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KEKERABATAN GENETIK ANTARA BEBERAPA KARAKTER MORFOLOGI DAN MOLEKULER 

DARI ANGGREK  3KDODHQRSVLV DPDELOLV (L.) Blume ASAL PEGUNUNGAN MERATUS, 

KALIMANTAN SELATAN, INDONESIA. 3KDODHQRSVLV DPDELOLV (L.) Blume merupakan salah satu jenis 

anggrek terpopuler di dunia. Namun tanaman hias ini telah terancam di salah satu habitat aslinya, yaitu Pegunungan 

Meratus, Kalimantan Selatan, Indonesia. Tujuan penelitian ini adalah untuk menentukan dan menganalisis kekerabatan 

genetik dari beberapa karakter morfologi dari 3. DPDELOLV dari wilayah tersebut dan menggabungkannya dengan penanda 

molekuler (RAPD). Sebanyak sepuluh sampel anggrek, terdiri atas sembilan anggrek bulan (3. DPDELOLV) dan satu spesies 

outgroup (3. FRUQX�FHUYL), serta sepuluh primer RAPD telah digunakan dalam penelitian ini. Berdasarkan penanda 

morfologi, anggrek ini memiliki tingkat keragaman genetik sedang, ditunjukkan dengan nilai indeks Shannon sebesar 0,5. 

Berbeda dengan penanda molekuler, plasma nutfah ini menunjukkan variasi genetik yang tinggi, ditunjukkan dengan derajat 

SROLPRUÀVPH� VHEHVDU� ����� XQWXN� VHPXD� SULPHU� \DQJ� GLJXQDNDQ��+DVLO� DQDOLVLV� NODVWHU� PHQXQMXNNDQ� EDKZD� SODVPD�

nutfah ini terbagi menjadi dua kelompok utama untuk penanda morfologi dan lima kelompok untuk penanda molekuler. 

Berdasarkan kedua penanda, pengelompokan plasma nutfah ini relatif  berkaitan dengan wilayah asalnya. Dengan demikian, 

informasi ini diharapkan dapat digunakan sebagai acuan untuk program konservasi dan pemuliaan anggrek pada masa 

mendatang.

Kata kunci: Pemuliaan dan konservasi, variasi genetik, anggrek, 3KDODHQRSVLV
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I.  INTRODUCTION

