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~fll~H~~m~2020 , ~ if~ ltfrM_ 
!t/H~~~1~~m~Z±2021 ~f~q:i~,x~:;_~~ JI{::::; ;:-
~m~nitiM~ffalJ:l. 

~$~~f~i:iJ*}J5;g ~B~fi:iJ~!ffaifilt, 
iffii1~fW,fe§ ~~n.um, tg~5r-1~JiJr¥Uz91:: 
~±tBI!, :st{t, ffisE., iJf~~:;_ 
im-~- m®J, :sz*~ff~it. 
x~;*~q:i@l:st1t, ~i.limg96onsizn~m~ 
~ssJxl.76. 

iJf~~)~iml:l~~, ~) 7~q:i@l3t{tl:J 
§ ~, itHHtrl2ll~nx;~fiittUfD~imfi 
f~. ~iJq:i~m~~~~M~i.li~A- ~;m, ~m 
~ftB'g~ff~~q:i~:t<it{1fi, t't'!a-8-~ 

t~, ~ffi1.JD~i~A~:X!ll~3'.t;;it 
(t~~x1i'is) , *"~ ! m~1JipXEi1 

{~l&~ilmilm, ~mJ.ttfi ! 

, 

11~~~: 12~ni; 



1 ,,.. ' , ,. 
',I< ' 

.. ·~.:.,··. ;,.} . f.71' 7 . ·-/) ' ,·,,, ' --
< --

,. 
- It! 

. .-. ... -: . . 

roimi!:!IJ!J. 
t..iz~~*l'J..t'-lft~ ~;Ji81 !ffliU? 
roimi!:!IJ!J. 
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fmmi!:!IJ!J. 
~~ff'-'~ «Jeia» t-ttti~t¥~ftfil? 

