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ABSTRACT 

 

Project Code    :  RMU4880036 

Project Title    :  Application of Low Energy Ion Beam for quality improvement in  
        Oryza  sativa indica KDML 105) and Lactuna sativa 

Investigator    :   Assoc. Prof. Dr. Somboon Anuntalabhochai 

        Biology Department  Science Faculty 

        Chiang Mai University,  Chiang Mai 50200, Thailand  

E-mail Address   : soanu.1@gmail.com 

Project Period   :  3 years (2006.-2008) 
Objectives       :   To characterize, identify and analyze gene express in  a jasmine  
       rice mutant induced mutation by low energy ion beam 

             To apply the low energy ion beam to induce mutation in various  
        plant  crops including lettuce, cucumber and chili as well as in    

        bacteria spp. 

Methodology :  Seeds of jasmine rice (Oryza sativa indica KDML 105) were 

bombarded with nitrogen ions at fluences of 2-10 x10
16

 ions/cm2                

and energy   60   keV .  Three mutants named TKOS, PKOS and 

BKOS, which had different characteristic, were obtained. The BKOS 

was chosen for further characterization and analysis such as cloning 

genes involving in anthocyanin biosynthesis pathway and their 

expression, antioxidant property. Then HAT RAPD was used to 

determine genetic modification in the mutants, subsequently, SCAR 

and microsatellite marker were applied to identify the BKOS.      

         Consequently, nitrogen ions were applied to bombard seeds of 

other plant crops including lettuce, cucumber and chili in order to 

induce mutation. The bombarding conditions were respectively.  After 

bombardment the seed were germinated and subsequently cultivated 

into soil. Percentage of germination and survival were recorded as 

well as for phenotypic changes. 

      Finally, low-energy ion-beam technique was also applied 

successfully to induce mutation in bacterial, Bacillus licheniformis, for 

cloning gene of interest.   

 
:



Result  :   Low energy ion beam was applied to induced mutation to jasmine 

rice (Oryza sativa indica KDML 105). Finally, three mutants named 

TKOS, PKOS and BKOS were obtained. Both TKOS and PKOS 

exhibited photoperiod insensitive. However, TKOS was taller than 

KDML 105 while PKOS was shorter or semi-dwarf. BKOS was also 

photoperiod insensitive and short in stature and anthocyanin was 

found to accumulate in various tissue such as root, leaves, stem, seed 

coat and pericarp. In previous report, BKOS’s extract showed high 

antioxidant activity to reduce DDPH, than  the others. Consequently, 

genes involving in anthocyanin biosynthesis, F3H F3 5 H, DRF and 

ASN were investigated. The intensity of  their transcript in BKOS was 

higher than the KDML 105.Therefore, a set of genes involving in 

anthocyanin biosynthesis was cloned and sequenced from BKOS. 

They were MYB, MYC, WD 40, F3H  F’3H, DFR ANS UFGT and 5 

GT. The MYC, MYB and WD 40 were regulatory gene and showed 

high homology to japonica rice at 86, 89 "�� 100% respectively. While 

the F3H  F’3H, DFR ANS UFGT and 5 GT were structural genes and 

showed  high homology to several plant species at 92, 81,75, 89, 92, 

86% respectively. Their functional mechanisms  were under further 

investigation. 

       HAT RAPD marker was chosen to distinguish among rice varieties, 

of 19 primers one of arbitrary primer named OPI 11 provided an 

additional band at 1.4 kp only in BKOS and japonica varieties. 

Subsequently, a of primer named BF1 and BR1 was designed based 

on a internal sequence of the 1.4 kp and used to specific identify for 

BKOS. An expecting band at 300 bp was amplify only in BKOS and 

japonica varieties, however, an intensity of this band was 5 fold higher 

than to japonica’s. Using microsatellite marker named OSR28F and 

OSR28R revealed genetic different between BKOS and japonica rice. 

With both techniques could be used for BKOS identification purpose in 

order to protect the rights of BKOS. 

      Rab 5 and rab 7 genes were cloned from KDML 105 and 

documented in previous report. Both genes showed highest 

expression in root. Moreover, in this experiment revealed that these 

�



genes also expressed high in senescent rice-leaves. Therefore , 

several inductions involving senescent factors including ABA, salt 

stress and pathogenic factors are under investigation for their 

responsibility to leaf senescence in jasmine rice. 

         In the 2
nd

 section, ion beam was applied for crop improvement 

in different vegetable crops including  5 varieties of lettuce (Lactuna 

sativa), Cucumis sativus and Capsicum annuum. For Lactuna sativa, 

the condition for bombardment was at 50 keV and with 6x10
16

 "�� 
1x10

17
 ions/cm

2
. Both Cucumis sativus and Capsicum annuum were 

bombarded at 60 keV but the fluences of  2, 6, 8x10
17

 ions/cm
2
 for the 

before and 6x10
16

 "�� 1x10
17

 ions/cm
2
 for the later.  

      This was the 4
th
 attempt of the bombardment to the lettuce since 

required characters were not found in previous bombardments. In this 

experiment a percentage of germination at higher fluences was slightly 

greater to lower fluences and control. However, number of modified 

phenotypes were 2.77% and 0.77% for the higher and lower fluences 

respectively. Those phenotypes were abnormal in growth, plant profile 

and albino leaves.   

      In Cucumis sativus, both percentage of germination and plant 

height were not different significantly in all experimental groups. The 

significantly modified phenotypes induced by nitrogen ions were 

detected. These were sex reversal (from female to male reproductive 

organ) and fruit size was round and smaller than control’s. However, 

its taste was not different.    

      Effect of nitrogen ion to Capsicum annuum, percentage of 

germination, plant’s height and profile were not different significantly in 

all experimental groups. All modified phenotypes were found in only 

the 6x10
16

 ions/cm
2 

groups for instance short in stature. Moreover, in 

this group (in M1 generation) a percentage of symptom caused by 

Colletotrichum fungus was lower than in the others. In order to test 

this property (the pathogen resistance) M2 and M3 generations are 

further investigation.       

       Finally, low-energy ion beam was also successfully applied to 

clone a particular gene from Bacillus licheniformis for growth 

>



suppression of Collectotrichum spp causing anthracnose in curcuma.. 

Strategy and methodology of the application was demonstrated and 

discussed.  

Conclusion  :  Nitrogen ions with and appropriate conditions (certain range of 

energy and fluences) were able to induce mutation in plant varieties 

such as rice, lettuce, cucumber, and chili, as well in bacterial species. 

And phenotypes of those mutants exhibited significantly different from 

wild types. Moreover, these characters was able to heritage into next 

generation.   

Recommendation :  Since low energy ion beam can be used for induction mutation in 

both plant and bacterial species, and also used for gene cloning. In 

near future, this technique could be applied for crop improvement. 

However, a fundamental questions for mechanism of interaction 

between ions and biological material are needed to be elucidated. 

 

Keywords   :  jasmine rice (Oryza sativa indica KDML 105), low -energy ion beam, 

mutantion anthocyanin genes, HAT RAPD markers, lettuce, Lactuna 

sativa, cucumber, Cucumis sativus,  chili, Capsicum annuum,, Bacillus 

lichenisformis  
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3���"���� 

 


	"��
���	�����	�����#�$��%�9�	��'������	*'�

�	�+�� 
	����#!���
*�	0$%*6&

�'��&	�! �!�3�� ��������#'� �	�!�����*�	0$%�'�� 3 ���*�	0$% �'�
���	��	 �!�����0������

'��4-#����*�# (characterization) ��
����*�	0$%�'��"!���*�#�������*�	0$% BKOS �;+
��

'��4-#��	����� �����3�
 3'#������#����
�
����@$ anthocyanin 
	�	6����6+����	���
<�&�	

��'�! '����	 ��� 3'#���	�'�

, ���	��	 3'#*,���3�!
�����
��	 (F3’H, F3’ 5’ H, DFR 

��� ANS)  9�+���+����,�����
����#�% anthocyanin 
	�������*�	0$% BKOS !�
�!����
�	
	����

9�+3'�� 
	9�+	���;
���	���"�'	��	3'#��'��!�,�,���
��	!�
�'������9��
 F3H, UHGF,  5GT,  

MYC, MYB 3'# WD40  �*�+������;�	!����*6+��#�����	��9�+��
��	��'��	��	�����   ����#

���
�	��0������	�� molecular marker "!���*�# Scar marker �*6+�
&�,�
,������
���#�
3��

���*�	0$%�'��	�� ��#"�&	%�*6+������,��
���*�	0$%����"!����6+�
����!���	��
	�	���   

	�����	��	�!�*,��	9�+�������� "����	 Rab 5 , Rab7 3'# PG (polygalacturodase 

gene) ����������!���#'� 105 "!�9�+ 2 ��	3���#���+�����
��,��#,�	��� enocytosis 3'#��

���
�	������	��9�+���+�����
��,�����,��
���������&�	 �	"����	 ��6� 7���7�
	����>�+��	 

���	��	 PG ���+�����
��,���9��
���	�
��''%�'������	���'
��6+�@;
�#�#�$� !�
	��	�����,���
���

9��
�	��
��		�����9�+�#9��
���	�
��''%3��
3�
���	����������@���
��	���,$��$���
�&6�����

"��
	�����!� !�
	��	�;
�	
�9�+�#=;�4��	��9�+��
��	��'��	��9�+�!�����������!���#'�   


	"��
�������9�+��
�#���	�����#�$��%'������	
	����#!���
*�	0$%�6+	 �&�	 ����'�! 

��6������!������ (Lactuna sativa) ���9��
�!�9!'�
�*�+��������9�+�!��#,$���
	 proposal !���

�!�3�� �#!���
*�	0$%�#��6� (�!����
�	
	���
�	����
9�+3'��) 9����$!�!��#!���
*�	0$%*��� "!���

�����������
�����	�����*�	0$%9�+���	9�	"�� anthracnose 9�+�������$����&6���� �;+
�!����
�	


	����
	�� 	�����	��	
�	9�+�*�+����������6+�
�6������	����	9�+��,���
�������>��
�&6�������"�� 

anthracnose ���3,�9�����������4% (antagonistic bacteria) "!���=���9�	��'������	*'�

�	

�+�� �;+
�#���	��0����
���9�+��
���*,������
�	�����	����	!�����0�	�������	!��� 3'#9����$!

*����	%
�����	�����	 !�
�'��������@��,���
�������>�!����

	�/�* in vitro !��� 

 

1) ��������6�46"3�6"��%����
� anthocyanin biosynthesis ��
��!
�$�� BKOS 

 !�
�!������3'�������������#'�*�	0$%�'�� ���*�	0$%  BKOS 9�+��'��4-#*��=4�'����6� 

��	����� �����3�
 3'#������#����
 anthocyanin 
	�	6����6+����	���
< (/�*9�+ 1.1)   

 

 

 



 

 

2

2

 

 

 

  

     

 

 

 

 

 

 

 

 

 

 

 

 

/�*9�+ 1.1 3�!
'��4-#��-��	��9��/��	���#����
��������#'� 105 (KDML 105) 3'#����*�	0%

�'�� BKOS 9�+���!������&��	��!�������#!���
"!�'�� N
+
 / N2

+
 ����	*'�

�	�+��. ��� (A) 3'# (B) 

3�!
'��4-#��9���#������	�����(WT) 3'#��	�'��*�	0$%�'��  (BKOS) "!�9�+��	*�	0$%�'���#

*,����������

	���	��
��	 (C), 
, (D), ��'�!���	 (E), ��'6��	�� (F) 3'#��'�!9�+���=�����'6�� 

(G), .auricle ��
��	����� (H) �9��,��, auricle ��
*�	0$%�'�� BKOS (I) 3�!

�����	@;
����#��

��
��� 3�	"9����	�	 (�����
) /��
	��''%, 3'#'��4-#��
���0���!� (J)'��4-#��
������

*�	0$%�'�� (K). ���	9�+��
���������*,������!�����
9�+���	��
������	���6�	
	���	9�+���	���3����


����*�	0$%�'�� BKOS 

 

(J)
 

(K)
 

(E)

(A) (C)

(F)

(B)

(G)(D)

(H)
 

(I)
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3
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 /�*9�+  1.2 �����,�9��,�����- 3�	"9����	�	
	�	6����6+����	���
<��
��������#'� 

105 3'#����*�	0$%�'��  BKOS      

  

 �'�
���	��	�!�����*,����#����
 anthocyanin 
	�	6����6+����	���
<!�
/�*9� 1.2  

!�
	��	�;
�	
�9�+�#=;�4����3�!
�����
��	9�+���+�����
��,�����
����#�% anthocyanin  
	�	6��

���	���
��
��������#'� 105 3'# BKOS "!���	9�+�#=;�4� �!�3�� F3’H, F3’ 5’ H, DFR ��� 

ANS (/�*9�+ 1.3) 

 
 

Wild Type Gene
Name BKOS

SC     L     YR     OR    A SC     L     YR     OR    A

Ra
 

 

F3’H
 

 

F3’5’H
 

 

DFR
 

 

ANS
 

Actin
 

 

 /�*9�+1.3 Semi-quantitative RT-PCR analysis 9�+
&��*6+����=;�4����3�!
�����
��	9�+

���+�����
��, anthocyanin biosynthesis pathway. ���3�!
����!�9!��,
	�	6����6+���
 seed coat 

(SC), leaf (L), young root (YR), old root (OR) and auricle (A) 
	9��
 ��	��,�$� (KDML 105) 3'# 

���*�	0$%�'�� (BKOS) 

 



 

 

4

4

 "!�*,��������3�!
�����
��	!�
�'���3�����
��	���
 !�
	��	
	���=;�4�����
	�����
 

���"�'	��	9�+���+����,�����
����#�%�
����@$  anthocyanin 3'#��'��!�,�,���
��	��'��	����� 

����*�	0$%�'�����*�	0$% BKOS �*6+����	����������=;�4����	��9�+��
��	 �	6+�
����
����@$ 

anthocyanin ���$-��,���
	������	9�	�	$��'����# 

 

1.1) ��&'�����#�� 

 1.1.1) /���'!0�*0������#�� 

�
�����$�����! 105  "���
�����$�����!�����
���� BKOS (Oryza sativa indica 

KDML 105 and BKOS)  *$�(���
	����%��(��	
��%�� (seedling) ���� 5 ��� 
1.1.2) ���"��'�� Total RNA 	���*����� (seedling)  

1.1.2.1 ���	����%��(���
� 1.1.1 "�
��$��-�+�$ 50-100 mg �'%�� eppendorf 

tube ���$ 1.5 ml ,+��+TRIZOL
® 

Reagent ��!��	� 1 ml #'�	����%����� reagent *$��!�+ 
vortex "��,!;���
,+������)�!�
�� ��� 10 ��,+  

1.1.2.2 -	!� chloroform ��!��	� 0.2 ml ��!����$��������-��A ���15 

�!��,+ (����;�,!;���
,+�  �����)�!�
�� ��� 2-3 ��,+  
1.1.2.3. ���������-��+��� (centrifuge) ,+�����-�<� 12,000 g -�D�-��� 15 ��,+ 

,+� 4 °C "�
�(?�$)$-��-:���'%���'$
���� (aqueous phase) �'%���$���%  
1.1.2.4. -	!� Isopropyl alcohol ��!��	� 0.5 ml ��!����$��������(����;� 

,!;���
,+������)�!�
����� 10 ��,+  
1.1.2.5. ���������-��+���(centrifuge) ,+�����-�<� 12,000 g -�D�-��� 10 ��,+ 

,+� 4°C -,'%���'$
����,!;���-��7���
-:���'%�����	���� ����(����;��
��	����*$�-	!� 

75% ethanol ��!��	� 1 ml ���������-��+��� (centrifuge) ,+�����-�<� 7,500 g ��� 5 ��,+ 
,+� 4 °C  

1.1.2.6. ���	�������
-�<�-���,����
"�
�*$��!�+ air dry ,+������)�!�
��
������ 10 ��,+ (����;������	�������
-�<�-����;��,+����&(�� RNase (Rnase-free 

water) ��!��	� 20 µl  

 1.1.2.7 	��('�����
-�<�-�,�;���$$
�� 1.4% denaturing formaldehyde 

agarose/EtBr electrophoresis *$�(�'��-�	-�<�"@� 28S "��18S ribosomal RNA  

 

1.1.3) ���

�"������ First Strand cDNA (RevertAid™First Strand cDNA Kit, 

Fermentas, U.S.A.)  

 -	�+��'���������!��	� 20 μl ���� eppendorf tube ���$ 0.2 ml >?��������$
�� 

���
-��-�,�;���$ 0.1-5 μg , oligo(dT)
18

primer 0.5 μg "�� deionized water ��
��� 12 μl 

#'���
-�
����-��A �%�,+� 70°C ��� 5 ��,+ (����;�"�%���$���;��"�<�"�
�-	!� 1xreaction 



 

 

5

5

buffer, RiboLock™Ribonuclease inhibitor 20 Unit/reaction 3'# dNTPs 1 mM (dATP, 

dTTP, dCTP 3'# dGTP) ���
��������	 ,��9�+ 37°C 	�	 5 	�9� ���	��	���� 

RevertAid™M-MuLV Reverse Transcriptase 200 Unit/reaction ,��9�+ 42°C 	�	 1 &�+�"�
 

3'#��$!���������"!��������	9�+ 70°C 	�	 10 	�9�  ���, First Strand cDNA ���9�+ -80°C  

 

1.1.4) ������&��6�46"3�6"��%����
����

�3����&�'���4�?�����	��%���&������

����!
�$��
��!
�$�� BKOS +���34���� RT-RCR  


	���"�'	��	�!����3,,�*�����% (primer) �*6+����"�'	��	9�+��������
��,���

��
����#�% anthocyanin �!��'6�����'��!�,��!�#��"	9�+���	,����-�	$���4% (conserved 

domain) ��
3��'#��	!�
����
9�+ 1.1 

 

����
9�+ 1.1 3�!
���&6+�3'#'��!�,��
	���'�"��9!%��
 primers 9�+
&� 

Group Gene Primer sequences  (5’                       3’) 

Regulatory genes MYB MYBF 5'TGY ATH RAY AAR TAY GGN GAR GGN AAR TGG 3' 

MYBR 5'GTR TTC CAR TAR TTY TTN ACR TCR TTN GC 3' 

 MYC MYCF  5’GAATTCTCTAGAATGGCATCTGCTCCTCCAGT 3’ 
MYCR 5’GAATTCTCTAGATTACGGCGCCTTCCCC 3’   

 WD40 BKWF 5'AAG CCA GGA TCC ATG GAG AAG AAG AAG GT 3' 

BKWR 5'GGT ACC GAG CTC CTA CCC CTC AGC CTG CT 3' 

Structural  

genes 
Dihydroflavonol-4-reductase 
(DFR) 

DFRF  1    5'-GGYTCWTGGCTNGTCATG-3’ 

DFRR  1    5’-CARAGRTCRTCNARRTG-3’ 

 Flavanone 3-hydroxylase (F3H) F3HF 5’ GCNTCYAAAGGNTGKCTY3’ 

F3HR 5’ CCATGNCCNCAYGCWCT 3’ 

 Flavonoid 3’-hydroxylase 

(F3’H) 

RedF  5’ GARATNAARGCNYTNCT 3’ 

RedR  5’ CGNCCNGCNCCRAANGG 3’ 

 Anthocyanidin synthase (ANS) ANSF  1    5’-GCAGCYRTGGAMTGGGGTG-3’ 

ANSR  1     5’-GCCRGGMACCATRTTGTGG-3’ 

 UDP-glucose:flavonoid 3-O-
glucosyltransferase (UFGT) 

UF 1     5’-GAYGCNTTYYTNTGGTT-3’ 

UR 1     5’-CCANCCRCARTGNGTNAC-3’ 

 anthocyanin 5-O-
glucosyltransferase  (5GT) 

5GTF 5’GAATTC GAGCTC CC CACAGATGGT TAGAGAGGCT 3’ 

5GTR 5’GAATTC CCCGGG CGTGTTCTCT CCAAATGAA 3’ 

 

1.1.5) �������������@������� PCR  

���������'#'��������� 20 μl '

	 eppendorf tube �	�! 0.2 ml �;+
��#��,!��� 1x 

reaction buffer (10 mM Tris-HCl pH 8.8, 50 mM KCl, 0.1% Triton X-100), 2 mM MgCl
2
, 

dNTPs (dATP, dTTP, dCTP 3'# dGTP) ����
'# 200 μM, �*�����% 0.5 μg, Taq DNA 

polymerase 2.5 Unit/reaction 3'# 1
st

cDNA (DNA template) 40 ng ���,��������$!9���!��� 

deionize water ���	��	�;
!���	�	����*�+����������- 1
st 

cDNA !������6+�
 PCR  



 

 

6

6

  �'�
����*�+����������-!���	��!����*����%!�
3�!

