�H[DPSOH��DOWKRXJK�FODVVLILHG�DV�GLVWLQFW�����

IDPLOLHV��WKH�IDPLO\�Arenaviridae�IHOO�ZLWKLQ�WKH�JHQHWLF�GLYHUVLW\�RI�WKH�IDPLO\�Bunyaviridae�DQG�����

DV�D�VLVWHU�JURXS�WR�YLUXVHV�RI�WKH�JHQXV�Nairovirus��)XUWKHUPRUH��WKH�IORDWLQJ�JHQXV Tenuivirus�����

ZDV�QHVWHG�ZLWKLQ�WKH�3KOHERYLUXV�OLNH�FODGH��DQG�DQRWKHU�IORDWLQJ�JHQXV��Emaravirus��IRUPHG�D�����

PRQRSK\OHWLF�JURXS�ZLWK�WKH�Orthobunyavirus�DQG�Tospovirus JHQHUD��)LJXUH��&��)LJXUH��²����
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ILJXUH�VXSSOHPHQW�����+HQFH��WKHUH�DUH�LPSRUWDQW�LQFRQVLVWHQFLHV�EHWZHHQ�WKH�FXUUHQW�YLUXV�����

FODVVLILFDWLRQ�VFKHPH�DQG�WKH�XQGHUO\LQJ�HYROXWLRQDU\�KLVWRU\�RI�WKH�5G5S�UHYHDOHG�KHUH������

$�NH\�UHVXOW�RI�WKLV�VWXG\�LV�WKDW�WKH�PXFK�RI�WKH�JHQHWLF�GLYHUVLW\�RI�QHJDWLYH�VHQVH�51$�YLUXVHV�����

LQ�YHUWHEUDWHV�DQG�SODQWV�QRZ�DSSHDUV�WR�EH�FRQWDLQHG�ZLWKLQ�YLUXVHV�WKDW�XWLOL]H�DUWKURSRGV�DV�����

KRVWV�RU�YHFWRUV��,QGHHG��LW�LV�VWULNLQJ�WKDW�DOO�YHUWHEUDWH�VSHFLILF�VHJPHQWHG�DQG�XQVHJPHQWHG�����

YLUXVHV��DUHQDYLUXV��ERUQDYLUXV��ILORYLUXV��KDQWDYLUXV��LQIOXHQ]D�YLUXVHV��O\VVDYLUXV��DQG�����

SDUDP\[RYLUXV��IDOO�ZLWKLQ�WKH�JHQHWLF�GLYHUVLW\�RI�DUWKURSRG�DVVRFLDWHG�YLUXVHV��)LJXUHV���DQG�����

����$OVR�QHVWHG�ZLWK�DUWKURSRG�DVVRFLDWHG�GLYHUVLW\�ZHUH�SODQW�YLUXVHV��HPDUDYLUXV��WRVSRYLUXV������

DQG�WHQXLYLUXVHV��QXFOHRUKDEGRYLUXV��F\WRUKDEGRYLUXV��DQG�YDULFRVDYLUXV���)LJXUHV���DQG���������

6XUSULVLQJO\��RXU�SK\ORJHQ\�VLPLODUO\�SODFHG�WZR�QRQ�DUWKURSRG�LQYHUWHEUDWH�YLUXVHV��IRXQG�LQ�����

QHPDWRGHV��Heterodera glycines��DQG�IODWZRUPV��Procotyla fluviatilis���ZLWKLQ�DUWKURSRG�����

DVVRFLDWHG�GLYHUVLW\��)LJXUH��&��)LJXUH��²ILJXUH�VXSSOHPHQW�����LQGLFDWLQJ�WKDW�WKH�UROH�RI�QRQ�����

DUWKURSRG�LQYHUWHEUDWHV�VKRXOG�EH�H[SORUHG�IXUWKHU��)LQDOO\��LW�ZDV�VWULNLQJ�WKDW�DOWKRXJK�����

LQGLYLGXDO�DUWKURSRG�VSHFLHV�FDQ�KDUERU�D�ULFK�GLYHUVLW\�RI�51$�YLUXVHV��PDQ\�YLUXVHV�VHHPHG�WR�����

EH�DVVRFLDWHG�ZLWK�GLIIHUHQW�DUWKURSRG�VSHFLHV�WKDW�VKDUH�WKH�VDPH�HFRORJLFDO�QLFKH��7DEOHV�����������

,QWHUHVWLQJO\��KRVW�VSHFLHV�LQ�WKH�VDPH�QLFKH�KDG�VLPLODU�YLUDO�FRQWHQWV�WKDW�ZHUH�JHQHUDOO\�����

LQFRQJUXHQW�ZLWK�WKH�KRVW�SK\ORJHQ\��)LJXUH�����6XFK�D�SDWWHUQ�LV�LQGLFDWLYH�RI�IUHTXHQW�FURVV�����

VSHFLHV�DQG�RFFDVLRQDO�FURVV�JHQXV�YLUXV�WUDQVPLVVLRQ�LQ�WKH�FRQWH[W�RI�HFRORJLFDO�DQG�����

JHRJUDSKLF�SUR[LPLW\�������

'LYHUVLW\�DQG�HYROXWLRQ�RI�YLUXV�JHQRPH�RUJDQL]DWLRQV��7KH�GLYHUVLW\�RI�JHQRPH�VWUXFWXUHV�LQ�����

WKHVH�YLUXV�GDWD�ZDV�DOVR�VWULNLQJ��7KLV�FDQ�HDVLO\�EH�GRFXPHQWHG�ZLWK�UHVSHFW�WR�WKH�HYROXWLRQ�RI�����

JHQRPH�VHJPHQWDWLRQ��7KH�QXPEHU�RI�JHQRPH�VHJPHQWV�LQ�QHJDWLYH�VHQVH�51$�YLUXVHV�YDULHV�����

IURP�RQH�WR�HLJKW��2XU�SK\ORJHQHWLF�DQDO\VLV�UHYHDOHG�QR�SDUWLFXODU�WUHQG�IRU�WKLV�QXPEHU�WR�����
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LQFUHDVH�RU�GHFUHDVH�WKURXJK�HYROXWLRQDU\�WLPH��)LJXUH�����+HQFH��JHQRPH�VHJPHQWDWLRQ��L�H������

JHQRPHV�ZLWK�!��VHJPHQW��KDV�FOHDUO\�HYROYHG�RQ�PXOWLSOH�RFFDVLRQV�ZLWKLQ�WKH�QHJDWLYH�VHQVH�����

51$�YLUXVHV��)LJXUH�����VXFK�WKDW�LW�LV�D�UHODWLYHO\�IOH[LEOH�JHQHWLF�WUDLW��$OWKRXJK�PRVW�����

VHJPHQWHG�YLUXVHV�ZHUH�GLVWDQWO\�UHODWHG�WR�WKRVH�ZLWK�D�VLQJOH�VHJPHQW��)LJXUH�����FORVH�����

SK\ORJHQHWLF�WLHV�ZHUH�VHHQ�LQ�RWKHU�FDVHV�VXSSRUWLQJ�WKH�UHODWLYHO\�UHFHQW�HYROXWLRQ�RI�PXOWLSOH�����

VHJPHQWV��ZLWK�WKH�SODQW�LQIHFWLQJ�YDULFRVDYLUXV��WZR�VHJPHQWV��DQG�RUFKLG�IOHFN�YLUXV��ELSDUWLWH������

VHUYLQJ�DV�LQIRUPDWLYH�H[DPSOHV������

,Q�WKLV�FRQWH[W�LW�LV�QRWDEOH�WKDW�WKH�QHZO\�GLVFRYHUHG�FKXYLUXVHV�IHOO�µEHWZHHQ¶�WKH�SK\ORJHQHWLF�����

GLYHUVLW\�RI�VHJPHQWHG�DQG�WKH�XQVHJPHQWHG�YLUXVHV��$OWKRXJK�PRQRSK\OHWLF��WKH�FKXYLUXVHV�����

GLVSOD\�D�ZLGH�YDULHW\�RI�JHQRPH�RUJDQL]DWLRQV�LQFOXGLQJ�XQVHJPHQWHG��EL�VHJPHQWHG��DQG�D�����

FLUFXODU�IRUP��HDFK�RI�ZKLFK�DSSHDUHG�PXOWLSOH�WLPHV�LQ�WKH�SK\ORJHQ\��)LJXUH���DQG�����7KH�����

FLUFXODU�JHQRPLF�IRUP��ZKLFK�ZDV�FRQILUPHG�E\�µDURXQG�WKH�JHQRPH¶�57�3&5�DQG�E\�WKH�����

PDSSLQJ�RI�VHTXHQFLQJ�UHDGV�WR�WKH�JHQRPH��)LJXUH��&���LV�D�XQLTXH�IHDWXUH�RI�WKH�&KXYLULGDH������

DQG�FDQ�EH�GLVWLQJXLVKHG�IURP�D�SVHXGR�FLUFXODU�VWUXFWXUH�VHHQ�LQ�VRPH�RWKHU�QHJDWLYH�VHQVH�����

51$�YLUXVHV�LQFOXGLQJ�WKH�IDPLO\�Bunyaviridae�DQG�WKH�IDPLO\�Orthomyxoviridae��)XUWKHUPRUH������

WKLV�FLUFXODU�JHQRPLF�IRUP�ZDV�DOVR�SUHVHQW�LQ�ERWK�VHJPHQWV�RI�WKH�VHJPHQWHG�FKXYLUXVHV�����

�)LJXUH��%���,Q�DGGLWLRQ��WKH�FKXYLUXVHV�GLVSOD\HG�D�GLYHUVH�QXPEHU�DQG�DUUDQJHPHQW�RI�����

SUHGLFWHG�RSHQ�UHDGLQJ�IUDPHV�WKDW�ZHUH�PDUNHGO\�GLIIHUHQW�IURP�WKH�JHQRPLF�DUUDQJHPHQW�VHHQ�����

LQ�WKH�RUGHU�Mononegavirales�HYHQ�WKRXJK�WKHVH�YLUXVHV�DUH�UHODWLYHO\�FORVHO\�UHODWHG��)LJXUH�������

DQG�����,Q�SDUWLFXODU��WKH�FKXYLUXVHV�KDG�XQLTXH�DQG�YDULDEOH�RUGHUV�RI�JHQHV��WKH�OLQHDU�FKXYLUXV�����

JHQRPHV�EHJDQ�ZLWK�WKH�JO\FRSURWHLQ��*��JHQH��IROORZHG�E\�WKH�QXFOHRSURWHLQ��1��JHQH�DQG�WKHQ�����

WKH�SRO\PHUDVH��/��JHQH��ZKHUHDV�WKH�PDMRULW\�RI�FLUFXODU�FKXYLUXVHV�ZHUH�PRVW�OLNHO\�DUUDQJHG�����

LQ�WKH�RUGHU�/��*��1��L�H��LI�GLVSOD\HG�LQ�D�OLQHDU�IRUP��DV�WKH�RQO\�ORZ�FRYHUDJH�SRLQW�WKURXJKRXW�����
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WKH�JHQRPH�OD\�EHWZHHQ�WKH��¶�HQG�RI�1�JHQH�DQG�WKH��¶�HQG�RI�/�JHQH��)LJXUH��%���,Q�DGGLWLRQ������

WKH�JHQRPH�RUJDQL]DWLRQV�RI�WKH�FKXYLUXVHV�ZHUH�IDU�PRUH�FRQFLVH�WKDQ�WKRVH�RI�WKH�RUGHU�����

Mononegavirales��ZLWK�25)V�HQFRGLQJ�RQO\�����PDMRU��!���N'D��SURWHLQV��)LJXUH�����DQG�KHQFH�����

VKRZLQJ�PRUH�VLPLODULW\�WR�VHJPHQWHG�YLUXVHV�LQ�WKLV�UHVSHFW������

$OWKRXJK�RXU�SK\ORJHQHWLF�DQDO\VLV�IRFXVHG�RQ�WKH�UHODWLYHO\�FRQVHUYHG�5G5S��LQ�WKH�FDVH�RI�����

VHJPHQWHG�YLUXVHV�ZH�VHDUFKHG�IRU�RWKHU�SXWDWLYH�YLUDO�SURWHLQV�IURP�WKH�DVVHPEOHG�FRQWLJV������

$FFRUGLQJO\��ZH�ZHUH�DEOH�WR�ILQG�WKH�VHJPHQWV�HQFRGLQJ�PDWFKLQJ�VWUXFWXUDO�SURWHLQV��PDLQO\�����

JO\FRSURWHLQV�DQG�QXFOHRSURWHLQV��IRU�PDQ\�RI�WKH�YLUDO�5G5S�VHTXHQFHV��)LJXUH�����DOWKRXJK�����

H[WHQVLYH�VHTXHQFH�GLYHUJHQFH�SUHYHQWHG�WKLV�LQ�VRPH�FDVHV��6XUSULVLQJO\��0�VHJPHQWV�ZHUH�����

DSSDUHQWO\�DEVHQW�LQ�D�JURXS�RI�WLFN�SKOHERYLUXVHV�ZKRVH�5G5SV�DQG�QXFOHRSURWHLQV�VKRZHG�����

UHODWLYHO\�KLJK�VHTXHQFH�VLPLODULW\�WR�8XNXQLHPL�YLUXV��JHQXV�Phlebovirus��7DEOH���DQG�)LJXUH�����

����*HQRPHV�ZLWK�PLVVLQJ�JO\FRSURWHLQ�JHQHV�ZHUH�DOVR�IRXQG�LQ�WKH�FKXYLUXVHV��&KDQJSLQJ�����

7LFN�9LUXVHV���DQG����:XKDQ�/RXVH�9LUXVHV���DQG����)LJXUH����DQG�WKH�XQVHJPHQWHG�����

GLPDUKDEGRYLUXV��7DLVKXQ�7LFN�9LUXV��:XKDQ�7LFN�9LUXV����7DFKHQJ�7LFN�9LUXV����)LJXUH���������

$OWKRXJK�LW�LV�SRVVLEOH�WKDW�WKH�JO\FRSURWHLQ�JHQH�PD\�KDYH�EHHQ�UHSODFHG�ZLWK�D�KLJKO\�����

GLYHUJHQW�RU�HYHQ�QRQ�KRPRORJRXV�VHTXHQFH��ZH�IDLOHG�WR�ILQG�DQ\�FDQGLGDWH�*�SURWHLQV�ZLWKLQ�����

WKH�QR�%ODVW[�KLW�VHW�RI�VHTXHQFHV�XQGHU�WKH�IROORZLQJ�FULWHULD���L��VWUXFWXUDO�UHVHPEODQFH�WR�*�����

SURWHLQV���LL��VLPLODU�OHYHO�RI�DEXQGDQFH�WR�WKH�FRUUHVSRQGLQJ�5G5S�DQG�QXFOHRSURWHLQ�JHQHV��DQG�����

�LLL��FRPSDUDEOH�SK\ORJHQLHV�RU�OHYHOV�RI�GLYHUJHQFH��DPRQJ�UHODWHG�YLUXVHV��WR�WKRVH�RI�5G5SV�����

DQG�QXFOHRSURWHLQV��7KH�FDXVH�DQG�ELRORJLFDO�VLJQLILFDQFH�RI�WKHVH�VHHPLQJO\�³LQFRPSOHWH´�YLUXV�����

JHQRPHV�UHTXLUHV�IXUWKHU�VWXG\��)LQDOO\��LW�ZDV�DOVR�RI�LQWHUHVW�WKDW�D�YLUXV�ZLWK�IRXU�VHJPHQWV�����

ZDV�GLVFRYHUHG�LQ�WKH�KRUVHIO\�SRRO��$OWKRXJK�WKH�SUHGLFWHG�SURWHLQV�RI�DOO�IRXU�VHJPHQWV�VKRZHG�����

VHTXHQFH�KRPRORJ\�WR�WKHLU�FRXQWHUSDUWV�LQ�7HQXLYLUXV��)DON�DQG�7VDL���������WKLV�YLUXV�ODFNHG�����
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WKH�DPELVHQVH�FRGLQJ�VWUDWHJ\�RI�WHQXLYLUXVHV��)LJXUH������:KLOH�WKH�FDSDELOLW\�RI�WKLV�YLUXV�WR�����

LQIHFW�SODQWV�LV�XQNQRZQ��LW�LV�SRVVLEOH�WKDW�LW�UHSUHVHQWV�D�WUDQVLWLRQDO�IRUP�EHWZHHQ�SODQW�����

LQIHFWLQJ�DQG�DUWKURSRG�VSHFLILF�YLUXVHV������

�����

1RYHO�(QGRJHQRXV�9LUXV�(OHPHQWV��(9(V���$V�ZHOO�DV�QRYHO�H[RJHQRXV�51$�YLUXVHV��RXU�����

PHWDJHQRPLF�DQDO\VLV�DOVR�UHYHDOHG�D�ODUJH�QXPEHU�RI�SRWHQWLDO�(9(V��.DW]RXUDNLV�DQG�*LIIRUG������

������LQ�PRUH�WKDQ����DUWKURSRG�VSHFLHV��WKHVH�UHVHPEOHG�FRPSOHWH�RU�SDUWLDO�JHQHV�RI�WKH�PDMRU�����

SURWHLQV�±�WKH�QXFOHRSURWHLQ��JO\FRSURWHLQ�DQG�5G5S�±�EXW�ZLWKRXW�IXOO\�LQWDFW�JHQRPHV��7DEOH�����

����$V�H[SHFWHG�JLYHQ�WKHLU�HQGRJHQRXV�VWDWXV��PRVW�RI�WKHVH�VHTXHQFHV�KDYH�GLVUXSWHG�UHDGLQJ�����

IUDPHV�DQG�PDQ\�DUH�IRXQG�ZLWKLQ�WUDQVSRVRQ�HOHPHQWV��VXJJHVWLQJ�WKDW�WUDQVSRVRQV�KDYH�EHHQ�����

FHQWUDO�WR�WKHLU�LQWHJUDWLRQ��,QWHUHVWLQJO\��LQ�VRPH�FDVHV��VXFK�DV�WKH�SXWDWLYH�JO\FRSURWHLQ�JHQH�RI�����

FKXYLUXVHV��WKH�KRPRORJRXV�(9(V�IURP�ZLWKLQ�D�IDPLO\��&XOLFLGDH��RU�HYHQ�DQ�RUGHU�����

�+\PHQRSWHUD��IRUP�PRQRSK\OHWLF�JURXSV��)LJXUH������+RZHYHU��WKH\�DUH�XQOLNHO\�WR�EH�����

RUWKRORJRXV�EHFDXVH�WKH\�GR�QRW�VKDUH�KRPRORJRXV�LQWHJUDWLRQ�VLWHV�LQ�WKH�KRVW�JHQRPH�DV�����

GHWHUPLQHG�E\�DQ�DQDO\VLV�RI�IODQNLQJ�VHTXHQFHV��ZKLFK�LQ�WXUQ�OLPLWHG�WKH�DSSOLFDELOLW\�RI�����

PROHFXODU�FORFN�EDVHG�GDWLQJ�WHFKQLTXHV��)XUWKHUPRUH��SK\ORJHQHWLF�DQDO\VHV�RI�WKRVH�(9(V�����

VKDUHG�DPRQJ�GLIIHUHQW�KRVW�VSHFLHV�UHYHDOHG�H[WUHPHO\�FRPSOH[�WUHH�WRSRORJLHV�ZKLFK�GR�QRW�����

H[KLELW�VLPSOH�PDWFKHV�WR�WKH�KRVW�SK\ORJHQ\�DW�ERWK�WKH�VSHFLHV�DQG�JHQHUD�OHYHOV��)LJXUH���%�����

&���,Q�VXP��WKHVH�UHVXOWV�VXJJHVW�WKDW�(9(V�DUH�UHODWLYH�FRPPRQSODFH�LQ�DUWKURSRG�JHQRPHV�DQG�����

KDYH�EHHQ�RIWHQ�JHQHUDWHG�E\�PXOWLSOH�DQG�LQGHSHQGHQW�LQWHJUDWLRQ�HYHQWV������

�����

'LVFXVVLRQ�����
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2XU�VWXG\�VXJJHVWV�WKDW�DUWKURSRGV�DUH�PDMRU�UHVHUYRLU�KRVWV�IRU�PDQ\��LI�QRW�DOO��RI�WKH�QHJDWLYH�����

VHQVH�51$�YLUXVHV�LQ�YHUWHEUDWHV�DQG�SODQWV��DQG�KHQFH�KDYH�OLNHO\�SOD\HG�D�PDMRU�UROH�LQ�WKHLU�����

HYROXWLRQ��7KLV�LV�IXUWKHU�VXSSRUWHG�E\�WKH�KLJK�DEXQGDQFH�RI�YLUDO�51$�LQ�WKH�DUWKURSRG�����

WUDQVFULSWRPH��DV�ZHOO�DV�E\�WKH�KLJK�IUHTXHQFLHV�RI�HQGRJHQRXV�FRSLHV�RI�WKHVH�YLUXVHV�LQ�WKH�����

DUWKURSRG�JHQRPH��JUHDWO\�H[SDQGLQJ�WKH�NQRZQ�ELRGLYHUVLW\�RI�WKHVH�JHQRPLF�³IRVVLOV´��&XL�DQG�����

+ROPHV��������.DW]RXUDNLV�DQG�*LIIRUG���������7KH�RIWHQ�EDVDO�SRVLWLRQ�RI�WKH�DUWKURSRG�YLUXVHV�����

LQ�RXU�SK\ORJHQHWLF�WUHHV�LV�DOVR�FRPSDWLEOH�ZLWK�WKH�LGHD�WKDW�WKH�QHJDWLYH�VHQVH�51$�YLUXVHV�����

IRXQG�LQ�YHUWHEUDWHV�DQG�SODQWV�XOWLPDWHO\�KDYH�WKHLU�DQFHVWU\�LQ�DUWKURSRGV��DOWKRXJK�WKLV�ZLOO�����

RQO\�EH�FRQILUPHG�ZLWK�D�IDU�ZLGHU�VDPSOH�RI�YLUXV�ELRGLYHUVLW\�������

7KH�ULFK�JHQHWLF�DQG�SK\ORJHQHWLF�GLYHUVLW\�RI�DUWKURSRG�51$�YLUXVHV�PD\�LQ�SDUW�UHIOHFW�WKH�����

HQRUPRXV�VSHFLHV�QXPEHU�DQG�GLYHUVLW\�RI�DUWKURSRGV��DQG�WKDW�WKH\�VRPHWLPHV�OLYH�LQ�ODUJH�DQG�����

YHU\�GHQVH�SRSXODWLRQV�WKDW�SURYLGH�DEXQGDQW�KRVWV�WR�IXHO�YLUXV�WUDQVPLVVLRQ��)XUWKHUPRUH������

DUWKURSRGV�DUH�LQYROYHG�LQ�DOPRVW�DOO�HFRORJLFDO�JXLOGV�DQG�DFWLYHO\�LQWHUDFW�ZLWK�RWKHU�����

HXNDU\RWHV��LQFOXGLQJ�DQLPDOV��SODQWV�DQG�IXQJL��VXFK�WKDW�LW�LV�SRVVLEOH�WKDW�WKH\�VHUYH�DV�ERWK�����

VRXUFHV�DQG�VLQNV�IRU�YLUXVHV�SUHVHQW�LQ�WKH�HQYLURQPHQW��,Q�DGGLWLRQ��QRW�RQO\�ZHUH�GLYHUVH�����

YLUXVHV�SUHVHQW��EXW�WKH\�ZHUH�RIWHQ�KLJKO\�DEXQGDQW��)RU�H[DPSOH��LQ�WKH�SRRO�FRQWDLQLQJ�WZHOYH�����

LQGLYLGXDOV��UHSUHVHQWLQJ�WZR�VSHFLHV��IURP�WKH�*HUULGDH��:DWHU�VWULGHUV��FROOHFWHG�DW�WKH�VDPH�����

VLWH��ZH�LGHQWLILHG�DW�OHDVW�ILYH�QHJDWLYH�VHQVH�51$�YLUXVHV�ZKRVH�730�YDOXHV�DUH�ZHOO�DERYH�����

�����DQG�ZKHUH�WKH�YLUDO�51$�FROOHFWLYHO\�PDGH�XS�PRUH�WKDQ�����RI�WKH�KRVW�WRWDO�51$��U51$�����

H[FOXGHG���'HWHUPLQLQJ�ZK\�DUWKURSRGV�DUH�DEOH�WR�FDUU\�VXFK�D�ODUJH�YLUDO�GLYHUVLW\�DQG�DW�VXFK�����

IUHTXHQFLHV�FOHDUO\�PHULWV�IXUWKHU�LQYHVWLJDWLRQ�������

7KH�YLUXVHV�GLVFRYHUHG�KHUH�DOVR�H[KLELWHG�D�KXJH�YDULDWLRQ�LQ�OHYHO�RI�DEXQGDQFH��,W�LV�SRVVLEOH�����

WKDW�WKLV�YDULDWLRQ�LV�LQ�SDUW�GXH�WR�WKH�VWDJH�RU�VHYHULW\�RI�LQIHFWLRQ�LQ�LQGLYLGXDO�YLUXVHV��DQG�PD\�����
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EH�VLJQLILFDQWO\�LQIOXHQFHG�E\�WKH�SURFHVV�RI�SRROLQJ��VLQFH�PRVW�RI�RXU�OLEUDULHV�FRQWDLQ�DQ�����

XQHYHQ�PL[WXUH�RI�GLIIHUHQW�KRVW�VSHFLHV�RU�HYHQ�JHQHUD��,Q�DGGLWLRQ��LW�LV�SRVVLEOH�WKDW�VRPH�ORZ�����

DEXQGDQFH�YLUXVHV�PD\�LQ�IDFW�EH�GHULYHG�IURP�RWKHU�HXNDU\RWLF�RUJDQLVPV�SUHVHQW�LQ�WKH�KRVW�����

VDPSOHG��VXFK�DV�XQGLJHVWHG�IRRG�RU�SUH\��JXW�PLFUR�IORUD��DQG�SDUDVLWHV��1HYHUWKHOHVV��VLQFH�WKH�����

PDMRULW\�RI�WKH�ORZ�DEXQGDQFH�YLUXVHV�DSSHDU�LQ�WKH�VDPH�JURXSV�DV�WKH�KLJKO\�DEXQGDQW�RQHV�LQ�����

RXU�SK\ORJHQHWLF�DQDO\VHV��WKHVH�YLUXVHV�DUH�PRVW�OLNHO\�DVVRFLDWHG�ZLWK�DUWKURSRGV�������

9LUDO�LQIHFWLRQV�LQ�YHUWHEUDWHV�DQG�SODQWV�FDQ�EH�GLYLGHG�LQWR�WZR�PDLQ�FDWHJRULHV���L��DUWKURSRG�����

GHSHQGHQW�LQIHFWLRQV��LQ�ZKLFK�WKHUH�LV�VSLOO�RYHU�WR�QRQ�DUWKURSRGV�EXW�ZKHUH�FRQWLQXHG�YLUXV�����

WUDQVPLVVLRQ�VWLOO�UHTXLUHV�DUWKURSRGV��DQG��LL��DUWKURSRG�LQGHSHQGHQW�LQIHFWLRQV��LQ�ZKLFK�WKH�����

YLUXV�KDV�VKLIWHG�LWV�KRVW�UDQJH�WR�FLUFXODWH�DPRQJ�YHUWHEUDWHV�H[FOXVLYHO\��)LJXUH������7KH�ILUVW�����

FDWHJRU\�RI�LQIHFWLRQV�LV�RIWHQ�DVVRFLDWHG�ZLWK�PDMRU�YHFWRU�ERUQH�GLVHDVHV��=KDQJ�HW�DO�������������

=KDQJ�HW�DO����������*LYHQ�WKH�ELRGLYHUVLW\�RI�DUWKURSRG�YLUXVHV�GRFXPHQWHG�KHUH��LW�VHHPV�OLNHO\�����

WKDW�DUWKURSRG�LQGHSHQGHQW�YLUXVHV�ZHUH�XOWLPDWHO\�GHULYHG�IURP�DUWKURSRG�GHSHQGHQW�LQIHFWLRQV������

ZLWK�VXEVHTXHQW�DGDSWDWLRQ�WR�YHUWHEUDWH�RQO\�WUDQVPLVVLRQ��)LJXUH����������

2QH�RI�WKH�PRVW�QRWDEOH�GLVFRYHULHV�ZDV�WKDW�RI�D�QRYHO�IDPLO\��WKH�&KXYLULGDH��7KH�����

LGHQWLILFDWLRQ�RI�WKLV�GLYHUVH�YLUXV�IDPLO\�SURYLGHV�D�QHZ�SHUVSHFWLYH�RQ�WKH�HYROXWLRQDU\�RULJLQV�����

RI�VHJPHQWHG�DQG�XQVHJPHQWHG�YLUXVHV��,Q�SDUWLFXODU��WKH�FKXYLUXVHV�RFFXS\�D�SK\ORJHQHWLF�����

SRVLWLRQ�WKDW�LV�LQ�VRPH�VHQVH�µLQWHUPHGLDWH¶�EHWZHHQ�WKH�VHJPHQWHG�DQG�XQVHJPHQWHG�QHJDWLYH�����

VHQVH�51$�YLUXVHV��DQG�GLVSOD\�JHQRPLF�IHDWXUHV�RI�ERWK��,QGHHG��RXU�SK\ORJHQHWLF�DQDO\VLV�����

UHYHDOV�WKDW�JHQRPH�VHJPHQWDWLRQ�KDV�HYROYHG�PXOWLSOH�WLPHV�ZLWKLQ�WKH�GLYHUVLW\�RI�FKXYLUXVHV�����

�)LJXUH�����VXFK�WKDW�WKLV�WUDLW�DSSHDUV�WR�EH�PRUH�IOH[LEOH�WKDQ�SUHYLRXVO\�DQWLFLSDWHG��,Q�DGGLWLRQ������

WKH�PDMRULW\�RI�WKH�FKXYLUXVHV�SRVVHVV�FLUFXODU�JHQRPHV��7R�GDWH��WKH�RQO\�NQRZQ�FLUFXODU�51$�����

YLUXV�LV��KHSDWLWLV��GHOWDYLUXV��DOWKRXJK�WKLV�SRWHQWLDOO\�RULJLQDWHG�IURP�WKH�KXPDQ�JHQRPH�����
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�6DOHKL�$VKWLDQL�HW�DO���������DQG�UHTXLUHV�KHSDWLWLV�%�YLUXV�IRU�VXFFHVVIXO�UHSOLFDWLRQ��$V�VXFK������

WKH�FKXYLUXVHV�PD\�UHSUHVHQW�WKH�ILUVW�UHSRUW�RI�DXWRQRPRXVO\�UHSOLFDWLQJ�FLUFXODU�51$�YLUXVHV������

ZKLFK�RSHQV�XS�DQ�LPSRUWDQW�OLQH�RI�IXWXUH�UHVHDUFK�������

2XU�UHVXOWV�DOVR�SURYLGH�LQVLJKWV�LQWR�WKH�HYROXWLRQ�RI�JHQRPH�VHJPHQWDWLRQ��:LWKLQ�WKH�%XQ\D������

DUHQD�OLNH�YLUXVHV��)LJXUH��&�DQG�����WKH�WKUHH�VHJPHQW�VWUXFWXUH�LV�WKH�PRVW�FRPPRQ��ZLWK�WKH�����

YLUDO�SRO\PHUDVH��QXFOHRSURWHLQ��DQG�VXUIDFH�JO\FRSURWHLQV�SUHVHQW�RQ�GLIIHUHQW�VHJPHQWV������

1RWDEO\��RXU�SK\ORJHQHWLF�DQDO\VLV�VHHPLQJO\�UHYHDOHG�LQGHSHQGHQW�RFFXUUHQFHV�RI�ERWK�����

LQFUHDVLQJ��7HQXLYLUXV�DQG�(PDUDYLUXV��DQG�GHFUHDVLQJ��$UHQDYLUXV��RI�VHJPHQW�QXPEHUV�IURP�����

WKH�WKUHH�VHJPHQW�IRUP��)LJXUH�����,QGHSHQGHQW�FKDQJHV�RI�JHQRPH�VHJPHQWDWLRQ�QXPEHUV�DUH�����

DOVR�REVHUYHG�LQ�WKH�PRQRQHJDYLUDOHV�OLNH�YLUXVHV��)LJXUH����DQG��PRUH�IUHTXHQWO\��LQ�WKH�����

FKXYLUXVHV��)LJXUH��$���&RQVHTXHQWO\��WKH�QXPEHU�RI�JHQRPH�VHJPHQWV�DSSHDUV�WR�EH�D�����

UHODWLYHO\�IOH[LEOH�WUDLW�DW�D�EURDG�HYROXWLRQDU\�VFDOH��DOWKRXJK�WKH�IXQFWLRQDO�UHOHYDQFH�RI�WKHVH�����

FKDQJHV�UHPDLQV�XQFOHDU��:KLOH�WKH�VHJPHQWHG�YLUXVHV��EXQ\D�DUHQDYLUXVHV��RUWKRP\[RYLUXVHV������

DQG�RSKLRYLUXVHV��DSSHDU�WR�EH�GLVWLQFW�IURP�WKH�ODUJHO\�XQVHJPHQWHG�PRQRQHJDYLUDOHV�OLNH�����

YLUXVHV�LQ�RXU�SK\ORJHQHWLF�DQDO\VLV��WKLV�PD\�EH�DQ�DUWLIDFW�RI�XQGHU�VDPSOLQJ��HVSHFLDOO\�JLYHQ�����

WKDW�RQO\�D�WLQ\�IUDFWLRQ�RI�HXNDU\RWHV�KDYH�EHHQ�VDPSOHG�WR�GDWH��:LWK�D�ZLGHU�VDPSOH�RI�����

HXNDU\RWLF�YLUXVHV�LW�ZLOO�EH�SRVVLEOH�WR�PRUH�DFFXUDWHO\�PDS�FKDQJHV�LQ�VHJPHQW�QXPEHU�RQWR�����

SK\ORJHQHWLF�WUHHV�DQG�LQ�VR�GRLQJ�FRPH�WR�D�PRUH�FRPSOHWH�XQGHUVWDQGLQJ�RI�WKH�SDWWHUQV�DQG�����

GHWHUPLQDQWV�RI�WKH�HYROXWLRQ�RI�JHQRPH�VHJPHQWDWLRQ������

,Q�VXP��RXU�UHVXOWV�KLJKOLJKW�WKH�UHPDUNDEO\�GLYHUVLW\�RI�DUWKURSRGV�YLUXVHV��%HFDXVH�DUWKURSRGV�����

LQWHUDFW�ZLWK�D�ZLGH�UDQJH�RI�RUJDQLVPV�LQFOXGLQJ�YHUWHEUDWH�DQLPDO�DQG�SODQWV��WKH\�FDQ�EH�VHHQ�����

DV�WKH�GLUHFW�RU�LQGLUHFW�VRXUFH�RI�PDQ\�FOLQLFDOO\�RU�HFRQRPLFDOO\�LPSRUWDQW�YLUXVHV��7KH�YLUDO�����

JHQHWLF�DQG�SKHQRW\SLF�GLYHUVLW\�GRFXPHQWHG�LQ�DUWKURSRGV�KHUH�WKHUHIRUH�SURYLGHV�D�QHZ�����
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SHUVSHFWLYH�RQ�IXQGDPHQWDO�TXHVWLRQV�RI�YLUXV�RULJLQV��GLYHUVLW\��KRVW�UDQJH��JHQRPH�HYROXWLRQ������

DQG�GLVHDVH�HPHUJHQFH������

�����

0DWHULDOV�DQG�0HWKRGV�����

6DPSOH�FROOHFWLRQ��%HWZHHQ������DQG������ZH�FROOHFWHG����VSHFLHV�RI�DUWKURSRGV�IURP�YDULRXV�����

ORFDWLRQV�LQ�&KLQD��7DEOH�����$PRQJ�WKHVH��WLFNV�ZHUH�HLWKHU�GLUHFWO\�SLFNHG�IURP�ZLOG�DQG�����

GRPHVWLF�DQLPDOV��RU�FDSWXUHG�XVLQJ�D�WLFN�GUDJ�IODJ�PHWKRG��PRVTXLWRHV�ZHUH�WUDSSHG�E\�OLJKW�����

WUDSV��FRPPRQ�IOLHV�ZHUH�FDSWXUHG�E\�IO\�SDSHU��KRUVHIOLHV�ZHUH�SLFNHG�IURP�LQIHVWHG�FDWWOH��EHG�����

EXJV�DQG�FRFNURDFKHV�ZHUH�WUDSSHG�LQGRRUV��ORXVH�IOLHV�ZHUH�SOXFNHG�IURP�WKH�VNLQ�RI�EDWV������

PLOOLSHGHV�ZHUH�SLFNHG�XS�IURP�WKH�JURXQG��VSLGHUV�ZHUH�FROOHFWHG�IURP�WKHLU�ZHEV��ZDWHU�����

VWULGHUV�ZHUH�FDSWXUHG�XVLQJ�KDQG�QHWV�IURP�ULYHU�VXUIDFHV��DQG�FUDEV�DQG�VKULPSV�ZHUH�ERXJKW�����

�DOLYH��IURP�ORFDO�ILVKHUPDQ��,Q�DGGLWLRQ��WKUHH�SRROV�RI�PL[HG�LQVHFW�VDPSOHV��7DEOH����ZHUH�����

FROOHFWHG�IURP�D�UXUDO�DUHD�DGMDFHQW�WR�ULFH�ILHOGV��,QVHFW�0L[�����IURP�D�ODNHVLGH��,QVHFW�0L[���������

DQG�IURP�D�PRXQWDLQRXV�DUHD�QHDU�:XKDQ��,QVHFW�0L[�����$IWHU�EULHI�VSHFLHV�LGHQWLILFDWLRQ�E\�����

H[SHULHQFHG�ILHOG�ELRORJLVWV��WKHVH�VDPSOHV�ZHUH�LPPHGLDWHO\�VWRUHG�LQ�OLTXLG�QLWURJHQ�DQG�ZHUH�����

ODWHU�SXW�RQ�GU\�LFH�IRU�VKLSPHQW�WR�RXU�ODERUDWRU\������

�����

7RWDO�51$�H[WUDFWLRQ��7KH�VSHFLPHQV�ZHUH�ILUVW�JURXSHG�LQWR�VHYHUDO�XQLWV��7DEOH���������

'HSHQGLQJ�RQ�WKH�VL]H�RI�VSHFLPHQV��RQH�XQLW�FRXOG�LQFOXGH�IURP���WR����LQGLYLGXDO�DUWKURSRGV�����

EHORQJLQJ�WR�WKH�VDPH�VSHFLHV�DQG�VDPSOLQJ�ORFDWLRQ��7KHVH�XQLWV�ZHUH�ILUVW�ZDVKHG�ZLWK�����

SKRVSKDWH�EXIIHUHG�VDOLQH��3%6��WKUHH�WLPHV�EHIRUH�KRPRJHQL]HG�ZLWK�WKH�0L[HU�PLOO�00��������

�5HVWVFK���7KH�UHVXOWDQW�KRPRJHQDWHV�ZHUH�WKHQ�VXEMHFWHG�WR�51$�H[WUDFWLRQ�XVLQJ�75,]RO�/6�����
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UHDJHQW��,QYLWURJHQ���$IWHU�REWDLQLQJ�WKH�DTXHRXV�SKDVH�FRQWDLQLQJ�WRWDO�51$��ZH�SHUIRUPHG�����

SXULILFDWLRQ�VWHSV�IURP�WKH�(�=�1�$�7RWDO�51$�.LW��20(*$��DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU¶V�����

LQVWUXFWLRQV��7KH�FRQFHQWUDWLRQ�DQG�TXDOLW\�RI�ILQDO�H[WUDFWLRQV�ZHUH�H[DPLQHG�XVLQJ�D�1'����������

89�6SHFWURSKRWRPHWHU��1DQRGURS���%DVHG�RQ�KRVW�W\SHV�DQG�RU�JHRJUDSKLF�ORFDWLRQV��WKHVH�����

H[WUDFWLRQV�ZHUH�IXUWKHU�PHUJHG�LQWR����SRROV�IRU�51$�VHT�OLEUDU\�FRQVWUXFWLRQ�DQG�VHTXHQFLQJ�����

�7DEOH���������

�����

6SHFLHV�LGHQWLILFDWLRQ��7R�YHULI\�WKH�ILHOG�VSHFLHV�LGHQWLILFDWLRQ��ZH�WRRN�D�SURSRUWLRQ�RI�WKH�����

KRPRJHQDWHV�IURP�HDFK�VSHFLPHQ�RU�VSHFLPHQ�SRRO�IRU�JHQRPLF�'1$�H[WUDFWLRQ�XVLQJ�(�=�1�$������

'1$�51$�,VRODWLRQ�.LW��20(*$���7ZR�JHQHV�ZHUH�XVHG�IRU�KRVW�LGHQWLILFDWLRQ��WKH�SDUWLDO���6�����

U51$�JHQH��a�����QW��ZKLFK�ZDV�DPSOLILHG�XVLQJ�SULPHU�SDLUV���6�����
�����

&7**7*&&$*&*$*&&*&**<$$��
��DQG���6��5&���
�7&&*7&$$77<&777$$*77�����

�
���DQG�SDUWLDO�&2,�JHQH��a����QW��XVLQJ�SULPHU�SDLUV�/&2�������
�����

**7&$$&$$$7&$7$$$*$7$77**��
��DQG�+&2�������
�����

7$$$&77&$***7*$&&$$$$$$7&$���
���3&5�UHDFWLRQV�ZHUH�SHUIRUPHG�DV�GHVFULEHG�����

SUHYLRXVO\��)ROPHU�HW�DO���������0DFKLGD�DQG�.QRZOWRQ���������)RU�WD[RQRPLF�GHWHUPLQDWLRQ������

WKH�UHVXOWLQJ�VHTXHQFHV�ZHUH�FRPSDUHG�DJDLQVW�WKH�QW�GDWDEDVH�DV�ZHOO�DV�ZLWK�DOO�&2,�EDUFRGH�����

UHFRUGV�RQ�WKH�%DUFRGH�RI�/LIH�'DWD�6\VWHPV��%2/'�������

�����

51$�VHT�VHTXHQFLQJ�DQG�UHDGV�DVVHPEO\��7RWDO�51$�ZDV�VXEMHFWHG�WR�D�VOLJKWO\�PRGLILHG�����

51$�VHT�OLEUDU\�SUHSDUDWLRQ�SURWRFRO�WR�WKDW�SURYLGHG�E\�,OOXPLQD��%ULHIO\��IROORZLQJ�'1DVH�,�����

GLJHVWLRQ��WRWDO�51$�ZDV�VXEMHFWHG�WR�DQ�U51$�UHPRYDO�VWHS�XVLQJ�5LER�=HUR��0DJQHWLF�*ROG�����

.LW��(SLGHPLRORJ\���7KH�UHPDLQLQJ�51$�ZDV�WKHQ�IUDJPHQWHG��UHYHUVH�WUDQVFULEHG��HQGV�����
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UHSDLUHG��G$�WDLOHG��DGDSWRU�OLJDWHG��SXULILHG��DQG�TXDQWLILHG�ZLWK�$JLOHQW������%LRDQDO\]HU�DQG�����

$%,�6WHS2QH3OXV�5HDO�7LPH�3&5�6\VWHP��3DLU�HQG����ES�RU����ES��VHTXHQFLQJ�RI�WKH�51$�����

OLEUDU\�ZDV�SHUIRUPHG�RQ�WKH�+L6HT������SODWIRUP��,OOXPLQD���$OO�OLEUDU\�SUHSDUDWLRQ�DQG�����

VHTXHQFLQJ�VWHSV�ZHUH�SHUIRUPHG�E\�%*,�7HFK��6KHQ]KHQ��&KLQD���7KH�UHVXOWLQJ�VHTXHQFLQJ�����

UHDGV�ZHUH�TXDOLW\�WULPPHG�DQG�DVVHPEOHG�de novo�XVLQJ�WKH�7ULQLW\�SURJUDP��*UDEKHUU�HW�DO�������

��������$OO�VHTXHQFH�UHDGV�JHQHUDWHG�LQ�WKLV�VWXG\�ZHUH�XSORDGHG�RQWR�1&%,�6HTXHQFH�5HDG�����

$FKLHYH��65$��GDWDEDVH�XQGHU�WKH�%LR3URMHFW�DFFHVVLRQ�653������������

�����

'LVFRYHU\�RI�WDUJHW�YLUXV�VHTXHQFHV��7KH�DVVHPEOHG�FRQWLJV�ZHUH�WUDQVODWHG�DQG�FRPSDUHG�����

�XVLQJ�%ODVW[��WR�UHIHUHQFH�SURWHLQ�VHTXHQFHV�RI�DOO�QHJDWLYH�VHQVH�51$�YLUXVHV��6HTXHQFHV�����

\LHOGLQJ�H�YDOXHV�ODUJHU�WKDQ��(���ZHUH�UHWDLQHG�DQG�FRPSDUHG�WR�WKH�HQWLUH�QU�GDWDEDVH�WR�����

H[FOXGH�QRQ�YLUDO�VHTXHQFHV��7KH�UHVXOWLQJ�YLUDO�VHTXHQFHV�ZHUH�PHUJHG�E\�LGHQWLI\LQJ�����

XQDVVHPEOHG�RYHUODSV�EHWZHHQ�QHLJKERULQJ�FRQWLJV�RU�ZLWKLQ�D�VFDIIROG�XVLQJ�WKH�6HT0DQ�����

SURJUDP�LPSOHPHQWHG�LQ�WKH�/DVHUJHQH�VRIWZDUH�SDFNDJH�Y�����'1$VWDU��0DGLVRQ��:,���7R�����

SUHYHQW�PLVVLQJ�KLJKO\�GLYHUJHQW�YLUXVHV��WKH�QHZO\�IRXQG�YLUDO�VHTXHQFHV�ZHUH�LQFOXGHG�LQ�WKH�����

UHIHUHQFH�SURWHLQ�VHTXHQFHV�IRU�D�VHFRQG�URXQG�RI�%ODVW[������

�����

6HTXHQFH�FRQILUPDWLRQ�DQG�UHSDLULQJ�E\�6DQJHU�PHWKRGV��)RU�HDFK�SRWHQWLDO�YLUDO�VHTXHQFH������

ZH�ILUVW�XVHG�QHVWHG�57�3&5�WR�H[DPLQH�ZKLFK�XQLW�FRQWDLQHG�WKH�WDUJHW�VHTXHQFH��XWLOL]LQJ�����

SULPHUV�GHVLJQHG�EDVHG�RQ�WKH�GHHS�VHTXHQFLQJ�UHVXOWV��,Q�WKH�FDVH�RI�VHJPHQWHG�YLUXVHV�WKLV�����

LQIRUPDWLRQ�ZDV�DOVR�XVHG�WR�GHWHUPLQH�ZKHWKHU�DQG�ZKLFK�RI�WKH�VHJPHQWV�UHFRYHUHG�IURP�WKH�����

SRRO�EHORQJHG�WR�WKH�VDPH�YLUXV��:H�QH[W�GHVLJQHG�RYHUODSSLQJ�SULPHUV�WR�YHULI\�WKH�VHTXHQFH�����

REWDLQHG�IURP�WKH�GHHS�VHTXHQFLQJ�DQG�DVVHPEO\�SURFHVVHV��%DVHG�RQ�WKH�YHULILHG�VHTXHQFHV��ZH�����
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GHWHUPLQHG�WKH�VHTXHQFLQJ�GHSWK�DQG�FRYHUDJH�E\�PDSSLQJ�UHDGV�WR�WDUJHW�VHTXHQFHV�XVLQJ�����

ERZWLH���/DQJPHDG�DQG�6DO]EHUJ���������$OO�YLUXV�JHQRPH�VHTXHQFHV�JHQHUDWHG�LQ�WKLV�VWXG\�����

KDYH�EHHQ�GHSRVLWHG�LQ�WKH�*HQ%DQN�GDWDEDVH�XQGHU�DFFHVVLRQ�QXPEHUV�.0�������.0�������������

�����

4XDQWLILFDWLRQ�RI�UHODWLYH�WUDQVFULSW�DEXQGDQFHV��%HIRUH�TXDQWLILFDWLRQ��ZH�ILUVW�UHPRYHG�WKH�����

U51$�UHDGV�IURP�WKH�GDWD�VHWV�WR�SUHYHQW�DQ\�ELDV�GXH�WR�WKH�XQHTXDO�HIILFLHQF\�RI�U51$�����

UHPRYDO�VWHSV�GXULQJ�OLEUDU\�SUHSDUDWLRQ��7R�DFKLHYH�WKLV��ZH�EODVWHG�WKH�7ULQLW\�DVVHPEO\�UHVXOWV�����

DJDLQVW�WKH�6,/9(5�U51$�GDWDEDVH��4XDVW�HW�DO����������DQG�WKHQ�XVHG�WKH�UHVXOWLQJ�U51$�����

FRQWLJV�DV�D�WHPSODWH�IRU�PDSSLQJ�XVLQJ�%2:7,(���/DQJPHDG�DQG�6DO]EHUJ���������7KH�����

UHPDLQLQJ�UHDGV�IURP�HDFK�OLEUDU\�ZHUH�WKHQ�PDSSHG�RQ�WR�WKH�DVVHPEOHG�WUDQVFULSWV�DQG�����

DQDO\]HG�ZLWK�56(0��/L�HW�DO����������XVLQJ�WKH�UXQB56(0BDOLJQBQBHVWLPDWH�SO�VFULSWV�����

LPSOHPHQWHG�LQ�WKH�7ULQLW\�SURJUDP��*UDEKHUU�HW�DO����������7KH�UHODWLYH�DEXQGDQFH�RI�HDFK�����

WUDQVFULSW�LV�SUHVHQWHG�DV�WUDQVFULSWV�SHU�PLOOLRQ��730��ZKLFK�FRUUHFWV�IRU�WKH�WRWDO�QXPEHU�RI�����

UHDGV�DV�ZHOO�DV�IRU�WUDQVFULSW�OHQJWK��/L�HW�DO��������������

�����

*HQRPH�ZDONLQJ��6RPH�RI�WKH�VHTXHQFHV�REWDLQHG�ZHUH�VXEVWDQWLDOO\�VKRUWHU�WKDQ�H[SHFWHG��7R�����

REWDLQ�ORQJHU�VHTXHQFHV��ZH�XVHG�D�*HQRPH�ZDONLQJ�NLW��7D.D5D���%ULHIO\��WKUHH�JHQH�VSHFLILF�����

SULPHUV�FORVH�WR�WKH�HQG�RI�WKH�NQRZQ�VHTXHQFH�ZHUH�GHVLJQHG��51$�IURP�SRVLWLYH�VDPSOHV�ZDV�����

XVHG�DV�LQSXW�IRU�UHYHUVH�WUDQVFULSWLRQ�SULPHG�E\�UDQGRP�SULPHU�1���7$,/�3&5��WKHUPDO�����

DV\PPHWULF�LQWHUODFHG�3&5��ZDV�SHUIRUPHG�DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU¶V�SURWRFRO��7KH�����

F'1$�ZDV�XVHG�DV�D�WHPSODWH�IRU�3&5�ZLWK�VSHFLILF�SULPHUV�DQG�WKH�PDQXIDFWXUHU�VXSSOLHG�����

GHJHQHUDWH�SULPHUV��$IWHU�WKUHH�URXQGV�RI�DPSOLILFDWLRQ��WKH�SURGXFWV�ZHUH�DQDO\]HG�RQ����������

DJDURVH�JHOV��DQG�VLQJOH�IUDJPHQWV�ZHUH�UHFRYHUHG�IURP�WKH�JHOV�DQG�SXULILHG�XVLQJ�DQ�DJDURVH�����
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JHO�'1$�H[WUDFWLRQ�NLW��7D.D5D���7KH�SXULILHG�SURGXFWV�ZHUH�WKHQ�OLJDWHG�LQWR�S0'���7�YHFWRU�����

�7D.D5D��ZKLFK�FRQWDLQV�WKH�JHQH�IRU�DPSLFLOOLQ�UHVLVWDQFH��7KH�YHFWRU�ZDV�WUDQVIRUPHG�LQWR�����

'+�Į�FHOOV��ZKLFK�ZHUH�VSUHDG�RQ�DJDU�SODWHV�DQG�LQFXEDWHG�RYHUQLJKW�DW����&��$�WRWDO�RI��������

FORQHV�ZHUH�UDQGRPO\�VHOHFWHG�DQG�VHTXHQFHG�XVLQJ�0���SULPHUV�RQ�$%,������JHQHWLF�DQDO\]HU�����

�$SSOLHG�%LRV\VWHPV�������

�����

'HWHUPLQDWLRQ�RI�JHQRPH�VHJPHQW�WHUPLQL��7KH�H[WUHPH��¶�VHTXHQFHV�ZHUH�UHFRYHUHG�E\�����

SHUIRUPLQJ�D��¶�)XOO�5$&(�NLW�ZLWK�7$3��7D.D5D��DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU¶V�SURWRFRO������

%ULHIO\��WZR�JHQH�VSHFLILF�SULPHUV�FORVH�WR�WKH�HQG�RI�WKH�NQRZQ�VHTXHQFH�ZHUH�GHVLJQHG��7KH��¶�����

HQG�RI�51$�ZDV�OLJDWHG�WR�WKH��¶5$&(�DGDSWRU��ZLWKRXW��¶�HQG�GHSKRVSKRU\ODWLQJ�DQG�����

GHFDSSLQJ��DQG�WKHQ�UHYHUVH�WUDQVFULEHG�XVLQJ�UDQGRP���PHUV��7KH�UHVXOWLQJ�F'1$�ZDV�XVHG�DV�����

D�WHPSODWH�IRU�QHVWHG�3&5�ZLWK��ƍ�5$&(�SULPHUV�SURYLGHG�E\�WKH�NLW�DQG�JHQH�VSHFLILF�UHYHUVH�����

SULPHUV��7KH�3&5�SURGXFWV�ZHUH�VHSDUDWHG�RQ�DQ�DJDURVH�JHO��FORQHG�LQWR�S0'���7�FORQLQJ�����

YHFWRU��DQG�VXEVHTXHQWO\�VHTXHQFHG������

7KH�H[WUHPH��¶�VHTXHQFHV�ZHUH�UHFRYHUHG�E\�SHUIRUPLQJ�D��¶�IXOO�5$&(�&RUH�6HW�ZLWK�����

3ULPH6FULSW�57DVH��7D.D5D��DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU¶V�SURWRFROV��%HFDXVH�WKH�51$�����

WHPSODWH�ODFNV�D�SRO\DGHQ\ODWHG�WDLO��D�3RO\�$��7DLOLQJ�.LW��$SSOLHG�%LRV\VWHPV��ZDV�XVHG�WR�����

DGG�WKLV�WR�WKH�51$V�SULRU�WR�ILUVW�VWUDQG��¶�F'1$�V\QWKHVLV����ȝ/�RI�WKH�3RO\�$��WDLOLQJ�����

UHDFWLRQ�PL[WXUH�ZDV�SUHSDUHG�DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU¶V�LQVWUXFWLRQV�DQG�ZDV�LQFXEDWHG�DW�����

���&�IRU���KU�EHIRUH�UHYHUVH�WUDQVFULSWLRQ�XVLQJ�3ULPH6FULSW�5HYHUVH�7UDQVFULSWDVH��7KH�F'1$�����

ZDV�WKHQ�DPSOLILHG�E\�QHVWHG�3&5�XVLQJ�WKH��ƍ�5$&(�SULPHUV�SURYLGHG�E\�WKH�NLW�DQG�JHQH�����

VSHFLILF�UHYHUVH�SULPHUV��7KH�3&5�SURGXFWV�ZHUH�VHSDUDWHG�RQ�DJDURVH�JHOV��FORQHG�LQWR�S0'�������

7�FORQLQJ�YHFWRU��DQG�VXEVHTXHQWO\�VHTXHQFHG��7KH��¶�DQG��¶�HQGV�RI�WKH�JHQRPH�IUDJPHQW�ZHUH�����
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DOVR�GHWHUPLQHG�E\�51$�FLUFXODUL]DWLRQ��57�3&5�DPSOLILFDWLRQ�ZDV�SHUIRUPHG�DFURVV�WKH�OLJDWHG�����

WHUPLQL�DQG�WKH�UHVXOWLQJ�3&5�SURGXFWV�ZHUH�VXEVHTXHQWO\�FORQHG�DQG�VHTXHQFHG������

�����

3K\ORJHQHWLF�DQDO\VHV��3RWHQWLDO�YLUDO�SURWHLQV�LGHQWLILHG�IURP�WKLV�VWXG\�ZHUH�DOLJQHG�ZLWK�WKHLU�����

FRUUHVSRQGLQJ�KRPRORJV�RI�UHIHUHQFH�QHJDWLYH�VHQVH�51$�YLUXVHV�XVLQJ�0$))7�YHUVLRQ���DQG�����

HPSOR\LQJ�WKH�(�,16�L�DOJRULWKP��.DWRK�DQG�6WDQGOH\���������7KH�VHTXHQFH�DOLJQPHQW�ZDV�����

OLPLWHG�WR�FRQVHUYHG�GRPDLQV��ZLWK�DPELJXRXVO\�DOLJQHG�UHJLRQV�UHPRYHG�XVLQJ�7ULP$O�����

�&DSHOOD�*XWLHUUH]�HW�DO����������7KH�ILQDO�DOLJQPHQW�OHQJWKV�ZHUH�����DPLQR�DFLGV��DD������DD������

���DD��DQG����DD�IRU�GDWD�VHWV�RI�RYHUDOO��EXQ\D�DUHQD�OLNH��PRQRQHJD�OLNH��DQG�RUWKRP\[R�OLNH�����

GDWD�VHWV��UHVSHFWLYHO\��3K\ORJHQHWLF�WUHHV�ZHUH�LQIHUUHG�XVLQJ�WKH�PD[LPXP�OLNHOLKRRG�PHWKRG�����

�0/��LPSOHPHQWHG�LQ�3K\0/�YHUVLRQ������*XLQGRQ�DQG�*DVFXHO���������ZLWK�WKH�:$*�Γ�����

DPLQR�DFLG�VXEVWLWXWLRQ�PRGHO�DQG�D�6XEWUHH�3UXQLQJ�DQG�5HJUDIWLQJ��635��WRSRORJ\�VHDUFKLQJ�����

DOJRULWKP��3K\ORJHQHWLF�WUHHV�ZHUH�DOVR�LQIHUUHG�XVLQJ�D�%D\HVLDQ�PHWKRG�LPSOHPHQWHG�LQ�����

0U%D\HV�YHUVLRQ��������5RQTXLVW�DQG�+XHOVHQEHFN���������ZLWK�WKH�VDPH�VXEVWLWXWLRQ�PRGHO�DV�����

XVHG�LQ�0/�WUHH�LQIHUHQFH��,Q�WKH�0U%D\HV�DQDO\VHV��ZH�XVHG�WZR�VLPXOWDQHRXV�UXQV�RI�0DUNRY�����

FKDLQ�0RQWH�&DUOR�VDPSOLQJ��DQG�WKH�UXQV�ZHUH�WHUPLQDWHG�XSRQ�FRQYHUJHQFH��VWDQGDUG�����
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GLVSOD\HG�LQ�DQ�XQURRWHG�PD[LPXP�OLNHOLKRRG��0/��WUHH�LQFOXGLQJ�DOO�PDMRU�JURXSV�RI�QHJDWLYH�����

VHQVH�51$�YLUXVHV��$���6HSDUDWH�DQG�PRUH�GHWDLOHG�0/�SK\ORJHQLHV�DUH�WKHQ�VKRZQ�IRU�WKH�����

2UWKRP\[RYLULGDH�OLNH��%���%XQ\D�$UHQDYLULGDH�OLNH��&���DQG�0RQRQHJDYLUDOHV�OLNH�YLUXVHV��'�������

,Q�DOO�WKH�SK\ORJHQLHV��WKH�5G5S�VHTXHQFHV�GHVFULEHG�KHUH�IURP�DUWKURSRGV�DUH�HLWKHU�VKDGHG�����

SXUSOH�RU�PDUNHG�ZLWK�VROLG�JUH\�FLUFOHV��7KH�QDPHV�RI�SUHYLRXVO\�GHILQHG�JHQHUD�IDPLOLHV�DUH�����

ODEHOHG�WR�WKH�ULJKW�RI�WKH�SK\ORJHQLHV��%DVHG�RQ�WKHLU�KRVW�W\SHV��WKH�EUDQFKHV�DUH�VKDGHG�UHG�����

�YHUWHEUDWH�VSHFLILF���\HOORZ��YHUWHEUDWH�DQG�DUWKURSRG���JUHHQ��SODQW�DQG�DUWKURSRG���EOXH��QRQ�����

DUWKURSRG�LQYHUWHEUDWHV��RU�EODFN��DUWKURSRG�RQO\���)RU�FODULW\��VWDWLVWLFDO�VXSSRUWV��L�H������

DSSUR[LPDWH�OLNHOLKRRG�UDWLR�WHVW��D/57��ZLWK�6KLPRGDLUD�+DVHJDZD�OLNH�SURFHGXUH���SRVWHULRU�����

SUREDELOLWLHV��DUH�VKRZQ�IRU�NH\�LQWHUQDO�QRGHV�RQO\������



� ��

�����

)LJXUH��²ILJXUH�VXSSOHPHQW������$�IXOO\�ODEHOOHG�0/�SK\ORJHQ\�IRU�2UWKRP\[RYLULGDH�OLNH�����

YLUXVHV��7KH�SK\ORJHQ\�LV�UHFRQVWUXFWHG�XVLQJ�5G5S�DOLJQPHQWV��6WDWLVWLFDO�VXSSRUW�IURP�WKH�����

DSSUR[LPDWH�OLNHOLKRRG�UDWLR�WHVW��D/57��LV�VKRZQ�RQ�HDFK�QRGH�RI�WKH�WUHH��7KH�QDPHV�RI�WKH�����

YLUXVHV�GLVFRYHUHG�LQ�WKLV�VWXG\�DUH�VKRZQ�LQ�UHG��7KH�QDPHV�RI�UHIHUHQFH�VHTXHQFHV��ZKLFK�����

FRQWDLQ�ERWK�WKH�*HQ%DQN�DFFHVVLRQ�QXPEHU�DQG�WKH�YLUXV�VSHFLHV�QDPH��DUH�VKRZQ�LQ�EODFN��7KH�����

QDPHV�RI�SUHYLRXVO\�GHILQHG�JHQHUD�IDPLOLHV�DUH�VKRZQ�WR�WKH�ULJKW�RI�WKH�SK\ORJHQLHV�������

�����

)LJXUH��²ILJXUH�VXSSOHPHQW������$�IXOO\�ODEHOOHG�0/�SK\ORJHQ\�IRU�%XQ\D�$UHQDYLULGDH�OLNH�����

YLUXVHV��7KH�SK\ORJHQ\�LV�UHFRQVWUXFWHG�XVLQJ�5G5S�DOLJQPHQWV��6WDWLVWLFDO�VXSSRUW�IURP�WKH�����

D/57�LV�VKRZQ�RQ�HDFK�QRGH�RI�WKH�WUHH��7KH�QDPHV�RI�WKH�YLUXVHV�GLVFRYHUHG�LQ�WKLV�VWXG\�DUH�����

VKRZQ�LQ�UHG��7KH�QDPHV�RI�UHIHUHQFH�VHTXHQFHV��ZKLFK�FRQWDLQ�ERWK�WKH�*HQ%DQN�DFFHVVLRQ�����

QXPEHU�DQG�WKH�YLUXV�VSHFLHV�QDPH��DUH�VKRZQ�LQ�EODFN��7KH�QDPHV�RI�SUHYLRXVO\�GHILQHG�����

JHQHUD�IDPLOLHV�DUH�VKRZQ�WR�WKH�ULJKW�RI�WKH�SK\ORJHQLHV�������

�����

)LJXUH��²ILJXUH�VXSSOHPHQW������$�IXOO\�ODEHOOHG�0/�SK\ORJHQ\�IRU�0RQRQHJDYLUDOHV�OLNH�����

YLUXVHV��7KH�SK\ORJHQ\�LV�UHFRQVWUXFWHG�XVLQJ�5G5S�DOLJQPHQWV��6WDWLVWLFDO�VXSSRUW�IURP�WKH�����

D/57�LV�VKRZQ�RQ�HDFK�QRGH�RI�WKH�WUHH��7KH�QDPHV�RI�WKH�YLUXVHV�GLVFRYHUHG�LQ�WKLV�VWXG\�DUH�����

VKRZQ�LQ�UHG��7KH�QDPHV�RI�UHIHUHQFH�VHTXHQFHV��ZKLFK�FRQWDLQ�ERWK�WKH�*HQ%DQN�DFFHVVLRQ�����

QXPEHU�DQG�WKH�YLUXV�VSHFLHV�QDPH��DUH�VKRZQ�LQ�EODFN��7KH�QDPHV�RI�SUHYLRXVO\�GHILQHG�����

JHQHUD�IDPLOLHV�DUH�VKRZQ�WR�WKH�ULJKW�RI�WKH�SK\ORJHQLHV�������

�����
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)LJXUH����7KH�XQURRWHG�0/�SK\ORJHQ\�EDVHG�RQ�5G5S�VKRZLQJ�WKH�WRSRORJLFDO�SRVLWLRQ�RI�����

VHJPHQWHG�YLUXVHV�ZLWKLQ�WKH�JHQHWLF�GLYHUVLW\�RI�QHJDWLYH�VHQVH�51$�YLUXVHV��7KH�VHJPHQWHG�����

YLUXVHV�DUH�ODEHOHG�ZLWK�VHJPHQW�QXPEHUV�DQG�VKDGHG�UHG��7KH�XQVHJPHQWHG�YLUXVHV�DUH�VKDGHG�����

JUHHQ��7KH�&KXYLULGDH��ZKLFK�H[KLELW�D�ZLGH�YDULHW\�RI�JHQRPH�RUJDQL]DWLRQV��DUH�VKDGHG�F\DQ������

7KUHH�PDMRU�W\SHV�RI�SXWDWLYH�FKXYLUXV�JHQRPHV��FLUFXODU��FLUFXODU�DQG�VHJPHQWHG��DQG�OLQHDU������

DUH�VKRZQ�LQ�WKH�ULJKW�SDQHO�DQG�DUH�DQQRWDWHG�ZLWK�SUHGLFWHG�25)V��SXWDWLYH�5G5S�JHQHV�DUH�����

VKDGHG�EOXH��SXWDWLYH�JO\FRSURWHLQ�JHQHV�DUH�VKDGHG�RUDQJH��DQG�WKH�UHPDLQLQJ�25)V�DUH�VKDGHG�����

JUH\������

�����

)LJXUH����7KH�XQURRWHG�0/�SK\ORJHQ\�RI�QHJDWLYH�VHQVH�51$�YLUXVHV��5G5S��ZLWK�WKH�FRPPRQ�����

QDPHV�RI�WKH�SULQFLSOH�DUWKURSRG�KRVWV�DQDO\]HG�LQ�WKLV�VWXG\�LQGLFDWHG��9HUWHEUDWH�VSHFLILF�����

YLUXVHV�DUH�VKDGHG�UHG��WKRVH�LQIHFWLQJ�ERWK�YHUWHEUDWHV�DQG�DUWKURSRGV��RU�ZLWK�XQNQRZQ�����

YHFWRUV��DUH�VKDGHG�\HOORZ��WKRVH�LQIHFWLQJ�ERWK�SODQWV�DQG�DUWKURSRGV�DUH�VKDGHG�JUHHQ��WKRVH�����

LQIHFWLQJ�QRQ�DUWKURSRG�LQYHUWHEUDWHV�DUH�VKDGHG�EOXH��DQG�WKH�UHPDLQGHU��DUWKURSRG�RQO\��DUH�����

VKDGHG�EODFN������

�����

)LJXUH����3K\ORJHQHWLF�FRQJUXHQFH�EHWZHHQ�YLUXVHV��0�VHJPHQWV��DQG�KRVWV��LQFOXGLQJ��$������

:XKDQ�+RUVHIO\�9LUXV���%��:XKDQ�)O\�9LUXV�����&��:XKDQ�0RVTXLWR�9LUXV����DQG��'��:XKDQ�����

0RVTXLWR�9LUXV����'LIIHUHQW�KRVW�VSHFLHV�JHQHUD�DUH�GLVWLQJXLVKHG�ZLWK�GLIIHUHQW�FRORUV��ZKLFK�����

DUH�WKHQ�PDSSHG�RQWR�YLUXV�SK\ORJHQ\�WR�DVVHVV�WKH�SK\ORJHQHWLF�FRQJUXHQFH��0/�SK\ORJHQHWLF�����

WUHHV�ZHUH�LQIHUUHG�LQ�DOO�FDVHV������

�����
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)LJXUH����7KH�GLIIHULQJ�JHQRPH�RUJDQL]DWLRQV�LQ�WKH�&KXYLULGDH���$��0/�WUHHV�RI�WKUHH�PDLQ�����

SXWDWLYH�SURWHLQV�FRQVHUYHG�DPRQJ�WKH�FKXYLUXVHV��9LUXVHV�ZLWK�FLUFXODU�JHQRPHV��7\SH�,��DUH�����

VKDGHG�EOXH��ZKLOH�WKRVH�ZLWK�VHJPHQWHG�JHQRPHV��7\SH�,,��DUH�VKDGHG�UHG���%��6WUXFWXUHV�RI�DOO�����

FRPSOHWH�FKXYLUXV�JHQRPHV��&LUFXODU�JHQRPHV�DUH�LQGLFDWHG�ZLWK�WKH�DUURZ��EOXH��VLWXDWHG�DW�WKH�����

�¶�HQG��DQG�WKH�JHQRPH�LV�GUDZQ�LQ�D�OLQHDU�IRUP�IRU�HDVH�RI�FRPSDULVRQ�RQO\��EHLQJ�EURNHQ�DW�����

WKH�UHJLRQ�RI�YDULDEOH�VHTXHQFH��UHIHU�WR�WKH�PDWHULDOV�DQG�PHWKRGV����&��$Q�H[DPSOH�VKRZLQJ�����

PDSSLQJ�RI�VHTXHQFLQJ�UHDGV�WR�WKH�FLUFXODU�FKXYLUXV�JHQRPH��7KH�WHPSODWH�IRU�PDSSLQJ�����

FRQWDLQV�WZR�JHQRPHV�FRQQHFWHG�KHDG�WR�WDLO��7KH�WZR�ER[HV�PDJQLI\�WKH�JHQRPLF�UHJLRQ�����

FRQWDLQLQJ�DEXQGDQW�VHTXHQFH�YDULDWLRQ������

�����

)LJXUH����*HQRPH�VWUXFWXUHV�RI�VHJPHQWHG�QHJDWLYH�VHQVH�51$�YLUXVHV��3UHGLFWHG�YLUDO�SURWHLQV�����

KRPRORJRXV�WR�NQRZQ�YLUDO�SURWHLQV�DUH�VKRZQ�DQG�FRORUHG�DFFRUGLQJ�WR�WKHLU�SXWDWLYH�IXQFWLRQV������

7KH�QXPEHUV�EHORZ�HDFK�25)�ER[�JLYH�WKH�SUHGLFWHG�PROHFXODU�PDVV������

�����

)LJXUH����*HQRPH�VWUXFWXUHV�RI�XQVHJPHQWHG�QHJDWLYH�VHQVH�51$�YLUXVHV��3UHGLFWHG�25)V�����

HQFRGLQJ�YLUDO�SURWHLQV�ZLWK�!���N'D�PROHFXODU�PDVV�DUH�VKRZQ�DQG�FRORUHG�DFFRUGLQJ�WR�WKHLU�����

SXWDWLYH�IXQFWLRQV��7KH�QXPEHUV�EHORZ�HDFK�25)�ER[�JLYH�WKH�SUHGLFWHG�PROHFXODU�PDVV������

�����

)LJXUH�����&RPSDULVRQ�RI�WKH�JHQRPH�VWUXFWXUH�RI�D�SRWHQWLDO�WHQXL�OLNH�YLUXV�IURP�KRUVHIO\�ZLWK�����

D�SURWRW\SH�WHQXLYLUXV��5LFH�JUDVV\�VWXQW�YLUXV��JHQRPH������

�����

)LJXUH�����0/�SK\ORJHQ\�RI�(9(V�EDVHG�RQ�WKH�JO\FRSURWHLQ�RI�FKXYLUXVHV�LQ�WKH�FRQWH[W�RI�����

H[RJHQRXV�PHPEHUV�RI�WKLV�IDPLO\��$���ZLWK�VXEWUHHV�PDJQLILHG�IRU��%��WKH�&XOLFLGDH�FODGH�DQG�����
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�&��WKH�+\PHQRSWHUD�FODGH��7KH�(9(V�XVHG�LQ�WKH�SK\ORJHQ\�FRYHUHG�WKH�FRPSOHWH�RU�QHDU�����

FRPSOHWH�OHQJWK�RI�WKH�JO\FRSURWHLQ�JHQH��DQG�DUH�VKRZQ�LQ�UHG�DQG�ODEHOHG�DFFRUGLQJ�WR�KRVW�����

WD[RQRP\�LQ�WKH�RYHUDOO�WUHH��)RU�FODULW\��PRQRSK\OHWLF�JURXSV�DUH�FROODSVHG�EDVHG�RQ�WKH�KRVW�����

WD[RQRP\��2QO\�ERRWVWUDS�YDOXHV�!����DUH�VKRZQ������

�����

)LJXUH�����7UDQVPLVVLRQ�RI�QHJDWLYH�VHQVH�51$�YLUXVHV�LQ�DUWKURSRGV�DQG�QRQ�DUWKURSRGV������

7KUHH�W\SHV�RI�WUDQVPLVVLRQ�F\FOH�DUH�VKRZQ���L��WKRVH�EHWZHHQ�DUWKURSRGV�DQG�SODQWV�DUH�VKDGHG�����

JUHHQ���LL��WKRVH�EHWZHHQ�DUWKURSRGV�DQG�YHUWHEUDWHV�DUH�VKDGHG�\HOORZ��DQG��LLL��WKRVH�WKDW�DUH�����

YHUWHEUDWH�RQO\�DUH�VKDGHG�UHG��9LUXVHV�DVVRFLDWHG�ZLWK�HDFK�WUDQVPLVVLRQ�W\SH�DUH�DOVR�LQGLFDWHG������

� �����
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7DEOHV�����

7DEOH����+RVW�DQG�JHRJUDSKLF�LQIRUPDWLRQ�DQG�GDWD�RXWSXW�IRU�HDFK�SRRO�RI�DUWKURSRG�VDPSOHV�����
�����

3RRO� 1R�RI�XQLW� 2UGHU� 6SHFLHV� /RFDWLRQV� 'DWD�JHQHUDWHG�
�EDVHV��

0RVTXLWRV���
+XEHL� ��� 'LSWHUD�

Aedes sp, Armigeres subalbatus, Anopheles 
sinensis, Culex quinquefasciatus, Culex 
tritaeniorhynchus 

+XEHL� ���������������

0RVTXLWRV���
=KHMLDQJ� ��� 'LSWHUD�

Aedes albopictus, Armigeres subalbatus, 
Anopheles paraliae, Anopheles sinensis, Culex 
pipiens, Culex sp, Culex tritaeniorhynchus,  

=KHMLDQJ� ��������������

7UXH�IOLHV� ��� 'LSWHUD�
Atherigona orientalis, Chrysomya megacephala, 
Lucilia sericata, Musca domestica, Sarcophaga 
dux, S. peregrina, S. sp 

+XEHL� ��������������

+RUVHIOLHV� ��� 'LSWHUD� XQLGHQWLILHG�Tabanidae����VSHFLHV�� +XEHL� ��������������

&RFNURDFKHV� ��� %ODWWRGHD� Blattella germanica +XEHL� ��������������

:DWHU�VWULGHUV� ��� +HPLSWHUD� XQLGHQWLILHG�Gerridae����VSHFLHV�� +XEHL� ��������������

,QVHFWV�PL[��� ��

'LSWHUD��
&ROHRSWHUD��
/HSLGRSWHUD��
1HXURSWHUD�

Abraxas tenuisuffusa, Hermetia illucens, 
XQLGHQWLILHG�Chrysopidae, XQLGHQWLILHG�
Coleoptera, Psychoda alternata, XQLGHQWLILHG�
Diptera, XQLGHQWLILHG�Stratiomyidae 

=KHMLDQJ� ��������������

,QVHFWV�PL[��� �� 'LSWHUD��
+HPLSWHUD�

XQLGHQWLILHG�Hippoboscidae����VSHFLHV���Cimex 
hemipterus� +XEHL�� ��������������

,QVHFWV�PL[���
�LQVHFW�QHDU�
ZDWHU��

���

2GRQDWD��
+HPLSWHUD��
+\PHQRSWHUD��
,VRSRGD�

Pseudothemis zonata��XQLGHQWLILHG�Nepidae����
VSHFLHV���Camponotus japonicus, Diplonychus 
sp, Asellus sp�

+XEHL� ���������������

,QVHFWV�PL[���
�LQVHFW�LQ�WKH�
PRXQWDLQ��

���

'LSWHUD��
2UWKRSWHUD��
2GRQDWD��
+\PHQRSWHUD��
+HPLSWHUD�

Psychoda alternata,�Velarifictorus micado, 
Crocothemis servilia, XQLGHQWLILHG�Phoridae, 
XQLGHQWLILHG�Lampyridae��Aphelinus sp��
Hyalopterus pruni, Aulacorthum magnolia, �

+XEHL� ��������������

7LFNV� ��� ,[RGLGD�

Dermacentor marginatus, Dermacentor sp, 
Haemaphysalis doenitzi, H. longicornis, H. sp, 
H. formosensis, Hyalomma asiaticum, 
Rhipicephalus microplus, Argas miniatus 

+XEHL��
=KHMLDQJ��
%HLMLQJ��
;LQMLDQJ�

���������������

7LFNV�
+\DORPPD�
DVLDWLFXP�

�� ,[RGLGD� Hyalomma asiaticum ;LQMLDQJ� ��������������

6SLGHUV� ��� $UDQHDH�
Neoscona nautica, Parasteatoda tepidariorum, 
Plexippus setipes, Pirata sp, XQLGHQWLILHG�
Araneae 

+XEHL� ���������������

6KULPSV� ��� 'HFDSRGD�
Exopalaemon carinicauda, Metapenaeus sp, 
Solenocera crassicornis, Penaeus monodon, 
Litopenaeus vannamei 

=KHMLDQJ� ��������������

&UDEV�DQG�
EDUQDFOHV� ��� 'HFDSRGD��

6FDOSHOOLIRUPHV�
Capitulum mitella, Charybdis hellerii, C. 
japonica, Uca arcuata� =KHMLDQJ� ��������������

0LOOLSHGHV� ��� 3RO\GHVPLGD� XQLGHQWLILHG�Polydesmidae����VSHFLHV�� +XEHL��
%HLMLQJ� ��������������

�����
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7DEOH����0RQRQHJDYLUDOHV�UHODWHG�5G5S�VHTXHQFHV�GLVFRYHUHG�LQ�WKLV�VWXG\�����

9LUXV�QDPH� /HQJWK�
RI�5G5S� &ODVVLILFDWLRQ� 3RRO� $EXQGDQFH� 3XWDWLYH�DUWKURSRG�KRVW� &ORVHVW�UHODWLYH��DD�LGHQWLW\��

%ROH�7LFN�9LUXV��� ����� FKXYLUXV� WLFNV� ������� Hyalomma asiaticum 0LGZD\�YLUXV���������
&KDQJSLQJ�7LFN�9LUXV��� ����� FKXYLUXV� WLFNV� ������� Dermacentor sp 0LGZD\�YLUXV���������
&KDQJSLQJ�7LFN�9LUXV��� ����� FKXYLUXV� WLFNV� ������ Dermacentor sp 0LGZD\�YLUXV���������
/LVKL�6SLGHU�9LUXV��� ����� FKXYLUXV� VSLGHUV� ����� Parasteatoda tepidariorum 0LGZD\�YLUXV���������
6KD\DQJ�)O\�9LUXV��� ����� FKXYLUXV� WUXH�IOLHV� ����� Atherigona orientalis 0DL]H�PRVDLF�YLUXV���������

6KXDQJDR�)O\�9LUXV��� ����� FKXYLUXV� LQVHFW�PL[��� ������ XQLGHQWLILHG Diptera /HWWXFH�ELJ�YHLQ�DVVRFLDWHG�YLUXV�
��������

6KXDQJDR�,QVHFW�9LUXV��� ����� FKXYLUXV� LQVHFW�PL[��� ������� XQLGHQWLILHG�Diptera, Abraxas tenuisuffusa, 
XQLGHQWLILHG�Chrysopidae 3RWDWR�\HOORZ�GZDUI�YLUXV���������

6KXDQJDR�/DFHZLQJ�9LUXV� ����� FKXYLUXV� LQVHFW�PL[��� ������ XQLGHQWLILHG�Chrysopidae 3RWDWR�\HOORZ�GZDUI�YLUXV���������
7DFKHQJ�7LFN�9LUXV��� ����� FKXYLUXV� WLFNV� ������� Argas miniatus 0LGZD\�YLUXV���������
7DFKHQJ�7LFN�9LUXV��� ����� FKXYLUXV� WLFNV� ������� Dermacentor marginatus 0LGZD\�YLUXV���������

:HQ]KRX�&UDE�9LUXV��� ����� FKXYLUXV� FUDEV�DQG�EDUQDFOHV� �������� Charybdis japonica, Charybdis lucifera, 
Charybdis hellerii 0LGZD\�YLUXV���������

:HQ]KRX�&UDE�9LUXV��� ����� FKXYLUXV� FUDEV�DQG�EDUQDFOHV� ������� Charybdis japonica 0LGZD\�YLUXV���������
:XFKDQJ�&RFNURDFK�
9LUXV��� ����� FKXYLUXV� FRFNURDFKHV� ������� Blattella germanica 0LGZD\�YLUXV���������

:XKDQ�/RXVH�)O\�9LUXV��� ����� FKXYLUXV� LQVHFW�PL[��� ����� unidentified Hippoboscidae 0LGZD\�YLUXV���������
:XKDQ�/RXVH�)O\�9LUXV��� ����� FKXYLUXV� LQVHFW�PL[��� ������ unidentified Hippoboscidae 0LGZD\�YLUXV���������

:XKDQ�0RVTXLWR�9LUXV��� ����� FKXYLUXV� PRVTXLWR�KXEHL� �������
Culex tritaeniorhynchus, C. 
quinquefasciatus, Anopheles sinensis, 
Armigeres subalbatus 

0LGZD\�YLUXV���������

:XKDQ�7LFN�9LUXV��� ����� FKXYLUXV� WLFNV� ������� Rhipicephalus microplus 0LGZD\�YLUXV���������

&XOH[�WULWDHQLRUK\QFKXV�
UKDEGRYLUXV� ����� &XOH[�WULWDHQLRUK\QFKXV�

UKDEGRYLUXV� PRVTXLWR�KXEHL� ��������
Culex tritaeniorhynchus, C. 
quinquefasciatus, Anopheles sinensis, 
Armigeres subalbatus, Aedes sp 

,VIDKDQ�YLUXV���������

:XKDQ�,QVHFW�YLUXV��� ����� F\WRUKDEGRYLUXV� LQVHFW�PL[��� ������ Hyalopterus pruni OR Aphelinus sp /HWWXFH�QHFURWLF�\HOORZV�YLUXV���������
:XKDQ�,QVHFW�YLUXV��� ����� F\WRUKDEGRYLUXV� LQVHFW�PL[��� ������� Hyalopterus pruni OR Aphelinus sp 3HUVLPPRQ�YLUXV�$���������
:XKDQ�,QVHFW�YLUXV��� ����� F\WRUKDEGRYLUXV� LQVHFW�PL[��� ������� Hyalopterus pruni OR Aphelinus sp 3HUVLPPRQ�YLUXV�$��������
:XKDQ�/RXVH�)O\�9LUXV��� ����� .ROHQWH�YLUXV�OLNH� LQVHFW�PL[��� ������ unidentified Hippoboscidae .ROHQWH�YLUXV���������
<RQJMLD�7LFN�9LUXV��� ����� 1LVKLPXUR�YLUXV�OLNH� WLFNV� ������ Haemaphysalis hystricis 1LVKLPXUR�YLUXV���������
6KD\DQJ�)O\�9LUXV��� ����� VLJPDYLUXV�OLNH� WUXH�IOLHV� ������ Musca domestica, Chrysomya megacephala ,VIDKDQ�YLUXV���������

:XKDQ�)O\�9LUXV��� ����� VLJPDYLUXV�OLNH� WUXH�IOLHV� ������ Musca domestica, Sarcophaga sp 9HVLFXODU�VWRPDWLWLV�,QGLDQD�YLUXV�
��������

:XKDQ�+RXVH�)O\�9LUXV��� ����� VLJPDYLUXV�OLNH� WUXH�IOLHV� ������ Musca domestica ,VIDKDQ�YLUXV���������

:XKDQ�/RXVH�)O\�9LUXV���� ����� VLJPDYLUXV�OLNH� LQVHFW�PL[��� ������� XQLGHQWLILHG�Hippoboscidae 'URVRSKLOD�PHODQRJDVWHU�VLJPDYLUXV�
��������

:XKDQ�/RXVH�)O\�9LUXV��� ����� VLJPDYLUXV�OLNH� LQVHFW�PL[��� ������� XQLGHQWLILHG�Hippoboscidae 'URVRSKLOD�PHODQRJDVWHU�VLJPDYLUXV�
��������

:XKDQ�/RXVH�)O\�9LUXV��� ����� VLJPDYLUXV�OLNH� LQVHFW�PL[��� ������ XQLGHQWLILHG Hippoboscidae 'URVRSKLOD�PHODQRJDVWHU�VLJPDYLUXV�
��������

%ROH�7LFN�9LUXV��� ����� XQFODVVLILHG�GLPDUKDEGRYLUXV��� WLFNV� ������ Hyalomma asiaticum ,VIDKDQ�YLUXV���������
+XDQJSL�7LFN�9LUXV��� ����� XQFODVVLILHG�GLPDUKDEGRYLUXV��� WLFNV� ������ Haemaphysalis doenitzi (HO�YLUXV�(XURSHDQ�;�������
7DFKHQJ�7LFN�9LUXV��� ����� XQFODVVLILHG�GLPDUKDEGRYLUXV��� WLFNV� ������ Dermacentor marginatus (HO�YLUXV�(XURSHDQ�;���������

7DLVKXQ�7LFN�9LUXV� ����� XQFODVVLILHG�GLPDUKDEGRYLUXV��� WLFNV� ������ Haemaphysalis hystricis 9HVLFXODU�VWRPDWLWLV�,QGLDQD�YLUXV�
��������

:XKDQ�7LFN�9LUXV��� ����� XQFODVVLILHG�GLPDUKDEGRYLUXV��� WLFNV� ������� Rhipicephalus microplus (HO�YLUXV�(XURSHDQ�;���������
:XKDQ�,QVHFW�YLUXV��� ����� XQFODVVLILHG�GLPDUKDEGRYLUXV��� LQVHFW�PL[��� ������ Hyalopterus pruni OR Aphelinus sp ,VIDKDQ�YLUXV���������
/LVKL�6SLGHU�9LUXV��� ����� XQFODVVLILHG�PRQRQHJDYLUXV��� VSLGHUV� ����� unidentified Araneae 0DL]H�ILQH�VWUHDN�YLUXV���������
6DQ[LD�:DWHU�6WULGHU�
9LUXV��� ����� XQFODVVLILHG�PRQRQHJDYLUXV��� ZDWHU�VWULGHUV� �������� unidentified Gerridae 2UFKLG�IOHFN�YLUXV���������

7DFKHQJ�7LFN�9LUXV��� ����� XQFODVVLILHG�PRQRQHJDYLUXV��� WLFNV� ������ Argas miniatus 0DL]H�PRVDLF�YLUXV���������
6KXDQJDR�)O\�9LUXV��� ����� XQFODVVLILHG�PRQRQHJDYLUXV��� LQVHFW�PL[��� ������ Psychoda alternata 0LGZD\�YLUXV���������
;LQFKHQJ�0RVTXLWR�9LUXV�� ����� XQFODVVLILHG�PRQRQHJDYLUXV��� PRVTXLWR�KXEHL� ������� Anopheles sinensis 0LGZD\�YLUXV���������

:HQ]KRX�&UDE�9LUXV��� ����� XQFODVVLILHG�PRQRQHJDYLUXV��� FUDEV�DQG�EDUQDFOHV� ������� Capitulum mitella, Charybdis japonica, 
Charybdis lucifera 0LGZD\�YLUXV���������

7DFKHQJ�7LFN�9LUXV��� ����� XQFODVVLILHG�UKDEGRYLUXV��� WLFNV� ������ Argas miniatus 2UFKLG�IOHFN�YLUXV���������
-LQJVKDQ�)O\�9LUXV��� ����� XQFODVVLILHG�UKDEGRYLUXV��� WUXH�IOLHV� ����� Sarcophaga sp 0DL]H�ILQH�VWUHDN�YLUXV���������
6DQ[LD�:DWHU�6WULGHU�
9LUXV��� ����� XQFODVVLILHG�UKDEGRYLUXV��� ZDWHU�VWULGHUV� �������� XQLGHQWLILHG Gerridae 1RUWKHUQ�FHUHDO�PRVDLF�YLUXV���������

6KD\DQJ�)O\�9LUXV��� ����� XQFODVVLILHG�UKDEGRYLUXV��� WUXH�IOLHV� ������ Chrysomya megacephala, Atherigona 
orientalis 0DL]H�ILQH�VWUHDN�YLUXV���������

6KXDQJDR�%HGEXJ�9LUXV��� ����� XQFODVVLILHG�UKDEGRYLUXV��� LQVHFW�PL[��� ������ Cimex hemipterus 0DL]H�ILQH�VWUHDN�YLUXV���������
6KXDQJDR�,QVHFW�9LUXV��� ����� XQFODVVLILHG�UKDEGRYLUXV��� LQVHFW�PL[��� ������ XQLGHQWLILHG�Diptera, Abraxas tenuisuffusa 3RWDWR�\HOORZ�GZDUI�YLUXV���������
:XKDQ�$QW�9LUXV� ����� XQFODVVLILHG�UKDEGRYLUXV��� LQVHFW�PL[��� ������� Camponotus japonicus /HWWXFH�QHFURWLF�\HOORZV�YLUXV���������
:XKDQ�)O\�9LUXV��� ����� XQFODVVLILHG�UKDEGRYLUXV��� WUXH�IOLHV� ����� Musca domestica, Sarcophaga sp 0DL]H�ILQH�VWUHDN�YLUXV���������
:XKDQ�+RXVH�)O\�9LUXV��� ����� XQFODVVLILHG�UKDEGRYLUXV��� WUXH�IOLHV� ������� Musca domestica 1RUWKHUQ�FHUHDO�PRVDLF�YLUXV���������

:XKDQ�0RVTXLWR�9LUXV��� ����� XQFODVVLILHG�UKDEGRYLUXV��� PRVTXLWR�KXEHL� ������ Culex tritaeniorhynchus, C. 
quinquefasciatus, Aedes sp 3HUVLPPRQ�YLUXV�$���������

:XKDQ�/RXVH�)O\�9LUXV���� ����� 9HVLFXORYLUXV�OLNH� LQVHFW�PL[��� ����� XQLGHQWLILHG�Hippoboscidae 9HVLFXODU�VWRPDWLWLV�,QGLDQD�YLUXV�
��������
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�7DEOH����%XQ\D�DUHQDYLULGDH�UHODWHG�5G5S�VHTXHQFHV�GLVFRYHUHG�LQ�WKLV�VWXG\�����

9LUXV�1DPH� /HQJWK�RI�
5G5S� &ODVVLILFDWLRQ� 3RRO� $EXQGDQFH� 3XWDWLYH�DUWKURSRG�KRVW� &ORVHVW�UHODWLYH��DD�LGHQWLW\��

+XDQJSL�7LFN�9LUXV��� ����� 1DLURYLUXV�OLNH� WLFNV� ������ Haemaphysalis doenitzi +D]DUD�YLUXV���������
7DFKHQJ�7LFN�9LUXV��� ����� 1DLURYLUXV�OLNH� WLFNV� ������ Dermacentor marginatus +D]DUD�YLUXV���������

:HQ]KRX�7LFN�9LUXV� ����� 1DLURYLUXV�OLNH� WLFNV� ������ Haemaphysalis hystricis &ULPHDQ�&RQJR�KHPRUUKDJLF�
IHYHU�YLUXV���������

6KD\DQJ�6SLGHU�9LUXV��� ����� 1DLURYLUXV�OLNH� VSLGHUV� ������ Neoscona nautica, Parasteatoda 
tepidariorum, Plexippus setipes 

&ULPHDQ�&RQJR�KHPRUUKDJLF�
IHYHU�YLUXV���������

;LQ]KRX�6SLGHU�9LUXV� ����� 1DLURYLUXV�OLNH� VSLGHUV� ����� Neoscona nautica, Parasteatoda 
tepidariorum (UYH�YLUXV���������

6DQ[LD�:DWHU�6WULGHU�9LUXV��� ����� 1DLURYLUXV�OLNH� ZDWHU�VWULGHUV� ��������� XQLGHQWLILHG�Gerridae +D]DUD�YLUXV���������
:XKDQ�/RXVH�)O\�9LUXV��� ����� 2UWKREXQ\DYLUXV� LQVHFW�PL[��� ������ XQLGHQWLILHG Hippoboscoidea /D�&URVVH�YLUXV���������

6KXDQJDR�,QVHFW�9LUXV��� ����� 2UWKREXQ\DYLUXV�OLNH� LQVHFW�PL[��� ����� XQLGHQWLILHG Chrysopidae, Psychoda 
alternata .KXUGXQ�YLUXV���������

:XFKDQJ�&RFNURDFK�9LUXV��� ����� SKDVPDYLUXV�OLNH� FRFNURDFKHV� ��������� Blattella germanica .LJOXDLN�SKDQWRP�YLUXV���������
*$4-��������� ����� SKDVPDYLUXV�OLNH� GDWDEDVH� 1�$� Ostrinia furnacalis .LJOXDLN�SKDQWRP�YLUXV���������
6KXDQJDR�,QVHFW�9LUXV��� ����� SKDVPDYLUXV�OLNH� LQVHFW�PL[��� ������ Abraxas tenuisuffusa, unidentified diptera .LJOXDLN�SKDQWRP�YLUXV���������

:XKDQ�0RVTXLWR�9LUXV��� ����� SKDVPDYLUXV�OLNH� PRVTXLWR�+XEHL��
PRVTXLWR�=KHMLDQJ� �������� Culex tritaeniorhynchus, Anopheles 

sinensis, Culex quinquefasciatus .LJOXDLN�SKDQWRP�YLUXV���������

:XKDQ�0RVTXLWR�9LUXV��� ����� SKDVPDYLUXV�OLNH� PRVTXLWR�+XEHL��
PRVTXLWR�=KHMLDQJ� ������ Culex tritaeniorhynchus, Anopheles 

sinensis, Culex quinquefasciatus, Aedes sp .LJOXDLN�SKDQWRP�YLUXV���������

+XDQJSL�7LFN�9LUXV��� ����� 3KOHERYLUXV� 1�$� 1�$� Haemaphysalis sp 8XNXQLHPL�YLUXV���������
%ROH�7LFN�9LUXV��� ����� 3KOHERYLUXV� WLFNV� ������ Hyalomma asiaticum 8XNXQLHPL�YLUXV���������
&KDQJSLQJ�7LFN�9LUXV��� ����� 3KOHERYLUXV� WLFNV� ������� Dermacentor sp 8XNXQLHPL�YLUXV���������
'DELHVKDQ�7LFN�9LUXV� ����� 3KOHERYLUXV� WLFNV� ������� Haemaphysalis longicornis 8XNXQLHPL�YLUXV���������
/LKDQ�7LFN�9LUXV� ����� 3KOHERYLUXV� WLFNV� ������ Rhipicephalus microplus 8XNXQLHPL�YLUXV���������
7DFKHQJ�7LFN�9LUXV��� ����� 3KOHERYLUXV� WLFNV� ������� Dermacentor marginatus 8XNXQLHPL�YLUXV���������
<RQJMLD�7LFN�9LUXV��� ����� 3KOHERYLUXV� WLFNV� ������� Haemaphysalis hystricis 8XNXQLHPL�YLUXV���������
*$,;��������� ����� 3KOHERYLUXV�OLNH� GDWDEDVH� 1�$� Pararge aegeria &XPXWR�YLUXV���������
*$.=��������� ����� 3KOHERYLUXV�OLNH� GDWDEDVH� 1�$� Procotyla fluviatilis &XPXWR�YLUXV���������
*$4-��������� ����� 3KOHERYLUXV�OLNH� GDWDEDVH� 1�$� Ostrinia furnacalis *RXOHDNR�YLUXV���������

6KXDQJDR�,QVHFW�9LUXV��� ����� 3KOHERYLUXV�OLNH� LQVHFW�PL[��� ������� unidentified Chrysopidae, unidentified 
Diptera &XPXWR�YLUXV���������

:XKDQ�/RXVH�)O\�9LUXV��� ����� 3KOHERYLUXV�OLNH� LQVHFW�PL[��� ����� unidentified Hippoboscoidea 8XNXQLHPL�YLUXV���������

:XKDQ�,QVHFW�YLUXV��� ����� 3KOHERYLUXV�OLNH� LQVHFW�PL[��� ������� Asellus sp, unidentified Nepidae, 
Camponotus japonicus &XPXWR�YLUXV���������

+XDQJVKL�+XPSEDFNHG�)O\�9LUXV� ����� 3KOHERYLUXV�OLNH� LQVHFW�PL[��� ������ XQLGHQWLILHG�Phoridae &XPXWR�YLUXV���������
<LFKDQJ�,QVHFW�YLUXV� ����� 3KOHERYLUXV�OLNH� LQVHFW�PL[��� ������ Aulacorthum magnoliae *RXOHDNR�YLUXV���������

:XKDQ�0LOOLSHGH�9LUXV��� ����� 3KOHERYLUXV�OLNH� PLOOLSHGHV�DQG�LQVHFW�
PL[��� ������� unidentified Polydesmidae &XPXWR�YLUXV���������

4LQJQLDQ�0RVTXLWR�9LUXV� ����� 3KOHERYLUXV�OLNH� PRVTXLWR�+XEHL� ������ Culex quinquefasciatus 5D]GDQ�YLUXV���������
:XWDL�0RVTXLWR�9LUXV� ����� 3KOHERYLUXV�OLNH� PRVTXLWR�+XEHL� ������ Culex quinquefasciatus 5LFH�VWULSH�YLUXV���������
;LQ]KRX�0RVTXLWR�9LUXV� ����� 3KOHERYLUXV�OLNH� PRVTXLWR�+XEHL� ������ Anopheles sinensis &XPXWR�YLUXV���������

=KHH�0RVTXLWR�9LUXV�� ����� 3KOHERYLUXV�OLNH� PRVTXLWR�+XEHL��
PRVTXLWR�=KHMLDQJ� ������� Anopheles sinensis, Armigeres subalbatus &XPXWR�YLUXV���������

:KHQ]KRX�6KULPS�9LUXV��� ����� 3KOHERYLUXV�OLNH� VKULPSV� �������� Penaeus monodon 8XNXQLHPL�YLUXV���������

:XKDQ�6SLGHU�9LUXV� ����� 3KOHERYLUXV�OLNH� VSLGHUV� ������ Neoscona nautica, Parasteatoda 
tepidariorum, Plexippus setipes 8XNXQLHPL�YLUXV���������

:XKDQ�)O\�9LUXV��� ����� 3KOHERYLUXV�OLNH� WUXH�IOLHV� ������
Atherigona orientalis, Chrysomya 
megacephala, Sarcophaga sp, Musca 
domestica 

*UDQG�$UEDXG�YLUXV���������

:XKDQ�KRUVHIO\�9LUXV� ����� 7HQXLYLUXV�OLNH� KRUVHIOLHV� ������ XQLGHQWLILHG�Tabanidae 8XNXQLHPL�YLUXV���������

-LDQJ[LD�0RVTXLWR�9LUXV��� ����� 8QFODVVLILHG�
VHJPHQWHG�YLUXV��� PRVTXLWR�+XEHL� ������ Culex tritaeniorhynchus *RXOHDNR�YLUXV���������

6KXDQJDR�%HGEXJ�9LUXV��� ����� 8QFODVVLILHG�
VHJPHQWHG�YLUXV��� LQVHFW�PL[��� ������ Cimex hemipterus 0XUUXPELGJHH�YLUXV���������

-LDQJ[LD�0RVTXLWR�9LUXV��� ����� 8QFODVVLILHG�
VHJPHQWHG�YLUXV��� PRVTXLWR�+XEHL� ����� Culex tritaeniorhynchus +DQWDYLUXV���������

6KXDQJDR�0RVTXLWR�9LUXV� ����� 8QFODVVLILHG�
VHJPHQWHG�YLUXV��� PRVTXLWR�=KHMLDQJ� ������ Armigeres subalbatus +DQWDYLUXV���������

:KHQ]KRX�6KULPS�9LUXV��� ����� 8QFODVVLILHG�
VHJPHQWHG�YLUXV��� VKULPSV� �������� Penaeus monodon, Exopalaemon 

carinicauda /D�&URVVH�YLUXV���������

6KD\DQJ�6SLGHU�9LUXV��� ����� 8QFODVVLILHG�
VHJPHQWHG�YLUXV��� VSLGHUV� ������ Neoscona nautica, Pirata sp, Parasteatoda 

tepidariorum, XQLGHQWLILHG�Araneae $NDEDQH�YLUXV���������

:XKDQ�,QVHFW�YLUXV��� ����� 8QFODVVLILHG�
VHJPHQWHG�YLUXV��� LQVHFW�PL[��� ������� Hyalopterus pruni OR Aphelinus sp .LJOXDLN�SKDQWRP�YLUXV���������

6DQ[LD�:DWHU�6WULGHU�9LUXV��� ����� 8QFODVVLILHG�
VHJPHQWHG�YLUXV��� ZDWHU�VWULGHUV� ������� XQLGHQWLILHG�Gerridae .LJOXDLN�SKDQWRP�YLUXV���������

:XKDQ�0LOOLSHGH�9LUXV��� ����� 8QFODVVLILHG�
VHJPHQWHG�YLUXV��� PLOOLSHGHV� �������� XQLGHQWLILHG�Polydesmidae 'XJEH�YLUXV���������

:XKDQ�,QVHFW�YLUXV��� ����� 8QFODVVLILHG�
VHJPHQWHG�YLUXV��� LQVHFW�PL[��� ����� Asellus sp +HUEHUW�YLUXV���������
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9LUXV�1DPH� /HQJWK�RI�
5G5S� &ODVVLILFDWLRQ� 3RRO� $EXQGDQFH� 3XWDWLYH�DUWKURSRG�KRVW� &ORVHVW�UHODWLYH��DD�

LGHQWLW\��

-LQJVKDQ�)O\�9LUXV��� ���� 4XDUDQMDYLUXV� WUXH�IOLHV� ������ Atherigona orientalis, Chrysomya 
megacephala, Sarcophaga sp, Musca domestica -RKQVWRQ�$WROO�YLUXV��������

-LXMLH�)O\�9LUXV� ���� 4XDUDQMDYLUXV� KRUVHIOLHV� ������ XQLGHQWLILHG�Tabanidae -RKQVWRQ�$WROO�YLUXV��������

6DQ[LD�:DWHU�6WULGHU�9LUXV��� ���� 4XDUDQMDYLUXV� ZDWHU�VWULGHUV� �������� XQLGHQWLILHG Gerridae -RKQVWRQ�$WROO�YLUXV��������

6KD\DQJ�6SLGHU�9LUXV��� ���� 4XDUDQMDYLUXV� VSLGHUV� ����� Neoscona nautica -RKQVWRQ�$WROO�YLUXV��������

6KXDQJDR�,QVHFW�9LUXV��� ���� 4XDUDQMDYLUXV� LQVHFW�PL[�� ������ XQLGHQWLILHG Diptera, XQLGHQWLILHG�
Stratiomyidae -RKQVWRQ�$WROO�YLUXV��������

:XKDQ�/RXVH�)O\�9LUXV��� ���� 4XDUDQMDYLUXV� LQVHFW�PL[�� ������� XQLGHQWLILHG Hippoboscoidea -RKQVWRQ�$WROO�YLUXV��������

:XKDQ�/RXVH�)O\�9LUXV��� ���� 4XDUDQMDYLUXV� LQVHFW�PL[�� ������ XQLGHQWLILHG Hippoboscoidea -RKQVWRQ�$WROO�YLUXV��������

:XKDQ�0RVTXLWR�9LUXV��� ���� 4XDUDQMDYLUXV� PRVTXLWR�+XEHL� ������ Culex tritaeniorhynchus, Culex 
quinquefasciatus, Armigeres subalbatus -RKQVWRQ�$WROO�YLUXV��������

:XKDQ�0RVTXLWR�9LUXV��� ���� 4XDUDQMDYLUXV� PRVTXLWR�+XEHL� ������ Culex tritaeniorhynchus, Culex 
quinquefasciatus, Armigeres subalbatus -RKQVWRQ�$WROO�YLUXV��������

:XKDQ�0RVTXLWR�9LUXV��� ���� 4XDUDQMDYLUXV� PRVTXLWR�+XEHL� ������ Culex tritaeniorhynchus, Culex 
quinquefasciatus, Armigeres subalbatus -RKQVWRQ�$WROO�YLUXV��������

:XKDQ�0RVTXLWR�9LUXV��� ���� 4XDUDQMDYLUXV� PRVTXLWR�+XEHL� ������ Culex quinquefasciatus -RKQVWRQ�$WROO�YLUXV��������

:XKDQ�0RVTXLWR�9LUXV��� ���� 4XDUDQMDYLUXV� PRVTXLWR�+XEHL� ������ Anopheles sinensis, Culex quinquefasciatus -RKQVWRQ�$WROO�YLUXV��������

:XKDQ�0RWKIO\�9LUXV�� ���� 4XDUDQMDYLUXV� LQVHFW�PL[�� ������ Psychoda alternata -RKQVWRQ�$WROO�YLUXV��������

:XFKDQJ�&RFNURDFK�9LUXV��� ���� 8QFODVVLILHG�
RUWKRP\[RYLUXV��� FRFNURDFKHV� ����� Blattella germanica ,QIOXHQ]D�&�YLUXV���������
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7DEOH����6XPPDU\�RI�(QGRJHQRXV�9LUXV�(OHPHQWV��(9(V��GHWHUPLQHG�KHUH�����
+RVW�FODVVLILFDWLRQ� +RVW�QDPH� 9LUXV�FODVVLILFDWLRQ� *HQH�V��SUHVHQW�

&KHOLFHUDWD� Ixodes scapularis 

&KXYLUXV� *��1�
'LPDUKDEGRYLUXV� 5G5S��1�
1DLURYLUXV�OLNH� 1�
3KOHERYLUXV� 5G5S��1�
4XDUDQMDYLUXV� 5G5S�

Tetranychus urticae 'LPDUKDEGRYLUXV� 1�

&UXVWDFHD�

Daphnia pulex 3KOHERYLUXV�OLNH� 5G5S�

Eurytemora affinis &KXYLUXV� *�
'LPDUKDEGRYLUXV� 5G5S��1�

Hyalella azteca &KXYLUXV� *��1�
8QFODVVLILHG�PRQRQHJDYLUXV��� 5G5S��1�

Lepeophtheirus salmonis 3KOHERYLUXV�OLNH� 1��*�

,QVHFWD��&ROHRSWHUD� Dendroctonus ponderosae &KXYLUXV� *�
3KDVPDYLUXV� *��1�

Tribolium castaneum &KXYLUXV� *�

,QVHFWD��'LSWHUD�

Aedes aegypti 

&KXYLUXV� 5G5S�
'LPDUKDEGRYLUXV� 5G5S��1�
3KDVPDYLUXV� *�
3KOHERYLUXV�OLNH� 1�
4XDUDQMDYLUXV� 5G5S�

Anopheles spp. 

&KXYLUXV� *�
'LPDUKDEGRYLUXV� 5G5S��1�
3KDVPDYLUXV� *��1�
3KOHERYLUXV�OLNH� 1�
4XDUDQMDYLUXV� 5G5S�

Culex quinquefasciatus &KXYLUXV� *��1�
'LPDUKDEGRYLUXV� 1�

Drosophila spp. 
'LPDUKDEGRYLUXV� 5G5S��1�
3KDVPDYLUXV� 1�
8QFODVVLILHG�UKDEGRYLUXV��� 5G5S��1�

,QVHFWD��,VRSWHUD� Zootermopsis nevadensis &KXYLUXV� 1�

,QVHFWD��+HPLSWHUD�
Acyrthosiphon pisum 

&KXYLUXV� *��1�
'LPDUKDEGRYLUXV� 1�
3KOHERYLUXV�OLNH� 1�
4XDUDQMDYLUXV� 5G5S�
8QFODVVLILHG�PRQRQHJDYLUXV��� 5G5S��1�

Rhodnius prolixus &KXYLUXV� *�
3KDVPDYLUXV� *�

,QVHFWD��+\PHQRSWHUD�

Atta cephalotes 8QFODVVLILHG�PRQRQHJDYLUXV��� 5G5S�

Acromyrmex echinatior &KXYLUXV� *�
8QFODVVLILHG�PRQRQHJDYLUXV��� 5G5S�

Camponotus floridanus 

&KXYLUXV� *�
8QFODVVLILHG�PRQRQHJDYLUXV��� 1�
8QFODVVLILHG�PRQRQHJDYLUXV��� 5G5S�
8QFODVVLILHG�UKDEGRYLUXV��� 5G5S�

Harpegnathos saltator &KXYLUXV� *�
Linepithema humile &KXYLUXV� *�
Nasonia spp. &KXYLUXV� *�
Pogonomyrmex barbatus &KXYLUXV� *�

Solenopsis invicta 
&KXYLUXV� *�
8QFODVVLILHG�PRQRQHJDYLUXV��� 1�
8QFODVVLILHG�PRQRQHJDYLUXV��� 5G5S��1�

,QVHFWD��/HSLGRSWHUD�

Bombyx mori 
&KXYLUXV� 5G5S��*�
4XDUDQMDYLUXV� 5G5S�
8QFODVVLILHG�UKDEGRYLUXV��� 5G5S�

Melitaea cinxia 'LPDUKDEGRYLUXV� 1�
4XDUDQMDYLUXV� 5G5S�

Plutella xylostella 'LPDUKDEGRYLUXV� 1��*�
Spodoptera frugiperda 3KOHERYLUXV�OLNH� *�

0\ULDSRGD� Strigamia maritima &KXYLUXV� 1�
3KOHERYLUXV�OLNH� *�

�����



MosHB
(mosquitos)

Anopheles sinensis

Culex
quinquefasciatus

Armigeres
subalbatus

C. tritaeniorhynchus

Aedes sp.

99

86

79

100

91

84

75

98

88

95

0.1

77
74

99

94

71

10091

97

0.1

C. sp

Armigeres

Aedes sp.

Anopheles sinensis

C. tritaeniorhynchus

C. quinquefasciatus

C. sp

MosZJ
(mosquitos)

Horseflies
(unidentified
Tabanidae)

100

83
99

78

89

99

49

100

0.1

Common
flies

Musca
domestica

Sarcophaga
sp

Chrysomya
megacephala

Lucilia sericata

Atherigona
orientalis

97

98

92

75

99

96

76

0.05

93

97

100

0.05

Water striders
(unidentified

Gerridae)

cockroaches
(single species:

Blattella germanica)

sp1

sp2

sp3

sp5

sp4

sp1

sp2

Coleoptera sp.

Abraxas tenuisuffusa

unknown Chrysopidae

unknown Diptera

Psychoda alternata

unknown Stratiomyidae

unknown Stratiomyidae

7

54

85

5

36

0.1

Insect mix 1 (lacewings, moths,
beetles, moth flies, soldier flies)

Insect mix 2
(louseflies and bed bugs)

100

0.1

unknown
Hippoboscidae

Cimex
hemipterus

Ticks

93

91

100

99

88

99

99

77

99

85

77

Spiders

Neoscona
nautica

Parasteatoda
tepidariorum

Plexippus setipes

Pirata sp

Insect mix 3 (dragonflies, ants,
beettles, waterscorpion, etc)

Insect mix 4 (moth flies, crickets
aphids, dragonflies, etc)

0.1

unknown
Araneae

Millipedes
(two species:

unknown
Polydesmidae)

Shrimps Crabs and barnacles

Penaeus monodon (X12)

Litopenaeus vannamei (X12) 

Metapenaeus sp (X6)

Solenocera crassicornis (X6)

Exopalaemon carinicauda (X12)

94

52

0.05

 unknown Nepidae

 Diplonychus sp

Camponotus japonicus

unknown Phalangiidae

Pseudothemis zonata

Asellus sp

100

100

100

100

90

99

74

40

0.1

96

100

100

98

96

83

100

99

25

93

92

0.1
Velarifictorus micado

Velarifictorus ornatus
Crocothemis servilia

Unknown Phoridae

Psychoda alternata

Unknown Lampyridae

Hyalopterus pruni
Aulacorthum magnoliae

Aphelinus sp

68

85

0.1

Charybdis japonica (X9)

Charybdis lucifera (X1)

Charybdis hellerii (X2)

Uca arcuata (X11)

Capitulum mitella (X12)

 Hyalomma asiaticum

 Dermacentor sp

 D. marginatus

 Rhipicephalus microplus

 Haemaphysalis formosensis

 Haemaphysalis sp

 H. hystricis

 H. longicornis

 H. doenitzi

 Argas miniatus

96

92

97

100

98

91

99

59

72

55

81

47

0.1
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Bunya-arena-like

Mononega-like

Orthomyxo-
like

Ophioviridae

A

B

0.5

Phlebovirus

Tenuivirus

Arenavirus

Nairovirus

Hantavirus

Tospovirus

Emaravirus

Orthobunya-
virus

0.5

Sigmavirus

Vesiculovirus,
Ephemerovirus,

etc

Lyssavirus

Paramyxovirus
and

Filovirus

Novirhabdovirus

Nucleorhabdovirus

Cytorhabdovirus

Phasmavirus

Varicosavirus

Bornaviridae

Nyamiviridae

C D

Gouleako virus
100/100

98/100

98/100

91/100

96/100

100/100

92/100

88/99

96/100

97/100

98/100

99/99

97/100

100/100

99/100

Chuviridae

Chuviridae

75/85

85/57

0.5

Influenza A-D

ISAV

Thogotovirus

98/100

89/99

Quaranjavirus



Unsegmented

Segmented

Various
Genome

Organizations

Phlebovirus
(N=3)