JA1F.1ss@. ~~UiliffitHif8lffJjEum 
~~~~IEJe~i!:i.a7ff..t~liT~~i:f::i 
ii. a~~~~W<~~i:f::iilxf.t. a11~m. 
~~fi~~~~*fflffi~.mfi~ft~A~ 
t.-!ZMft~ ...... iS~i!F~-tiifii~~R&~·a~ 
UUi". H~'37MllbmTffJitfFi:f::iillEJe 
ll~lfi~~~*l'Jn-~~~! 

ftffJ~"~f.&Z&ti"ffiJA7F.IB8/i1!lm, ~Ji 
:guili1'£iSffltHif8l ! 

GilR;gYifi: :f/Miilii 
..tilR&gleJ: lifflll!!lffiffll B"F~2:00-4:oo 
11»£~~= 12~~J;J...t (1'~taJ;J...t) 



E1M.2020$1'}]:ffMlir.Jffi~f,lsi~ , iU!ffitt , 
OOB~~;mmoso:n 
Air.J9Et::. -$~i1~7, ila!~Afifi;:Jffi!J" 
ffi~~Dlii.J~ir.J1c;i!i , @:Bti:\iffiJ"-~,&j!jS[Ell',j 
ir.Jfi'n, ~nila!~ .A.iJ...nffi~®~~c:pOO.A.'lil' 
iU~OOir.J. 

7±2020$6/=Hfr, ~n-1§~11!=, AiiJ;i;:)ls 
i$1.t±l: "~Air.J®tB~®"· iji1~xmmas~ 
,,; , ffifllJJ:.'§iUila!~ .A.;//tfi, ff;l;:Jil§!~~ill 
nUila!~t;i;~, 
~as;,-~;µ:. Ji/rt:Jiffiffir.JIIWJtBJiiz~i$1.: "S!Eiffl 
Air.J®tB~®". 

~il!J~ 

tESan Francisco, 84?'13SVicha Ratanapakdee 
~19?'13SAntoine Watsonlt~JtE±t!lJ:. , jjlj';,.;:~:,(.1§ 
Vicha Ratanapakdee9EJ". Jl,;,.;:;z_/§, 3l.-1'61 
?' ir.Jslleif~ffi.A.t~-JBJJ llW195. H:~-1'91 ?' ir.J% 
Att~~~c:pOOIJixt~ltiU. 

w::r-~, mt'e?Jrc~1!i.'J"-JjJj~~&SIE;ffi~t!ll 
ir.JfiiElt®~. ~ll/ll11f~,(;?,;J'tir.Ja1f~' f/Fffi~®~ T:l 
c:pl,filf,lsi~, ila!~MJtiJ...nffi~f,lsi~~c:p00*8S. iffi 
ff, ::f~.R~c:pOO.A., JsUt!JSIE;ffi.A.tBW~~M'~t!ll 
~JJ,JJ~. ~T:JSIE;ffi.A.'§J:.~ila!miii:, ila!~AW~ff 
t±l~Pt~OJl!i'SIE;ffiOO~ir.J. 

1'Jcn#1c, iffittlx.lUlx.lUW.:~~~J:.ill! , ili,iiJ-~ 
Af~*filnU~~fiiJ:lfil. Zil!i~!l01cJ!l&~PEI 2 
::f@;~~®~, iffittl!!~;±~~i!f~~~ir.Jtl1t!ll 
fii]Jlfil. 
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i.ll..$fl]ffi*~~-l(:Z£-1'i&~~~Ji!. Bt7<:111I~ 
J.1~, ft!lfiJff~i~"taWJ7. ft!lfiJ~~~,F¾l@.llififl&ft 
¼ , ft!li&~~ft!l~~TfiJ-1'~~~)5. ft!lfiJ~tf~llJ 
x-li.ll.¥$fl]ffi*~~~ffil~ : "l'efiJ~/lH-lM;Z:Efffl;;.;; 
ill, m1iJcJl:HWft!lfiJ¥Utm*m. i..l:Fol!llffft!lfiJ, ®m:;i-

! "i.ll..$fl]ffi*~~~~DJrM:lf.5:, ,F¾l 
J][i~ft¼. ft!l~~it!l~JiIT. 

m*~~~miB]DJr¥U7ft!lfiJ~ti:tllJ. ,,:~~7. i.ll. 
•mx11tfl~1J,9;fc9;fcffi*~~~it!li~: ":;i-ms. :;i-mi!f 
ts , l'efiJ-~~t'eiU@l~~~- " 

m=7';. 
fiJjg*· ~llJx-ti.>1.¥mmm*w~: "l'efiJ~~tm*miu,: *~· ~1/ilfiJ-A-iJ@ifil , ti<c~&l'efiJ*! "1t!l{iJJ!llff7 
llH-, ~~51:llJ-jgiEJt!:mt-t. iEliiEli , {t!lfiJlt!:A 7~ 
t-t~llt . 1.>1.•mieooID~w. muit!l..t , ft!l~~iJ}iti~W 
ft!lfllffi*~t'eiU@l~~~-

iEliiEli , ft!lfiJ1'"F*7. !l:tllJi~ : "mfl]~~~f/j;fi] 