7KH� 0HUDWXV� 0RXQWDLQV� RI � 6RXWK�

.DOLPDQWDQ� 3URYLQFH�� ,QGRQHVLD�� LV� RQH� RI �

the diversity centers of  native orchids in the 

ZRUOG�� ,Q� WKLV� UHJLRQ�� KXQGUHGV� RI � QDWLYH�

RUFKLGV�JHUPSODVPV�DUH�FXUUHQWO\�WKUHDWHQHG�E\�

QDWXUDO�DQG�KXPDQ�LPSDFWV��PDNLQJ�LW�GLIÀFXOW�

WR� ÀQG� LQ� WKHLU� FXVWRPDU\� KDELWDW� �0XVOLPDK���

5DFKPDZDW\�� +RHVDLQ�� 1LQV\K�� 	� <XOLDQWR��

�������(YHQ�WKRXJK�VRPH�RI � WKHP�KDYH�EHHQ�

FDWHJRUL]HG� DV� � HQGDQJHUHG� VSHFLHV�E\�&,7(6�

�&RPPLWWHH� RI � WKH� ,QWHUQDWLRQDO� 7UDGH� RI �

(QGDQJHUHG� 6SHFLHV��� 2QH� RUFKLG� VSHFLHV�

WKDW�LV�YHU\�GLIÀFXOW�WR�ÀQG�LQ�WKHLU�FXVWRPDU\�

KDELWDW� LV� WKH� PRWK� RUFKLG� �Phalaenopsis 

amabilis� �/��� %OXPH��� 7KH� ORFDO� SHRSOH� RI � WKLV�

UHJLRQ�UHFRJQL]HG�WKUHH�IRUPV�RI � WKH�RUFKLGV��

QDPHO\� WKH� ¶3HODLKDUL·� IURP� WKH� %LUDK� %DMXLQ�

0RXQWDLQ��7DQDK�/DXW�5HJHQF\�� WKH� ¶0HUDWXV·�

IURP�WKH�+XOX�6XQJDL�6HODWDQ�5HJHQF\��DQG�WKH�

¶+DORQJ·�IURP�WKH�%DODQJDQ�5HJHQF\�RI �6RXWK�

.DOLPDQWDQ� �5XVPD\DGL��6XPDUGL��6XGMDWPLNR��

	� .XVZLG\RVXVDQWL�� ������� )RU� VRPH� RUFKLG�

FROOHFWRUV�� WKHVH� WKUHH� IRUPV� DUH�YHU\�GLIÀFXOW�

WR�GLVWLQJXLVK�PRUSKRORJLFDOO\��+HQFH�� IXUWKHU�

YHULÀFDWLRQ� XVLQJ� PROHFXODU� PDUNHUV� LV� YHU\�

QHFHVVDU\�

7KH�PRWK�RUFKLG�RI �¶3HODLKDUL·�LV�RQH�RI �WKH�

PRVW� IDPRXV� RUFKLGV� LQ� WKH�ZRUOG� �0XVOLPDK�

HW� DO��� ������� 7KLV� PRWK� RUFKLG� LV� JHQHUDOO\�

UHFRJQL]HG�EDVHG�RQ�WKH�ÁRZHU�FKDUDFWHULVWLFV��

ERWK� VKDSH�� VL]H�� PRWLI�� DQG� OHQJWK� RI � WKH�

ÁRZHULQJ� SHULRG� �7VDL�� &KRX�� :DQJ�� .R��

&KLDQJ��	�&KLDQJ���������,Q�JHQHUDO��WKH�ÁRZHU�

RI �WKH�¶3HODLKDUL·�RUFKLG�LV�ZKLWH��GHFRUDWHG�ZLWK�

D� \HOORZ�EURZQ� VSRW� PRWLI � RQ� WKH� ODEHOOXP��

DQG�KDV�ÁRZHUV�ZLWK�ÁRUHWV�UHDFKLQJ�PRUH�WKDQ�

���XQLWV�RQ�HDFK�VWDON��7KH�RUFKLG�VWDON�FRXOG�

UHDFK����FP��WKH�OHQJWK�RI �WKH�ÁRZHULQJ�SHULRG�

LV� XS� WR� �� PRQWKV� �0XVOLPDK� HW� DO��� �������

&RQVHTXHQWO\�� LW� LV� QRW� VXUSULVLQJ� WKDW� WKLV�

RUFKLG�LV�WKH�PRVW�VHDUFKHG�DQG�LV�YHU\�SRSXODU�

ZLWK�FROOHFWRUV�DQG�EUHHGHUV�DURXQG�WKH�ZRUOG��

,Q�������WKLV�PRWK�RUFKLG�ZDV�HYHQ�GHVLJQDWHG�

DV� RQH� RI � � ,QGRQHVLDQ·V� QDWLRQDO� ÁRZHUV� RU�

´3XVSD�3HVRQDµ��LQ�,QGRQHVLDQ�WHUPV��PDNLQJ�

LW�D�QDWLRQDO�VXSHULRU�YDULHW\�RU�WKH�EHVW�FURVV�

SDUHQW� PDWHULDO� IRU� WKH� EUHHGLQJ� SURJUDP�

�0XVOLPDK�HW�DO���������

,Q� ,QGRQHVLD�� WKH� PRWK� RUFKLGV� LV� VSUHDG�

DFURVV� VHYHUDO� ODUJH� LVODQGV�� VXFK� DV� -DYD��

6XPDWUD�� 6XODZHVL�� .DOLPDQWDQ�� DQG� 3DSXD�

�)DWLPDK� 	� 6XNPD�� ������� +RZHYHU�� WKH�

H[LVWHQFH� RI � WKH� PRWK� RUFKLGV� LQ� 0HUDWXV�

0RXQWDLQ�RI �WKH�6RXWK�.DOLPDQWDQ�3URYLQFH�LV�

PRUH�ZRUU\LQJ� WKDQ� WKH�RWKHUV�� DV�PHQWLRQHG�

HDUOLHU�� 7KXV�� WKH� FRQVHUYDWLRQ� DQG� EUHHGLQJ�

SURJUDPV� RI � WKH� RUFKLG� DUH� YHU\� XUJHQW� WR�

LPSOHPHQW��7KH�,QGRQHVLDQ�2UFKLG�$VVRFLDWLRQ�

RI � 6RXWK� .DOLPDQWDQ� EUDQFK� KDV� FDUULHG� RXW�

VRPH� DFWLYLWLHV� WR� FRQVHUYH� DQG� SUHVHUYH� WKLV�

JHUPSODVP��:KLOH�WKHVH�HIIRUWV�KDYH�QRW�EHHQ�

RSWLPDOO\� FDUULHG� RXW�� VRPH� DFWLYLWLHV� VKRZHG�

OHVV�VDWLVIDFWRU\�UHVXOWV��0XVOLPDK�HW�DO����������

7KH�OLPLWHG�LQIRUPDWLRQ�DERXW�RUFKLG�JHQHWLFV�

LV�RQH�RI �WKH�REVWDFOHV�WR�WKHVH�WZR�DFWLYLWLHV�

,Q� JHQHUDO�� WKH� FRQVHUYDWLRQ� DQG� EUHHGLQJ�

WDVNV� LQYROYH� VHYHUDO� SULQFLSDO� DFWLYLWLHV�� RQH�

RI � ZKLFK� LV� LGHQWLI\LQJ� DQG� FKDUDFWHUL]LQJ�

JHUPSODVP� ZLWK� D� FRPSUHKHQVLYH� VWXG\� �YDQ�

GH� :RXZ�� YDQ� +LQWXP�� .LN�� YDQ� 7UHXUHQ��

	� 9LVVHU�� ������� $FFRUGLQJ� WR� 3HOOHQV� DQG��

*UDQGFRODV� �������� FULWLFDO� DQG� DFFXUDWH�

LQIRUPDWLRQ� DERXW� JHUPSODVP� VRXUFHV� LV�

XUJHQWO\� QHHGHG� WR� VXSSRUW� WKHVH� SURJUDPV��

+HQFH�� WKH� REMHFWLYH� RI � RXU� VWXG\� ZDV� WR�

GHWHUPLQH�DQG�DQDO\]H�WKH�JHQHWLF�UHODWLRQVKLS�

DPRQJ� VHYHUDO� PRUSKRORJLFDO� DQG� PROHFXODU�

FKDUDFWHULVWLFV� RI � WKLV� RUFKLG�� SDUWLFXODUO\� E\�

5$3'�5DQGRP�$PSOLÀHG�3RO\PRUSKLF�'1$�

PDUNHUV�� :KLOH� WKHVH� PDUNHUV� KDYH� FHUWDLQ�

OLPLWDWLRQV��D�FRPELQDWLRQ�RI �WKHVH�WZR�PDUNHUV�

PD\�UHSUHVHQW�D�FRPSUHKHQVLYH�IHDWXUH�RI �WKH�

JHQHWLF�GLYHUVLW\�RI �WKLV�JHUPSODVP��5RFKD�HW�DO���

�������8QWLO�QRZ��PDQ\�UHVHDUFKHUV�KDYH�EHHQ�

XVLQJ� WKHVH� PDUNHUV� IRU� DV�VHVVLQJ� WKH� JHQHWLF�

GLYHUVLW\� RI � YDULRXV� JHUPSODVPV�� OLNH� RUFKLGV�

�.KRGGDP]DGHK��6LQQLDK��.DGLU��	�.DG]LPLQ��

�������,Q�,QGRQHVLD��5$3'�KDV�EHHQ�XVHG�IRU�

DQDO\]LQJ�WKH�JHQHWLF�GLYHUVLW\�RI �RUFKLGV�EXW�LV�

VWLOO�YHU\�OLPLWHG��0RUHRYHU��WKH�RUFKLG�VDPSOHV�

DUH� WKH�K\EULGV��QRW� IURP�WKH�QDWXUDO�DUHDV��DV�

HPSOR\HG� E\� 6XOLVWLDQLQJVLK� DQG� 3XUZDQWRUR�

�������� 7KXV�� WKH� UHVXOWV� RI � RXU� VWXG\� DUH�

,QGRQHVLDQ�-RXUQDO�RI �)RUHVWU\�5HVHDUFK�9RO����1R�����$SULO������������������������������������������,661������������(�,661�����������
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YDOXDEOH�LQ�VXSSRUWLQJ�RUFKLG�FRQVHUYDWLRQ�DQG�

EUHHGLQJ�SURJUDPV�LQ�WKH�IXWXUH�

II. MATERIAL AND METHOD

A. Plant Materials

$�WRWDO�RI �WHQ�RUFKLGV�VDPSOHV�ZLWK�VHYHUDO�

PRUSKRORJLFDO� FKDUDFWHULVWLFV� �7DEOH� ����

FRPSULVLQJ� QLQH� PRWK� RUFKLGV� �P�� amabilis) 

