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Abstract 

Soybean is an economic plant which is used as food and feed and is modified into 

soybean oil, soybean milk, tofo, soybean paste, and soy sauce, In addition, some 

fanners grow soybean as a rotational crop because there are bacteria rhizobium in 

soybean root nodules which change nitrogen from the atmosphere into anunonia for 

soybean's use for growth to reduce the extent of uses of chemical fertilizers such as 

urea. Fanners in countries which are leading soybean exporters grow soybean in 

rotation with other economic plants such as com for sustainable soil maintenance. At 

present, soybean cultivation areas in Thailand have been reduced to about 831,000 rais 

(1 rai equals 1,600 sq.m.) because the average sale price for soybean is 12 baht per 

kilogram. Therefore, Thai farmers tend to use chemical fertilizers to grow plants with 

higher return for investments, such as rice, com, sugarcane, rubber plants, palm, and 

cassava. Continuous usages of large quantities of chemical fertilizers for a long time 

lead to soil infertility. The practice does not lead to soil fertility since it only adds 

plant mineral nutrients to soils. Moreover, chemical fertilizer usages lead to an 
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increase in degradation of soil organic matters which leads to deterioration of soil 

structure resulting in compactness of soil with less water holding capacity during dry 

periods. The aim of these experiments is to find correlation(s) between nitrogen-fixing 

potential of 58 strains of slow-growing soybean rhizobia and RFLP patterns of DNA 

region between nodD 1 and nodA genes after cutting with the restriction enzyme sphl. 

If a correlation is found, the RFLP patterns might be used to predict nitrogen-fixing 

potential of slow-growing soybean rhizobia. Authentication tests of 8 fast-growing 

bacteria isolated at the same time as the isolation of the slow-growing soybean 

rhizobia indicated that the strains did not nodulate the 7 cultivars of soybeans used in 

the authentication tests in Leonard jars. Therefore, they were not fast-growing soybean 

rhizobia. Amplification of DNA fragments between nodDl and nodA genes by peR 

using nodYf (5'TGTACGCGGGTAAACC3') and nodYr (5'AGCGCAACGAGAAGAT3') as 

the primers showed a 395-bp DNA fragment for 45 slow-growing soybean strains and 

a 350-bp fragment for the remaining 13 strains. DNA fragments from agarose gels 

putified by Nucleospin ®kit, restricted with sphl, and separated by agarose gel 

electrophoresis revealed 3 RFLP patterns or RFLPs. The first RFLP pattern A 

consisted of a 395 bp fragment, the second RFLP pattern B consisted of a 350 bp 

fragment, while the third RFLP pattern e consisted of 120 bp and 275 bp fragments. 

The number of slow-growing soybean rhizobia belonging to RFLP patterns A, B, and 

e were 30, 12, and 16 strains, respectively. The soybean rhizobium strains with RFLP 

patterns A, B, and e tended to yield an average total number of root nodules in the 

low (1-10 nodules per plant) to medium ranges (11-20 nodules per plant). No 

correlation was found between RFLP patterns and nitrogen fixing potential in the form 

of plant dry weight. At present, the function of the region between nodD 1 and nodA 

which constitutes nodY in slow-growing soybean rhizobia is unknown. Based on the 

no correlations between RFLPs of nodY and levels of nodulation and nitrogen fixation 

potential obtained from this research, nodY may not have an essential role in 

nodulation and nitrogen fixation processes. 
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11 iI f;"I I I " I 

11lt~l~ t~11~1'J1 ;~hw;l~1,*1~'W UJ~~t11!'11~fl~!lfl~tl1tlt11!'11~fl~m111l a\9l1 'W fltl1l1tl{HhJlJlltl 
c:., ..::9 d d~ & ~ d lJ} ild d .& d 
fI 1m fl fl.:J lJU 'IJ'fl 'Vl Ill'J\9I H l1l m 11 fl I'J'W ! 'W 1\9Il t 11 'W 1'W fl1 tllff1 m 1I'W!I fllJ IlJt 'W I'J CJ!' ~ 111 'W lllmnJ 

" 
f1'llUl~tltJ'IJ 1'W l\91ltll'W ~~1tl1 ~fl~1l111l1 '*1 'Wtl1l t ll~ru 1'W'\Jru~t~1'J1n'W~1!'11 ~tJ.:J 1..r'W~~.:Jl'WUfl 