	����
9�+ 1 3'���;
 subclone 

���� T-easy vector (Promega) 3'��	������'��!�,�,� 9�+ Macrogen ���	��		����

�����,�9��,��,��	9�+�����
�	3'��
	 Gen Bank 

 

1.2) *������	
� 

 

 1.2.1) ���-H�J����'
+����%���6�46"3�6"��%����
����

�3����&�'���4�?�����

��%���&����������!
�$�� BKOS �+�34����  RT-PCR 

�������*�+������-&��	���	��
��	9�+���+�����
��,�����
����#�%3�	"9����	�	
	����

����#'�105 3'# ��������#'��'��*�	0$% BKOS !�
3�!

	/�*9�+1.4 
 

 

 

 

 

 

 

 

 

 

 

 
  KDML105      BKOS 

 /�*9�+1.4 3�!
 Profile ��
 genes 9�+���+�����
��,�����
����#�% Anthocyanins ���

��������#'� 105 (KDML105)  3'#��������#'��'��*�	0$%���*�	0$% BKOS   

 

MYB

MYC

WD40

DFR

F3H

F3’H

ANS

UFGT

5GT

Actin

RNA
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 *,��� ��	
	 anthocyanin biosynthesis *,��������3�!
�����*�# 
	�������*�	0$% 

BKOS "!����*,���3�!
���
	��������#'� 105 ����� �����	��	 DFR 9�+*,��������3�!


�!�,��
3��	�������
	�������*�	0$% BKOS  

 

 1.2.2) ������	
����Q�
,��%���6�46"3�6"��%����
����

�3����&�'���4�?�����  

 ��������'��!�,	���'�"��9!%��
&��	���	��
��	3'#3���'���	��!�#��"	3'

�����,�9��,��,��	�����' GenBank *,��������@"�'	&��	���	��
��	9�+���+�����
��,���

��
����#�%3�	"9����	�	9��
 9 ��	�!�������� BKOS !�
	�� 

 

MYB 

 '��!�,��
��!�#��"	��
��	 MYB 9�+3���!�����������*�	0$% BKOS 

GAGLRLFGVQLHAAAASSPASYLHKSYSMDCLRLQVSSPSSLQSSSSSPSPLTSSLLLSIDEGCERPAADG

YLSDGPHGAAATMRERKKGVPWSEQEHRLFLAGLEKLGKGDWRGISRSFVTTRTPTQVASHAQKFFLR

HNS AAKKTNNKRRSSLFDMVQDC DSGGRSLASS DPAT 

 

/�*9�+ 1.5 3�!
�'��������,�9��,'��!�,��
��!�#��"	��
��	 MYB ��
�������*�	0$% BKOS ��,*6&���
&	�! 

 
MYBBKOS|VIRT5329|Blast_submission   -----------------------------------------------GAG 
tr|Q6L564|Q6L564_ORYSJ              ----MARRCSGDYSTAGQRAGEEG-------------------GGGGGAG 
tr|Q6I5E6|Q6I5E6_ORYSJ              MHAIMARRCSGDYSTAGQRAGEEG-------------------GGGGGAG 
tr|A2Y827|A2Y827_ORYSI              ----MARRCSGDYSTAGQRAGEE-----------------------GGAG 
tr|Q9AVV5|Q9AVV5_HORVU              ----MLCEGGGGGSTS-------------------------------GSG 
tr|Q6L4N3|Q6L4N3_ORYSJ              ----MARKCSSCGNNGHNSRTCSGQRVLDHSISSSNSGSTTAAAATACGG 
tr|A2Y196|A2Y196_ORYSI              ----MARKCSSCGNNGHNSRTCSGQRVLDHSISSGNSGSTTAAAATACGG 
tr|A5C1Q1|A5C1Q1_VITVI              ----MGRKCSHCGNIGHNSRTCIS------------------YKGTVVGG 
                                                                                    .* 

MYBBKOS|VIRT5329|Blast_submission   LRLFGVQLHAAAASSPAS--YLHKSYSMDCLRLQVSSPSSLQSSSSSPSP 
tr|Q6L564|Q6L564_ORYSJ              LRLFGVQLHAAAASSPAS--YLHKSYSMDCLRLQVSSPSSLQSSSSSPSP 
tr|Q6I5E6|Q6I5E6_ORYSJ              LRLFGVQLHAAAASSPAS--YLHKSYSMDCLRLQVSSPSSLQSSSSSPSP 
tr|A2Y827|A2Y827_ORYSI              LRLFGVQLHAAAASSPAS--YLHKSYSMDCLRLQVSSPSSLQSSSSSPSP 
tr|Q9AVV5|Q9AVV5_HORVU              LRLFGVQVHVAAGRSARAGASMRKSYSMDCLQLAAAPSSIVSPSSSS--- 
tr|Q6L4N3|Q6L4N3_ORYSJ              LRLFGVQLQVGGGSSPLK-----KCLSMECLASPAYYGASASPSVSSSSS 
tr|A2Y196|A2Y196_ORYSI              LRLFGVQLQVGGGSSPLK-----KCLSMECLASPAYYGASASPSVSSSSS 
tr|A5C1Q1|A5C1Q1_VITVI              LRLFGVQLDLSSSSIAMK-----KSFSMESLPSSLASSPSPSSSLCSSR- 
                                    *******:. ...  .       *. **:.*       .  ..* .*

MYBBKOS|VIRT5329|Blast_submission   LTSSLLLSIDEGCERPAADGYLSDGPHGAAATMRERKKGVPWSEQEHRLF 
tr|Q6L564|Q6L564_ORYSJ              LTSSLLLSIDEGCERPAADGYLSDGPHGAAATMRERKKGVPWSEQEHRLF 
tr|Q6I5E6|Q6I5E6_ORYSJ              LTSSLLLSIDEGCERPAADGYLSDGPHGAAATMRERKKGVPWSEQEHRLF 
tr|A2Y827|A2Y827_ORYSI              LTSSLLLSIDEGCERPAADGYLSDGPHGAAATMRERKKGVPWSEQEHRLF 
tr|Q9AVV5|Q9AVV5_HORVU              -SSSVLLSIDEGLER-ASNGYLSDGPHG--RLVQERKKGVPWSEEEHRLF 
tr|Q6L4N3|Q6L4N3_ORYSJ              SLVSIEENTER-----VSNGYLSDG---LMGRVQERKKGVPWTEEEHQMF 
tr|A2Y196|A2Y196_ORYSI              SLVSIEENTER-----VSNGYLSDG---LMGRVQERKKGVPWTEEEHQMF 
tr|A5C1Q1|A5C1Q1_VITVI              --VSMDENSDK-----AMNGYLSDG---LIARSQERKKGVPWTEEEHRTF 
                                       *:  . :.     . :******        :********:*:**: * 

MYBBKOS|VIRT5329|Blast_submission   LAGLEKLGKGDWRGISRSFVTTRTPTQVASHAQKFFLRHNSAAKKTNNKR 
tr|Q6L564|Q6L564_ORYSJ              LAGLEKLGKGDWRGISRSFVTTRTPTQVASHAQKFFLRHNSAAKKTNNKR 
tr|Q6I5E6|Q6I5E6_ORYSJ              LAGLEKLGKGDWRGISRSFVTTRTPTQVASHAQKFFLRHNSAAKKTNNKR 
tr|A2Y827|A2Y827_ORYSI              LAGLEKLGKGDWRGISRSFVTTRTPTQVASHAQKFFLRHNSAAKKTNNKR 
tr|Q9AVV5|Q9AVV5_HORVU              LVGLEKLGKGDWRGISRSYVTTRTPTQVASHAQKFFLRQSSMGKK---KR 
tr|Q6L4N3|Q6L4N3_ORYSJ              LAGLDKLGKGDWRGISRHFVTTRTPTQVASHAQKYFLRQNSMTQK---KR 
tr|A2Y196|A2Y196_ORYSI              LAGLDKLGKGDWRGISRHFVTTRTPTQVASHAQKYFLRQNSMTQK---KR 
tr|A5C1Q1|A5C1Q1_VITVI              LAGLEKLGKGDWRGISRNFVTTRTPTQVASHAQKYFLRQATLSKK---KR 
                                    *.**:************ :***************:***: :  :*   ** 
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MYBBKOS|VIRT5329|Blast_submission   RSSLFDMVQDCDSGGRSLASSDPAT------------------------- 
tr|Q6L564|Q6L564_ORYSJ              RSSLFDMVQDCDSGGRSLASSDPATRCNNNISASLSLQVSHHKSGDSAWP 
tr|Q6I5E6|Q6I5E6_ORYSJ              RSSLFDMVQDCDSGGRSLASSDPATRCNNNISASLSLQVSHHKSGDSAWP 
tr|A2Y827|A2Y827_ORYSI              RSSLFDMVQDCDSGGRSLASSDPATRCNNNISASLSLQVSHHKSGDSAWP 
tr|Q9AVV5|Q9AVV5_HORVU              RSSLFDMVPICENGIR---VSEPLTNNSENASTSLPRYNSPNMASIDLNS 
tr|Q6L4N3|Q6L4N3_ORYSJ              RSSLFDVVEGIKRAA-----AMPISGSASELQIPGMSIGVGVVKEEVVLP 
tr|A2Y196|A2Y196_ORYSI              RSSLFDVVEGIKRAA-----AMPISGSASELQIPGMSIGVGVVKEEVVLP 
tr|A5C1Q1|A5C1Q1_VITVI              RSSLFDMVGNSNMAGXHVYSFCPKPSDHIPTQYLNIASSQYEGXQETSLP 
                                    ******:*   . .        * . 

����
9�+ 1.2 ��������,�9��,'��!�,��!�#��"	��
��	 MYB ��
����BKOS ��,��	�����' Gen bank 

 

Plant species Length of deduced 

amino acid sequences 

Amino acid 

identity (%) 

Gen Bank accession number 

Oryza sativa subsp. japonica 311 86 Q6L564 

Oryza sativa subsp. japonica 270 86 Q6I5E6 

Oryza sativa subsp. indica 307 86 A2Y827 

Hordeum vulgare 261 60 Q9AVV5 

Oryza sativa subsp. japonica 287 55 Q6L4N3 

Oryza sativa subsp. indica 287 55 A2Y196 

Vitis vinifera 297 51 A5C1Q1 

 

MYC 

 '��!�,��
��!�#��"	��
��	 MYC 9�+�!�����������*�	0$% BKOS 

 
NGEVKTRKISNLEDLTADQLVLRRSEQLSELYYSLLSGECDHRARKPVAALSPEDIADTE
WYYVVCMTYAFRPGQGLPGRSYASNRSVWLCNAQSADSKTFLRALLAKSASIQTIVCIPF
MSGVLELGLITS

/�*9�+ 1.6 ��������,�9��,'��!�,��
��!�#��"	��
��	 DFR ��
�������*�	0$% BKOS ��,*6&���
&	�! 

MYCBKOS|VIRT4357|Blast_submission   -------NGEVKTRKISNLEDLTADQLVLRRSEQLSELYYSLLSGECDHR 
tr|Q948Y2|Q948Y2_ORYSA              TWNDGFYNGEVKTRKISNLEDLTADQLVLRRSEQLSELYYSLLSGECDHR 
tr|Q40643|Q40643_ORYSA              TWKDGFYNGEIKTRKITNSMNLTADELVLQRSEQLRELYDSLLSGECGHR 
tr|Q948Y3|Q948Y3_ORYSA              TWKDGFYNGEIKTRKITNSMNLTADELVLQRSEQLRELYDSLLSGECGHR 
tr|Q41780|Q41780_MAIZE              TWTDGFYNGEVKTRKISHSVELTADQLLMQRSEQLRELYEALRSGECDRR 
tr|Q9ATL0|Q9ATL0_MAIZE              TWTDRFYNGEVKTRKISHSVELTADQLLMQRSEQLRELYEALQSGECDRR 
                                           ***:*****::  :****:*:::***** *** :* ****.:* 
MYCBKOS|VIRT4357|Blast_submission   ARKPVAALSPEDIADTEWYYVVCMTYAFRPGQGLPGRSYASNRSVWLCNA 
tr|Q948Y2|Q948Y2_ORYSA              ARKPVAALSPEDIADTEWYYVVCMTYAFRPGQGLPGRSYASNRSVWLCNA 
tr|Q40643|Q40643_ORYSA              ARRPVAALLPEDLGDTEWYYVVCMTYAFGPGQGLPGKSFASNEFVWLTNA 
tr|Q948Y3|Q948Y3_ORYSA              ARRPVAALLPEDLADTEWYYVVCMTYAFGPRQGLPGKSFASNEFVWLTNA 
tr|Q41780|Q41780_MAIZE              GARPVGSLSPEDLGDTEWYYVICMTYAFLPGQGLPGRSSASNEHVWLCNA 
tr|Q9ATL0|Q9ATL0_MAIZE              AARPVGSLSPEDLGDTEWYYVICMTYAFLPGQGLPGRSSASNEHVWLCNA 
                                    . :**.:* ***:.*******:****** * *****:* ***. *** ** 
MYCBKOS|VIRT4357|Blast_submission   QSADSKTFLRALLAKSASIQTIVCIPFMSG-VLELGLITS---------- 
tr|Q948Y2|Q948Y2_ORYSA              QSADSKTFLRALLAKSASIQTIVCIPFMSG-VLELGTTDPVSEDPNLVNR 
tr|Q40643|Q40643_ORYSA              QSADRKLFHRALIAKSASIKTIVCVPFIMHGVLELGTTDPISEDPALVDR 
tr|Q948Y3|Q948Y3_ORYSA              QSADRKLFHRALIAKSASIKTIVCVPFIMHGVLELGTTDPISEDPALVDR 
tr|Q41780|Q41780_MAIZE              HLAGSKDFPRALLAKSASIQTIVCIPLMGG-VLELGTTDKVPEDPDLVSR 
tr|Q9ATL0|Q9ATL0_MAIZE              HLAGSKDFPRALLAKSACIQTIVCIPLMGG-VLELGTTDKVP-------- 
                                    : *. * * ***:****.*:****:*::   *****
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        ����
9�+ 1.3 ��������,�9��,'��!�,��!�#��"	��
��	 MYC ��
����BKOS ��,��	�����' Gen bank 

Plant species Length of deduced amino 

acid sequences 

Amino acid 

identity (%) 

Gen bank accession 

number 

Oryza sativa 451 89 Q948Y2 

Oryza sativa 586 69 Q40643

Oryza sativa 588 69 Q948Y3 

Zea mays 562 68 Q41780 

Zea mays 191 68 Q9ATL0 

 

WD40 

 '��!�,��
��!�#��"	��
��	 WD40 9�+3���!�����������*�	0$% BKOS 
TNALRAASGSADFSAKVWDALTGDELHSFEHKHIVRACAFSEDTHLLLTGGVEKILRVYDMNRPDAA 

PRELDKAPGNVRTVAWLHSDQTILSSCSDMGGVRLW 

 

/�*9�+ 1.7  �����,�9��,'��!�,��
��!�#��"	��
��	 WD40 ��
�������*�	0$% BKOS ��,*6&���
&	�! 
 
WD40BKOS|VIRT1410|Blast_submision   --------------------TNALRAASGSADFSAKVWDALTGDELHSFE 
tr|Q69X61|Q69X61_ORYSJ              GDWIGTFQGHKGAVWSCCLDTNALRAASGSADFSAKVWDALTGDELHSFE 
tr|Q6Z6C8|Q6Z6C8_ORYSJ              GDWIGTFEGHKGAVWSCCLDTNALRAASGSADFSAKVWDALTGEELHSFE 
tr|Q3LFT6|Q3LFT6_NICGU              GDWIGTFEGHKGAVWSCCLDTNALRAASGSADFSAKIWDALTGDELHSFA 
tr|Q9SSS7|Q9SSS7_ARATH              GDWIGTFEGHKGAVWSSCLDNNALRAASASADFSAKLWDALTGDVLHSFE 
tr|Q9LW17|Q9LW17_ARATH              GDWIGTFEGHKGAVWSSCLDNNALRAASASADFSAKLWDALTGDVLHSFE 

WD40BKOS|VIRT1410|Blast_submision   HKHIVRACAFSEDTHLLLTGGVEKILRVYDMNRPDAAPRELDKAPGNVRT 
tr|Q69X61|Q69X61_ORYSJ              HKHIVRACAFSEDTHLLLTGGVEKILRVYDMNRPDAAPRELDKAPGNVRT 
tr|Q6Z6C8|Q6Z6C8_ORYSJ              HKHIVRACAFSEDTHLLLTGGLEKILRIYDMNRPDAAPREIDKSPGSVRT 
tr|Q3LFT6|Q3LFT6_NICGU              HKHIVRACAFSEDTNFLLTGGVEKVLRVYDMNRPDAAPREVAMTPGSVRA 
tr|Q9SSS7|Q9SSS7_ARATH              HKHIVRACAFSEDTKSLLTGGFEKILRVFDMNRLDAPPTEVDKSPGSIRT 
tr|Q9LW17|Q9LW17_ARATH              HKHIVRACAFSQDTKYLITGGFEKILRVFDLNRLDAPPTEIDKSPGSIRT 
                                    ***********:**: *:***.**:**::*:** **.* *:  :**.:*: 

WD40BKOS|VIRT1410|Blast_submision   VAWLHSDQTILSSCSDMGGVRLW--------------------------- 
tr|Q69X61|Q69X61_ORYSJ              VAWLHSDQTILSSCSDMGGVRLWDVRTGKIVQTLETKAPVTSAEVSQDSR 
tr|Q6Z6C8|Q6Z6C8_ORYSJ              VAWLHSDQSILSCCTDMGGVRLWDVRSGKIAQTLETKATVTSAEVSQDGR 
tr|Q3LFT6|Q3LFT6_NICGU              VTWLHSDQTILSSCTDSGGVRLWDVRTGDIVRTLETKSPVTSAEVSQDGC 
tr|Q9SSS7|Q9SSS7_ARATH              LTWLHSDQTILSSCTDIGGVRLWDVRSGKIVQTLETKSPVTSAEVSQDGR 
tr|Q9LW17|Q9LW17_ARATH              LTWLHGDQTILSSCTDIGGVRLWDVRSGKIVQTLETKSPVTSAEVSQDGR 

 

    ����
9�+1.4 ��������,�9��,'��!�,��!�#��"	��
��	 WD40 ��
����BKOS ��,��	�����' Gen Bank 

 

Plant species Length of deduced 

amino acid sequences 

Amino acid 

identity (%) 

Gen bank accession 

number 

Oryza sativa subsp. japonica 345 100 Q69X61 

Oryza sativa subsp. japonica 342 91 Q6Z6C8 

Nicotiana glutinosa 336 86 Q3LFT6 

Arabidopsis thaliana 343 82 Q9SSS7 

Arabidopsis thaliana 341 78 Q9LW17 
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DFR 

 '��!�,��
��!�#��"	��
��	 DFR 9�+�!�����������*�	0$% BKOS 

ERKIRPLLELPGSADRLTIWKADLDEEGSFDDVVKGCEGVFHVATPMDFESKDPENEIIKPTVSGMLSIMR

SCKEAGTVRRVVFTSSAGTVNVQEHQMPEYDEQSWSDMEFCRRVK 

 

/�*9�+ 1.8 �����,�9��,'��!�,��
��!�#��"	��
��	 DFR ��
�������*�	0$% BKOS ��,*6&���
&	�! 