#.i-1-,J,)l(it , f!ilfiJ~lil'efiJ§l*ffif!ilfiJ§l~. "1.>1.•m 
fllffi*~~ml~JL, ~7-ffl7<: , f§~ft!lfiJ~5i:llJm??.,i~ 
@l*. i.ll.¥$fllffi*™fo\iff)l(;;.;;itJ, 11Ui7. ft!lfiJjg.J:1<~ 
B..tf~ . i.ll.¥$ffift!l~1J,9;fcff~M..t~ffiifilW, f~ft!lfiJ 
-1-ffiifilWtlM:ltHU. {t!lfiJllt'.llt~B..tf~. =1'1J~!ei.ll.¥ 

,J,9;fc , :;i-ms, mfiJ-~~m¥u~, "ft!lfiJElti-¥ . -
jgZ:f~t-t't'iEli. {t!lfi]~?;/{fi@llt~1'1J,~llH-. ft!l{i]iE 
mr~B..tf~. ~iromr~m~. t1FF . flllfif!il&tll*~· 
i.ll..$fllffi*~~i~llzffii1!i , ti¥U:'5¼~~1lz~. ft!lfiJ 
:ll'~l.lUti. ~?;/{ . -
1'-~ffi~M~riEtll*, tilij;ljj"1'1J,~llz~~llH-. 

"f!ilfi]ti~? " 
"ti! ti! 
"~it!:*, "1.>1.•mi1J 

m*~,FbD,\!;!~. iM;~~~ffi~iElt!:~r. I\IUiElt!: 
~r. ~ffi~-!elJ1H1i.ll.•m. !e1t!ln51Z£-1'7i 
rm, :;i-itft!ltll*· 
fl]~~~~llzi&~"taWJ , i1ft!lffl. 11!11'-~Jtll 
J.1~7 , ~ffi~ff~ 
:ll'i!PFirn-:tffi . i~~7';~lM; 

m*~,,:~~7 , f§~ftfl,Ffill 
&Ji'i.~ffi~~il'/:i~. ffi*~bof~~ffil§, ~ffi~ 
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~IB~~m*~!llle7 . ie~~~ff!llt!:~mx-1 
m*w~: "fl~~, "m*~c~it!l~IB~~ 
rumM~m. ??.,1§;.1c..t7~m~n. ~m¥Ui.>1.¥ 
m~~;;;;; . WIIJ.Jft!lfill.l!ll7ir. ft!lfiJJ;ljj"~@ 
ti , M~ffi~~~rffitll~. ft!lfiJffitiffiti , ti 
ID71t!lfiJ~mr. ~7. :t:i'l!i~7! j;ljj"Ait!:n~ 
B..tf~ . UUft!l{iJ~~~. ,q,Jt!:~@117~~-
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~~~Qitilti.~-¥. ftl@ii;/Ja,j' 1t!l~~~;;r-:~:±1 
!Jll~:/:J~~~lzEa'/:, /iJil'..l.f1Bit:f$Y;J : :ru~im-1:/:J.A. 
, 1t!l'l!i'~~,W,73S05€~. Ji~3~;9:~Hi. ftl, 
~m:~~~~S0~i'H€~S0-"i"ri'liltfi-S0:f-m 
Qitilt~~l:;ff. l4~*f~t!:le~t1ii'8~. ftt,i:iJl:J.-11[ 
~,W,]l[~Jft!l~t!t. ~i,lJH'Ht:!!~;9:~~~lii!iW:. 

lllitiltli!F (Slavisa Pajkic) ~~~.A. 
eg~:t.J, i:iJ~:J.1~~ilrA~~ett:a.g:1:JffiiF 
~egi¥11. 19s3~, 1tt,gff7132~m-
1'-t!!W!~. ~ll-:tft:!!1~~720,00017$~.g 
:/:Jimi.9:~fff•Jt~,95, im~®.A..R~~~~Jso 
{j$~Eg:/:J , ~~)""-~{95. 2003~, ft!! 
@J~7ft!l~m= 1'-t!!Wic~. ~ll-:tft!JW$ft, 
@~~~.g:l:J, i'.±1 ~tiP37f)P'l:IEl-W7..l<DD 
r1:1<~J97tBg;llt. 1t!l~i:iJ[JJe:..g1mmli'.±1t!l~ 
~i;t;i:l'tlllff8ffM<. ft!lfflftt,9g~-fiMg/illa1fl-
~;~~~ffl~ffi~7. ~t.5\~Dil'l:ft!l~~½. 
~!Jll~Jft!l~t~.A.lill:/:J :/:J • 

~~Y~i~{§ , ft!liJll~it132i:iJt:J~ 
~ie;~i~iUU!j@~. i'f:-;;;:~ .A.lit~~!Ji!inz 
q:i, ~mffl.gi/i'x1ftt,eg::t~l37\¥1i'7-ttJ;tiP, 
~~~:lldt!J9g$'.~;9:~~~. ;letft!l~ .A.mt:) 
~rn~$fil~ : fflftt,eg DiDJre~m~, ID 
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iHl~'POOffii!.U\/5-1-'mft!J::i::til. 