" 
H'IJ'flVit~ mml 1 i'f1 'W III '\Jfl~!tJVi-w (ATP) ~~!~'W tl11 flui 1lJ n'W H'IJ'IJ~~'WU~l1 il.:J ~1m~fl~U~~ 

" " 
dd Q.J , 9J 'j/ Ji d I l'1 ~ do ~ .a Q,I ~ cS

U'IJ'fl'Vlnl'J~~tlm1'\J1~\9I'WCJ!'~tll'Jml!l !CJ!'!'lJl'JlJfl1!'11flfl~ (soybean rhizobia) 1'WUll~'IJ'WN~N~\9Im~1'J 
.;, '" 'I , I 1lJ, I "''1 OJ , 1lJ' .9 '" 

'\Jfl~m!'l1~tJ.:J !'WlJl~!'Vlff !'VlV lJl~lJ1ru 200-250 tl !flmlJ\9ItJ !l (http://production.doae.go.th) CJ!'.:JlJ 

I "I ~.& ~ c:., ~ q ~cv" I ~ ~ ~ 
'fI1lJ l ~ mru 'fl Hl1 'W ~'\J fl.:J N~ NMlfI1! 11 fl tJ~ ! 'W U l ~ !'Vlff'Vl'W~'W 1!W1 t'lf'W Nfl Nfl \9Ifl1!11 fl tJ~ i 'W 

f1'11 ~l'tJllJ ~ tl1!'¥l1n'IJ 458 ;)1 fltl~lJl'ifl1 i (http://www.feedusers.com) 1'WUl~!'Vlff~!~'W ~1l1~1'W 
tl1l N~\9I!!fl~ ri ~ flV tl~1!'11 ~V ~ !'If'W f1'11 ~l' tJllJ~ tl1 'IJ ll9ffl Ufl~ m{t1l'W ~'W1 'W Vtl 111 tl 1l~1,*!lJ~~~1 

!'11 ~tJ~~'W1r~!I~1 v~1 '*iJ v:jf1fl1'W Il1CJ!'! 1iVlJ~1m ~V~I~V!,~lJ NflN~\9I~1!'11 ~V.:J l~viJv:jf1fl1'W 
1 J'd d'lIJ "i' d ~ ..::9 .& gJ lq " d ~.a d 1I1Q.I

I11m'WlJf1'lV'W'W~ !l !CJ!'!'lJVlJflll11flV.:J CJ!'~!'\J1 !Uf1'll.:JtllJ'Vl11tlflll11flV.:J!!f1~!UflV'W !'W l\91l!1l'W1'W 

mtl1ff1..r!rJ'W llVlJ llJ!ijv1..r~1111~V.:J t1:l'Wtl11fl~U~lJ1rutlll1,*i1m'flljlll~lfl'Vll 'W 1m11l'W till1 '* • 
il til 'fllj V ci 1.:J1'i tJI~tJ~! rJ'W 1~ tI~!1 fl 1Vl1'U 1'W lj Nfl !~vl'i tJ'fl ru fll'W'\J V.:J~ 'W 1l~ 1111 ..rtn ~ 11 ru 111'fll1lJ· ."
!~mJ1'VlllJ'\JV.:J 1m~f1'~N~'WUfl~~'U '\Jl~'fl11lJV~lJf1'lJ'lJ1W !~V~ 1l1tltl11 1,*iJV!'fllj llil'1ftlll'l.J1H 

q cu q q 

iJ I'J t 'fllj V.:J! i ~ iJ \9Ill tl II f1' fl1 Vil1 '\J V.:J V'W 'Vl ~ tI 1'\91 fI 1 'W ~ 'U 111 1 ..rl 'fll.:J f1' ~1.:J '\J V.:J ~ 'U t~ tJ lJ fl ~ ~u~.:J 
~ ~ v 

m~~l~ljtllliJ~illut1'W lli~lJll11'Uq~!!~~ (ml1~ il'U 1'lf, 2550) 'UVtl1l1tlij ~m'fllj!'l1rilijil'tl~tl 
v v • 