 
DFRBKOS|VIRT4968|Blast_submission   --------------------------------------------ERKIRP 
tr|Q9ZRG4|Q9ZRG4_TRIDA              MEGGESAKGTVLVTGASGFVGSWLVMKLLQAGYTVRATVRDPANVGKTKP 
tr|Q7DMF7|Q7DMF7_TRIDA              MEGGESAKGTVLVTGASGFVGSWLVMKLLQAGYTVRATVRDPANVGKTKP 
tr|Q9AVB8|Q9AVB8_9LILI              ---MENVKGPVVVTGASGYVGSWLVMKLLQYGYTVRATVRDPRDLRKTKP 
tr|Q6UAQ7|Q6UAQ7_9LILI              ---MENVKGPVVVTGASGYVGSWLVMKLLQYGYAIRATVRDPRDLRKTKP 
tr|Q75QI8|Q75QI8_WHEAT              ---MDGSKGPVVVTGASGFVGSWLVMKLLQLGYTVRATVRDPANVEKNKP 
                                                                                  * :* 

DFRBKOS|VIRT4968|Blast_submission   LLELPGSADRLTIWKADLDEEGSFDDVVKGCEGVFHVATPMDFESKDPEN 
tr|Q9ZRG4|Q9ZRG4_TRIDA              LMDLPGATERLSIWKADLAEEGSFDDAIRGCTGVFHVATPMDFQSKDPEN 
tr|Q7DMF7|Q7DMF7_TRIDA              LMDLPGATERLSIWKADLAEEGSFDDAIRGCTGVFHVATPMDFQSKDPEN 
tr|Q9AVB8|Q9AVB8_9LILI              LLDLPGADERLTIWKADLSEDGSFDEAINGCTGVFHVATPMDFDSEDPEN 
tr|Q6UAQ7|Q6UAQ7_9LILI              LLDIPGADERLTIWKADLSEDASFDEAINGCTGVYHVATPMDFDSKDPEN 
tr|Q75QI8|Q75QI8_WHEAT              LLELPGAKERLSIWKADLSEEGSFDDAIAGCTGVFHVATPMDFDSQDPEN 
                                    *:::**: :**:****** *:.***:.: ** **:********:*:**** 

DFRBKOS|VIRT4968|Blast_submission   EIIKPTVSGMLSIMRSCKEAGTVRRVVFTSSAGTVNVQEHQMPEYDEQSW 
tr|Q9ZRG4|Q9ZRG4_TRIDA              EVIKPTVEGMISIMRACKEAGTVRRIVFTSSAGTVNLEERQRPVYDEDSW 
tr|Q7DMF7|Q7DMF7_TRIDA              EVIKPTVEGMISIMRACKEAGTVRRIVFTSSAGTVNLEERQRPVYDEDSW 
tr|Q9AVB8|Q9AVB8_9LILI              EVIKPTINGVIGIMKSCKKAGTVKRIIFTSSAGTVNVHEHQMPEYDESSW 
tr|Q6UAQ7|Q6UAQ7_9LILI              EVIQPTINGVLGIMKSCKKAGTVKRVIFTSSAGTVNVQENQMPEYDESSW 
tr|Q75QI8|Q75QI8_WHEAT              EVIKPTVEGMLSIMRACKEAGTVKRIVFTSSAGSVNIEERQRPAYDQDNW 
                                    *:*:**:.*::.**::**:****:*::******:**:.*.* * **:..* 

DFRBKOS|VIRT4968|Blast_submission   SDMEFCRRVK---------------------------------------- 
tr|Q9ZRG4|Q9ZRG4_TRIDA              TDVDFCRRVKMTGWMYFVSKTLA--------------------------- 
tr|Q7DMF7|Q7DMF7_TRIDA              TDVDFCRRVKMTGW------------------------------------ 
tr|Q9AVB8|Q9AVB8_9LILI              SDIDFIRRVKMTGWMYFVSKILAEKAAWDFAKENDIQFISIIPTLVVGPF 
tr|Q6UAQ7|Q6UAQ7_9LILI              SDVDFCRRVKMTGWMYFVSKTLAEKAAWEFAKENDIQLISIIPTLVVGPF 
tr|Q75QI8|Q75QI8_WHEAT              SDIDFCRRVKMTGWMYFVSKSLAEKAAMEYASENGLDLISIIPTLVVGPF 

����
9�+ 1.5 ��������,�9��,'��!�,��!�#��"	��
��	 DFR ��
����BKOS ��,��	�����' Gen bank 

 

Plant species Length of deduced 
amino acid 
sequences 

Amino acid 
identity (%) 

Gen bank 
accession number 

Tripsacum dactyloides 173 75 Q9ZRG4 

Tripsacum dactyloides 164 75 Q7DMF7 

Lilium hybrid 

division I 

377 73 Q9AVB8 

Lilium hybrid  

division VII 

377 73 Q6UAQ7 

Triticum aestivum 354 72 Q75QI8 

 

 



 

 

11

11

F3H 

 �����	
��
��������
����� F3H ��������

�����������! BKOS 

 

RDFFAAALPPEDKLRFDFMSGGKKGGFIKVSSHLQGEAVWQDWREIVTYFGSYPVKARDYSSRWPDKP

AAWRGAVVERYSEQLGMALACRLLGVLSEAMGLDTEALARACVDMDFQKVVVNFYPRCP 

 

/�*9�+ 1.9 ��������,�9��,'��!�,��!�#��"	��
��	  F3H  ��
�������*�	0$% BKOS ��,*6&���
&	�! 
F3HBKOS|VIRT8169|Blast_submiss      -------------------------------------------RDFFAAA 
tr|Q43262|Q43262_MAIZE              EGIDGPRRRAEIRGRVAAACEDWGIFQVVDHGVDAALVADMARLARDFFA 
tr|Q7XM21|Q7XM21_ORYSJ              QGIDEAAR-AEIRARVAGACEEWGIFQVVDHGVDAGLVADMARLARDFFA 
tr|Q0J9B6|Q0J9B6_ORYSJ              QGIDEAAR-AEIRARVAGACEEWGIFQVVDHGVDAGLVADMARLARDFFA 
tr|A3AYB3|A3AYB3_ORYSJ              QGIDEAAR-AEIRARVAGACEEWGIFQVVDHGVDAGLVADMARLARDFFA 
tr|A2XYL3|A2XYL3_ORYSI              QGIDEAAR-AEIRARVAGACEEWGIFQVVDHGVDAGLVADMARLARDFFA 
                                                                                     * 

F3HBKOS|VIRT8169|Blast_submission   LPPEDKLRFDFMSGGKKGGFIKVSSHLQGEAVWQDWREIVTYFGSYPVKA 
tr|Q43262|Q43262_MAIZE              LPPEDKLRFDMS-GGKKGGFIVSSHLQG--EAVQDWREIVTYFS-YPVKA 
tr|Q7XM21|Q7XM21_ORYSJ              LPPEDKLRFDMS-GGKKGGFIVSSHLQG--EAVKDWREIVTYFS-YPVKS 
tr|Q0J9B6|Q0J9B6_ORYSJ              LPPEDKLRFDMS-GGKKGGFIVSSHLQG--EAVKDWREIVTYFS-YPVKS 
tr|A3AYB3|A3AYB3_ORYSJ              LPPEDKLRFDMS-GGKKGGFIVSSHLQG--EAVKDWREIVTYFS-YPVKS 
tr|A2XYL3|A2XYL3_ORYSI              LPPEDKLRFDMS-GGKKGGFIVSSHLQG--EAVKDWREIVTYFS-YPVKS 
                                    **********:  ********  *       . :*********. ****: 

F3HBKOS|VIRT8169|Blast_submission   RDYSSRWPDKPAAWRGAVVERYSEQLGMALACRLLGVLSEAMGLDTEALA 
tr|Q43262|Q43262_MAIZE              RDYS-RWPDKPAAWR-AVVERYSEQL-MALACRLLGVLSEAMGLDTEALA 
tr|Q7XM21|Q7XM21_ORYSJ              RDYS-RWPDKPAGWR-AVVEQYSERL-MGLACKLLGVLSEAMGLDTNALA 
tr|Q0J9B6|Q0J9B6_ORYSJ              RDYS-RWPDKPAGWR-AVVEQYSERL-MGLACKLLGVLSEAMGLDTNALA 
tr|A3AYB3|A3AYB3_ORYSJ              RDYS-RWPDKPAGWR-AVVEQYSERL-MGLACKLLGVLSEAMGLDTNALA 
tr|A2XYL3|A2XYL3_ORYSI              RDYS-RWPDKPAGWR-AVVEQYSERL-MGLACKLLGVLSEAMGLDTNALA 
                                    **** *******.** ****:***:* *.***:*************:*** 

F3HBKOS|VIRT8169|Blast_submission   RACVDMDFQKVVVNFYPRCP------------------------------ 
tr|Q43262|Q43262_MAIZE              RACVDMDQKVVVN-FYPRCPQPDLTLGLKRHTDPGTITLLLQDLVGGLQA 
tr|Q7XM21|Q7XM21_ORYSJ              DACVDMDQKVVVN-FYPKCPQPDLTLGLKRHTDPGTITLLLQDLVGGLQA 
tr|Q0J9B6|Q0J9B6_ORYSJ              DACVDMDQKVVVN-FYPKCPQPDLTLGLKRHTDPGTITLLLQDLVGGLQA 
tr|A3AYB3|A3AYB3_ORYSJ              DACVDMDQKVVVN-FYPKCPQPDLTLGLKRHTDPGTITLLLQDLVGGLQA 
tr|A2XYL3|A2XYL3_ORYSI              DACVDMDQKVVVN-FYPKCPQPDLTLGLKRHTDPGTITLLLQDLVGGLQA 
                                     ****** : **  ***:**

����
9�+ 1.6 ��������,�9��,'��!�,��!�#��"	��
��	  F3H  ��
����BKOS ��,��	�����' Gen bank 
 

Plant species Length of deduced amino 

acid sequences 

Amino acid 

identity (%) 

Gen bank accession 

number 

Zea mays 372 92 Q43262 

Oryza sativa subsp. japonica  377 88 Q7XM21 

Oryza sativa subsp. japonica 388 88 Q0J9B6 

Oryza sativa subsp. japonica 325 88 A3AYB3 

Oryza sativa subsp. indica 388 88 A2XYL3 
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F3’H 

 '��!�,��
��!�#��"	��
��	 F3’H 9�+�!�����������*�	0$% BKOS 

QDQKHTLDMLSTLISLKGTDLDGDGGGSLTDTEIKALLILNMFTFAGTDTSASQTVDWAIAELIRHPDIM

VKAQE ELDIVVGRWDR PEVNESDIAQLPYLQAVIKENFLRLHPPTPLS LPHIASESCE INGY 

 

/�*9�+ 1.10 ��������,�9��,'��!�,��!�#��"	��
��	 F3’H ��
�������*�	0$% BKOS ��,*6&���
&	�! 
 
F3'HBKOS|VIRT1409|Blast_submision   -----------QDQKHTLDMLSTLISLKGTDLDGDGGGSLTDTEIKALLI 
sp|Q9SD85|F3PH_ARATH                SILKEHEMNG--QDQKHTDMLSTLISLKGTDLDGDGG-SLTDTEIKALLL 
tr|B0ZTB2|B0ZTB2_BRACM              SILEEHEAMKNGQDQKHTDMLSTLISLKGTDFDGEGG-TLTDTEIKALLL 
tr|A1XBC6|A1XBC6_BRANA              SILEEHEAMKNGQDQKHTDMLSTLISLKGTDFDGEGG-TLTDTEIKALLL 
tr|B0ZTB3|B0ZTB3_BRACM              SILEEHEAMKNGQDQKHTDMLSTLISLKGTDFDGEGG-TLTDTEIKALLL 
tr|Q9FPN2|Q9FPN2_MATIN              SILKEHEIN-NGGDQKHTDMLTTLISLKGTDFDGDGA-SITDTEIKALLL 
                                                 :::  ***:*********:**:*. ::*********: 

F3'HBKOS|VIRT1409|Blast_submision   LNMFTFAGTDTSASQTVDWAIAELIRHPDIMVKAQEELDIVVGRWDRPEV 
sp|Q9SD85|F3PH_ARATH                N---MFTAGTDTSASTVDWAIAELIRHPDIMVKAQEELDIVVGRDR--PV 
tr|B0ZTB2|B0ZTB2_BRACM              N---MFTAGTDTSASTVDWAIAELIRHPEIMRKAQEELDSVVGRGR--PI 
tr|A1XBC6|A1XBC6_BRANA              N---MFTAGTDTSASTVDWAIAELIRHPEIMRKAQEELDSVVGRGR--PI 
tr|B0ZTB3|B0ZTB3_BRACM              N---MFTAGTDTSASTVDWAIAELIRHPEMMRKAQEELDSVVGRGR--PI 
tr|Q9FPN2|Q9FPN2_MATIN              N---MFTAGTDTSASTVDWAIAELIRHPHIMKRTQEELDAVVGRNR--PI 
                                         *:.   :::.*************.:* ::***** ****     : 

F3'HBKOS|VIRT1409|Blast_submision   NESDIAQLPYLQAVIKENFLRLHPPTPLSLPHIASESCEINGY------- 
sp|Q9SD85|F3PH_ARATH                NESDIAQLPYLQAVIKENFR-LHPPTPLSLPHIASESCEINGYHIPKGST 
tr|B0ZTB2|B0ZTB2_BRACM              NESDLSQLPYLQAVIKENFR-LHPPTPLSLPHIASESCEINGYHIPKGST 
tr|A1XBC6|A1XBC6_BRANA              NESDLSQLPYLQAVIKENFR-LHPPTPLSLPHIASESCEINGYHIPKGST 
tr|B0ZTB3|B0ZTB3_BRACM              NESDLSQLPYLQAVIKENFR-LHPPTPLSLPHIASESCEINGYHIPKGST 
tr|Q9FPN2|Q9FPN2_MATIN              NESDLSRLPYLQAVIKENFR-LHPPTPLSLPHIAAESCEINGYHIPKGST 

����
9�+ 1.7 ��������,�9��,'��!�,��!�#��"	��
��	 F3’H ��
����BKOS ��,��	�����' Genbank 

 

Plant species Length of deduced 

amino acid sequences 

Amino acid identity  

(%) 

Gene bank accession 

 number 

Arabidopsis thaliana 513 81 Q9SD85 

Brassica rapa subsp. 

campestris 

511 78 B0ZTB2 

Brassica napus 511 75 A1XBC6 

Brassica rapa subsp. 

campestris 

511 75 B0ZTB3 

Matthiola incana 513 71 Q9FPN2 

 

 

ANS 

 �����	
��
��������
����� ANS ���"�
�����

�����������! BKOS 

PIAEKEAYANDPAAGRLQGYGSKLAANASGKREWEDYLFHLVHPDHLADHSLWPANPPEYVPVSRDFG
GRVRTLASKLLAILSLGLGLPEETLERRLRGHELAGVDDDLLLQLKINYYPRCPRPDLAVGVEAHTDVSA
LSFILHN 
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/�*9�+ 1.11 ��������,�9��,'��!�,��!�#��"	��
��	 ANS ��
�������*�	0$% BKOS ��,*6&���
&	�! 
ANSBKOS|VIRT9999|Blast_submission   ---------PIAEKEAYANDPAAGRLQGYGSKLAANASGKREWEDYLFHL 
tr|Q93VC3|Q93VC3_ORYSJ              AAGEAFFALPIAEKEAYANDPAAGRLQGYGSKLAANASGKREWEDYLFHL 
tr|P93403|P93403_ORYSA              AAGEAFFALPIAEKEAYANDPAAGRLQGYGSKLAANASGKREWEDYLFHL 
tr|A2WQ39|A2WQ39_ORYSI              AAGEAFFALPIAEKEAYANDPAAGRLQGYGSKLAANASGKREWEDYLFHL 
tr|Q67VR7|Q67VR7_ORYSJ              AAGEAFFALPIAEKEAYANDPAAGRLQGYGSKLAANASGKREWEDYLFHL 
tr|A2ZT88|A2ZT88_ORYSJ              AAGEAFFALPIAEKEAYANDPAAGRLQGYGSKLAANASGKREWEDYLFHL 

ANSBKOS|VIRT9999|Blast_submission   VHPDHLADHSLWPANPPEYVPVSRDFGGRVRTLASKLLAILSLGLGLPEE 
tr|Q93VC3|Q93VC3_ORYSJ              VHPDHLADHSLWPANPPEYVPVSRDFGGRVRTLASKLLAILSLGLGLPEE 
tr|P93403|P93403_ORYSA              VHPDHLADHSLWPANPPEYVPVSRDFGGRVRTLASKLLAILSLGLGLPEE 
tr|A2WQ39|A2WQ39_ORYSI              VHPDHLADHSLWPANPPEYVPVSRDFGGRVRTLASKLLAILSLGLGLPEE 
tr|Q67VR7|Q67VR7_ORYSJ              VHPDHLADHSLWPANPPEYVPVSRDFGGRVRTLASKLLAILSLGLGLPEE 
tr|A2ZT88|A2ZT88_ORYSJ              VHPDHLADHSLWPANPPEYVPVSRDFGGRVRTLASKLLAILSLGLGLPEE 

ANSBKOS|VIRT9999|Blast_submission   TLERRLRGHELAGVDDDLLLQLKINYYPRCPRPDLAVGVEAHTDVSALSF 
tr|Q93VC3|Q93VC3_ORYSJ              TLERRLRGHELAGVDDDLLLQLKINYYPRCPRPDLAVGVEAHTDVSALSF 
tr|P93403|P93403_ORYSA              TLERRLRGHELAGVDDDLLLQLKINYYPRCPRPDLAVGVEAHTDVSALSF 
tr|A2WQ39|A2WQ39_ORYSI              TLERRLRGHELAGVDDDLLLQLKINYYPRCPRPDLAVGVEAHTDVSALSF 
tr|Q67VR7|Q67VR7_ORYSJ              TLERRLRRHDQHGVDDDLLLQLKINYYPRCPRPDLAVGVEAHTDVSALSF 
tr|A2ZT88|A2ZT88_ORYSJ              TLERRLRRHDQHGVDDDLLLQLKINYYPRCPRPDLAVGVEAHTDVSALSF 