9l £~rl fiil .Ex:~ 
~~Q~a{j? 
~$l: 

;lf"], wm, S~Jl!US't/5Wli9H~~t.Jc5®L lUi.t. *~r.-®ta~/5, itl!JJ§l!i~~Eliltil~, cp;t,~ 
OO~ll. 

ffi~tiSlm/5, 1912£Fi~'m~ill, ;ff-~cp$~00i6Uf.rafijIEf1ttt, fijJ:J!~iI(/~tiltJti~±. Jltl§, cpOO~ 
ll/li\i5L, ~~lUt@. EB'ffi'M~i§f09~i~, ill•itl!IR~JD\].'llll, 15('8.>l..tllJffcpi;l,~OOM. 

1928£F1:FJ~~.R, OO~il&ff..f:8.>l..ttJ'e-J"cpOO, ~T:Ji~cpOO~IJi-g-;!il&ff..f. Jltilli~1921£F, cpOO 
,j:j;F'.ftm:l't, 7±1927£F~a!Jffi~it9.>l, :fflSD&ffiOO~M~ffi~. 

1931 iF, cpOO;!:j;F'.fttt'P:9i!:iDIRm1'lcp$i)j;ml§.l;!:j;f000, ~~cp~;!:j;F'.ftm1'l~ffi-1-~:.l.00~$:8~il& 
f~. 

cpOO,j:j;F'.ftm:l't~1930£Fit*JJ, 1!100P;J9~Q, :fl·H!J 
~~~aUt@, ~llA§~~fOA~ffJiJi~llA~~ffi, cp 
00,j:j;F:l'Vt<~~~~~~~~~El~~.~~llmOO~~ 
t.J, *='=~*m$\Wft!J~moo~. 1931£F, cp;t,i5ml§.l,j:j; 
fOOOfilllf!i~ Hti!:kfffe.l» ffi+l1!l~, "cp;t,i).i;ml§.l~imJ... 
cpOOJ:li;t;J~~~~~~~El~f~, -][jf<iJ...~§iiJ,J,~~ 
~Ji'i.lcpOO~~. 13a~ll~ll~OO~~mu. fei!i, IE], 
it at ~- li\\BBA~, R,;~1'/iHl'POOMi;t;i~, it!liiJ~ 

JJOA:alG~~cpOOiJ.i;ml§.lll)\W, :a1Gm1'lE1a~ 
1Rle£. "Ji'i.lll-:t, ~B-:tcp00,j:j;F'.ft~ii5all!Rle1i'i1.'i*IMll.il~~~ 
~~~itll.~fil:fflS~mB.li~B-:tll/l, cpOO,j:j;F'.ft~~~ 
il&ffi'EB~~El~~T:J~~EliEl, ,Fjij~tsJ~~~~~1'lm 
00. 

cpOO;!:j;F'.ftEl~:flTmllmB~~m-~~R 
~. jt~.@~~~k ~;ff-:8Sl..tV3.liOO~M, 
*jij~.'llllm~. 

cpOO,j:j;F'.ftlll@;g=,):00,j:j;i;t;J,\ilJttU, T1 949£F 
1 0,1=1 m1'lcp;t,A~,j:j;moo, cp;t,~OOi±Jltl§Jl!U~sr 
g-~, M~il;§J\1Siei~il&iElf.\lim. cpOO,j:j;F'.ft~cp;t, 
A~,j:j;m~fir-T:J"fficpOO", Eli!i!T:J'POO~!l!ilt:\!!', ii'ii 
-F:lm'P~S~~m~. 