'lf~ fl.:J!!11 ri.:J U1 11:1 'W iJ v1..rVi'lfllll1lJ i1.:J 1 CJ!'tlll 'W!! 'IJ'fl Vil~ Vtt fl ~ f1'111 i lt1'\J'W 1~!~ tl!Vi lJ ~ 1'W 1'W Vci 1.:J•iI • I iI 

l 1~ I~ 1 ll'Ulm ri .:Jllllj ~!~ til lJ flfl1 1~ Vi !VilJ1j 1\91 fl111 11 unVi'lfll 11 1lJ i1.:J 1 CJ!'vl1 'W!! 'IJ flViI~ I'J!W~• 
I d d I 0 'j} " d' I: It) 'lI] 9J d d Q.I ~ q 91

f1'111l11'J'\J'U1~mtl !lVtll1 eutrophication 'Vll1111'lftl1~ lv'lf'W 11 ltlUl1 fl.:J'Ul !lJ !~!\9IlJ'Vl ~.:J'U'UtIlJ !'If 
I I I )I 

iJV:jflfll'W 111CJ!'!1i tllJtlll11 ~V.:J'U tJtl1l1tlll~ !VilJ N'f1 N~\9Itlll11 ~tJ.:J!I~1 V~!~'U til 1 V'U f mrUl1 ri.:Jlll 
'j/ 

'Vll.:JVVlJ 

1'W 1]1l1l'l1'W III ~ t 'Vlffl 'VlVN~ \91 ~1111 ~V~ llit-W fJ.:J'W vl'i Vfl11lJ ~V~ tlUl '*fl1V1'U 1l1~! 'Vlff t~'W• 
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\91l'jl'J~ 1 l1~mtu f11'j'lJ It.fll~1m ~~Hml~l1~mtufll'H·J~~k;H'l1 ~B'J''U1.h ~t'VIff[yw1 'U1I 'W. ff. 

2550-2553 

11~ lJ 1 tu fll 'j 'lJ 1 t.fll ~1 

~ ~ '" 
m"B'J (m'W~'W) 

lJMil flU 'lJ WU'ltl1m~B'J 
'" 
~ 

(i:nU1J1'VI) 

11~lJltufl1'jJ:.J~~~1m~B'J'l.J11'j~t'VIff1Yw 
~ '" 

(ml.J~'U) 

2550 1.54 19,456 0.21 

2551 1.72 32,225 0.20 

2552 1.53 23,812 0.19 

2553 1.82 25,795, 0.19 

o "" 
uml'J'VIm : http://www.agriinfo.doae.go.th/ 

v , 

'W Bfl ,1lflU , 'W 1111 ~'l1'U 'lf11'W l' 'U 11 'j ~t 'VI ffl 'VIfJ IIIUfJlJ 11 ~ fltl1m ~B 'Jt ~ l.J l1'1f11 ~'U t1 fJl.J 'ff1:lUflUl1'1f 

'lfU~ ~'W t'lf'U .fI1111 ~B.fI11! 'W~ yf'Jifm \PI•J:.JmY1'U 11 if'Jt~l.J t'W 'j l~ 'j lfl1'lJ1 f.Jt 'Q ~ fJ~ BI i'lJB'JtlJ~~ ~1 

m~B'J BV' 'W 'j ~flU~l !rl ml1 fJU flU~'If'lfU~ ~'W fl'JU 'ff~'J' 'U ~ U1'J~ 2 l1'j~flBU flmnllJtJl fl ~ 11J1 fl 
'" 

, l.J fll'jmw t'lf'W m fJl1W11 'U U11,,'J~1m ~V'J fll'jl1" fl~1m ~il'J ~ 'J III fi'milunflU "'J'VI'WU"~f1l 
<u U qj q q 

I'll dilfJ !fl1:l~'jm~'J l11utJlJl1~fl~1m~B'J11 ~'W!1fJl.J flUf11'j 11 ~fl.fll1111B.fI11!'W~ fl'J 11~! 'I1'U I~111 fl 
jI • t , 

l1'Wl1!'W1~11"fltl1m ~il'J' 'U l1'j~!'VIffl'VIfJ"~"'J'VI fl1l fl'J!t'ff~'J i l.J~1'j 1'Jl1 3'" . 

~ "" l~ 'Iftff'j 1:1 ! fll1 "" .d 
J:.J"J:.J~~mmJ 

(fn~fli'lJ~il! i) 

.d 0 

'jlfl1'lJ1f.Jt 'Q ~tJ~ilflfl. 