ANSBKOS|VIRT9999|Blast_submission   ILHN---------------------------------------------- 
tr|Q93VC3|Q93VC3_ORYSJ              ILHNGVPGLQVHHAGSWVTARPEPGTIVVHVGDALEILTNGRYTSVLHRG 
tr|P93403|P93403_ORYSA              ILHNGVPGLQVHHAGSWVTARPEPGTIVVHVGDALEILTNGRYTSVLHRG 
tr|A2WQ39|A2WQ39_ORYSI              ILHNGVPGLQVHHAGSWVTARPEPGTIVVHVGDALEILTNGRYTSVLHRG 
tr|Q67VR7|Q67VR7_ORYSJ              ILHNGVPGLQAHHAGTWVTARSEQGTIVVHVGDALEILTNGRYTSVLHRS 
tr|A2ZT88|A2ZT88_ORYSJ              ILHNGVPGLQAHHAGTWVTARSEQGTIVVHVGDALEILTNGRYTSVLHRS 

#������� 1.8 
��$%���	$���	�����	
��������
����� 5GT 
��
���BKOS 
�	&��
���'� Genebank                           
Plant species Length of deduced 

 amino acid sequences 

Amino acid identity  

(%) 

Gene bank 

accession number 

Oryza sativa subsp. japonica 375 89 Q93VC3 

Oryza sativa 375 89 P93403 

Oryza sativa subsp. japonica 373 86 Q67VR7 

Oryza sativa subsp. japonica 753 86 A2ZT88 

Triticum aestivum 438 66 Q0WYI8 

 

UFGT 
 �����	
��
��������
����� UFGT ���"�
�����

�����������! BKOS 
RSTGTAKTEEKTLSGFGPGMTSVRFSDLEPEEILSDNLESPLTLMMIYKMVQKLSKETAIVVNSFEEIDPVI
TNDLKSKFGGQNFLNIGGPSILSSPTLSNGSDSGQECLLTWLEKQRHASYISFGTVITPQPREMAGLAEAL
ETGEF 
 
/�*9�+ 1.12 ��������,�9��,'��!�,��!�#��"	��
��	 UFGT ��
�������*�	0$% BKOS ��,*6&���
&	�! 
UFGTBKOS|VIRT5551|Blast_ submission    ------------------------------------RSTGTAKTEEKTLS 
tr|Q9XF16|Q9XF16_FORIN              TCDLAEERGIPWVSFWTAASCSLSAHMYTDQIWSLMRSTGTAKTEEKTLS 
tr|B2CZW9|B2CZW9_OLEEU              -----------WVSFWTASPSSLSAHMCTDQIWSMMRSIGAAEREEKTLS 
tr|O04114|O04114_PERFR              ACDMAQKRGLPWVPFWTAASCSLSSHLYTDQIVKAGTAN-----QEQNLS 
tr|A7Q6L6|A7Q6L6_VITVI              AGEMAEDRCIPWVPLWTSGPVSLAVHVYTDDIRKMVLGANGIEGHEVQTL 
tr|A4F1T0|A4F1T0_LOBER              SSEMAEKRRVPWVPLWTSGASSLSIHFYTDLIRQTVG-LNGIEGRKDEML
.:

UFGTBKOS|VIRT5551|Blast_ submission    GFGPGMTSVRFSDLEPEEILSDNLESPLTLMMIYKMVQKLSKETAIVVNS 
tr|Q9XF16|Q9XF16_FORIN              -FVPGMTSVRFSDLP-EEILSDNLESPLT-LMIYKMVQKLSKSTAIVVNS 
tr|B2CZW9|B2CZW9_OLEEU              -FLPGMSSVRFSDLPG-EILPENSESPLA-IMIYKMVQKLPKSTAVVINS 
tr|O04114|O04114_PERFR              -FIPGLEMATLTDLPP-EVFLDNSPSPLA-ITINKMVEKLPKSTAVVLNS 
tr|A7Q6L6|A7Q6L6_VITVI              DFIPGLSSIHAVDLPE-EIVSGSLDSPFS-QMLHKMGLTLPRAAAVVINS 
tr|A4F1T0|A4F1T0_LOBER              DFIPGFSAVRLGDLPG-GVLSGNLESPFS-IMLYKMGQCLTKATAIPINS 
                                     * **:      **    :.  .  **::   : **   *.: :*: :** 
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UFGTBKOS|VIRT5551|Blast_ submission    FEEIDPVITNDLKSKFGGQNFLNIGGPSILSSPTLSNGSDSGQECLLTWL 
tr|Q9XF16|Q9XF16_FORIN              FEEIDPVITNDLKSKFQN--FLNIG-PSILSSPTLSNGDSGQECLLWLEK 
tr|B2CZW9|B2CZW9_OLEEU              FEEIYTLIKNDLKSKFQN--FLDIQLSILSEDPSIVSGDSDQECLSWLEK 
tr|O04114|O04114_PERFR              FEEIDPIITDDLKTKFKN--FLNVGPSILASPPQATPDDETGCLSWLADQ 
tr|A7Q6L6|A7Q6L6_VITVI              FEEMEPTVVNNLKSKFKK--FVNVGPFTLSSPP-PLAPDSNS-CLLWLDR 
tr|A4F1T0|A4F1T0_LOBER              FQEMDPEINKDLNKHFSN--FLNIGPFNLISPTTPLNTDEFA-CIPWLDK 
                                    *:*: . : .:*:.:*    *:::    : . .     ..

UFGTBKOS|VIRT5551|Blast_ submission    EKQRHASYISFGTVITPQPREMAGLAEALETGEF---------------- 
tr|Q9XF16|Q9XF16_FORIN              QRHASVIYISFGTVITPQPREMAGLAEALETGEFPFLWSLRDNAMKLLPD 
tr|B2CZW9|B2CZW9_OLEEU              QRHASVVYISFGTVAEAQPEELAALAEVLETGEFPFLWSMRDNAKKLLPE 
tr|O04114|O04114_PERFR              TSPKSVVYISFGTVITPPENELAALADALEICRFPFLWSLKDYAVKSLPD 
tr|A7Q6L6|A7Q6L6_VITVI              QKAASVAYISFGTIITPPPHELVALAEALESTGVPFLWSLRDNSKDNLPK 
tr|A4F1T0|A4F1T0_LOBER              HLPQSVAYIGFGTVATPPPHELVALAEALEESGTPFLWSINENSKKHLPE 

     

 ����
9�+ 1.9 ��������,�9��,'��!�,��!�#��"	��
��	 5GT ��
���� BKOS��,��	�����' Gen bank 

Plant species Length of deduced 

amino acid sequences 

Amino acid 

identity (%) 

Gen bank accession 

number 

Forsythia intermedia 454 92 Q9XF16 

Olea europaea 237 66 B2CZW9 

Perilla frutescens 447 51 O04114 

Vitis vinifera 531 47 A7Q6L6 

Lobelia erinus 457 50 A4F1T0 

 

5GT 
 '��!�,��
��!�#��"	��
��	 5GT 9�+3���!�����������*�	0$% BKOS 
 
SKSKKKNGTSTPHSDDHDDDASSSYPELKFLVYHSKGMPWALDIARQHGIDGAPFFTNSSSVVAIYEHFL
QGALKIPSTENDRSTTTLSLPSMPPLGFFADLPSFLCDVDSYPAYLELTLSQYSSNIGTLKWLFICTFEKLE
EE 
 

 /�*9�+ 1.13 ��������,�9��,'��!�,��
��!�#��"	��
��	 5GT  ��
�������*�	0$% BKOS ��,*6&���
&	�! 
5GTBKOS|VIRT949|Blast_submission      -------------------------------------------------- 
tr|A9ZM31|A9ZM31_ROSHC              ---FAKRLVSKGLKVTVVTTISAMHRFQAAPERLSSFGFDLELISDGSEF 
tr|A9ZM17|A9ZM17_ROSHC              -------------PAQGHMNPMVQFAKRLVSKGQRVTIVTTFSSSKSVPT 
tr|A9ZM21|A9ZM21_ROSHC              -----------TFPAQGHMNPMVQFAKRLVSKGQRVTIVTTFSSSKSVPT 
tr|A7QAW8|A7QAW8_VITVI              MERSDSHILVFPFPTPGHINPMLQFSKRLASMGLRVTLVTTQPN---TKP 
tr|A5BTJ5|A5BTJ5_VITVI              MERSDSHILVFPFPTPGHINPMLQFSKRLASMGLRVTLVTTQPN---TKP 
tr|A5B769|A5B769_VITVI              -MEYRGHVVVVPYPSQGHINPLLQFAKRLASKGVKATLATTRYT---VNS 

5GTBKOS|VIRT949|Blast_ submission      ---------------------------------SKSKKKNGTSTPHSDDH 
tr|A9ZM31|A9ZM31_ROSHC              VHRPESIDESTERFTRVTTQTLADLITRIKNKSSKSKKKNGTSTPHSDDH 
tr|A9ZM17|A9ZM17_ROSHC              LNPTSFGSNLKMEFISDGSEQVKDSETIEESIERFRISTTKSLTNLMTKI 
tr|A9ZM21|A9ZM21_ROSHC              LNPTSFGSNLKMEFISDGSEQVKDSETIEESIERFRISTTKSLTNLMTKI 
tr|A7QAW8|A7QAW8_VITVI              IEEAQSNYPIHIEPISDGFQPGEKAQSVEVYLEKFQKVASQSLAQLVEKL 
tr|A5BTJ5|A5BTJ5_VITVI              IEEAQSNYPIHIEPISDGFQPGEKAQSVEVYLEKFQKVASQSLAQLVEKL 
tr|A5B769|A5B769_VITVI              IRAPNIGGGFAQAGKED------------VYLNAFKANGSRTLSQLIHKH 
                                                                           . : :    .

5GTBKOS|VIRT949|Blast_ submission      DDDASSSYPELKFLVYHSKGMPWALDIARQHGIDGAPFFTNSSSVVAIYE 
tr|A9ZM31|A9ZM31_ROSHC              DDDASSSYPELKFLVYHSG-MPWALDIARQHGIDGAPFFTNSSSVVAIYE 
tr|A9ZM17|A9ZM17_ROSHC              RNSSDASQYPLKFVVYHS-GMPWVLDVARRQGIDGAPFFTTSCAVATIFH 
tr|A9ZM21|A9ZM21_ROSHC              RNNSDASQYPLKFVVYHS-GMPRVLDVARRQGIDGAPFFTTSCAVATIFH 
tr|A7QAW8|A7QAW8_VITVI              AR----SKRPIKFIVYDS-VMPWALDTAQELGLDGAPFYTQSCAVSAIYY 
tr|A5BTJ5|A5BTJ5_VITVI              AR----SKRPIKFIVYDS-VMPWALDTAQELGLDGAPFYTQSCAVSAIYY 
tr|A5B769|A5B769_VITVI              QH----TTHPINCVLYDS-FLPWALDVAREHGIHGAAFFTNSATVCAIFC 
                                          :   :: ::*.*  :* .** *:. *:.**.*:* *.:* :*:
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5GTBKOS|VIRT949|Blast_ submission      HFLQGALKIPSTENDRSTTTLSLPSMPPLGFFADLPSFLCDVDSYPAYLE 
tr|A9ZM31|A9ZM31_ROSHC              HFLQGALKIP-SENDRSTTTLSLPSMPPLG-FADLPSFLCDVDSYPAYLE 
tr|A9ZM17|A9ZM17_ROSHC              HVHEGTLQLPLEGPR-----AIMPSMPPLE-LNDLPTFLSDVESYPAFLK 
tr|A9ZM21|A9ZM21_ROSHC              HVHEGTLQLPLEGPR-----AIMPSMPPLE-LNDLPTFLSDVESYPAFLK 
tr|A7QAW8|A7QAW8_VITVI              HVSQGMMKIPIEGKT-----ASFPSMPLLG-INDLPSFISDMDSYPSLLR 
tr|A5BTJ5|A5BTJ5_VITVI              HVSQGMMKIPIEGKT-----ASFPSMPLLG-INDLPSFISDMDSYPSLLR 
tr|A5B769|A5B769_VITVI              RIHHGLLTLPVKLEDT---PLLLPGLPPLN-FPDLPTFVKFPESYPAYLT 
                                    :. .* : :*            :*.:* *  : ***:*:   :***: *

5GTBKOS|VIRT949|Blast_ submission      LTLSQYSSNIGTLKWLFICTFEKLEEE----------------------- 
tr|A9ZM31|A9ZM31_ROSHC              LTLSQYSN-IGTLKWLFICTFEKLEEEVVKWMINQEWPVRTIGPTVPSMF 
tr|A9ZM17|A9ZM17_ROSHC              LAMNQYSN-LNQVNCIFYSSFDKLEKEVLKWMESQDWPVKMIGPTIPSVF 
tr|A9ZM21|A9ZM21_ROSHC              LAMNQYSN-LNQVNCIFYSSFDKLEKEVLKWMESQDWPVKMIGPTIPSVF 
tr|A7QAW8|A7QAW8_VITVI              LVLGRFSN-FRKAKCLLINTFDMLEAEVVKWMG-SQWPVKTIGPTIPSMY 
tr|A5BTJ5|A5BTJ5_VITVI              LVLGRFSN-FRKAKCLLINTFDMLEAEVVKWMG-SQWPVKTIGPTIPSMY 
tr|A5B769|A5B769_VITVI              MKLSQYSN-LDKVDWVIGNSFEELEGEAAKSIS-ELWPGMLVGPMVPSAY 

        

    

       ����
9�+1.10 ��������,�9��,'��!�,��!�#��"	��
��	 5GT ��
���� BKOS ��,��	�����' Gen bank 

Plant species Length of deduced 

amino acid sequences 

Amino acid 

identity (%) 

Gen bank accession 

number 

Rosa hybrid cultivar 354 86 A9ZM31 

Rosa hybrid cultivar 345 53 A9ZM17 

Rosa hybrid cultivar 347 52 A9ZM21 

Vitis vinifera 453 52 A7QAW8 

Vitis vinifera 1085 52 A5BTJ5 

Vitis vinifera            448 48 A5B769 

 ���"�'	��	9��
���(full length) ��
��	
	&$!	�� �����#����
!���	�	���9!'�
 �*6+�	����

=;�4��	��9�+���9��
����#	����
&�
	�����'�+�	����
���!������� 
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�446"2 : ������	
��'������,����%���&������!
�$������  

 

 2.1) �4��� 

 /��
������	�,�	$	��
���.�� �-#���������!��#!���
�������!���#'� 105 !���'��

����	*'�

�	�+�� 
	9�+�$!�!���������#'�*�	0$%�'�� 4 ���*�	0$%�!�3�� TKOS (��	��
 �����3�
 

�����-��'�� ��
��	�� 3'#��
�#�� ��
) PKOS 1, PKOS3, ("!�9��
 2 ���*�	0$%��'��4-# ��	����� 

�����3�
), 3'# BKOS (��	����� �����3�
 3'#��'�!�������
����)   

 
	���9!'�
	���!�������,����3�����
��
��������#'�*�	0$%�'��9$����*�	0$%
	

�#!�,*�	0$����"!���=���9�	�� HAT-RAPD (Anuntalabhochai et al., 2000)   

 

 2.2) �

+������4+���  ��������#'� 105 (KDML 105) 3'# ��������#'�*�	0$%�'�� 

4 ���*�	0$%�!�3�� TKOS, PKOS 1, PKOS3, BKOS   ���9��
 �����������*�	0$% UKOS 3'#����

'����� KB (���!�������#����
 KDML 105 x BKOS), BK (���!�������#����
 BKOS x 

KDML 105), TB (���!�������#����
 TKOS x BKOS ),  BT ( ���!�������#����
 BKOS x 

TKOS), KT (���!�������#����
 KDML 105 x TKOS), �9$�0�	� 1 3'# �$*��-,$��  

 

 2.3) ��$6+��3������4+��� 

 

 2.3.1) ���3��6�� +63��3�  

 ���������!����	����
�������*�	0$%���
 < "!�!�!3�'
�������0������
 Doyle and 

Doyle (1990) �����	��	!�
	�� 

 ,!
,���	��
������#��- 0.1 ����!����	"����	��'�
��'#����! 3'��
��'

	

���'#'��,�7�7��%������� 0.7 ��''�'��� 9�+��#��,!������'#'�� NaCl 1.4 mM, ���'#'�� 

EDTA 2.0 mM, ���'#'�� Tris-HCl 100 mM, Cetyltrimethyl ammoniumbromide 4% (w/v), 

Polyvinylpolypyrrolidone 1%(w/v) 3'# ���'#'�� �-mercaptonethanol 0.1%(v/v) ���
������

��	3'��	�����$�	9�+�$-�/��� 65 �
=���'��������	��'� 1 &�+�"�
 ���	��	�������'#'�� 

chloroform : Isoamyl alcohol ������� 1 �9����
���'#'�� 	�������	����+�
9�+�������� 

12,000xg ���	��'� 15 	�9� 3�����'#'��
�!��	,	�����#��	!����	��!��� 2-propanal ���


9��
���9�+�$-�/��� -20 �
=���'����� 3'��	�������	����+�
�������
���	��'� 30 	�9� '��
�#��	!�

���	��!��� 70% ethanol ������� 0.2 ��''�'��� ���
9��
���9�+�$-�/������
�*6+�
�� ethanol �#��� 

3'��'#'���#��	!����	��!���	����'�+	  

 

 2.3.2) ���3!�"�%���������+63��3��+�34���� HAT-RAPD (Anuntalabhochai et 

al., 2000)  �����	��	!�
	�� 
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 	��!����	������9�+������!���#��- 50 	�"����� ��
��'

	���'#'��,�7�7��%9�+

��#��,!��� 2.0 mM MgCl2, 200 μM dNTP, 150 ng decamer primer (���&6+��*�����% '��!�,

�,���
�*�����%!�
	����
9�+ 2.1) 3'#  3'# 1 unit Taq DNA polymerase (Fermentas, USA) 

���*�+������-!����	�� !������6+�
 MJ MiniTM Thermal Cycler (BIO-RAD, Singapore) 

 
	����*�+�������!���	���#
&��
6+�	��!�
	�� ���+����	��	 pre-denature !����$-�/��� 95 

�
=���'����� 5 	�9� 3'������������	��	 denature 9�+�$-�/��� 95 �
=���'����� 45 ��	�9�, 

���	��	 annealing 9�+�$-�/��� 46 �
=���'����� 30 ��	�9� 3'# ���	��	 extension 9�+�$-�/��� 

72 �
=���'����� 1	�9� 9��9��
 3 ���	��	���	�	 30 ��, 3'���;
����������	��	 extension ����


�$!9���9�+�$-�/��� 72 
o
C ���	��'� 10 	�9�  

 ���	��		��!���	��9�+�*�+������-�!���3��������#�%�	�!!��� 1.4% agarose gel 
	

���'#'��,�7�7��% TBE "!�
&����6+�
 gel electrophoresis �'�
���	��	����3@,!����	��!���

���'#'�� ethydium bromide  

  