VSHFLHV� DQG� RQH� RI � WKH� GHHU�DQWOHUHG� RUFKLG�

P�� FRUQX�FHUYL� �DV� DQ� RXWJURXS�� ZHUH� FROOHFWHG�

UDQGRPO\�IURP�WKUHH�ORFDWLRQV�RI �WKH�0HUDWXV�

0RXQWDLQV��LQFOXGLQJ�WKUHH�UHJHQFLHV�RI ��6RXWK�

.DOLPDQWDQ�� ,QGRQHVLD�� QDPHO\� 7DQDK� /DXW�

�7DOD���%DODQJDQ�DQG�+XOX�6XQJDL�6HODWDQ��+66��

�)LJXUH� ���� 6SHFLÀFDOO\�� IRU� WKH� K\EULG� RUFKLG��

RXWJURXS� VDPSOHV� ZHUH� REWDLQHG� IURP� WKH�

)RRG��$JULFXOWXUH��DQG�)LVKHULHV�6HUYLFH�$JHQF\�

RI � %DQMDUPDVLQ� &LW\� DQG� DQ� RUFKLG� FROOHFWRU�

LQ� %DQMDUEDUX� UHJHQF\�� 6RXWK� .DOLPDQWDQ��

)RU� PRUSKRORJLFDO� DQDO\VLV�� VDPSOHV� ZHUH�

GLUHFWO\�REVHUYHG�DW�WKH�VDPSOLQJ�ORFDWLRQV��)RU�

PROHFXODU�DQDO\VLV��RUFKLG�OHDYHV�ZHUH�VDPSOHG�

DQG�SXW�LQWR�D�SODVWLF�EDJ�FRQWDLQLQJ��VLOLFD�JHO�

B. Morphological Observation

7KH� PRUSKRORJLFDO� REVHUYDWLRQV� ZHUH�

FDUULHG� RXW� GLUHFWO\� DW� WKH� VDPSOLQJ� ORFDWLRQV�

RQ� VL[� PRUSKRORJLFDO� FKDUDFWHUV�� WKRVH� ZHUH��

UHVLOLHQFH�RI �ÁRZHUV�� � WKLFNQHVV�RI � WKH�SHWDOV��

OHQJWK�RI �WKH�ÁRZHU�VWDON��QXPEHU�RI �EORVVRPV�

*HQHWLF�5HODWLRQVKLS�RI �6HYHUDO�0RUSKRORJLFDO�DQG�0ROHFXODU�&KDUDFWHULVWLFV�RI �3KDODHQRSVLV��������'LQGLQ�+��0XUV\LGLQ�HW�DO��

��

)LJXUH����$�PDS�RI �6RXWK�.DOLPDQWDQ�VKRZLQJ�WKH�WKUHH�VDPSOLQJ�ORFDWLRQV��DORQJ�WKH�0HUDWXV�

0RXQWDLQV���ZKHUH�WKH�PRWK�RUFKLGV�ZHUH�FROOHFWHG��7KH�UHJHQF\�RI �7DQDK�/DXW��$���+XOX�6XQJDL�6HODWDQ�

�%���DQG�%DODQJDQ��&�

7DEOH����/LVW�RI �RUFKLG�VDPSOHV�HPSOR\HG�LQ�WKH�VWXG\

/RFDO�1DPH &RGH 6FLHQWLÀF�1DPH 2ULJLQ��5HJHQF\�
$QJJUHN�EXODQ�¶3HODLKDUL· 3$��� P. amabilis 7DQDK�/DXW
$QJJUHN�EXODQ�¶+DORQJ· 3$��� P. amabilis %DODQJDQ
$QJJUHN�EXODQ�¶+DORQJ· 3$��� P. amabilis %DODQJDQ
$QJJUHN�EXODQ�¶+DORQJ· 3$��� P. amabilis %DODQJDQ
$QJJUHN�EXODQ�¶+DORQJ· 3$��� P. amabilis %DODQJDQ
$QJJUHN�EXODQ�¶0HUDWXV· 3$��� P. amabilis +XOX�6XQJDL�6HODWDQ
$QJJUHN�EXODQ�¶+DORQJ· 3$��� P. amabilis %DODQJDQ
$QJJUHN�EXODQa 3$��� P. amabilis 7DQDK�/DXW
$QJJUHN�EXODQa 3$��� P. amabilis 7DQDK�/DXW
$QJJUHN�EXODQ�JHUJDMLE              3& 3��FRUQX�FHUYL� 7DQDK�/DXW