(1J1'V1) 

'j1fl1'lJ1tJm~tJ~illi 
(1J1'V1 ) 

~ 

'lJ11 530 30.00 15,900.00 

.fI11!'W~ 800 8.13 6,504.00 
.;, ~ 

mm~il'J 250 16.18 4,045 .00 

o "" 
Ul1~'J'VIm : http://www.oae.go.th/ewt news.php?nid=9704 

, v , , ~ • 

~l'jl'Jl1 3 l1'Wl1!'W1~11~fltl1m~B'Ji 'Uq~~'Uu~~q~u~'J i 'Wl1'j~t 'VIffi 'VItJ 'j1lJl1'JJ:.J~ J:.Jil~matJ 

11 'W.ff. 

2541 1,467 234 

2542 1,451 227 

2543 1,396 232 

2544 1,154 236 

2545 1,130 238 
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2546 961 246 

2547 945 238 

2548 929 250 

2549 886 250 

2550 831 253 

, '" 
!! 'rH'l 'l 'VllJ 1 : 2552. 

http://www.oae.go.thistatistic/yearbook50/section2/sec2table26.pdf 
>J, , 

~'l U tJ f)1'j li'lf11h111~iJrJlJ 11 ~ f)t111 11 ~V'll1:ItJ ~'lf11lJtJ 11tJhI ""~iJ tliJ f)1 'j U~f)~1111 ~V 
~ q ~ 

~111l'l~ 'U Vf)\)lf) \)~Yhi 1111'j~!'Vlfl'l 'VltJ'tJ1~~~f11'jri'1!!~1 ~'ll11i11'lf11tJ1'tJ 1~1Vf11""~ \)~ l11tJ1J1H 
q q q 

~hlmh'l ~'l~tJ Il'l 'j1~~11m 1f)~1111 ~v~iiuiJfllil~ tJ 1 'j i 9!liJtJlJ ~~I11~ tJhlltJ I~'j I\) tJ \)If)iJ 'j 'j fJ1f11f1' 

i 111~tJIWlJ IlJIUfJi11~1111~V'li~l!'VltJ iJmJ!~fJ !!~~11 ~'l\)lf1!hiJ!~tJ1~Wi'tJ i iJ !!~~llJ~~~1111~V~ 
q ~ 

'j1f1!W~ 11lJ~1111 ~V'l \)~ tlf) 1 tl fl 'j 1~ ~'l~tJ Itl tJ f11 'j 1~lJ1i1~ V111l'.i 11 'j ~lfl'VlIhll~ 'j I \)tJ l11i 11'lf1TU 1 
~ q 

i~~fJ~l~ tJt!VfJ~'l ihlf11'j11\!f)~11 crop ~V111 

.d ~ .d i'JId ~~.I.J c'.1 
~1'j1'l'Vl 1 m ~1'j1'l'Vl 3 !!""~'l 11111h1tl'l1Jill1111J'j~f11'j11tJ'l'tJV'l""tl1tJf11'HUf11'j1l'l1~u'tlf) 

u '" 

U'tl~f11'.it.h~l~ll11~V'litJ11'j~I'Vlfl'll'VltJ f)ri11~V 11'j~I'Vlfl'l 'VlfJU11~1~1111~V'litJ11~lJ1tulJ1f)f)i1 5 

I'vl 1'tJ V'lfl11lJ ""llJ l'.i tl 'tJ V'l11'j~ l'Vlfl'i tJ f) l'.i11 'tlf)~1111 ~V'l 111 ~ ~.m11'j ~ f)1'j11;1 'll~!!fi ~'tl ~~~ ~1 
~ q 

, >J 

1M ~V'litJ11'j~I'Vlfl'I'i1~'lf)ril111~1~1'll9i'tJ ~'lUtJ ~'lfl1'jiif11'j 1~mW~WWJtJli~~fJ~lhml'l1 'j 19!1iJtJlJ 

~1111 ~V~ i hi f11'j l~lJ~'tl ~~~~1111~V'l \)~n1tJ 1~\)1f)19l1V~1'liJ'Vlfll1lJ1~tJi tJ~1'l11'j~I'Vlfl'i1iif)l'.i 
1~tI!!'tl~WWJhlllJ1f)~ltJ l'j i9!liJtJlJ~ll11 ~V'l U~~f11'j ~~~i1fJ9hml'l11 i9!l1JfJlJ~1111 ~V'l (Abaidoo

q 

et ai., 2007;; Aguilar et ai., 2001; Appunu et aI., 2008; Bala et aI., 2011; Brutti et aI., 1998; Chen 

et aI., 2000; Chen et ai., 2004; de Jensen et aI., 2004; Hungria et ai., 2001; Minamisawa et aI., 