  ����
9�+ 2.1 3�!
&6+�3'# '��!�,�,���
�*�����%9�+
&�
	���9!'�
  

 
OPD04 TCT GGT GAG G 

OPD07 TTG GCA CGG G  

OPH02 TCG GAC GTG A 

OPH14 ACC AGG TTG G 

OPH19 CTG ACC AGC C 

OPM10 TCT GGC GCA C 

OPQ16 AGT GCA GCC A 

OPW04 CAG AAG CGG A 

OPZ19 GTG CGA GCA A 

OPAR03 GTG AGG CGC A 

OPAR08 GTG AAT GCG G 

OPAR10 TGG GGC TGT C 

OPAR11 GGG AAG ACG G 

OPAR13 GGG TCG GCT T 

OPAR14 CTC ACA GCA C 

OPAI11 ACG GCG ATG A 

OPAV17 CTC CGG ATC A 

OPAW11 CTG CCA CGA G 

OPAW17 TGC TGC TGC C 
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2.4) *����4+���  

  �'��������,�9��, DNA fingerprints �#����
��������#'� 105 3'#�����'��*�	0$%9�+

&��	��
�����!����'��*�	0$%"!��9�	��'������	���	�	 5 ���*�	0$% �!�3�� ���*�	0$% BKOS, 

TKOS, PKOS1, PKOS3 3'# UKOS !��� 19 �*����% *,�����10 �*����%9�+��������@,��

����3�����
3'# 9 �*�����%9�+,������3�����
�!� (����
9�+ 2.2) "!���*�# �*����% 

OPAI11 �����@
��3@,!���	����*�#
	���*�	0$% BKOS 9�+ �	�!��#��- 1.4 kb (/�*9�+2.1) 

, �*����% OPH19 �����@
��3@,!���	����*�#
	���*�	0$% UKOS 9�+�	�!��#��- 200 bp 

(/�*9�+ 2.3), �*����% OPZ19 �����@
��3@,!���	����*�#
	���*�	0$% PKOS1 3'# PKOS3 

9�+�	�!��#��- 550 bp. (/�*9�+ 2.4)  �;+
'��!�,�,���
&��	���	��'��	���#*�A	������
���!����	 

SCAR marker ������,3��'#���*�	0$%�*6+������,��
*�	0$%
	�	���  

 
 ����
9�+ 2.2 3�!
�'��
��������,�9��, DNA fingerprints �#����
��������#'� 105 3'#����

�'��*�	0$%9��
 5 ���*�	0$% 9�+�!�������
&� primer ���
 < 
	���9�� HAT-RAPD 

 

��(�	)���"#
#(�� ��������!����	)���"#
#(�� 
&6+��*�����% '��!�,�,� 

  (
���
��"+	��$�,�$�) 

OPD04 TCT GGT GAG G  PKOS1, PKOS3  (~250 bp) 

OPD07 TTG GCA CGG G  �   

OPH02 TCG GAC GTG A  UKOS (~2.8 kb) 

OPH14 ACC AGG TTG G �   

OPH19 CTG ACC AGC C  UKOS  (~200 bp) 

OPM10 TCT GGC GCA C �   

OPQ16 AGT GCA GCC A �   

OPW04 CAG AAG CGG A  BKOS  (~1.2 kb) 

OPZ19 GTG CGA GCA A  PKOS1, PKOS3 (~550 bp) 

OPAR03 GTG AGG CGC A �  

OPAR08 GTG AAT GCG G  PKOS1, PKOS3 (1.1 kb) 

OPAR10 TGG GGC TGT C  BKOS (1.1 kb, 850 bp) 

OPAR11 GGG AAG ACG G  KDML (1.4kb) 

OPAR13 GGG TCG GCT T �  

OPAR14 CTC ACA GCA C �  

OPAI11 ACG GCG ATG A  BKOS (~1.4 kb) 

OPAV17 CTC CGG ATC A �   

OPAW11 CTG CCA CGA G �   

OPAW17 TGC TGC TGC C �   
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 /�*9�+  2.1 /�* DNA fingerprints !����9�	�� HAT-RAPD "!�
&��*����% OPH14 �;+


���*,����3�����
��
��������#'� 105 (C1, C2) 3'#�����'��*�	0$%���
< �!�3�� ���� BKOS 

(B1, B2), UKOS (U1, U2), TKOS (T1, T2), PKOS1 (P1/1, P1/2) 3'# PKOS3 (P3/1, P3/2) 

3��'#�������
�#
&� 2 �������
9!'�
�*6+��6	��	�'���9!'�
 

 

 

 
  

 /�*9�+  2.2  /�* DNA fingerprints !����9�	�� HAT-RAPD "!�
&��*����% OPAI11 

'��=�&��3@,!����	���	�!��#��- 1.4 kb 9�+*,��*�#�����'��*�	0$% BKOS (B1, B2) 3�����*,


	��������#'� 105 (C1, C2) 3'#�����'��*�	0$%�6+	< �!�3�� ����, UKOS (U1, U2), TKOS 

(T1, T2), PKOS1 (P1/1, P1/2), PKOS3 (P3/1, P3/2) 3��'#�������
�#
&� 2 �������
9!'�


�*6+��6	��	�'���9!'�
 

 

�/PstI   C1      C2       B1      B2       U1      U2       T1      T2     P1/1     P1/2    P3/1    P3/2  

�/PstI  C1       C2       B1      B2      U1       U2      T1       T2      P1/1   P1/2     P3/1   P3/2  
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 /�*9�+  2.3  /�* DNA fingerprints !����9�	�� HAT-RAPD "!�
&��*����% OPH19 
'��=�&��3@,!����	���	�!��#��- 200 bp 9�+*,��*�#�����'��*�	0$% UKOS (U1, U2) 3�����
*,
	��������#'� 105 (C1, C2) 3'#�����'��*�	0$%�6+	< �!�3�� ����, BKOS (B1, B2), TKOS 
(T1, T2), PKOS1 (P1/1, P1/2), PKOS3 (P3/1, P3/2) 3��'#�������
�#
&� 2 �������
9!'�

�*6+��6	��	�'���9!'�
 
 

 
 /�*9�+  2.4  /�* DNA fingerprints !����9�	�� HAT-RAPD "!�
&��*����% OPZ19 

'��=�&��3@,!����	���	�!��#��- 550 bp 9�+*,��*�#�����'��*�	0$% PKOS1 (P1/1, P1/2) 

3'# PKOS3 (P3/1, P3/2) 3�����*,
	��������#'� 105 (C1, C2) 3'#�����'��*�	0$%�6+	< 

�!�3�� ����, BKOS (B1, B2), UKOS (U1, U2), TKOS (T1, T2)3��'#�������
�#
&� 2 �������


9!'�
�*6+��6	��	�'���9!'�
 

�/PstI  C1      C2      B1       B2       U1      U2      T1       T2    P1/1    P1/2    P3/1   P3/2  

�/PstI    C1       C2      B1      B2       U1      U2      T1       T2     P1/1   P1/2   P3/1     P3/2  
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 2.4.1) ������	
��%������*
���&�,��%�������!
�$�� +����!3���� OPAI11  

 �'�
��������#�$��%'������	*'�

�	�+��
	&��	��
�����!����'��*�	0$%
	��������#'� 

105 �	�!�����*�	0$%�'�� 4 ���*�	0$% ( TKOS, PKOS1, PKOS 3 3'# BKOS) !�
�'���3'�� ���

�!�	�������'��*�	0$%�����������	9$����*�	0$%  ���9��
����'�,�������*�	0$%*��3�� (KDML 

105) "!���0������������	�!�����'������#����
��������#'� 105 3'#�����'��*�	0$%�'��

'������'�����*�	0% �!�3�� ����'����� KB ($��!�������#����
 KDML 105 x BKOS), BK 

($��!�������#����
 BKOS x KDML 105), TB ($��!�������#����
 TKOS x BKOS ),  BT ( 

$��!�������#����
 BKOS x TKOS), KT (  $��!�������#����
 KDML 105 x TKOS),   

 
	���	���!�
&��*�����% OPAI11 �;+

��3@, (1.4 kb) ��*�#
	 BKOS 
	�����������

'������$�	 F1 *,���'��*��*%!���	����
����'������;+
�����*�	0$% BKOS ���	*�� ��6�3����,

���*�	0$%�6+	9$���	�#*,3@,!����	��9�+���	�! 1.4 kb �&�	�!�����	��,9�+*,
	 BKOS (/�*9�+ 

2.2 3'# 2.5) 3���#���*,
	��������#'� 105 3'#����'�������
�����'��*�	0$%�6+	 <  

   

 

 
 /�*9�+ 2.5  /�* DNA fingerprints !����9�	�� HAT-RAPD "!�
&��*�����% OPAI11 

��
����'������$�	 F1 '��=�&��3@,!����	���	�!��#��- 1.4 kb 9�+*,��*�#
	'�����9�+�� 

BKOS ���	*����6�3��.KB1, KB2, KB3, BK1 = ����'������#����
���� BKOS 3'# KDML 

105. TB1, BT5 = ����'������#����
���� TKOS 3'# BKOS, KT ����'������#����
 KDML 

105 TKOS �;+
�����3@,!����	��!�
�'���������;�	 

 

�/PstI  KDML TKOS  BKOS   KB1    KB2    KB3     BK1    TB1      BT5       KT   
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 /�*9�+  2.6   /�* DNA fingerprints !����9�	�� HAT-RAPD "!�
&��*����% OPAI11 

��
����'������$�	 F2 '��=�&��3@,!����	���	�!��#��- 1.4 kb 9�+*,
	���*�	0$% BKOS, KB3 

(������� F1 �#����
 BKOS x KDML105 ), ������, R1, R2, M1, M2, G1, G2 ���	����'����� 

�$�	 F2 (��� KB3) "!�9�+3@,!���	�� 1.4 kb ���*,��*�#
	 M2 

 

 

 /�*9�+ 2.7 3�!
�'�'�� PCR 9����!�������*�����% BF1 3'# BR1 "!�*,
	 BKOS 

('��=������) 3'#
	 javanica ('��=���!��) �;+
������������
<. KDML (lanes 1-2), the BKOS, 

UKOS, TKOS, PKOS1, PKOS3 mutants (lanes 3-7) and �����6+	< �!�3�� �9$�0�	� 1, 

�$*��-,$�� 60, �����+�� 3'#����>�+�$�	, (lanes 8-11). M �6�!���	3�������	��
 lambda 

DNA/PstI   

 

 �/PstI    KDML   BKOS     KB3        R1          R2         M1         M2         G1          G2 
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 /���'�
�*�# ����'����� KB3 �$�	 F1 �����"!� self-fertilization ���	��	�;
������,
'��*��*%!���	����
����'������$�	 F2 ���	�	 5 �������
 (R1, R2, M1, M2, G1} 3'# G2 ) 
!����*�����% OPAI11 *,��	9�+*,3@,!����	���	�! 1.4 kb (/�*9�+ 2.6) �����	 M2 3�!
���
�����#������9�
*�	0$������
�����@���  ����
��������!�'�
	��&��	���	!���	��	�� (1.4 kb) ��
��'��!�,�,� ���	��	�!����3,,�*�����%���#�
&6+� BF1 3'#BR1 �;+
�����@�*�+����������-
!���	�� �	�! 300 ����,�  ��6+�'�
	����������,��,�����'�����*�	0$% �!�3�� KDML 105, 
BKOS, UKOS, TKOS, PKOS1, PKOS3 3'#�����6+	< �!�3�� �9$�0�	� 1, �$*��-,$�� 60, ����
�+�� 3'#����>�+�$�	  *,3@,!���	���	�! 300 ����,�9�+����������
	 BKOS 3����*,
	�������
*�	0$%>�+�$�	!��� (����������3@,��
<) /�*9�+ 2.7  3����6+�������,!����*�����% microsatellite  
(OSR28F: 5-agcagctctagcttagctgg -3’ and OSR28R:  5-actgcacatcagcagagaca -3’) *,���
	����	��"��'�$'��
3@,!���	���#����
  BKOS 3'#�������*�	0$%�6+	 ( KDML 105, BKOS, 
UKOS, TKOS, PKOS1, PKOS3, �9$�0�	� 1, �$*��-,$�� 60) ���3�����
��	 3���#3�����

��,����>�+�$�	3�����
��	 (/�*9�+ 2.8)  !���9��
 2 markers !�
	��	�#�����@,������3�����

�#����
 BKOS ������ ����>�+�$�	�!� ��#"�&	%��
 marker 9�+�!��#	����
&�������,�����,��

��6��6	��	*�	0$%��
��������#'����*�	0$% BKOS �����  
 

 

 /�*9�+ 2.8   3�!
����*�+����������-!���	��!��� microsatellite primer (OSR28F 

3'# OSR28R) KDML (lane 1); BKOS, UKOS, TKOS, PKOS1, PKOS3 (lanes 2-6); 

�9$�0�	� 1, �$*��-,$�� 60 3'#����>�+�$�	  (lanes 7-10 ). '��=�3�!
3@,!���	����
����>�+�$�	

9�+3�����
����������*�	0$%�6+	. M !���	�����6+�
������
 Lambda DNA/ PstI   
 

2.5) 3��
��������� 

 Anuntalabhochai S., Chaingda J., Chundet R. and Apavatjrut P. (2000). Genetic diversity with 

in Lychee (Lichi chirensis Sonn.) based on RAPD analysis. Present in international symposium on 

ropical and subtropical fruits, Nov 26th- Dec 1st. Canns Australia: 45. 

 Doyle J.J. and Doyle J.L. (1990). Isolation of plant DNA from fresh tissue. Focus. 12 (1) :13-

15.  
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 �446"3 : ���&��
�J��	��3!�� %�� cDNAs 	��%���&������ (Oryza sativa 

indica) KDML105 

  

 9�+���	���!����
�	9��,��������@"�'	��	 Rab5 3'# Rab7 �;+
��	9�+�����������

��
����#�% small GTP binding proteins "!�9�+ Rab5 ���	��	9�+���+�����
��, early endocytosis  

(Anuntalabhochai et al 1991,) 
	�-#9�+ Rab7  ���+�����
��, late endocytosis (Sona et al., 

2003.)  "!���*�# Rab5 �����
�	�����	 Rab5 9�+�!���� Arabidopsis 	��	*,���3�!
������


	�	6����6+����	���, ��	 (shoot) 3�����*,���3�!
���
	 ��	 3'#
, (Anuntalabhochai et al 

1991,)  	�����	��	��
����*,��������@&��	��
��3�!
���
	/��#��!�	"����	 3'#

7��7���� 
	����>�+�$�	 (Wang et al., 2001)  "!�9�+����	"����	�����@&��	��
����	 Rab5 

3�!
����!�!� ���9��
�	"����	���	������������,�������>���,"���
*6&  	�+	��3�!
���"����	 

Rab5 ����#��,9,�9����������>��
���
	/��#9�+�!���,�������� (nutrient-regulated root 

growth)  
	�	�����������@9��,���9��
�	��
��	!�
�'����!� ����#	����&������
���

����>���,"���
�����!�!������$	���;
�	
��#=;�4��	��9�+��
��	����������!���#'� 105 "!�
	

���9!�
	���#
&��9�	�� RT-PCR 
	���,�
,���	��9�+��
��	  

 	�����	��	
	���9!'�
	�������@"�'	��	 polygalacturodase ����������!���#'� 

105 �;+
�!����
�	���
'��
	�� ���9��
�	��9�+��
��		��!��� 

 

 3.1) ������&� cDNA 46"3%���&

 polygalacturodase , OsPG 1  	��%���&������ 

(Oryza sativa indica) KDML105 

 �	6+�
��������
�	��� ���9�+�'������		�+� ���	�'�	6+�
������9��
�	��
��	���%9�+

�����@�����	�
��''%��
*6& (Grierson, 1985) 
	�'$����
 endopolygalacturonase (PG; EC 

3.2.1.15) "!�9�+��	���%&	�!	��*,������!�����'�+�	3�'

	�-#9�+�'���	�+� (Crookes and 

Grierson, 1983)   ��	���% PG �#������ *�	0# ��
 galacturonan linkages �;+
9��
��

"��
����
��
 pectin ��'�+�	�� �	6+�
��� Pectin ��!������	"��'�$'�&�
���	9�+��#��,!����'��

�����
 polysaccharides 3'#���	�����#��,9�+*,���9��

	�	�
��''%3'# middle lamella 

��
�	6����6+����	��
*6& (Roberts 1990). ��! Polygalacturonic (PGA), '��4-#���	��'���9�+

���!��� ��!1,4-a-D-galacturonic acid 9�+�&6+�������	 3 '#@6�������	�
�%��#��,*6�	��	��
 

pectic polysaccharides. "!�9�+"��'�$'��
 Pectic �&6+���	�#����
	�����
 matrix 
	�	�
��''%

��
*6&3'#���	���&���
����''%*6&�;!��!��	3	�	 (cell-to-cell adhesion) �!�!��� the middle 

lamellae.  

 

 ������, Polygalacturonase (PGase) ���	��	���%9�+�����@�'��*�	0# 1,4-a-D-

galacturonosyl linkages ��
��! PGAs �!�  !�
	��	!����6�	��� �#���	��	���% 9�+�����@����
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�'��  acidic polymers 
	�	�
��''%�!����	����
!� "!�9�+�����	���% PGases 3,�

���<�!����	 

2 �'$��
�>� �;�	��,��0�����'��*�	0#
	�	�
��''%  (Rexova’-Benkova’ and Markovic 1976) 

�!�3���'$��9�+�'��*�	0#3,,�$��
	(randomly cleaving type) ������'$��	����� endo-PGase ( EC 

3.2.1.15) 3'#�'$��9�+�'��*�	0#9�
!��		������ (terminally cleaving type) ������'$��	����� 

(exo-PGase) (EC 3.2.1.67, EC 3.2.1.82). 

 

 ��	���% PGases 9��
��
�'$��"!�����#*,���������	 
	�'��� 
, 3'#�����
*6&�'��

&	�! (Pressey 1986).  !�
	��	�����,���
������������
��	���% PG ���	��!���#9��
���	�
��''%

��
�
������� ��	�#���	������
��	���,$��$���
"��*6&   

 ����$,�	��#"�&	%9�+���!��� PG �!�3�����&#'�����$���
�#��6��9= 3'#�!����	*�	0$%9�+

&6+���� FLAVR SAVR™ ���	���
&��9�	�� antisense 
	'!�����-��	���% ��6����������


��	���%'
  (Sheehy et al., 1988) 

 

 3.2) �
�Z����
���  

 
	���9!'�
	���!���	�� cDNAs 9�+��������"����	 galactoronase (PG)  ����������

�#'�105  

 3.3) ��$64+���  

 ������ total RNA ���
,���	���$ 15 ��	��
��������#'� 105  (Oryza sativa indica 

var. KDML 105 ) !������'#'��  Trizol Reagent (Gibco BRL). �'�
���	��	 	��������
 

cDNA library "!���=���������%�6�  pDNR-LIB (4.2 kb) "!���=�� Creator SMART cDNA 

library construction kit (Invitrogen).  