5HPDUNV��DK\EULG��DV�FRPSDULVRQ�EDQ�RXW�JURXS



SHU� VWDON�� DQG� YLVLELOLW\� RI � YHLQV� RQ� OHDYHV�� DV�

ZHOO�DV�OHDI �VKDSHV�

C. Molecular Analysis

0ROHFXODU� DQDO\VLV� RI � WKH� RUFKLG� ZDV�

FRQGXFWHG� LQ� WKH�/DERUDWRU\�RI �*HQHWLFV�DQG�

0ROHFXODU� %LRORJ\�� )DFXOW\� RI � 0DWKHPDWLFV�

DQG� 1DWXUDO� 6FLHQFHV�� 8QLYHUVLWDV� /DPEXQJ�

0DQJNXUDW�� ,QGRQHVLD�� 7KH� DFWLYLWLHV� VWDUWHG�

ZLWK� WKH� H[WUDFWLRQ� RI �'1$�E\� WKH�'1$]RO�

NLW� SURWRFRO� IROORZLQJ� PDQXIDFWXUHU·V�

SURFHGXUH�� 7KH� '1$� ZDV� WKHQ� TXDQWLÀHG�

DQG� PHDVXUHG� E\� 89�9LV� VSHFWURSKRWRPHWHU�

DW� ���� QP� ZDYHOHQJWKV�� $PSOLÀFDWLRQ� RI �

WKLV� JHQHWLF� PDWHULDO� ZDV� FRQGXFWHG� XVLQJ� ���

RI � WKH� ��� VHOHFWHG� 5$3'� SULPHUV� �7DEOH� ���

�6XOLVWLDQLQJVLK�	�3XUZDQWRUR��������ZLWK�D�WRWDO�

YROXPH�RI �����O��FRQVLVWLQJ�RI �����O�PDVWHU�PL[�

3&5��FRQWDLQLQJ�GHLRQL]HG�ZDWHU��3&5�EXIIHU��

G173V��0J&,
�
��7DT�'1$�SRO\PHUDVH�������QJ�

�/�RI �HDFK�SULPHU������SLFRPROHV��DQG�����QJ�

�/�RI �JHQRPLF�WHPSODWH�'1$��

7KLV� UHDFWLRQ� ZDV� SHUIRUPHG� E\� XVLQJ�

7KHUPDO�&\FOHU�3&5��7HFKQH��7&����*��86$��

ZLWK�D�F\FOLQJ�FRQGLWLRQ��0XUV\LGLQ�	�'DU\RQR��

������� LQLWLDO� GHQDWXUDWLRQ� DW� ���&� IRU� ��PLQ��

GHQDWXUDWLRQ�DW����&�IRU����VHFV��DQQHDOLQJ�DW�

���&� IRU� ��� VHFV�� DQG� H[WHQVLRQ� WR� ���&� IRU�

���� PLQ� �WKHVH� VWDJHV� ZHUH� UHSHDWHG� IRU� ���

F\FOHV���DQG�D�ÀQDO�H[WHQVLRQ�DW����&�IRU���PLQ��

7KH� DPSOLÀHG� '1$� ZDV� VHSDUDWHG� E\� �����

RI � DJDURVH� JHO� HOHFWURSKRUHVLV� DQG� �;� 7%(�

EXIIHU��S+������DV�D�VXSSRUWLQJ�PHGLXP��7KHVH�

VDPSOHV�ZHUH�VWDLQHG�E\�QXFOHLF�DFLG�JHO�VWDLQV�

�*HO5HG��%LRWLXP��86$��DQG�REVHUYHG�ZLWK�WKH�

'1$� ODGGHU� ����� ES�� 9LYDQWLV��� 2EVHUYDWLRQ�

RI �'1$�IUDJPHQW�RI �HDFK�SULPHU�ZKLFK�ZDV�

JHQHUDWHG� FRQGXFWHG� E\� 89� WUDQVLOOXPLQDWRU�

DQG�GLJLWDO�FDPHUD��1LNRQ�&RROSL[�/�����

D. Data Analysis

'DWD�ZHUH�DQDO\]HG�ERWK�IRU�PRUSKRORJLFDO�

DQG�PROHFXODU�PDUNHUV��'DWD�DQDO\VLV�ZDV�VWDUWHG�

ZLWK� VFRULQJ� DQG� VWDQGDUGL]LQJ� WKH� REWDLQHG�

PRUSKRORJLFDO� GDWDVHW�� 6KDQQRQ�:HDYHU�

GLYHUVLW\� LQGH[� �+·�� ZDV� XVHG� WR� GHWHUPLQH�

WKH� SKHQRW\SLF� GLYHUVLW\� RI � WKLV� JHUPSODVP��

'LYHUVLW\� LQGLFHV� ZHUH� FDOFXODWHG� EDVHG� RQ�

SKHQRW\SLF� IUHTXHQF\� XVLQJ� WKH� VWDQGDUGL]HG�

6KDQQRQ�:HDYHU� 'LYHUVLW\� LQGH[� IRUPXOD�

�5DEDUD�� )HUUHU�� 'LD]�� 1HZLQJKDP�� 0D�� 	�

5RPHUR���������0XOWLYDULDWH�VWDWLVWLFDO�DQDO\VHV�

RI �FKDUDFWHUL]DWLRQ�GDWD�ZHUH�FRQGXFWHG�XVLQJ�

FOXVWHU� DQDO\VLV�� 7KLV� DQDO\VLV� ZDV� GRQH� XVLQJ�

WKH� 0963� YHU�� ���� VRIWZDUH� �.RYDFK�� �������

7KH� GLVWDQFH� PDWUL[� ZDV� JHQHUDWHG� XVLQJ� WKH�

(XFOLGHDQ� 'LVWDQFH� &RHIÀFLHQWV� DQG� XVHG� DV�

LQSXW� IRU�FOXVWHULQJ�XVLQJ� WKH�XQZHLJKWHG�SDLU�

JURXS�RI �DULWKPHWLF�PHDQV��83*0$��PHWKRG��

)RU�PROHFXODU�GDWD��HDFK�'1$�IUDJPHQW�WKDW�

GHYHORSV�DW�D�SDUWLFXODU�UDWH�RI �HOHFWURSKRUHVLV�

JHO�ZDV�PHDVXUHG�E\�XVLQJ� D� OLQHDU� UHJUHVVLRQ�

HTXDWLRQ�DQG�FRQVLGHUHG�DV�D�VLQJOH�ORFXV��+HQFH��

WKH� VDPH�'1$�IUDJPHQWV�RI � VRPH� LQGLYLGXDO�

SODQWV� ZHUH� LQWHUSUHWHG� DV� RQH� KRPRORJRXV�

ORFXV��7KH�ORFXV�ZDV�WKHQ�FRQYHUWHG�LQWR�ELQDU\�

PDWUL[�GDWD�E\�VFRULQJ�WKH�YDOXH�RI �RQH����� LI �

WKHUH�LV�D�'1$�IUDJPHQW�DQG�]HUR�����LI �WKHUH�LV�

QR�'1$�IUDJPHQW��7KH�ELQDU\�PDWUL[�GDWD�ZDV�

WKHQ�GHULYHG�LQWR�D�JHQHWLF�GLVWDQFH�PDWUL[��7R�

FDOFXODWH� WKH�JHQHWLF�GLVWDQFH�RI � WKH�JHQRW\SH�

SDLUV� IRXQG� LQ� GLIIHUHQW� LQGLYLGXDOV�� WKH� 'LFH�

FRHIÀFLHQW�ZDV�DSSOLHG��%DVHG�RQ�WKH�YDOXH�RI �

JHQHWLF� VLPLODULW\� WKHQ� WKH� FOXVWHULQJ� DQDO\VLV�

ZDV� FRQGXFWHG�� 7KH� FOXVWHULQJ� DQDO\VLV� DQG�

UHFRQVWUXFWLRQ� RI � D� SK\ORJHQHWLF� UHODWLRQVKLS�

RI � WKLV� JHUPSODVP�ZHUH� SHUIRUPHG� XVLQJ� WKH�

83*0$�ZLWK�WKH�DVVLVWDQFH�RI �WKH�176\V�YHU��

�����5RKOI���������$�ERRWVWUDS�DQDO\VLV�ZDV�DOVR�

��

7DEOH� ��� 6HOHFWHG� 5$3'� SULPHUV� HPSOR\HG� LQ� WKH�

study

3ULPHUV
6HTXHQFHV��

��
��
�

*&�FRQWHQW�

���
23$��� 7*&&*$*&7* ��
23$��� $$7&***&7* ��
23%��� *777&*&7&& ��
23%��� 7*&7&7*&&& ��
23%��� **7*$&*&$* ��
236��� &7***7*$*7 ��
23$��� ***7$$&*&& ��
23$��� *7*$7&*&$* ��
23%��� *$7*$&&*&& ��
23%��� &7*&7***$& ��

6RXUFH� 6XOLVWLDQLQJVLK�DQG�3XUZDQWRUR�������
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SHUIRUPHG�WR�HYDOXDWH�WKH�LQWHUQDO�QRGHV�RQ�WKH�

GHQGURJUDP�

III. RESULTS AND DISCUSSION

A. Morphological Characteristics

$OWKRXJK� WKH� WKUHH� IRUPV� RI � RUFKLGV�

IURP� WKH� 0HUDWXV� 0RXQWDLQV� DSSHDU� WR� EH�

WKH� VDPH� �UHODWLYHO\� GLIÀFXOW� WR� GLVWLQJXLVK��

PRUSKRORJLFDOO\��)LJXUH�����WKH�UHVXOWV�RI �IXUWKHU�

REVHUYDWLRQV�RI �VRPH�RI �WKHVH�FKDUDFWHUV�VKRZ�

TXLWH� VLJQLÀFDQW� GLIIHUHQFHV� �7DEOH� ���� )RU�

H[DPSOH��EDVHG�RQ�OHDI �VKDSH��WKH�WKUHH�IRUPV�

RI � RUFKLGV� FRXOG� EH� GLVWLQJXLVKHG� EHFDXVH�

WKH� OHDI � VKDSHV� DUH� GLIIHUHQW�� QDPHO\� ovate for 

¶3HODLKDUL·��elliptic�IRU�¶0HUDWXV·��DQG�lanceolate for 

¶+DORQJ·��7DEOH�����2WKHU�GLIIHUHQFHV�DSSHDU�LQ�

WKH�OHDI �YHLQV�DQG�WKLFNQHVV�RI �SHWDOV��ZKHUHDV�

WKH� ¶3HODLKDUL·� RUFKLGV� KDV� � YLVLEOH� OHDI � YHLQV�

DQG� WKLQ� SHWDOV� �7DEOH� ���� %DVHG� RQ� 7DEOH� ���

LW� LV� DOVR� VHHQ� WKDW� ¶3HODLKDUL·� RUFKLGV� KDYH�

GLIIHUHQW�FKDUDFWHULVWLFV�FRPSDUHG�WR�WKH�RWKHU�

WZR�RUFKLGV� IRXQG� LQ� WKH�0HUDWXV�0RXQWDLQV��

QDPHO\� D� ORQJ� VWDON� RI � WKH� ÁRZHU� ZLWK� �����

EORRPV��D�ORQJ�UHVLOLHQFH�RI �WKH�ÁRZHU�EORRPV�

�����PRQWKV��� DQG�D� \HOORZ�EURZQ�VSRW� DW� WKH�

ODEHOOXP��DV�ZHOO�DV�D�9�VKDSH�DW�WKH�HQG�RI �WKH�

ODEHOOXP�� 7KH� FRPSOHWH� LQIRUPDWLRQ� RQ� WKH�

GLIIHUHQFHV�LQ�PRUSKRORJLFDO�FKDUDFWHUV�RI �WKH�

RUFKLGV�ZDV�SUHVHQWHG�LQ�7DEOH���

,Q�EULHI��PRUSKRORJLFDO�REVHUYDWLRQV�UHYHDO�

WKH�XQLTXH�IHDWXUH�RI �WKH�WKUHH�IRUPV�RI �PRWK�

RUFKLGV� IRXQG� LQ� WKH� 0HUDWXV� 0RXQWDLQV��

7KH� XQLTXH� IHDWXUH� LV� FKDUDFWHUL]HG� E\� WKH�

UHVLOLHQFH� RI � ÁRZHUV� EORRP� DQG� WKH� QXPEHU�

RI �EORVVRPV�SHU�VWDON��DV�ZHOO�DV�WKH�VKDSH�RI �

WKH�REVHUYHG�OHDYHV��7DEOH�����$FFRUGLQJ�WR�YDQ�

��

)LJXUH����7KH�PRUSKRORJLFDO�IHDWXUHV�RI �WKH�PRWK�RUFKLG�ÁRZHUV��$�'��DQG�LWV�SODQW�KDELWXV��(�+���

5HPDUNV��$� �P��amabilis�¶+DORQJ·����%� �P��amabilis�¶0HUDWXV·��&� �P��amabilis�¶3HODLKDUL·��'� �P��amabilis�K\EULG��DV�D�

FRPSDULVRQ�

7DEOH����7KH�PRUSKRORJLFDO�GLIIHUHQWLDWLRQ�RI �WKH�PRWK�RUFKLGV�HQGHPLFDOO\�IURP�WKH�0HUDWXV�0RXQWDLQV��

6RXWK�.DOLPDQWDQ��LQFOXGLQJ�WKH�K\EULG��D�FRPSDULVRQ�

Traits observed
3��DPDELOLV�
¶+DORQJ·

3��DPDELOLV�
¶0HUDWXV·

3��DPDELOLV�
¶3HODLKDUL·

3��DPDELOLV�
¶+\EULG·

7KH�UHVLOLHQFH�RI �ÁRZHUV�EORRP ������PRQWKV ���PRQWKV ������PRQWKV ����PRQWKV
7KH�WKLFNQHVV�RI �WKH�SHWDOV 7KLFN 7KLFN 7KLQ 7KLFN
/HQJWK�RI �WKH�ÁRZHU�VWDON ������P ������P ������P ������P
1XPEHU�RI �EORVVRPV�SHU�VWDON �����XQLW �����XQLW �����XQLW �����XQLW
9LVLELOLW\�RI �YHLQV�RQ�OHDYHV ,QYLVLEOH ,QYLVLEOH 9LVLEOH ,QYLVLEOH
/HDI �VKDSH /DQFHRODWH (OOLSWLF Ovate /DQFHRODWH

*HQHWLF�5HODWLRQVKLS�RI �6HYHUDO�0RUSKRORJLFDO�DQG�0ROHFXODU�&KDUDFWHULVWLFV�RI �3KDODHQRSVLV��������'LQGLQ�+��0XUV\LGLQ�HW�DO��



+X\OHQEURHFN� �������� WKH� XQLTXHQHVV� RI � WKLV�

JHUPSODVP�LV�DOVR�EDVHG�RQ�WKH�WULDQJXODU�VKDSH�

RI �WKH�ODEHOOXP�DQG�WKH�FRORU�VKDUSQHVV�RI �WKH�

ÁRZHUV�� ,QWHUHVWLQJO\�� EDVHG�RQ� WKLV� VWXG\�� WKH�

¶3HODLKDUL·�VKRZV�GLVWLQFW�ÁRZHU�IRUPDWLRQ��WKH�

QXPEHU�RI �ÁRUHWV�LQ�RQH�VWDON��DQG�WKH�OHQJWK�

RI � WKH� ÁRZHULQJ� SHULRG� LV�PRUH� VWULNLQJ� WKDQ�

WKH�RWKHU�WZR�RUFKLGV�IRXQG�LQ�WKH�UHJLRQ��6R��

LW�LV�QRW�VXUSULVLQJ�WKDW�LQ������WKLV�RUFKLG�KDG�

REWDLQHG� IRUPDO� OHJDOLW\� IURP� WKH� ,QGRQHVLDQ�

PLQLVWHU� RI � DJULFXOWXUH� DV� D� VXSHULRU� QDWLRQDO�

FXOWLYDU��0XVOLPDK�HW�DO���������

$FFRUGLQJ� WR� $QXPDOOD�� 5R\FKRZGKXU\��

*HGD�� 0D]LG�� DQG� 5DWKRXUH� �������� DOWKRXJK�

PRUSKRORJLFDO�PDUNHU�KDV�D�ZHDNQHVV�EHFDXVH�

LW� LV� VWURQJO\� LQÁXHQFHG� E\� HQYLURQPHQWDO�

IDFWRUV�� EUHHGHUV� DUH� XVLQJ� WKLV� PDUNHU� WR�

HYDOXDWH� JHUPSODVP� LQ� WKH� HDUO\� VWDJHV� RI �

SODQW� JURZWK� DQG� GHYHORSPHQW�� ,Q� RWKHU�

ZRUGV�� PRUSKRORJLFDO� DQDO\VLV� LV� VWLOO� XVHG� LQ�

GHWHUPLQLQJ�WKH�JHQHWLF�GLYHUVLW\�RI �JHUPSODVP��

,Q� JHQHWLFV�� WKH� PRUSKRORJLFDO� PDUNHU� RU�

SKHQRW\SH� LV� WKH� UHVXOWV�RI � WKH� H[SUHVVLRQ�RI �

JHQRW\SH�ZKLFK�LV�LQÁXHQFHG�E\�HQYLURQPHQWDO�

IDFWRUV�� 7KXV�� IXUWKHU� YHULÀFDWLRQ� RI � WKH�

JHUPSODVP�VWXGLHG�XVLQJ�PRUH�VWDEOH�PROHFXODU�

PDUNHUV� RQ� HQYLURQPHQWDO� IDFWRUV� LV� YHU\�

LPSRUWDQW��)XUWKHUPRUH��D�FRPELQDWLRQ�RI �WKH�

WZR�PDUNHUV��PRUSKRORJLFDO�DQG�PROHFXODU�� LV�

H[SHFWHG� WR� SURGXFH� D� PRUH� FRPSUHKHQVLYH�

IHDWXUH�RI � WKH�JHQHWLF�GLYHUVLW\�RI �JHUPSODVP�

�5RFKD�HW�DO���������

B. Genetic Diversity

%DVHG� RQ� WKH� PRUSKRORJLFDO� PDUNHUV�� WKH�

PRWK�RUFKLGV�RI � WKH�0HUDWXV�0RXQWDLQV�KDYH�

D�PRGHUDWH�OHYHO�RI �JHQHWLF�GLYHUVLW\��LQGLFDWHG�

E\� 6KDQQRQ
V� LQGH[� YDOXH� RI � ���� �7DEOH� ����

+RZHYHU�� WZR� RI � WKH� PRUSKRORJLFDO� WUDLWV�

REVHUYHG� LQ� WKLV� VWXG\�ZHUH� VKRZQ� WR� KDYH� D�

KLJK� OHYHO� RI � GLYHUVLW\�� L�H��� WKH� UHVLOLHQFH� RI �

ÁRZHUV� EORRP� DQG� WKH� QXPEHU� RI � EORVVRPV�

SHU�VWDON��ZLWK�DQ�LQGH[�RI ������HDFK�

��

7DEOH����3RO\PRUSKLVP�GHJUHH�RI �WKH�PRWK�RUFKLGV�IURP�WKH�0HUDWXV�0RXQWDLQV�RI �6RXWK�.DOLPDQWDQ��

LQFOXGLQJ�WKHLU�QXPEHU�DQG�VL]H�RI �DPSOLÀHG�'1$�IUDJPHQWV�JHQHUDWHG�E\�5$3'�PDUNHUV

3ULPHU

7KH�VL]H�UDQJH�RI �

DPSOLÀHG�'1$�IUDJPHQW�

�ES�

7RWDO�RI �'1$�

IUDJPHQW��ORFL�

1XPEHU�RI ��

SRO\PRUSKLF�'1$

3RO\PRUSKLVP�

���

23$��� �������� �� �� ���

23$��� �������� �� �� ���

23%��� �������� �� �� ���

23%��� �������� �� �� ���

23%��� �������� �� �� ���

236��� �������� �� �� ���

23$��� ������� � � ���

23$��� �������� � � ���

23%��� ������� � � ���

23%��� �������� �� �� ���

7RWDO�$YHUDJH ��� ��� ���

7DEOH����*HQHWLF�GLYHUVLW\��+·�LQGH[��RI �WKH�PRWK�

RUFKLG�EDVHG�RQ�PRUSKRORJLFDO�traits

0RUSKRORJLFDO�WUDLWV +
�LQGH[

7KH�UHVLOLHQFH�RI �ÁRZHUV�EORRP ����c

7KH�WKLFNQHVV�RI �WKH�SHWDOV ����a

/HQJWK�RI �WKH�ÁRZHU�VWDON ����a

1XPEHU�RI �EORVVRPV�SHU�VWDON ����c

9LVLELOLW\�RI �YHLQV�RQ�OHDYHV ����a

/HDI �VKDSH ����E

$YHUDJH ����E

5HPDUNV� alow��Emoderate��cKLJK

,QGRQHVLDQ�-RXUQDO�RI �)RUHVWU\�5HVHDUFK�9RO����1R�����$SULO������������������������������������������,661������������(�,661�����������



,Q� FRQWUDVW� WR� PROHFXODU� PDUNHUV�� WKLV�

JHUPSODVP�VKRZV�KLJK�JHQHWLF�GLYHUVLW\��VKRZQ�

E\� WKH� SRO\PRUSKLVP�GHJUHH� RI � ����� IRU� DOO�

SULPHUV�XVHG��7DEOH�����$FFRUGLQJ�WR�0XUV\LGLQ�

DQG� 'DU\RQR� �������� JHQHWLF� GLYHUVLW\� FDQ�

EH� GHVFULEHG� XVLQJ� SRO\PRUSKLVP�� DYHUDJH�

KHWHUR]\JRVLW\�� DQG� DOOHOLF� GLYHUVLW\�� ,Q�5$3'��

WKLV� JHQHWLF� GLYHUVLW\� RU� SRO\PRUSKLVPV�

DUH� DQDO\]HG� E\� PHDVXULQJ� WKH� SUHVHQFH� YV��

DEVHQFH�RI �UDQGRP�DPSOLÀHG�'1$�IUDJPHQWV�

�0XUV\LGLQ�DQG�'DU\RQR��������

�,Q�WKLV�FDVH��WKH�PRWK�RUFKLGV�RI �WKH�0HUDWXV�

0RXQWDLQV� RI � 6RXWK� .DOLPDQWDQ�� VKRZHG� D�

XQLTXH� SURÀOH� RI � '1$� IUDJPHQWV� JHQHUDWHG�

E\� 5$3'� PDUNHUV� �)LJXUH� ���� ,Q� JHQHUDO�� D�

WRWDO�RI �����'1$�IUDJPHQWV� �ORFL��KDYH�EHHQ�

JHQHUDWHG�E\�WKHVH�SULPHUV��ZKHUH�HDFK�SULPHU�

UHVXOWHG�LQ�D�GLIIHUHQW�QXPEHU�DQG�VL]H�RI �'1$�

IUDJPHQWV��7DEOH�����)XUWKHUPRUH��23$����DQG�

23%����SURGXFHG�WKH�ORZHVW�QXPEHU�RI �'1$�

IUDJPHQWV����EDQGV���ZKHUHDV�23%����ZDV�WKH�

KLJKHVW�����EDQGV��

7KH� GLIIHUHQFHV� LQ� WKH� QXPEHU� DQG� VL]H�

RI � '1$� IUDJPHQWV� LQ� 3&5� PD\� GHSHQG� RQ�

WKH� DWWDFKPHQW� VLWH� RI � D�'1$� SULPHU� WR� WKH�

JHQRPH� RI � WKH� VDPSOH� �&ODUN� 	� 3D]GHUQLN��

�������,W�PHDQV��WKDW�HDFK�SULPHU�KDV�D�VSHFLÀF�

VHTXHQFH�� DQG� WKH� DWWDFKPHQW� VLWH� PXVW� EH�

GLIIHUHQW� �&ODUN� 	� 3D]GHUQLN�� ������� 7KHVH�

GLIIHUHQFHV� DUH� LQÁXHQFHG� E\� RWKHU� IDFWRUV� DV�

ZHOO��VXFK�DV�WKH�FRQFHQWUDWLRQ�RI �0J&O
�
��'1$�

WHPSODWH��DQG�'1$�SRO\PHUDVH��DV�ZHOO�DV�3&5�

DQQHDOLQJ� WHPSHUDWXUH� �'RPLQLJXHV�� ������

0DGGRFNV�	�-HQNLQV���������6LGGLTL�DQG�1ROOHW�

�������VWDWHG�WKDW�WKH�SUHVHQFH�RI �SRO\PRUSKLF�

'1$� IUDJPHQWV� LQ� D� JHQRPH� UHYHDOV� WKH�

JHQHWLF�GLYHUVLW\�RI �JHUPSODVP��,Q�RWKHU�ZRUGV��

SRO\PRUSKLF� '1$� IUDJPHQWV� H[SODLQHG� WKH�

JHQHWLF�VWDWXV�RI �JHUPSODVP�LQ�WKH�SRSXODWLRQ�

�&KHQX��������

C. Genetic Relationships

7KH� FOXVWHU� DQDO\VLV� VKRZV� WKDW� WKLV� RUFKLG�

JHUPSODVP� LV� GLYLGHG� LQWR� GLIIHUHQW� JURXSV��

WZR� IRU� PRUSKRORJLFDO� �)LJXUH� ��� DQG� VL[�

IRU� PROHFXODU� PDUNHUV� �)LJXUH� ���� $FFRUGLQJ�

WR� (ZHQV� �������� WKHVH� GLIIHUHQFHV� PD\� EH�

FDXVHG�E\�VHYHUDO�IDFWRUV��VXFK�DV�WKH�HYROXWLRQ�

DQG� DGDSWDWLRQ� WR� WKH� ORFDO� FRQGLWLRQV�� FURVV�

EUHHGLQJ�� SRSXODWLRQ� KLVWRU\�� VSHFLDWLRQ��

SRSXODWLRQ�GLVWULEXWLRQ��DQG�JHQH�ÁRZ��(ZHQV��

������

�)ROORZLQJ� WKH�PRUSKRORJLFDO�PDUNHUV�� WKH�

PRWK� RUFKLG� RI � ¶0HUDWXV·� ZDV� MRLQHG� E\� WKH�

K\EULG�LQ�WKH�ÀUVW�FOXVWHU��ZKHUHDV�¶+DORQJ·�DQG�

¶3HODLKDUL·�ZHUH�LQ�WKH�VHFRQG��)RU�WKH�PROHFXODU�

��

)LJXUH����9LVXDOL]DWLRQ�RI �DPSOLÀHG�'1$�IUDJPHQWV�JHQHUDWHG�E\�IRXU�UHSUHVHQWDWLYH�5$3'�PDUNHUV�XVHG�

in this study

5HPDUN��$� �23$�����%� �23%�����&� �23%�����'� �23%�����0� �����ES�'1$�ODGGHU��9LYDQWLV���/DQH��� �P��

amabilis�¶3HODLKDUL·��/DQH�������� �P��amabilis�¶+DORQJ·���� �P��amabilis�¶0HUDWXV·������ �P��amabiliV�K\EULG�����  P��FRUQX�

cervi��DQ�RXWJURXS

*HQHWLF�5HODWLRQVKLS�RI �6HYHUDO�0RUSKRORJLFDO�DQG�0ROHFXODU�&KDUDFWHULVWLFV�RI �3KDODHQRSVLV��������'LQGLQ�+��0XUV\LGLQ�HW�DO��



PDUNHU�� WKH� PRWK� RUFKLG� RI � ¶3HODLKDUL·� ZDV�

VHSDUDWHG� IURP� RWKHU� VDPSOHV� DQG� IRUPHG� D�

VLQJOH� JURXS� �&OXVWHU� ,��� 7KH� ¶+DORQJ·� PRWK�

RUFKLGV� ZHUH� JURXSHG� LQWR� &OXVWHU� ,,�� H[FHSW�

IRU�RQH�VDPSOH�ZKLFK�ZDV�JURXSHG�WR�&OXVWHU�

,,,��DQG�MRLQHG�ZLWK�WKH�¶0HUDWXV·��7KH�K\EULGV�

�&OXVWHUV� � ,9� 	� 9�� IRUPHG� D� FORVHO\� UHODWHG�

JURXS�WR�DQ�RXWJURXS�

)ROORZLQJ�WKH�GHQGURJUDPV��)LJXUHV���	�����

WKH�FOXVWHULQJ�RI �PRWK�RUFKLG�JHUPSODVP�ZDV�

QHDU�FRUUHVSRQGLQJ�WR�WKHLU�JHRJUDSKLF�RULJLQV��

$FFRUGLQJ�WR�&RWULP��0RQWHLUR��6RXVD���3LQWR��

	�)D\� �������� WKH�SDWWHUQ�RI � WKLV� UHODWLRQVKLS�

PD\� EH� FDXVHG� E\� K\EULGL]DWLRQ� DQG� JHQHWLF�

LQWURJUHVVLRQ��UHSHDWHG�EDFN�FURVVLQJ����,Q�WKLV�

FRQWH[W��K\EULGL]DWLRQ�PD\�DFFHOHUDWH�VSHFLDWLRQ�

YLD� DGDSWLYH� LQWURJUHVVLRQ�� RU� FDXVH� QHDU�

LQVWDQWDQHRXV�VSHFLDWLRQ�E\�DOORSRO\SORLGL]DWLRQ�

�&RWULP�HW�DO����������

,Q� EULHI�� WKHVH� WZR� UHODWLRQVKLSV�

�GHQGURJUDPV��DOVR�UHSUHVHQWHG�D� OLQHDUL]DWLRQ�

RU� FRQJUXHQF\� EHWZHHQ� PRUSKRORJLFDO� DQG�

PROHFXODU� PDUNHUV�� :KLOH� WKLV� FRQJUXHQFH�

QHHGV� IXUWKHU� YHULÀFDWLRQ�� VRPH� UHVHDUFKHUV�

KDYH�VKRZQ�WKLV�PDWWHU��)RU�H[DPSOH��IRU�IRUDJH�

SDOP�JHQRW\SH��5RFKD�HW�DO����������QHRWURSLFDO�

SDVVHULQH��*DUFLD��%DUUHLUD��/DYLQLD��	�7XEDUR��

�������DQG�&DORFKURPLQL��0RW\ND��0DVHN��DQG�

%RFDN��������

)XUWKHU�� D� FRPSUHKHQVLYH� DQDO\VLV� RI � WKLV�

RUFKLG� UHODWLRQVKLS� KDV� EHHQ� GRQH� E\� VHYHUDO�

UHVHDUFKHUV�� IRU� H[DPSOH�� E\� 7VDL�� &KLDQJ��

+XDQJ��&KHQ��	�&KRX��������XVLQJ�WKH�LQWHUQDO�

WUDQVFULEHG� VSDFHU� �,76�� VHTXHQFHV�� %DVHG� RQ�

WKHLU� VWXG\�� P�� amabilis� LV� LQFRUSRUDWHG� LQ� WKH�

same cluster as P�� sanderiana��ZKHUHDV�P�� FRUQX�

cervi is closely related to P�� borneensis�� %DVHG�

RQ�PLFURVDWHOOLWH�PDUNHUV��P��amabilis is closely 

��

)LJXUH����5HODWLRQVKLS�RI �WKH�PRWK�RUFKLGV�IURP�WKH�0HUDWXV�0RXQWDLQV�RI �6RXWK�.DOLPDQWDQ��EDVHG�RQ�

PRUSKRORJLFDO�FKDUDFWHUV

)LJXUH����5HODWLRQVKLS�RI �WKH�PRWK�RUFKLGV�IURP�WKH�0HUDWXV�0RXQWDLQV�RI �6RXWK�.DOLPDQWDQ��EDVHG�RQ�
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��

related to P�� fuscata� �)DWLPDK�	�6XNPD���������

8VLQJ� WKH� 5$3'� PDUNHU�� 1LNQHMDG�� .DGLU��

.DG]LPLQ�� $EGXOODK�� DQG� 6RUNKHK� �������

UHSRUWHG�WKDW�3��DPDELOLV�KDV�D�FORVH�UHODWLRQVKLS�

with P��hieroglyphica��ZKHUHDV�P��FRUQX�FHUYL�ZLWK�3��

mannii and P��pantherina��%DVHG�RQ�WKH�UHVXOWV�RI �

RXU�VWXG\��P��amabiOLV�KDV�D�GLVWDQW�UHODWLRQVKLS�

with P��FRUQX�FHUYL�

� )LQDOO\�� WKLV� LQIRUPDWLRQ� PD\� EH� YDOXDEOH�

IRU� LPSURYLQJ� WKH� HIÀFLHQF\� DQG�HIIHFWLYHQHVV�

RI � SODQW� FRQVHUYDWLRQ� DQG� EUHHGLQJ�

SURJUDPV� LQ� WKH� IXWXUH� �)OLQW�*DUFLD�� ������

3HOOHQV� 	� *UDQGFRODV�� ������ 6LQJK�� �������

)RU� FRQVHUYDWLRQ�� LQIRUPDWLRQ� RQ� JHQHWLF�

UHODWLRQVKLSV�FDQ�DSSO\�LQ�LQIHUULQJ�VSHFLHV�DQG�

WKHLU� HYROXWLRQDU\� KLVWRU\�� LQFOXGLQJ� KHOSLQJ�

DQDO\]H� VSHFLHV� GHOLPLWDWLRQ�� JHQH� ÁRZ�� DQG�

JHQHWLF�GLIIHUHQWLDWLRQ��,Q�RWKHU�ZRUGV��WKH�XVH�

RI �WKLV�UHODWLRQVKLS�LV�RI �FXUUHQW�LQWHUHVW�JLYHQ�

LWV� REMHFWLYH� PHWULFV� IRU� FRQVHUYDWLRQ� LQ� WKH�

SDVW�HYROXWLRQ�KLVWRU\��WKH�SUHVHQW�JHQHWLF�VWDWXV�

RI � VSHFLHV�� DQG� PDQDJHPHQW� IRU� IXWXUH� RQHV�

�)HUQiQGH]�*DUFtD�� ������� )RU� SODQW� EUHHGLQJ�

SURJUDPV�� VLPLODU� LQIRUPDWLRQ� FDQ� EH� XVHG� LQ�

SUHGLFWLQJ�WKH�JHQHWLF�GLYHUVLW\�RI �WKH�RIIVSULQJ�

ZKHQ�LQGLYLGXDOV�FURVV��$FTXDDK��������7XUQHU�

+LVVRQJ�� 0DEU\�� %HLVVLQJHU�� 5RVV�,EDUUD�� 	�

3LUHV��������

IV.   CONCLUSION 

,Q� WKLV�VWXG\��PRUSKRORJLFDO�DQG�PROHFXODU�

PDUNHUV� SURYLGHG� D� XQLTXH� IHDWXUH� RI � WKH�

JHQHWLF� UHODWLRQVKLS� RI � WKH� PRWK� RUFKLGV� RI �

WKH�0HUDWXV�0RXQWDLQV�RI �6RXWK�.DOLPDQWDQ��

,QGRQHVLD�� %DVHG� RQ� WKH� FOXVWHU� �83*0$��

DQDO\VLV�� WKLV� JHUPSODVP� LV� GLYLGHG� LQWR� WZR�

�IRU� PRUSKRORJLFDO� PDUNHUV�� DQG� ÀYH� JURXSV�

�IRU�PROHFXODU�RQHV����7KH�UHVXOWV�LQGLFDWH�WKDW�

WKH� JURXSLQJ� RI � RUFKLG� JHUPSODVP� KDV� TXLWH�

FRUUHVSRQGHG�WR�JHRJUDSKLF�ORFDWLRQ��:KLOH�WKH�

UHVXOWV�SURYLGH�YDOXDEOH�LQIRUPDWLRQ�WR�VXSSRUW�

RUFKLG�FRQVHUYDWLRQ�DQG�EUHHGLQJ�LQ�WKH�IXWXUH���

LW�UHTXLUHV�IXUWKHU�YHULÀFDWLRQ��HVSHFLDOO\�XVLQJ�

PRUH�DFFXUDWH�PROHFXODU�PDUNHUV��VXFK�DV�613�
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