1999; Thomas-Oates et aI., 2003) i tJ11'j~I'Vlfl'l 'VlfJ~'liif11'j1~tJt!VfJlJlf)~ltJ1 'j i9!liJfJmh115'U~1 
... 

l11'tleJ'l (Ando et aI., 1999; Chanaseni and Kongngoen, 1992; Emampaiwong, 2006; 

Maruekarajtinplaeng, 2010; Nuntagij et aI., 1997; Teaumroong and Boonkerd, 1998; Thompson 
, >J 

et aI., 1991; Yokoyama et aI., 1996, 1999) ,ntJ1~tJ~v!,UeJ'lI9l'l!!~ill'l.fI'. 2547 'tJV~~1~tJ 1~!!f1fll'j 

1~tll!'tl~fll'jWWJtJ 11~m.~~~iJtJ~1ml'l11 19!1iJfJmYl115iJ~1111~V'l ~'lI~tJ iJfJ~1ml'l"l ~lh'U5mn 
q • 

1~~vtu 11 f1iJ11eJ'll~m9!'tl ~11 i 9!liJtllJ I~I~lJ ~ 1tJ ltJ u~~iimfJ.wlJ~~lgtJ w11'j ~ ~l""ltJWtJ1rl 'j 
• '" q 

i 9fliJtllJ~1111 ~eJ'l l~eJ i ~fl1'UfllJfltuml'l'j~11 i1'lm ~'U 1h1f11'j ~~~ u~~ i ~~ 'j 1\)fl11lJ""llJ1'j tl 'tJ V'l 
q q 

l'j I 9f11J VlJ i hlf11'jII~'l'1'JtJtl'U11 i9fliJVlJYleJ~~tJ!~1""r1~11lJ~'jlf)~1111~V~ l~hI'lltJ 1~fJ~ 1~'tJeJ\)~ 
iY'Vllhr~'j Q 1JiJ!1 'jf1!~tJ1tl'U1~~~I~eJf)""1 tJWhI {I 'j i 9fliJtJlJ ~1111 ~V~I~v~~~!'rltJ~ tJ~1ml'l"l ~lh'U 
5 f)'l:lll~~eJtu11 f1iJ11V~ ~~""tl11JtJ 'Vl5l'l6iYtJ 'Vll~ iI ill ill 1!!l1 ~ \)Wl'tl ~ m WlJ1111'VltJl~fJ~ WUhI f11'j'tJ V 

q cu t.I U q 
, , . 

~ QQ,I j) a ClJ.ct ~ d Q ~QJ I 

\)~""'Vl1iiJ~'j!!'tl1IlJeJ1tJ'Vl 25 lJQtJlfJ'U 2552 1~'tJ'Vl'tJV\)~""'Vl1i'U~'j 0901002866 (fllty\)tJ1 'lflty""'ll 

I 1'lf, 2552) iY'Vl tl1J~ 'jQ 1J'Uli'! ~tJ iY'Vl tl1J~ 'j~VQ'j~11 i1~ f11'j ~lliJtJ f11'j i 11'U~'hl'Vll!l1 ~11;1~~ ~~~~ tJ 
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• • 

~1Jll'W'lJtltl~qJ11'l1~{Y'Vlin1fl i Ui~£j (Technology Licensing ) il'ltl~lU'Vll'HYmUU'Vl5'W6{Y'U'Vl1~ 
UWW lit '11 ~ 11 W1~ ~m WlJ'I111'Vl tlTi:ltI 

u u • 

Ul1l1U'U11~~I'Vlfl'!'Vltll1~fl~'1I'11iitl-31'Ufi1fll'l1{1tl filflfl~l~l'ltl'UlJlJ 1l~~fi1fl. ~ 

I'l~ l'U tl tl fll~ MmUVlJ1~ri'1'U i1J fll'j '11 it-3~ 11~ 1~lJ ~~ ~ill'l~ '11'11 iiV-31 ,rl-W tI-3'W V~ tlfll 'j lJ 5!fifl 