 ���	��	�!���!�'6����	9�+���
������ cDNA library ��
��������#'� "!�9�+ probe 

������,"����	 PG �!����&��	���	 DNA (9�+���!�������*�+����������-!�����0� PCR) 

��
��:� cDNA probe ���
�(��#��;��
����  DIG High Prime DNA Labelling and Detection 
Starter kit II (Roche) "������%)��<����=�  cDNA library ���$#������
=	
���<������ 105  >��<���


��)��$�?�
����	 1 cDNA clones )?� pOSPG  �;+
���+�����
��,�����
����#�%��	���% 

Polygalacturonase ( PG ) "!�&��	���	 cDNA 9�+�!�@��������������������% 2 &	�! �6� pGEM3Zf+ 

3'# pTZ52R ���	��		�� Recombinant 9�+�!�����'��!�,�,�"!�
&� primer M13F 3'# T7 "!�

'��!�,�,�9�+�!�3��'#���	
��&6+�
��� !�
	��  

1. PG1 = plasmid pGEM3Zf+  9�+��&��	���	��
��	 PG 
&��*�����% M13F 
	�����

'��!�,�,�  

2. PG2 = plasmid pGEM3Zf+  9�+�� &��	���	��
��	 PG 
&��*�����% T7 
	�����'��!�,

�,�  
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3. PG3 = plasmid pTZ52R   9�+�� &��	���	��
��	 PG  
&��*�����% M13F 
	�����

'��!�,�,�  

�*6+����
����6	��	����@�����

	�����'��!�,��
��	9�+�������� PG 3'#�!��'!�
	��  

 
PG1             TNGTACGACGG---CCANTGNATTGTAATACGCACTCACTATAGGGGCGAATTCGGCCNT 
PG3                                        --------CGG---CCT------------------------------------------- 
PG2                                      --------CNNGCT---------------------------------------------- 
 
PG1             TTCGGCCGGGGGAACGAATATAACTG-TTTCTAATGTTACTATCTTAGCTCCTATTTCTA 
PG3             -TCGGCCGGGG-CACGAATATAACTGGTTTCTAATGTTACTATCTTAGCTCCTATTTCTA 
PG2             -TCGGCCGGGG--CCGAATATAACTG-TTTCTAATGTTACTATCTTAGCTTN-TTTTCTA 
 
PG1             GTGCTCCAAACACAG-ATGGCATAGATCCAGATTCTTGTCAGGATGTGCTTATTGAGAAT 
PG3             GTGCTCCAAACACAG-ATGGCATAGATCCAGATTCTTGTCAGGATGTGCTTATTGAGAAT 
PG2             GGGGAACAAACACAGNATGGCATAGATCCAGATTCTTGTCAGGATGTGCTTATTGAGAAT 
 
PG1             TGCTACATTTCAGTTGGTGATGATGCCATAGCGGTAAAGAGTGGGTGGGATCAATATGGG 
PG3             TGCTACATTTCAGTTGGTGATGATGCCATAGCGGTAAAGAGTGGGTGGGATCAATATGGG 
PG2             TGCTACATTTCAGTTGGTGATGATGCCATAGCGGTAAAGAGTGGGTGGGATCAATATGGG 

PG1             ATTGCATATGGGCGCCCATCTCGTAACATTGTGATACGCAATGTAATGGCTCGTTCATTG 
PG3             ATTGCATATGGGCGCCCATCTCGTAACATTGTGATACGCAATGTAATGGCTCGTTCATTG 
PG2             ATTGCATATGGGCGCCCATCTCGTAACATTGTGATACGCAATGTAATGGCTCGTTCATTG 
                 
PG1             GTCAGTGCTGGAATTTCAATTGGCAGTGAGATGTCTGGTGGGATTGCAAATGTTACAGTG 
PG3             GTCAGTGCTGGAATTTCAATTGGCAGTGAGATGTCTGGTGGGATTGCAAATGTTACAGTG 
PG2             GTCAGTGCTGGAATTTCAATTGGCAGTGAGATGTCTGGTGGGATTGCAAATGTTACAGTG 
                 
PG1             GAGGATGTCCGCATTTGGGAGTCACGGCGAGGTTTGAGAATAAAGACTGCCATAGGAAGA 
PG3             GAGGATGTCCGCATTTGGGAGTCACGGCGAGGTTTGAGAATAAAGACTGCCATAGGAAGA 
PG2             GAGGATGTCCGCATTTGGGAGTCACGGCGAGGTTTGAGAATAAAGACTGCCATAGGAAGA 
                 
PG1             GGGGGCTACATCCACGATATCTCCTATCGCAACATAACCTTCGACAATGTCCGTGCTGGT 
PG3             GGGGGCTACATCCACGATATCTCCTATCGCAACATAACCTTCGACAATGTCCGTGCTGGT 
PG2             GGGGGCTACATCCACGATATCTCCTATCGCAACATAACCTTCGACAATGTCCGTGCTGGT 
 

PG1             ATTGTGATAAAGGTTGACTACAATGAGCACGCTGATGATGGGTATGACCGGGATGCCTTT 
PG3             ATTGTGATAAAGGTTGACTACAATGAGCACGCTGATGATGGGTATGACCGGGATGCCTTT 
PG2             ATTGTGATAAAGGTTGACTACAATGAGCACGCTGATGATGGGTATGACCGGGATGCCTTT 
                 
PG1             CCAGACATCACAAACATATCATTCAAGGAAATACATGGGCGAGGTGTCCGGGTGCCAGTC 
PG3             CCAGACATCACAAACATATCATTCAAGGAAATACATGGGCGAGGTGTCCGGGTGCCAGTC 
PG2             CCAGACATCACAAACATATCATTCAAGGAAATACATGGGCGAGGTGTCCGGGTGCCAGTC 

PG1             CGTGCTCATGGCAGCAGTGACATTCCCATCAAGGACATCAGCTTTCAGGGCATGTCTATC 
PG3             CGTGCTCATGGCAGCAGTGACATTCCCATCAAGGACATCAGCTTTCAGGGCATGTCTATC 
PG2             CGTGCTCATGGCAGCAGTGACATTCCCATCAAGGACATCAGCTTTCAGGGCATGTCTATC 

PG1             GGCATCAGCTACAAGAAGAAACATATTTTCCAGTGTTCCTTCATTGAGGGGCGTGTCATC 
PG3             GGCATCAGCTACAAGAAGAAACATATTTTCCAGTGTTCCTTCATTGAGGGGCGTGTCATC 
PG2             GGCATCAGCTACAACAACCCACANATTTTCCAGTGTTCCTTCATTGAGGGGCGTGTCATC 
 
PG1             GGGTCAGTGTTTCCAAAACCATGCGAGAATTTGGATCTCTACAATGAGCAAGGGCAGCTT 
PG3             GGGTCAGTGTTTCCAAAACCATGCGAGAATTTGGATCTCTACAATGAGCAAGGGCAGCTT 
PG2             GGGTCAGTGTTTCCAAAACCATGCGAGAATTTGGATCTCTACAATGAGCAAGGGCAGCTT 
                 
PG1             GTTAAGCGTGCAGCAATGGTAAACAGCACGGAAGTTGATTATGACATATGATGATATAGG 
PG3             GTTAAGCGTGCAGCAATGGTAAACAGCACGGAAGTTGATTATGACATATGATGATATAGG 
PG2             GTTAAGCGTGCAGCAATGGTAAACAGCACGGAAGTTGATTATGACATATGATGATATAGG 
 
 
 

/�*9�+ 3.1 3�!
'��!�,	���'�"��9!%��
 OSPG 9�+��'��!�,�,� 3 ����
 ���3�	�
 EcoRI ���	

���3�	�
�$!��!��	���%
	�������% stop ���	���3�	�
��$!��
��	  "!�9�+���������
��	��
���

���	��	9��
���	�*��#���*, start codon 
	'��!�,�,�   
 

Stop 

EcoRI 
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PG3                                               ------------------LVSNVTILAPISSAPNTDGIDPDSCQDVLIENCYISVGDDAI 
PG2                                               ------------------LVSNVTILAPISSAPNTDGIDPDSCQDVLIENCYISVGDDAI 
PG1             YALTIGANSAXSAGGTNITVSNVTILAPISSAPNTDGIDPDSCQDVLIENCYISVGDDAI 
                                    
PG3             AVKSGWDQYGIAYGRPSRNIVIRNVMARSLVSAGISIGSEMSGGIANVTVEDVRIWESRR 
PG2             AVKSGWDQYGIAYGRPSRNIVIRNVMARSLVSAGISIGSEMSGGIANVTVEDVRIWESRR 
PG1             AVKSGWDQYGIAYGRPSRNIVIRNVMARSLVSAGISIGSEMSGGIANVTVEDVRIWESRR 
 
PG3             GLRIKTAIGRGGYIHDISYRNITFDNVRAGIVIKVDYNEHADDGYDRDAFPDITNISFKE 
PG2             GLRIKTAIGRGGYIHDISYRNITFDNVRAGIVIKVDYNEHADDGYDRDAFPDITNISFKE 
PG1             GLRIKTAIGRGGYIHDISYRNITFDNVRAGIVIKVDYNEHADDGYDRDAFPDITNISFKE 
 
PG3             IHGRGVRVPVRAHGSSDIPIKDISFQGMSIGISYKKKHIFQCSFIEGRVIGSVFPKPCEN 
PG2             IHGRGVRVPVRAHGSSDIPIKDISFQGMSIGISYKKKHIFQCSFIEGRVIGSVFPKPCEN 
PG1             IHGRGVRVPVRAHGSSDIPIKDISFQGMSIGISYKKKHIFQCSFIEGRVIGSVFPKPCEN 
 
PG3             LDLYNEQGQLVKRAAMVNSTEVDYDI 
PG2             LDLYNEQGQLVKRAAMVNSTEVDYDI 
PG1             LDLYNEQGQLVKRAAMVNSTEVDYDI 

 
 /�*9�+ 3.2 3�!
'��!�,��!�#��"	��
 OSPG 9�+��'��!�,�,� 3 ����
 "!�9�+���������
��	��


������	��	9��
���	�*��#���*, start codon (M) 
	�����
��!�#��"	 
 

Sequence 1:   OSPG1       

Sequence 2: Oryza sativa japonica     93%             

Sequence 3: Arabidopsis thaliana    63%            

Sequence 6: Eucalyptus globulus (Tasmanian blue gum) 62%        

Sequence 4: Medicago truncatula (Barrel medic)   60%   

Sequence 5: Vitis vinifera Grape     59%           

  

 /�*9�+ 3.3 �����,�9��,�������6�	��
��
 OSPG ��,��	
	 GenBank  

 

3.4) *����4+��� 

  

 ������,��*�#��	 OsPG 9�+�!��-#	�����������  771 ����,� "!�9�+'��!�,�,�9�
!��	

�'��  5’ ��
��!������������	�	�	;+
 �;+
�#��	��'��!�,�,�9�
�'�� 5’  "!���0� 5’ RACE 

����� ���	,����-�'�� 3’ *,�	�$!���	9�+ stop codon (/�*9�+ 3.1)   3'#��6+�3�'���	��!�#��

"	9�+��������� 257 ��!�#��"	 (/�*9�+ 3.2)  �����������,�9��,�������6�	
	 GenBank 

database *,���'��!�,��!�#��"	��
 OsPG �����6�	���9�+�$!��,��, Oryza sativa japonica, 

Arabidopsis thaliana , Eucalyptus globulus, Medicago truncatula, Vitis vinifera !�������

���6�	  93%, 63%, 62%, 60 3'# 59% ���'��!�, (/�*9�+ 3.3) 3'#�!�3�!

	�����
 

dendrogram (/�*9�+ 3.4)  
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 /�*9�+ 3.4 Dendrogarm 3�!
�������*�	0$%����
�'�&�!�#����
 OSPG ��,*6&&	�!

�6+	
	 GenBank 

     

 3.4.1) ���-H�J����'
+����%���6� Rab5 , Rab7 '�� PG ��3�=Q�3�="����3��

�,��  [ %��%���%��+������ 105 

  
	���=;�4���6+�
	���*6+����
���9��,���3�!
�����
��	 Rab5 , Rab7 3'# PG (���

�������!���#'� 105)  
	�	6����6+�,����-���
 < ��
�������!���#'�105 "!�
&���0� 

quantitative RT-PCR !�
	��  

 

 3.4.1.1) ���
�
+ RNA '�����

�3����&� 1st cDNA  

 - 	���	6����6+�����,����-���
 < 5 ,����-�!�3�� �'������������ 0.5 cm., "�	���

,����-9�+ ����	�����', 3��	
,��

,9�+ 5 9�+�����$ 30 3'# 60 ��	 3'#!������ �����! RNA "!�


&� TRIzol reagent (Invitrogen)    

 - ��
����#�% 1st cDNA ���RNA 9�+���!�!� "!�
&� First Strand cDNA Synthesis Kit 

(Fermentas) !���	�	��0����!������3	#	����
,��4�9 
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 3.4.1.2 )-H�J����'
+����%���6� Rab5 , Rab7 '�� PG �+���-
�34���� RT-

PCR 	��3�=Q�3�="����3���,��[ 

 - ��������� 1
st
 DNA �*6+��#
&����	39�	*��*%
	���9!'�
���=;�4����3�!
�����


��	 

- 
&� 1
st
 cDNA ���"�	������*�+����������-!���	��!�����0� RT-PCR "!�
&� Actin 

primer (�;+
���3,,���'��!�,�,����,����-�	$���4%��
��	 actin �����	�����') �*6+����	�'$��

��,�$�9�+�#
&�
	��������	�	��,9�+����#��
	�����
����#�%!���	�����
���  

�
6+�	��
	���9����������� �6�  

 

     �$-�/��� (
o
C)   ��'�  ���	�	��, 

         94    5    	�9�           1 

         94                           30 ��	�9�                  

           55                           30 ��	�9�                   35 , 40 , 45 , 50  

           72           30 ��	�9� 

           72    10  	�9�  

 
	9�+	���#�*�+����	�	��,9�'# 5 ��,         

    	���'�'��9�+�!�������9�� RT-PCR ��������,"!�
&��9�	�� electrophoresis  ��'9�+


&� �6� Agarose gel ����������	 1.4% 

- @������3@,!����	��9�+�!�
	���9�� RT-PCR 
	3��'#�
6+�	�� ���	��		����������#�%��

���	�	��,9�+����#��������,��������� RT-PCR "!�������#�%����������
3@,!����	��"!�

!���"��3��� Scion Image ��*6�	9�+
�����7��
3��'#3@,!����	��3'#�������
3�	/������	��


������	�;�	  

- 	���
6+�	����
���	�	��,9�+����#����
&�
	���9�� RT-PCR ��
 1
st
 cDNA 9�+�!����

�	6����6+�,����-���
 < 9��
 5 ,����- ���	��	������,�'�'��9�+�!�!����9�	�� electrophoresis 

3'#������#�%����������
3@,!����	��9�+�!�!���"��3��� Scion Image   

- ���,����������	��
 1
st
 cDNA 3��*��*%��
9$��������

���9����	"!����������,

�������������
3@,!����	��9�+�!������������ RT-PCR ��
3��'#�������
 

 

 3.4.1.3)  -H�J����'
+����%���6� Rab5 , Rab7 '�� PG ��3�=Q�3�="��,�� [ %��

%���%��+������ 105 �+���$6 RT-PCR 

 - ���3,, primers ������,��������� RT-PCR ������,��	 Rab5, Rab7 3'# PG "!�

�'6��'��!�,�,�9�
,����-!��	�'�� 3’ �*6+�
��
���!�3@,!����	�����
���9�+���
������	�!����


	&��
 220 – 350 ����,�  



 

 

30

30

 - 	�� 1
st
 cDNA ,����-"�	���9�+���,����������	3'��
	��� 3.4.1.2 �����
6+�	��9�+

����#��
	��������� RT-PCR "!�
&��*����%��*�# (������,	) 9�+���3,,������,��	 Rab5, 

Rab7 3'# PG  �*6+�=;�4����3�!
�����
��	
	3��'#�������
 "!����
6+�	�� !�
	��  

 

�$-�/��� (
o
C)    �'�   ���	�	��, 

          94                            5   	�9�                          1 

          94            30 ��	�9�             

          63
 
 ������, Rab5 

                  66  ������, Rab7           30 ��	�9�  20, 25, 30, 35, 40  

         65 ������, PG   

          72            30 ��	�9� 

          72                          10    	�9�            1 

 - @������3@,!����	��9�+�!�
	������������ RT-PCR 
	3��'#�
6+�	�� ���	��		����

������#�%����,9�+����#��������,��������� RT-PCR "!��#������#�%����������
3@,!����	��

"!�
&�"��3��� Scion Image 3'#�������
3�	/������	��
 

 - 	���
6+�	����
���	�	��,9�+����#��
	3��'#��	 ��9!��,
	��������� RT-PCR ��
 

1
st
 cDNA 9�+���,����������	3'�������� 3.4.1.2 ��
�������
9��
��! ���	��	��������,

�'�'��9�+�!�!����9�	�� electrophoresis 3'#������#�%����������
3@,!����	��9�+�!�!���

"��3��� Scion Image   

 - �����,�9��,���3�!
���
	3��'#�	6����6+���
3��'#��	"!��������
3�	/���39�
 

 

 3.4.1.4) ���&�3�="���%46"3&���
��������
�����3%��%��%�� 1st cDNA '�,!��!� 

 ��6+�	���'�'��9�+�!�������9�� RT-PCR 9�+
&� actin primer 
	�����
����#�%!����	�����


�����
�	6����6+�9�+"�	��� "!�
&���,
	�����
����#�%���
��	 �!��'!�
 /�*9�+ 3.5  

 

���/�*9�+ 3.5 ����������
3@,!����	��9�+�!� ��!�!�������*6�	9�+
�����7�'�
���

������#�%!���"��3��� Scion Image *,������	�	��,9�+�!�3@,!����	��9�+�����������������

�;+
�'�
��
����*�+��;�	��
����������
3@,!����	�� �6� 50 ��, !�
3�!