~'P , liff~A~~7W:ifltlffltttt, '8fiJfl9~~. J'i££-, ~i§fil.~~fflli'il, ~~~::r:li'il : -1'-
:rug,,' -1--mng,,. liff~A~m~m~:rug,,fl9tt~~!Ig,,. liff~A!~illit~fAfig,,~12i!.i,Jl-:l.wJ 
~-1'-liff~~I.Jil~ttfl9ttmM!IJJA .1a~1t!lfiJfl9ttm£d, 11!!1fJ:i.itf!W,mg,,~m* 
~tl~fl91iilifil, 12i!JltOIIIB~Ig,,fl9,A.fjJ~filf!Jft!lfiJfl9tt~l!!~-~7.l<it~. 1t!lffJmij[Bf.11t!lfiJfl9mi~ 
sm'III. 

liff~A~il~fl9#~~Eli~-1'UtEffltJ;filffi3o£-titi. d1'@ZiiJi1~'P, 1t!lfiJffiffltttt 
lt'P-*ADll:rug,,fl9tt*ll-, ii'ii¥-i-*AIIIIIBHg,,fl9tttt. fi.i'~~ma~fH,? -~~tEU:ru 

fflmg,,tttt.ssiz~~m7212*, 1t!lfiJtE@ZiiJ'tlfl9siz~UtBm~7a£-2 4.4. ffitJ;ti'i'!iiR:liff~A 

li;~J.!ll~JAfl9~~jjU~W. ;9:1Jll~Jfi.i'~Jfl9~g,,oJl~D~fW-fl9mi1ifilfW-fl9!im. ffi~fi!i'P~ 
~~t:f-g§fl9~g,,~mm~itt:t:f-ggfl9miti. 

~g*jffi: Science Daily- University of Westminster (2021 S J=l 12 E3) 
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1/.i1~i9:~~:t!ta<J~Jt&. Z:EifilW.iriJ-.wa<Jll1tt~f.lt~MIXIUl~W»e97.l<!a!!, oJ~W;W;.Rf.lt~J;:t:~~'i!l'-
,r-:~a<i. 1/.i1~i9:~!'~i:m:e~oJ!lgHJ';J;:ffll~~~IIBa<J7.l<!a!!. 

~"i'-ni*r11,~& 
~-"i'-~l®~ (organelle) Q4~fit (plastid) • ~{;tfQ~~7.l<!a!!{tMJ89mJig,,. 7.l<!a!!89mJig,,11,l.m 
~1;51;,JmJlg,,~a&5l~1Jz;7./<.Jal!, ~t¥~MllJJ7./<.!a!!89f!ll'rfi~f~illl. 

l:1Jltt4-l$:t:~e9W¥,~{j]f,\t~J7~{;t.§l§.lffi~-"i'-~Sl9!Q4SP10 SP1 mm~1;51;,J'8oJ~:.l~it!Jffifili~ 
~. ~~~~!a!!oJ~:.tfEUgLJ@&ra<J~ft&**giJ@:!!»e9f'f~. 

4-l$:t:~t!~W¥,~89 Paul Jarvis~~. SP1~oJ~:.l ffl*H.&~~~!al!897./<.!al!~flll. 
!'~oJ~:.tMllJJ!a!!~:i!»lt!l~WftMiJa<Jfm. ~W:!~~1:BoJ~:.ti1i~!\!'i!l'-:i!*ll1f13]~ffl7./<.!a!!. 
Pau I Ja rvism~, ~ils~~tllli'i1li"7.l<!a!!a<l@ 
~~JtllJtll. 

~~*imi: Phys- University of Oxford (2021 5 F.l 18 E3) 



( Mic::hNcty ) 

"'Pi9i.':5;1iil,lt'F1942~6,El4B/l.Uf, ~ffi=,j,:tttW::k 
i\i~-t.rom~ilil£. ff~t.roilil£M , B 
,.js;@.'W , Mmi7MUIJB~,i§o~il!'Pi9i.':5, IIIH~~llm 
p;._~~~-

u~~~~~~ff~t,ro,lij£tj:, , ~J;Ji:;£~M:12m 
llm~~Ui%t,iftffi' , l!l(flH-*m;Ji:B,.js;.:lc:t.J/ln:'2iij/lm 
11!JMI, ifil;$/lm~~~l:Et1tt:flJ. 
Jlt,lij£~!l'JG B ,.js;fftj:,;:tSJZ;$~Ill:~' min ElJ§:!*a! 
iWJ:zell:i~"'p"'p!l'l(ie!~milm , ~~1'::tSJZ;$i\i~~* 
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