JlltJ 'lJl1'j ~1'Vlfl' I~V~l'll1~lJ1ru fll'jth~l ll~~fll 'j 'IJ11'l1'l~ fll'jfi1 'U tlfl 11 lflt1eJ~l'tl'U flU I~m 1tJ1Jli,r• . . " 
'111'11 it.l1I'11iitl-3 ih~ -3~umjNeJ-3 ~lJlI~~~l'lfll'j Inl'llJ~Jll1~'Vll-3ihl1'j~ lfi'Vl eutrophication 1Jllln 

fll'j l~lJ ~~ ~ill'l~'11'l1 iiV-3~tl1i Jl 1t1fll'j 11 5lJl1'j -3~'U1,r1'l1lJ1~{ylJlln flUl1~fl~'11'11 iitl-3 fll'j fll'llii tl fl. ~ 

~'U i~11'11 ii tl-3~I'I1lJ1~ IInfll'j 11~ fll 'U~'U ll~~iJiJmfllfl'IJ tl-3Vltl-3~U ~1-3~ II~~fl U ~I'JIlJ 1~ tI~1fi1'W 
1'j i t1f11JtJlJ~'11'11 ii tl-3 i I'l tJfll'lliitlfl{y1t1~'U illlJfl~l~ tJ~1'l~-31 'U il'l'j 11l'U i'U11m 1fl~11'11 iitl-31~ tl\J 1lJ1 

~Q.I Q.I ~d ~?I ~+I od. .& .... 1 9J '~'j) <)J ~Q.I 

11lml~~'W1'JI'U1Tlifll'j~~l'lllJU ldtJ'I1'1Jll'W"1 9J'-3lJ'j~fltllJI'l1tJl'l'1'W1 (carrier) l'I1lJ I'lUl'Wl~l'llJ flm'l1 'jtl 

~'U-Wl'l (peat) tllJ!'J i9J'l1JtJlJ~1I'11iitl-31'U11~lJ1ru 10
8 19J'~~~tlfl5lJ-W1'l il'ltlfl'lflllJ~I'l~1I'11iitl-3tllJ~(J 

1'j i9J'l1JtllJntl\Jl1~fl (Somasegaran and Hoben, 1994) i'j 19J'I1Jf.JlJ~11'11iiV-31'U~tJ~1Jll'Wfl'1'jij 

fl '11lJ {Y llJ 1 'j t:ll'l ~ \11 'U II'l 'j 111 'U {y.:J U~ ~ ij fl '11lJ '11 'U 1 II II 'U 'IJ tl -31 9J' ~ ~1 'j i 9J' 11J tJ lJ I'I1lJ 1~ {Y lJ ~ V 
OJ 

, I I " " 

fl'11lJ{Y1lJ U t:l 1U fll'Jll ~.:J.uU tllJ 1 'j 19J'11J tJlJ~ijtl~l~lJ1'U ~'U ilJ fll'j I~1{y~l.:Jl1lJ~ 'j 1flt.l11'11 iitl.:J ll.:JtJ 

. " 
I'W'j 1~ fl11lJ '11 'U lull 'U ~lJ1flln'U 'W tl'IJtl.:J 19J'~ ~1 'j 1 9J'IU tllJ 11~Vi11,r1nl'l flU eJlJ eJ.:J fll 'j I ~1{y~N l1lJ II'l tJ 

fl~ 1fllfl15lJl~U~.:J (quorum sensing) ~-3ln'Ufl~ iflfll~~V{y1'j'j~'I1i1.:JUlJfl~l~tJ ~1~tllJ itl-3fl11lJ 

'I1'U1I1ll'U'lJtl-319J'~~tllJfll'Jll{yI'l~tltlfl'IJtl.:JV'U (Shanna et aL, 2003) llJ'j~'I1iNtl fl.fl. 2001-2003 

, ~. d " lfJ 
Loh u~~ flru~ (Loh et aL, 2001; 2002a; 2002b; 2003; Jitacksom, 2006) 'j1(J.:J1'U11IlJm~tJ.:J!'j 

i9J'IUtJlJ~1I'11iitl.:J Bradyrhizobium japonicum iml1'111'j~I'l'j minimum medium l1Um~~.:Jm1lJ 
I 0",...1 9 d', ~ Q,Q a' Q.I 1 '" '" " 