	3�	/���39�

	

��� 1� �;
	���
6+�	��9�+�!���
&�
	���9�� RT-PCR �*6+����,����������	��
1
st
 cDNA 3��*��*%


���9����	 !�
/�*9�+ 3.6 
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/�*9�+ 3.5   (�) 3�!
3@,!����	��9�+�!������������� RT-PCR ��
�	6����6+�,����-"�	

���"!�
&� actin primer 9�+���	�	��,���
��	 �!�3�� 40, 45, 50 3'# 55 ��,. (�)  3�	/���

���	��
3�!
���*6�	9�+
�����7��
3@,!����	��
	3��'#�
6+�	����
���	�	��,
	��������� RT-

PCR ��
 1
st
 cDNA ���"�	���"!�
&� actin primer  

 

  

 

  

  

  

 /�*9�+ 3.6  3@,!����	��9�+�!������������� RT-PCR "!�
&��*����% actin (�
6+�	��

��������� �6� 94
o
C 5	�9� 1 ��,, 94

o
C 30 ��	�9� ; 55

o
C 30 ��	�9� ; 72

o
C 30 ��	�9� 50 ��,, 

72
o
C 10 	�9� 1 ��,) "!�
&� 1

st
 cDNA ����	6����6+�9��
 5 ,����-���	39�	*��*% (RT = �'��

���������� 0.5 cm., MR = "�	���9�+����	�����', L30 = 3��	
,����!���#'� 105 
,9�+ 5 9�+��

���$ 30 ��	, L60 = 3��	
,����!���#'� 105 9�+ 5 9�+�����$60 ��	 3'# F = !��) 
 

 3.4.1.5)  ���-H�J����'
+����%���6� Rab5, Rab7 '�� PG 	��3�=Q�3�="����3��

�,�� [ %��%���%��+������ 105 �+���-
�34���� RT-PCR  

 

    2

*6�	9�+
�����7��
3@,!����	�� 

���	�	��,
	���9�� RT-PCR 

           40            45            50            55 
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 1) *����-H�J����'
+����%���6� Rab5 


&� 1
st
 cDNA 9�+����������	�9����	
	��� 2.1 ��
"�	��������
6+�	��9�+����#��
	���9�� RT-

PCR ��
��	 Rab5 !�
�
6+�	��
	��� 1.2.2 *,�����,9�+����#��
	���9�� RT-PCR �6� 27 ��, 

!�
/�*9�+ 3.7 

   

 

        

 

 

 

 

 

 

           

  

 

 
 

 

/�*9�+ 3.7 ��� � �6�3@,!����	��9�+�!������������� RT-PCR ��
�	6����6+�,����-"�	���

"!�
&��*����%������, Rab5 9�+���	�	��,���
��	 �!�3�� 20, 25, 30, 35 3'# 40 ��,, (�) 

3�	/������	��
3�!
���*6�	9�+
�����7��
3@,!����	��
	3��'#�
6+�	����
���	�	��,9�+���
��	


	���9�� RT-PCR ��
 1
st
 cDNA ���"�	���"!�
&� �*����%������, Rab5 

 

���	��	
&��*����%������, Rab5 ��=;�4����3�!
�����
��	 Rab5 "!���������� RT-

PCR �;+
�#
&� 1
st
 cDNA ��
9��
 5 �	6����6+�,���	39�	*��*% ����
6+�	��
	���9����������� �6� 

94
o
C 5	�9� 1 ��,, 94

o
C 30 ��	�9�; 63

o
C 30 ��	�9�; 72

o
C 30 ��	�9� 27 ��,, 72

o
C 10 	�9� 1 

��, *,��� �����@��
����#�%3@,!����	���!�
	9$��	6����6+�
	��������9�+3�����
��	 !�
/�*9�+ 

3.8  

 

 ���/�*9�+ 3.8 3�!

�����	�����	 Rab5 �����3�!
���
	�	6����6+����	��� 9��
�'����� 

3'#"�	������9�+��������
�	�����	���9��

	!�� 3����������,�9��,���3�!
���9�+ 
,

���$���
< *,�����	 Rab5 ���3�!
���
	
,���$ 30 ��	 3����*,���3�!
�����9�+���$ 60 ��	 

���	���!�9�+��		������#���+�����
��,�#�#��6+���/�* (senescence) ��

,  
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���	�	��,
	���9�� RT-PCR 
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 /�*9�+ 3.8  (�)  3@,!����	��9�+�!������������� RT-PCR "!�
&��*����%������, Rab5

��
����#�%��� 1
st
 cDNA ����	6����6+�,����-���
 < 9��
 5 ,����-��
�������!���#'� 105 3'# 

(�) 3�	/���39�
�����,�9��,����������
3@,!����	��9�+�!�����	6����6+�9��
 5 ,����- (RT = 

�'������������ 0.5 cm., MR = "�	���9�+����	�����', L30 = 3��	
,����!���#'� 105 
,9�+ 

5 9�+�����$ 30 ��	, L60 = 3��	
,����!���#'� 105 9�+ 5 9�+�����$60 ��	 3'# F = !��) 
 

 3.4.3.2) *����-H�J����'
+����%���6� Rab7 

 
	������
6+�	��9�+����#��������,���3�!
�����
��	 Rab7 "!���=��1
st
 cDNA ���

"�	������	39�	*��*%"!���������� RT-PCR �!����,���!�
�
6+�	��
	��� 1.2.2  *,���3@,!����	

��9�+�!�����������3'#3	�"	������*�+��;�	��
����������
3@,!����	��
�'�����
��,���9�� RT-

PCR "!�
&��*����%������, Rab5 !�
	��	��,9�+����#��
	��������� RT-PCR ��
��	 Rab7 �6� 

27 ��,�9����	 ������	��		�� 1
st
 cDNA ����	6����6+����
 < ���	3��*��*%
	���9�� RT-PCR ���

�
6+�	��
	���9����������� �6� 94
o
C 5	�9� 1 ��,, 94

o
C 30 ��	�9� ; 66

o
C 30 ��	�9� ; 72

o
C 30 

��	�9� 27 ��,, 72
o
C 10 	�9� 1 ��, *,��� �����@��
����#�%3@,!����	���!�
	9$��	6����6+� !�


/�*9�+ 3.9 

���/�*9�+ 3.9 3�!

�����	�����	 Rab7 �����3�!
������6�	��,��	 Rab5 9$��	6����6+�

�*��#*,���3�!

	��� (�'��3'#"�	���) 3'#9�+!�� ���*,3�!
���
	
,���$ 30 ��	 3��

��*,���3�!
�����9�+���$ 60 ��	 �	6+�
���9��
 2 ��	9��
�	������	
	��#,�	 endocytosis 

"!�9�+ Rab5 ���+�����
��,�#� early endocytosis ���	 Rab7 ���+�����
��,�#�# late 

endocyastosis 
	��#,�	 secretion traffics protein transport  

             RT         MR       L30                L60              F 

    
 

   
 

*6�	9�+
�����7��
3@,!����	�� 
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/�*9�+ 3.9 (�) 3@,!����	��9�+�!������������� RT-PCR "!�
&��*����%������, Rab7 ��
����#�%��� 

1st cDNA ����	6����6+�,����-���
 < 9��
 5 ,����-��
�������!���#'� 105 3'#��� � 3�	/���39�


�����,�9��,����������
3@,!����	��9�+�!�����	6����6+�9��
 5 ,����- (RT = �'������������ 0.5 cm., MR 

= "�	���9�+����	�����', L30 = 3��	
,����!���#'� 105 
,9�+ 5 9�+�����$ 30 ��	, L60 = 3��	
,����!���#'� 

105 9�+ 5 9�+�����$60 ��	 3'# F = !��) 

 

 

 

          

     

 

 

 

 

 

 

 
 

 

/�*9�+ 3.10 (�) �6�3@,!����	��9�+�!������������� RT-PCR ��
�	6����6+�,����-"�	���"!�
&�

�*�����%������, PG 9�+���	�	��,���
��	 �!�3�� 20, 25, 30 3'# 35 ��,, (�) 3�	/������	��
3�!
���

*6�	9�+
�����7��
3@,!����	��
	3��'#�
6+�	����
���	�	��,9�+���
��	��
��������� RT-PCR   
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3.4.3.3) *����-H�J����'
+����%���6� PG 

	�� 1
st
 cDNA ���"�	��������
6+�	��9�+����#��
	���9�� RT-PCR ��
��	 

PG!�
�
6+�	��
	��� 1.2.2  *,�����,9�+����#����������� RT-PCR �6� 33 ��, !�
/�*9�+ 3.10 

 

������, ��������� RT-PCR "!�
&� 1
st
 cDNA ����	6����6+����
 < ���	3��*��*% "!�
&� �*

����%������, PG �!�!���	�	
	�
6+�	�� �6� 94
o
C 5	�9� 1 ��,, 94

o
C 30 ��	�9�; 65

o
C 30 ��	�9� ; 

72
o
C 30 ��	�9� 33 ��,, 72

o
C 10 	�9� 1 ��, *,��������@��
����#�%3@,!����	���!�
	9$�

�	6����6+� /�*9�+ 3.11 

 

 

 

 

 

          

           

           

           

           

           

           

           

           

           

      

/�*9�+ 3.11 (�) 3@,!����	��9�+�!���������� RT-PCR "!�
&��*����%������, PG "!�
&� 

1
st
 cDNA ����	6����6+�,����-���
 < 9��
 5 ,����-��
�������!���#'� 105 ���	3��*��*% (�) 

3�	/���39�
�����,�9��,����������
3@,!����	��9�+�!�����	6����6+�9��
 5 ,����- 

RT = �'������������ 0.5 cm., MR = "�	���9�+����	�����', L30 = 3��	
,����!���#'� 105 


,9�+ 5 9�+�����$ 30 ��	, L60 = 3��	
,����!���#'� 105 9�+ 5 9�+�����$60 ��	 3'# F = !�� 

 

 ������,��	 PG *,��������3�!
�����9�+�$!
	���	��
!�� ��
'
���!�3��9�+ �'����� 

"�	��� 3'#
,���$ 30 ��	  3'# *,	���9�+3�!
���9�+
,���$ 60 ��	 !�
	��	�&6+������	 PG ���	��

9�+�#���+�����
��,��,��#,�	��� senescence 
	
, 3���#���+�����
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�446" 4: ����
�����&�3��+�������!
�$����!=�*
��,�����+ 

4.1) *
�
�
+ ( Lactuna sativus ) 

 
	���=;�4���6+�
���&��	������'��*�	0$%
	*6&��� !���'������	*'�

�	�+�� �*6+�
	���

���,��$
�$-/�* "!�3�����+��!�=;�4����9!'�
����'��*�	0$%
	�����! 5 &	�! �!�3�� 

�����!���,������%��!  �����!���
,3!
 �����!���"�'�7����� �����!���
,3!
��	9���%  

�����!��������	9���%  �;+
�'���9!'�
9�+���	�����	�	3 ����
 ��
��������@*,'��4-#9�+!�

��
��!��! �*��#�!�'��4-#��	����� 3'#��	�'�����	���	
�>� (!�
�!����
�	��
	����9�+3'��) 


	���9!'�
����
�;
�!��'6��9!��,��*�# *�	0$%��!�'�!",�% (MJ-6) �������
�	;+
 

 

 4.1.1) ���4+���46" 1 ���&��	��
�����!����'��*�	0$%
	����'�!*�	0$%��!�'�!",�% (MJ-6) 

�������'����$6���4+��� 

 ������� 

1. ��'�!*�	0$%�'�!  *�	0$%��!�'�!",�% (MJ-6) 

2. �$���-%����*�#��'�!  �&�	  @�!�*�#  ���!$�*�#�'��  �����,�'��3�'� 

3. �$���-%9�
�����4��9�+
&�
	���!�3'���4�  �&�	  ,���!	���  ����������
��	�����!

3�'
 

4.1.2) ��$6���4+��� 

1. 9������*�#��'�!*�	0$%�'�!  *�	0$%��!�'�!",�% (MJ-6)  9�+��#��,!���  4 &$!���

9!'�
  �6�  &$!���9!'�
9�+  1  (��,�$�)  &$!���9!'�
9�+  2  (�$>>���=)  &$!���9!'�
9�+  

3  (6 �10
16

 ions/cm
2
)  3'#&$!���9!'�
9�+  4  (1 �10

17
 ions/cm

2
) !���*'�

�	9�+ 60 keV 

�'�
���	��	�#���!��'�!*�	0$%�'�! '

	@�!�*�#�'$�'#  1  ��'�!3'#�!	����&�� – ���	  (�*�#

�'��  3  ������  2551) 

2. ���,�	9;������' 

2.1 ����%���	�%���
��  9�����	�,���	�	��	�'��
��9�+���$ 18 ��	�'�
�*�# 3'��	��

����'�9�+�!������	�-������%���	�%���
�� 

2.2 ����%���	�%��	�'��9�+���������>���,"�3'#'��4-#��!����"!�9���������	�,9�+

���$  32  ��	�'�
�*�#  3'#	�������'9�+�!������	�-������%���	�%��	�'����!���� 

3. !�3'��	�'���'�!������	@;
���$  39  ��	�'�
�*�#  �*6+�!����������@
	�����!

&������
��	�'��9�+3�
'��4-#�������>���,"���!���� 

 

 4.1.3) *����4+��� 

 �'��
'������	*'�

�	�+���������%���	�%���
��  ����%���	�%��	�'����!����  3'#���

��!&������
��'�!*�	0$%����'�!  *�	0$%��!�'�!",�% (MJ-6)  �!��'���9!'�
!�
	�� 
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 �'��
'������	*'�

�	�+���������%���	�%���
��  *,��� 9�+�����-����	"��'�$'9�+��


����%���	�%���
����3	�"	��'!'
  "!�
	&$!���9!'�
9�+  4  ������%���	�%���
���+��9�+�$!

�9����,  77.39  ����%���	�%  ���	
	&$!���9!'�
9�+  1, 2  3'#  3  ������%���	�%���
��


�'�����
��	�9����,  96.00, 94.31  3'#  95.21  ����%���	�%���'��!�, (����
 1) 

 !��	����%���	�%��	�'����!����  *,���&$!���9!'�
9�+  1  3'#  2  ���*,'��4-#��	

�'����!����  ���	
	&$!���9!'�
9�+  3  3'#  4  9�+���	����#!���
!��� '������	*'�

�	�+��


	�����-9�+�*�+�����;�	  ��3	�"	��9��
����	�'������'�!3�!
������!�����*�+��;�	  "!�*,���  

&$!���9!'�
9�+  3  ������%���	�%��	�'����!�����9����,  0.77  ����%���	�%  3'#&$!���9!'�
9�+  

4  ������%���	�%��	�'����!������
9�+�$!�9����,  2.89  ����%���	�%  "!���	�'��9�+3�!
'��4-#

��!����	��	�#��'��4-#9�+�����
�����	 �6� ��	9�+���	�!�'������>���,"�&�� ����*�#
,�'���
�����

���	��

,���
 3'#���@;
�����������
��

,���
9�+,�!�,����������!��  (����
 4.1, /�*9�+ 4.1)  

 ��6+��'���
����	�'��9�+��'��4-#�������>���,"�9�+��!��������>������	@;
���$  39  ��	  

�*6+�=;�4�@;
���������@
	�����!&������
��	�'��  9�+���	����#!���
!�������	*'�

�	�+��

9��
  2  �#!�,  *,�����	�'��9�+����>���,"���!����9$���	���9��
��!��6+�@;
���$  39  ��	 

 

����
  4.1  3�!
����%���	�%���
��3'#����%���	�%��	�'����!������
��'�!*�	0$%��!�'�!",�% 

(MJ-6) 

���$ 18 ��	�'�
�*�#  ���$ 32 ��	�'�
�*�# 

  &$!���9!'�
 ���	�	

�*�# 

���	�	


�� 

%���
��  ���	�	��	

���� 

���	�	��	

��!���� 

% ��	

��!���� 

&$!���9!'�
9�+ 1 

(��,�$�) 

�$!���9!'�
9�+ 2 

(�$>>���=) 

&$!���9!'�
9�+ 3 

(6�1016 ions/cm2) 

&$!���9!'�
9�+ 4 

(1�1017 ions/cm2) 
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      (��) 

     (����) 

       (����) 

/�*9�+ 4.1  ��	�'��9�+���������>���,"����������,�9��,�#����
 &$!���9!'�
9�+1(����) ��, &$!

���9!'�
9�+2 (���) (,	), �#����
&$!���9!'�
9�+1(����) ��, &$!���9!'�
9�+3 (���) (�'�
) 

3'#�#����
&$!���9!'�
9�+1(����) ��, &$!���9!'�
9�+4 (���) ('��
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     (��) 

 

     (����) 

 

/�*9�+ 4.2  ��	�'���'�!9�+3�!
'��4-#��!���� 
,,�!�,���� 3'#��	���	�!�'�� 
	&$!���9!'�


9�+ 3 (6 x10
16

 ions/cm
2
) 

 

    (��) 

 

    (����) 

 

/�*9�+ 4.3 ��	�'���'�!9�+3�!
'��4-#��!���� 
,,�!�,���� 3'#��	���	�!�'�� 
	&$!���9!'�


9�+3 (1 x10
17

 ions/cm
2
) 

#��
���[��%
#�#��
���[��%
#�

#��
���[��%
#� #��
���[��%
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 ���	�������>���,"���
��	�'���'�!���*�	0$%��!�'�!",�% (MJ-6)  9�+���$  32  ��	  (�$��

��!�����'  10  ��	)  *,�����	�'���'�!���������>���,"�
	!��	������
9�+���3�����
��	���	��  

"!���������
��
��	��'�+�����
	&��
  13.35 – 14.23  ��	������ (����
 4.2) 

 

����
9�+  4.2  3�!
������
��
��	�'��9�+���$  32  ��	�'�
�*�# (�$�� 10 ��	) (��	������) 

 

&$!���9!'�
 

��	9�+ &$!���9!'�
9�+ 1 

(��,�$�) 

&$!���9!'�
9�+ 2 

(�$>>���=) 

&$!���9!'�
9�+ 3 

(6�1010) 

&$!���9!'�
9�+ 4 

(1�1017) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

13.1 

13.5 

11.8 

14.8 

14.6 

15.7 

14.8 

11.9 

13.2 

13.3 

11.5 

14.5 

14.7 

12.6 

13.4 

15.3 

11.4 

13.5 

12.5 

14.1 

14.1 

12.3 

14.2 

15.1 

13.4 

14.7 

15.5 

15.2 

14.6 

13.2 

13.1 

12.1 

13.9 

11.2 

13.3 

15.1 

12.7 

14.5 

13.4 

14.1 

��� 136.7 133.5 142.3 133.4 

3��6"� 13.67 13.35 14.23 13.34 

 

 4.1.4) 
���*����4+��� 

 ������9!'�
 *,��� ��'�!*�	0$%�'�!  *�	0$%��!�'�!",�% (MJ-6)  
	&$!���9!'�
9�+ 1, 

2, 3 3'# 4  ������%���	�%���
���9����,  96.00, 94.31, 95.21  3'#  77.39  ����%���	�%  

���'��!�,  ���	����%���	�%������!��	�'����!����  *,���  
	&$!���9!'�
9�+ 1 3'# 2  �������	

�'��9�+3�!
'��4-#��!����  
	&$!���9!'�
9�+  3  3'#  4  ������%���	�%������!��	�'����!����

�9����,  0.77  3'#  2.89  ����%���	�% ���'��!�, "!���	�'��9�+3�!
'��4-#��!�����#��������



,9�+,�!�,������!��� 3'#�������>���,"�&�� 3��#3���	3'#��6+�@;
���$ 39 ��	  ��	�'��9�+3�!


'��4-#��!����9$���	�!������9��
��! 