Tenuivirus
(N>4)

Arenavirus
(N=2)

Nairovirus
(N=3)

Hantavirus (N=3)

Emaravirus (N>4)

Tospovirus (N=3)

Orthobunyavirus
(N=3)

Ophiovirus
(N>3)

Orthomyxovirus
(N=6-8)

Phasmavirus
(N=3)

Varicosavirus (N=2)

Orchid fleck
virus (N=2)

Tacheng
Tick Virus 5

10,017bp

         

Bole
Tick Virus 3

11,183kb

Wenzhou Crab Virus 3 12,860bp

Type I

Type II

Type III

Chuviridae

Phlebo-like
viruses
(N=3)

L seg
7152bp

S seg
4788bp

Wuchang Cockroach Virus 3

L seg
6808bp

S seg
2343bp

Wuhan Louse Fly Virus 7

3’ 5’



(Hantavirus)

(Phlebovirus)

(Tenuivirus)

(Nairovirus)

(Arenavirus)

(Emaravirus)

(Tospovirus)

(Ophiovirus)
(Paramyxovirus

and filovirus)

(Pneumo-
virus)

(Vesiculovirus,
Ephemerovirus,

etc)

(Lyssavirus)

(Nucleorhabdovirus)

(Cytorhabdovirus), aphid

(Influenza virus)

cockroach

tick

spider
water strider

millipede

tick

tick, lousefly
coleoptera
mosquito

spider
moth fly
horsefly

dragonfly
water strider

spider

spider
water strider

aphis,moths
mosquito
cockroach

water strider

tick, crab
fly, spier, lousefly
unknown diptera

mosquito
cockroach

tick
moth, crab
mosquito

mos-
quito

tick
fly, lousefly, bed bug,

ant, mosquito,
water strider

fly, lousefly
mosquito

tick

mosquito
bed bug

shrimp(orthobuny-
virus)

midges

fly
lousefly
spider
aphid
moth

mosquito
waterscorpion

butterfly
millipede
shrimp

humbleback-
fly

Asellus sp



 DG3-2

 DG3-4

 JJ3-9

 JJ3-6

 DG3-9

 DG3-10

 DG3-1

 JJ3-1

 DG2-5

 JJ2-1

 JJ2-5

 JJ2-6

 JJ2-8

 DG2-6

 DG2-4

 DG2-2

 DG2-3

 DG1-1

0.05

 DG3-4

 DG2-3

 DG3-1

 DG2-4

 DG1-1

 DG2-5

 DG3-10

 DG3-2

 DG3-9

 DG2-6

 JJ2-5

 DG2-2

 JJ2-6

 JJ2-1

 JJ3-6

 JJ3-9

 JJ3-1

 JJ2-8

0.01

Wuhan
Horsefly 

Virus

horseflies
(host)

 SYY4-2

 SYY2-2

 SYY4-8

 SYY2-4

 SYY4-1

 SYY4-5

 SYY3-1

 SYY2-6

 SYY2-1

0.005

 SYY2-1

 SYY2-2

 SYY2-4

 SYY2-6

 SYY4-5

 SYY4-2

 SYY4-8

 SYY3-1

 SYY4-1

0.05

Wuhan
Fly

Virus 1

flies
(host)

 WT3-14

 WT3-15

 WT3-13

 QN3-6

 QN3-5

 JX1-14

 JX1-12

 JX1-13

 QN2-6

 XC2-6

 XZ3-11

 XC1-9

 XC1-8

 XC1-7

 XC1-6

 XC1-5

 XZ1-6

0.05

 XZ1-6

 QN3-5

 XC1-9

 XC2-6

 JX1-12

 QN3-6

 XC1-5

 XC1-8

 XC1-7

 WT3-13

 XC1-6

 WT3-15

 JX1-14

 JX1-13

 WT3-14

 QN2-6

 XZ3-11

0.01

Wuhan
Mosquito
Virus 1

mosquitos
(host)

 XC1-5

 XC1-6

 XC1-9

 QN2-7

 JX1-13

 WT3-14

 WT3-13

 JX1-14

 WT3-15

 XZ3-11

 QN3-5

 QN3-6

 JX1-12

0.01

 WT3-14

 WT3-15

 WT3-13

 QN3-6

 QN3-5

 JX1-14

 JX1-12

 JX1-13

 QN2-7

 XZ3-11

 XC1-5

 XC1-6

 XC1-9

0.05

Wuhan
Mosquito
Virus 2

mosquitos
(host)

(A) (B)

(D)(C)



0-899X

L LG GN? N?

14X TTTTATTT------GAATACAAGGG

TTTTATTCAAA---GAATACAAGGG

TTTTATTCGG----GAATACAAGGG

TTTTATTCAATTTTGAATACAAGGG

TTTTATTTTT----GAATACAAGGG

TTTTATTCAATT--GAATACAAGGG

TTTTATTCTTT---GAATACAAGGG

 Bole Tick Virus 3

 Changping Tick Virus 2

 Tacheng Tick Virus 5

 Changping Tick Virus 3

 Wuhan Tick Virus 2

 Wuhan Louse Fly Virus 7

 Wuhan Louse Fly Virus 6

 Wenzhou Crab Virus 2

 Wuchang Cockraoch Virus 3

 Lishi Spider Virus 1

 Wuhan Mosquito Virus 8

 Tacheng Tick Virus 4

 Shayang Fly Virus 1

 Wenzhou Crab Virus 3

12

97

100

100

97

0

92

99

94

86

100

0.2

 Bole Tick Virus 3

 Changping Tick Virus 2

 Wuhan Tick Virus 2

 Wuchang Cockraoch Virus 3

 Lishi Spider Virus 1

 Wuhan Mosquito Virus 8

 Wenzhou Crab Virus 2

 Tacheng Tick Virus 4

33

41

70

99

0.5

 Bole Tick Virus 3

 Changping Tick Virus 2

 Tacheng Tick Virus 5

 Changping Tick Virus 3

 Wuhan Tick Virus 2

 Wuhan Louse Fly Virus 6

 Wuhan Louse Fly Virus 7

 Wuhan Mosquito Virus 8

 Wuchang Cockraoch Virus 3

 Lishi Spider Virus 1

 Wenzhou Crab Virus 2

 Tacheng Tick Virus 4

97

100

90

38

64

90

79

83

0.5

RdRP Putative Glycoprotein Putative Nucleoprotein

Wenzhou Crab Virus 2

Wuchang Cockroach Virus 3

Lishi Spider Virus 1

Wuhan Mosquito Virus 8

Tacheng Tick Virus 4

Wenzhou Crab Virus 3

 12860 nts  5’ 3’

L 238.1kDaG1 96.8kDa N? G2 61.3kDa 

 19.6kDa
VP5

 13732 nts  5’ 3’

L 281.4kDaG 121.6kDa 
 69.5kDa

VP2

 11.7kDa

N?

 6959 nts  5’ 3’

L 251.3kDa

 4698 nts  5’ 3’

 G 72.4kDa 

 67.9kDa 17.6kDa

N? VP4

 12004 nts  5’ 3’

L 247.3kDa  G 73.4kDa 
 70.6kDa  11.2kDa

 7051 nts  5’ 3’

L 252.1kDa

 4426 nts  5’ 3’

 G 75.1kDa 

 46.3kDa 14.5kDa

N? VP4

N? VP4

 7152 nts  5’ 3’

L 254.2kDa

 4788 nts  5’ 3’

 G 75.7kDa 

 47.0kDa 20.2kDa

N? VP4

 10815 nts  5’ 3’

L 247.2kDa G 72.9kDa N?
 54.7kDa

Changping Tick Virus 3

Tacheng Tick Virus 5

Wuhan Tick Virus 2

Wuhan Louse Fly Virus 6

Wuhan Louse Fly Virus 7

Changping Tick Virus 2

Bole Tick Virus 3

 10017 nts  5’ 3’

L 252.5kDa
 47.2kDa

N?
 12.5kDa

 5’ 3’  11395 nts

L 250.6kDa  G 75.7kDa
 45.0kDa 13.8kDa

N? VP4

 5’ 3’  10877 nts

L 244.0kDa  G 73.8kDa N?
 51.6kDa

 5’ 3’  11183 nts

L 244.7kDa  G 72.3kDa
 51.3kDa 12.2kDa

N? VP4

 6777 nts  5’ 3’

L 249.1kDa

 2291 nts  5’ 3’

 47.0kDa 
VP3
 15.1kDa

 6808 nts  5’ 3’

L 247.7kDa

 2343 nts  5’ 3’

 47.5kDa 

N?

N?

 9527 nts  5’ 3’

L 252.7kDa
 47.6kDa

N?

A

B

C

VP3

Shayang Fly Virus 1



12336  nts

Orthobunyavirus

L segment

Orthobunyavirus_like

Nairovirus_like

Phasmavirus_like

Wuhan Insect Virus 2

Phlebovirus

Phlebovirus_like

Tenuivirus_like

Unclassified segmented virus 1

 6441  nts  5’

L  243.0kDa

 6527  nts  5’

L  243.6kDa

 6549  nts  5’

L  245.6kDa

 6660  nts  5’

L  247.1kDa  

 6637  nts  5’

L  250.3kDa 

 6483  nts  5’

L  244.9kDa 

 6517  nts  5’

L  247.4kDa 

 6284  nts  5’

L  233.3kDa 

Unclassified segmented virus 6

Unclassified segmented virus 7
Wuhan Insect Virus 3

Unclassified segmented virus 4

Unclassified segmented virus 2

Unclassified segmented virus 3

 6754  nts  5’

L  251.3kDa 

 6779  nts  5’

L  252.6kDa 

 7082  nts  5’

L  267.2kDa 

 7046  nts  5’

L  252.7kDa 

 6520  nts  5’

L  240.7kDa 

 5662  nts  5’

L  partial 

 6421  nts  5’

L  238.8kDa

 6276  nts  5’

L  234.3kDa

7604  nts  5’

L  276.5kDa

6362  nts  5’

L  230.6kDa

6870  nts  5’ 

L  256.6kDa

6055  nts  5’

L  230.2kDa

9525  nts  5’

L  363.0kDa

 5’

L  464.6kDa

12229 nts  5’

L  450.0kDa

11823  nts  5’

L  444.7kDa

12073  nts  5’

L  441.4kDa

12184  nts  5’

L  446.9kDa

6574  nts  5’

L  242.4kDa

6474  nts  5’ 

L  238.4kDa

6493  nts  5’

L  246.1kDa

4899  nts  5’

L  partial

7243  nts  5’

L  272.2kDa

7151  nts  5’

L  271.6kDa

6787  nts  5’ 

L  262.4kDa

7325  nts  5’

L  264.8kDa

5754  nts  5’

L  partial

11332  nts  5’

L  417.0kDa

6743  nts  5’ 

L  249.0kDa

6646  nts  5’

L  249.4kDa

5956  nts  5’

L  217.0kDa

6085  nts  5’

L  229.7kDa

13486  nts  5’

L  506.5kDa

6553  nts  5’

L  partial

6873  nts  5’ 

L  258.0kDa

Unclassified segmented virus 5

Huangpi Tick Virus 2

Huangpi Tick Virus 1

Tacheng Tick Virus 1

Wenzhou Tick Virus 

Xinzhou Spider Virus 

Shayang Spider Virus 1 

Sanxia Water Strider virus 1 

Wuhan Louse Fly Virus 1 

Shuangao Insect Virus 1 

Wuhan Mosquito Virus 2

Wuhan Mosquito Virus 1

Wuchang Cockraoch Virus 1

Shuangao Insect Virus 2

Yongjia Tick Virus 1

Dabieshan Tick Virus

Tacheng Tick Virus 2

Changping Tick Virus 1

Bole Tick Virus 1

Lihan Tick Virus

Whenzhou Shrimp Virus 1

Wutai Mosquito Virus

Wuhan Fly Virus 1

Wuhan Louse Fly Virus 2

Qingnian Mosquito Virus

Wuhan Millipede Virus 1

Shuangao Insect Virus 3

ZheE Mosquito Virus 

Xinzhou Mosquito Virus

Wuhan Spider Virus

          Huangshi 
Humpbacked Fly Virus

Wuhan horsefly Virus

Jiangxia Mosquito Virus 1 

Jiangxia Mosquito Virus 2 

Shuangao Bedbug Virus 1 

Shuangao Mosquito Virus 

Whenzhou Shrimp Virus 2 

Shayang Spider Virus 2 

Sanxia Water Strider Virus 2 

Wuhan Millipede Virus 2

 1659  nts  5’

N  34.1kDa

 2185  nts  5’

 4454 nts  5’

 
154.5 kDa

 1116  nts  5’

N  30.4kDa

 3357 nts  5’

Gn 62.3 kDa Gc 54.6 kDa
  

 1480  nts  5’

N  45.9kDa

 3357 nts  5’

Gn 81.1 kDa Gc 55.9 kDa
  

 1454  nts  5’

N  31.8kDa

 

 2969 nts  5’

 
partial

 898  nts  5’

N  27.2kDa

 1709  nts  5’ 

N  27.4kDa NSs 30.9kDa

 1795  nts  5’

N  30.2kDa
 15.1kDa

 1830  nts  5’

N  29.8kDa NSs 
11.3kDa

 1227  nts  5’

N  partial

 1925  nts  5’

N  50.0kDa

 1285  nts  5’

N  partial

 2804 nts  5’

Gn 43.4 kDa Gc 50.5 kDa
  

 1889  nts  5’ 

N  51.6kDa

Gn

  5’ 

 60.2 kDa

 1940  nts  5’

N  64.2kDa

 5’

Gn 66.1 kDa Gc 77.9 kDa
  

 1969  nts  5’

N  53.9kDa

 1840  nts  5’

N  54.6kDa

 1785  nts  5’

N  54.7kDa

N/A

N/A

N/A

N/A

N/A

N/A

N/A N/A

N/A N/A

N/A

 2255  nts  5’

Gn Gc 51.7 kDa
 23.1 kDa  

 1959  nts  5’

N  54.7kDaNSs (?) VP3 (?)

 1148  nts  5’

N  partialNSs (?)

15.4kDa 18.4kDa

partial

 2636  nts  5’ 

Gn 35.1 kDa Gc 53.7 kDa
  

 1808  nts  5’

N  48.3kDaNSs (?)
13.9kDa

 2217  nts  5’

Gn Gc 53.2 kDa
 partial  

 partial  
Gc 52.8 kDaGn

 2073  nts  5’

 5’

Gn Gc partialNSm
 partial   15.9kDa

 2208  nts  5’

N  42.9kDaNSs (?)
13.1kDa

 2111  nts  5’

N  38.2kDaNSs(?)
14.1kDa

VP3(?)
12.3kDa

 959  nts  5’

NSs  N  27.1kDa

 5’

  27.4kDa  
NSmGn

 1233  nts  5’ 

N  30.0kDa

 2957 nts  5’
 

Gn partial Gc partial
  

N/A

 2312 nts  5’

Gn Gc partial
 partial  

N/A

 3302 nts  5’

  
Gn 49.0 kDa Gc 67.7 kDa N/A

Gn 72.0 kDa Gc 73.7 kDa
  

 5’

M segment S segment

 2466 nts  5’

  
Gn Gc 56.3 kDa

N/A

 2241  nts  5’

N  56.6kDa

N/A N/A

Gc 76.1 kDa
 

 5147  nts  5’

 3568  nts  5’

  

 1211  nts  5’

N  partial

 1030  nts  5’

N 28.1kDa 

 3278 nts  5’

Gc 54.6 kDa
  

 1820  nts  5’

N  53.9kDa

 1960  nts  5’

N  53.8kDa

 1867  nts  5’

N  53.8kDa

Wuhan Insect Virus 1

Yichang Insect Virus

 2171  nts  5’

N  53.9kDa

 4193 nts  5’

 52.2 kDa  

Gn

N/A

N/A N/A

N/A N/A

N/A

N/A

N/A N/A

N/A

N/A

N/A

N/A

L segment M segment S segment

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

Gn 57.9 kDa Gc 55.0 kDa

3’

3’

3’

3’

3’

3’

3’

Gn 55.9 kDa

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

NSs

N  46.9kDa

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

Gc 74.9 kDa

Gc 100.9 kDa

Gn 73.2 kDa

Gc 111.4 kDa

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

3’

9.6kDa

 4805 nts

 4675 nts

 4428 nts

 2939 nts

 4753 nts

 3322 nts 5’3’

Gn 66.3 kDa Gc partial

 3648 nts 5’3’

Gn 63.8 kDa Gc 57.8 kDa

partial

 2852 nts 5’3’
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