 
	���	��
������
��
��	�'��9�+���$  32  ��	�'�
�*�#��'�!  *,���
	&$!���9!'�
9�+  

1, 2, 3 3'# 4  ��������
��
��	�'���9����,  13.67, 13.35, 14.23  3'#  13.34  ��	������ 

���'��!�, 

 

 ��$��'���9!'�
 ��
���*,'��4-#9�+!���
����'�!*�	0$%��!�'�!",�% (MJ-6)   
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4.2) '�����  ( Curcumis sativus ) 

������;
�!���9!��,�*�+�
	*6&���&	�!�6+	�;+
�!�3�� 3�
���   ( Curcumis sativus ) �;+


�'��
����	��������'�+�	3�'

	3�
�!����
�	
	���
�	
	����
9�+3'��  

 
	9�+	���*6+���$��!���� '������	���'���������
��
3�
 !�
����
 4.3 	�����	��	��
���'

��������'�+�	3�'
���'��4-#/��	������'������
!���  !�
�����$����
'��
 

 

 ����
9�+ 4.3   ������
 (��'�+�) ��
��	��6+�!��3��,�	   (���$20��	 )3'#��6+�

����>���,"�����9�+ (���$ 70��	 ) 
	&$!���9!'�
���
< 

�'$��9!'�
 ��6+�!��3��,�	 

(20 ��	) 

��6+�@�	��!��	 

(70 ��	) 

����%���	�% 

���
�� 

 &$!���!'�
9�+ 1  (control) 72.53 306.6 92 

&$!���!'�
9�+ 2 (2 x 1017   

ions/cm2) 

62.4 262.28 91.09 

&$!���!'�
9�+ 3 ( 6 x 1017 

ions/cm2) 

59.24 333.41 88 

&$!���!'�
9�+ 4  (8 x 1017  

ions/cm2) 

61.14 278.89 92 

 

 "!�*,��� �����@&��	��
��!�����������
3�
 ��'�+�	���	!��������  (/�*9�+ 4.4) 

"!�*,������!��#��- 3 ����%���	�%  
	9�
�'�,��	�����@��'�+�	3�'
�	�!!���*=����


�����	�!9�+
�>���������� (/�*9�+ 4.5) 3'#�	�!��
��
������	�!
�>� (/�*9�+ 4.6) ���9��


&��	��
���	�!��
�'3�
�����'�+�	��"!���'��4-#�'�����������	����� (/�*9�+ 4.7) 3��

��&������3�����
���*�	0$%����� 

 

 

 

 

 

 

 

  

 

/�*9�+ 4.4  3�!
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 4.3) !���  (Capsicum annuum L) 

 *������	������&	�!�	;+
9�+@���'6����
&����,��$
*�	0$%"!�9�	��'������	*'�
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����9�+�#��*�	0$%9�+���	9�	"��!��
,	
, ��6� anthracnose   
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�	�+��9�+
&�
	���&��	��
�����!����'��*�	0$%
	*��� �&�	 �	�!3'#����
�' ���9��


���������@
	������	9�	"����  
 

 4.3.2) �������'����$6���4+��� 

 4.3.2.1) ������� 

1. ��'�!*�	0$%*����	$��������*�	0$%39� 

2. �$���-%����*�#��'�!  �&�	  @�!�*�#  ���!$�*�#�'�� 3'#�����,�'��3�'� 

3. �$���-%9�
�����4�����
 < �&�	*'������'$�3�'
  �$������  3'#����������
��	

�����!"��3'#3�'
=����*6& 

4.3.2.2) ��$6���4+��� 

1. �!�	����'�!*������*�	0$%39� ������

	 Petri disc �	�!���	���=�	�%�'�
 9 ��.

(/�*9�+ 4.8) �*6+�	�����#!���
!���'������	 9�+=�	�%���6+�
���
�	$/��	�����	 /����&�78����% 

�-#��9�������% �����9��'���&��

��� ����
6+���!�
	��  

 �������
*6&9!'�
 *��� (Capsicum annuum L.) ���*�	0%39� ���/����&�*6&��� 

�����9��'��3��"�� 

 *'�

�	 60 keV 

 �����-����	 6 X 10
16

 ions/cm
2
  3'# 1 X 10

17
 ions/cm 

2
 

                  (�'$����,�$� ( Vac+) ����!��#!���
!�������	3������
	�$>>���=) 

 &	�!��
����	 �	"����	 ( N
+
 + N2

+
) 

2. �'�
�#!���
��'�!*��� (/�*9�+ 4.9)�!�	�����*�#��'�!*�	0$%*���9�+��#��,!���  4  

&$!���9!'�
 �6�&$!���9!'�
9�+  1  (��,�$�)  &$!���9!'�
9�+  2  (�$>>���=)  &$!���

9!'�
9�+  3  (6 �10
16

 ions/cm
2
)  3'#&$!���9!'�
9�+  4  (1 �10

17
 ions/cm

2
)  "!����!

��'�!*���  '

	@�!�*�#�'$�'#  1  ��'�!3'#�!	����&�� – ���	  (�*�#�'��  26  *?=�����	  

2550  �����'��  19  ������  2551) 
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 /�*9�+ 4.8 �������
��'�!*������	�#!���
!����	"����	����	*'�

�	�+�� 

 

 

 
 

 /�*9�+ 4.9 �����,�9��,��'�!*����'�
����#!���
����
6+�	�� 6 X 10
16

 ions/cm
2
 3'# 

1 X 10
17

 ions/cm 
2
 3'#�'$����,�$� (vac+)  

 

 

3. ������3�'
�'���	�!  1�40 ���� ���	�	 8 3�'
 
���$����� ����� 2,000  

��"'���������� �$����������  15-15-15 �����  25  ��"'���������� 

4. �������'$��'��"!�
&��#�#�'��  50 �  70  ��	������  (��	 �  3@�) 

5. �����'���'��9�+���$�'��  54  ��	�'�
�*�# 

* �������$ ��>��9�+���!
	&��
	���6�&��
9�+���	?!��	������=�	�����	��	�'��*���

���������>���,"�&��  9��
�������'���'���!�&�� 
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6. ���,�	9;������'  9�����,�	9;������'9�+��#��,!�������%���	�%���
��  ����%���	�%

��	�'����!����  ������
��
��	�'��  (��	�����'��)  ������
9�+���$  90  3'#  120  ��	  ����

����
9�
*$��9�+���$  90  3'#  120  ��	  '��4-#���9�
 – ���'9�+�����,�9��,��,&$!���9!'�
9�+  

1  (��,�$�)  3'#�#!�,������!"�������"!�����-�%���
���#�	������!"�� �6� 

�#!�,�����$	3�
��
"��9�+���!�;�	 

0 =  ��	��,��-%  ������!"����6����!"���'��	��� 

1 =  ���!"��
,!��
  
,,�!�,������*�#���	��!  ��!�	�� (���'$�'��)  3'#�����@
�� 

�'�'���!�������� 

2 = ���!"��
,!��
 
,,�!�,������;+
��	 ��!�	�� (���'$�'��) 3�������@����>���,"�3'#


���'�'���!� 

3 = ���!"��
,!��
 
,,�!�,����9��
��	  ��!�	�� (���'$�'��)  3�������@����>���,"�3'# 

       
���'�'���!� 

4 = ���!"��9$��#!�,��6���!�	��'$�'��  3'#��������@
���'�'����6�
���'�'���!� 

       �'��	��� 

  5 = ��	3��#3��	 ��6����  ��������@
���'�'���!� 

  

 %�����&�+�����

�3��  

- �����$	3�
�#!�, 1 – 3 ��
�

���'�'���!�  3�����$���	���3�����
��	��������

  

- �����$	3�
�#!�, 4 ��	
���'�'��	�����6����
���'�'���'� 3����	3�!
3	�"	��

����>���,"��!��������
�	;+
 

-  �����$	3�
�#!�, 5 ��	 ���3�!
3	�"	����������@����>���,"��!� 3'#��������@

���,���+���'�'���!� ��6��!�	������ 

 

 4.3.2.3) *����4+��� 

 �'��
'������	*'�

�	�+���������%���	�%���
��  ����%���	�%��	�'����!����3'#���

����>���,"���
��'�!*�	0$%*����	$�����  ����
6+�	��9�+3�!
���
	��0����9!'�
�!��'���9!'�


!�
	�� 

 ����%���	�%���
��3'#����%���	�%��	�'����!����  *,���  &$!���9!'�
9�+  3  9�+�#!�

��
!����	"����	����	9�+ 6 �10
16

 ions/cm
2
  ������%���	�%���
��	���9�+�$! �9����,  74.20  

����%���	�% ����&$!���9!'�
9�+ 1,2 3'#4 ������%���	�%���
�� �9����, 76.00, 76.00 3'# 

82.53 ����%���	�% ���'��!�,3'#��6+�*����-�@;
����%���	�%��	�'����!����  ����
*,���&$!���

9!'�
9�+  3  ���	�*��
&$!���9!'�
�!���9�+��������!��	�'����!������!���	  3.1  ����%���	�%  

�;+

	&$!���9!'�
�6+	 < �����������!��	�'����!����  "!���	�'��9�+3�!
'��4-#��!���� ��
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'��4-#��
�������>���,"�&�� 3��#3���	 3'#��6+�!�3'���4��������� 10 ��	 *,�����	�'�����

9��
��!(����
 4.3) 

 

����
  4.3  3�!
����%���	�%���
��  3'#����%���	�%��	�'����!���� 

&$!���9!'�
 
���	�	��'�!

9�+�*�# 

���	�	��'�!9�+
�� 

(15 ��	�'�
�*�#) 

���	�	��	�'��

��!���� 

(���$  54  ��	) 

����%���	�%

���
�� 

����%���	�%

��	�'��

��!���� 

&$!���9!'�
9�+ 1  

(��,�$�) 
50 38 (76%) 0 76 0 

&$!���9!'�
9�+ 2 

(�$>>���=) 
50 38 (76%) 0 76 0 

&$!���9!'�
9�+ 3  

(6�1016 ions/cm2) 
260 193 (74.23%) 6 74.20 31 

&$!���9!'�
9�+ 4  

(1�1017 ions/cm2) 
252 208 (82.25%) 0 82.53 0 

 

 

    
 

/�*9�+ 4.10 3�!
��	�'�����&$!���9!'�
9�+3 (6 x10
16

) 9�+���	�!�'��3��#3���	 (A) 3'#

�����,�9��,��	�'��3��#3���	��,��	�'������ (B) 

 

 !��	������
��	3'#��������
9�
*$����
*����	$�����  *,���
	�#�#��	�'�� (��	����

�'�����$  54  ��	�'�
�*�#)  ������
��
��	�'��
	&$!���9!'�
9�+ 2  (�$>>���=)  ��������


�+��9�+�$!�6�  19.63  ��	������  ���	
	&$!���9!'�
9�+  1, 3 3'# 4  ��	�'����������
  21.88, 

24.66  3'#  23.30  ���'��!�,  9�+���	�&�		������	6+�
���������!���,3�
��
��	�'������9����	  

"!���	�'��
	&$!���9!'�
9�+  2  �#��
����!��		��9��
���!���,3�
�������  9��
����	�'������6!

��3�
  �;
��������
��		������� 

A B 

#��
���%
#�

#��
���[��%
#�
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 ������
9�+���$  90  ��	  *,���  *������&$!���9!'�
9�+  2  ��������
��		���9�+�$!  

�9����,  46.60  ��	������  �	6+�
�����	�'��9�+�����'����������
�+���$!  
	&$!���9!'�
9�+  1, 

3  3'#  4  ��	*�����������
�9����,  49.00, 48.10  3'#  51.80  ��	������  ���'��!�,  �;+
���

3�����
��	���	��  ���	������
9�+���$  120  ��	  *,�����	*���9$�&$!���9!'�
��������
9�+���

3�����
��	���	��"!���������
��'�+�����
	&��
  70.10 – 71.60  ��	������ 

 ��������
9�
*$����
��	*���9�+���$  90  ��	  *,���*���
	&$!���9!'�
9�+  4  �#��

��������
9�
*$��  ���9�+�$!3�����������&$!���9!'�
9�+   1  (��,�$�)  �*��
  0.50  

��	������  ���	
	&$!���9!'�
9�+  2  3'#  3  ��	*�������������
9�
*$���9����,  29.35  3'#  

30.90  ��	������  ���'��!�,  ���	��������
9�
*$��9�+���$  120  ��	  *,���
	9$�&$!���

9!'�
  ��	*�������������
9�
*$����'�+����3�����
��	���	������
	&��
  48.10 – 49.60  

��	������ (����
 4.4) 

 

 

����
  4.4  3�!
�����'�������>���,"� 

 

&$!���9!'�
 

������
��	

�'����'�+�

(��	������) 

������
���$  

90  ��	��'�+� 

(��	������) 

������
���$  

120 ��	��'�+� 

(��	������) 

��������
9�
*$��

���$ 90 ��	��'�+�

(��	������) 

��������
9�


*$�����$ 150 ��	

��'�+� 

(��	������) 

&$!���9!'�
9�+ 1  

(��,�$�) 
21.88 49.00 71.60 32.00 48.10 

&$!���9!'�
9�+ 2 

(�$>>���=) 
19.63 46.60 70.10 29.35 48.85 

&$!���9!'�
9�+ 3  

(6�1016) 
24.66 48.10 71.00 30.90 48.90 

&$!���9!'�
9�+ 4  

(1�1017) 
23.30 51.80 70.10 32.50 49.60 
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 (��) 

  (����) 

 (����) 

/�*9�+ 4.11 ��	�'��*�����	9�+9����������'�� (,	) 3'#�/�*3�'
�'��*��� (�'�
3'#'��
) 

 

	
����
���� 


��4

	
����
���� 


��3

	
����
���� 


��2

	
����
���� 


��1



 

 

50

50

 �#!�,�����$	3�

	������!"�������9�+���$  150  ��	  *,���  &$!���9!'�
9�+  1  ��

������!"��
	�#!�,9�+  2  ���	�	  10  ��	��!���	  26.31%  �#!�,9�+  3  ���	�	  21  ��	��!���	  

55.26%  �#!�,9�+  4  ���	�	  4  ��	��!���	  10.52% �#!�,9�+ 5  ���	�	  1  ��	��!���	  2.63%  

3'#
	&$!���9!'�
9�+  1  	�����*,������!"��
	�#!�,  1  ���	&$!���9!'�
9�+  2  ��������!

"��
	�#!�,9�+  2  ���	�	  8  ��	��!���	  21.05%  �#!�,9�+  3  ���	�	  19  ��	��!���	  50%  

�#!�,9�+  4  ���	�	  8  ��	��!���	  21.05% �#!�,9�+  5  ���	�	  1  ��	��!���	  2.63%  3'#
	

&$!���9!'�
9�+  2  	�����*,������!"��
	�#!�,  1  
	�-#9�+*���
	&$!���9!'�
9�+  3  �����

���!"��
	�#!�,9�+  1  ���	�	  8  ��	��!���	  4.27%  �#!�,9�+  2  ���	�	  52  ��	��!���	  

27.80%  �#!�,9�+  3  ���	�	  101  ��	��!���	  54.01%  �#!�,9�+  4  ���	�	  12  ��	��!���	  

6.41%  3'#�#!�,9�+  5  ���	�	  8  ��	��!���	  4.27%  3'#
	&$!���9!'�
9�+  4  ��������!

"��
	�#!�,9�+  2  ���	�	  58  ��	��!���	  27.88%  �#!�,9�+  3  ���	�	  114  ��	��!���	  

48.80%  �#!�,9�+  4  ���	�	  24  ��	��!���	  11.53%  �#!�,9�+  5  ���	�	  6  ��	��!���	  

2.88%  3'#
	&$!���9!'�
9�+  4  	�����*,������!"��
	�#!�,  1 

 	�����	����
�����,�	9;������'��	*���9�+����	6+�
����&6�������$�6+	  �&�	  ����&6����  

��6�3,�9�����  "!�*,���&$!���9!'�
9�+  1, 2, 3  3'#  4  �����	�	��	*���9�+����9����,  2, 2, 

6  3'#  6  ��	���'��!�,  �;+
����������$������&6�������  (����
  4.5) 

 

����
  4.5  3�!
���	�	��	3'#����%���	�%������!"��
	�#!�,���
 < 

 
�#!�,������!"�� 

��� 1 2 3 4 5 

&$!���9!'�
 

�	. % �	. % �	. % �	. % �	. % �	. % 

&$!���9!'�
 

9�+ 1 (��,�$�) 

2 5.26 0 0 10 26.31 21 55.26 4 10.52 1 2.63 

&$!���9!'�
 

9�+ 2(�$>>���=) 

2 5.26 0 0 8 21.05 19 50.00 8 21.05 1 2.63 

&$!���9!'�
 

9�+ 3 (6�1016) 

6 3.20 8 4.27 52 27.80 101 54.01 12 6.41 8 4.27 

&$!���9!'�
 

9�+ 4 (1� 1017) 

6 2.88 0 0 58 27.88 114 48.80 24 11.53 6 2.88 
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 (�����2) 
 

 (�����3) 

 

 (�����4) 
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52

 (�����5) 

 

/�*9�+ 4.12   �����$	3�

	������!"��
,!��
����&6������� 
	�#!�,���
< 
	*������&$!���

9!'�
9�+1 

 

 (�����2) 
 

 (�����3) 
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 (�����4) 

 

 (�����5) 

/�*9�+ 4.13   �����$	3�

	������!"��
,!��
����&6������� 
	�#!�,���
< 
	*������&$!���

9!'�
9�+2 

 (�����1) 
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 (�����2) 

 

 (�����3) 

 

 

 (�����4) 
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 (�����5) 

/�*9�+  4.14   �����$	3�

	������!"��
,!��
����&6������� 
	�#!�,���
< 
	*������&$!���

9!'�
9�+3 

 

 (�����2) 
 

 (�����3) 
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 (�����4) 

 

 

 (�����5) 

 

/�*9�+ 4.15 �����$	3�

	������!"��
,!��
����&6������� 
	�#!�,���
< 
	*������&$!���

9!'�
9�+4 

 

���	�'���9!'�
!��	���'3'#���9�
�'  *,����'*������&$!���9!'�
9�+  2, 3  3'#  

4  ��'��4-#���9�
�'�'�!�	���'  ���6�	��	��,�'*������&$!���9!'�
9�+  1  (��,�$�)  

"!��'*����#�����'���	����������	3'#�����9�
�'3,, elongate (/�*9�+ 4.16) 
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/�*9�+ 4.16 �����,�9��,'��4-#�'*����#����
&$!���9!'�
���
< 

 

 

4.3.2.4) 
���*����4+��� 

 

 ������9!'�
*,��� &$!���9!'�
9�+  1, 2, 3  3'#  4  ������%���	�%���
���9����,  

76, 76, 74.20  3'#  82.53  ����%���	�%  ���'��!�,  ���	����%���	�%��	�'����!����*,������*��


&$!���9!'�
9�+  3  �9��	��	  9�+*,'��4-#��
��	�'����!�����9����,  3.1  ����%���	�% 

 
	���	��
������
��	�'����6+������'�� *,���  &$!9!'�
9�+  3  ��������
9�+�$! �6�  

24.66  ��	������  ��
'
���!�3��  &$!���9!'�
9�+  4  3'#  1  �9����,  23.30  3'#  21.88  

��	������  
	�-#9�+
	&$!���9!'�
9�+  2  ��������
	���9�+�$!�6�  19.63  ��	������  ���	

������
9�+���$  90  ��	  *,���&$!���9!'�
9�+  4  ��������
���9�+�$!  �9����,  51.80  

��	������  ��
'
���6�  &$!���9!'�
  3, 1 3'# 2  �9����,  48.10, 49.00 3'#  46.60  

��	������ ���'��!�,  3'#������
9�+���$  120  ��	 *,���  
	&$!���9!'�
9�+  1  ��������


���9�+�$!�9����,  71.60  ��	������  ��
'
���!�3��&$!���9!'�
9�+  3  �9����,  71.00  

��	������  ���	&$!���9!'�
9�+   2  3'#  4  ��������
��		���9�+�$!�9����	�6�  70.10  

��	������ 

 ��������
9�
*$��9�+���$  90  ��	  *,���  &$!���9!'�
9�+  1, 2, 3  3'#  4  ������

����
9�
*$���9����,  32.00,  29.35, 30.90  3'#  32.50  ��	������ ���'��!�,  ���	��������


9�
*$��9�+���$  120  ��	  *,���&$!���9!'�
9�+  4  ����������
9�
*$�����9�+�$!�9����,  49.60  

	
����
����
��1 	
����
����
��2 	
����
����
��3 	
����
����
��4 