'I1'U111'U'U'lJtl.:JI9J'~~lJ'j~lJlru 10 19J'~~I'lVlJ~~~I'l'j 19J'~~11~'IJlJtltl I'ltl'U1'l119J'm (autoinducer) 

llJ 'j ~vVflcli~U (Bradyoxetin) '11 ~ tl [2-[4-[[ 4-(3-aminooxetan-2yl)phenyl](imino )methyl]phenyl] 

.& dOd I " 

oxetan-3-ylamine] 9J'.:JI'I1'UtI'1'U1fl1'jIl{YI'l.:JtlVfl'IJtl.:JtI'UI'I1'U nodD2 il1'j~'U NodD2 eJlJeJ.:Jfll'j 

'" .Ii..,..,,, II] "'1 ..,,,
Il{YI'l.:JVtlfl'IJtl\ltJ'U nodYABC 9J'n~'I.p'l1{yflU{y.:Jlm1~'\1ltlU !9J'lJ !um~lJ1lJfll'j{y.:Jlm1~'\1 Nod 

.J.d 9J 9J 'j) d ~ ~ OJ ~Q,I I 

factor 9J'.:Jlfl (J'1'IJ tl.:JfllJfll'j I'll 1{Y'j l.:Jl1lJ'Vl 'j 1 flt:l11 '11 ~tl.:J'IJ tN B. japonicum 1'l-3'U 'U 'I11flfl11lJ '\1 'U 111'UlJ 

'IJtl.:J B. japonicum ilJ~tJ~'1Jll'W1'j19J'IUtllJ tl~1lJ'j~~lJ~l1 ·11,rlnl'lifl'15lJl~'U~.:J 11~tJ1111~fll'j 

a.:Jlm1~'l1llJ'j~tltlflcli~'U 'Yhi,rlnl'lfll~l'I1~tI'1tJ1fll'jll{yl'l-3tltlfl'IJtl.:J nodD2 ~.:J 111'j~'U NodD2 

eJlJ&.:Jfll'jll{yl'l.:Jtltlfl'IJtl-3 nodYABC vhl'11'11~lJlruflna.:Jlm1~'l1 Nod factor ~1'l~.:J vi1i,r~1'l 
.. " 

" !V !V ~I '" .., '" ... "" iJ '" fl11lJff1lJ l'Hl'IJ tl.:J B. japonicum !'U fl1 'j I'IJ 1{Y'j l.:JlJlJ'Vl 'j 1 fltl 11'11 ~ tl.:J l'l.:JlJ lJ lJlJ 9J'tl.:JlJ 'j'j ~ • tJ'I11Jll'W 

1'j 19J'IU f.JlJ ~1'\1 51J~11'11 iitl.:J~ij ~ I'll II 1f.Ji U Yl tl.:Jl'lml'lilJ Ul1l1UU ~.:J'j~lJi ,rlnlJ5mni'U~~ij 

tlru'l1 fi iJ ~ 1'11 ~ tlilJ ~'t~'U ~-3t1I~ tl'I~ tl.:J tl'U 1:!.i1,rh i 9J'IUf.JlJ~'1l'11ii tl\l1 'U i1f.J~1m'W "1 mhl9J'~ ~ 
q cu It! q 

.;, '" 0 '" 8 " • "':1 .Ii "'I !V !V ~ I
11'Um~'Vl.:JlJ1l1U1lJ!fllJ 10 19J'~Cll'ltlmlJ ~tI"1 9J'.:Jml1Cll'lfl11lJ{y1lJ1'jt:l'IJtl.:JI9J'Cl~ !'Ufll'jI'IJ1{y'j1.:JlJlJ 

il'ltJflCl1flifl15lJI~'U~.:J~.:Jfl~11~l\1l'l'U 
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jJ <jI Gi ~I Q.I "" I IV d I i v : Q.I jJ 0 V ~ 
'U1-!1\WW ltJU 'W.ft'. 2552 litJufll 'iltJ'Vlt'W"lf'HW~f11tlJ'iltJ1 "lf1tlJ'ff-!l111"lf "lftJ111tJf1Im-!lml9ltJf:ll 

~ &~il .::::l rI.d9) <c:t. L"::\ 

tm'nWl$-!lt'flM tJ 11'f1tmntJ1Hl'Vli"lf'Vl'J1VU'YltJ\9ltJ ( Somasegaran and Hoben, 1994 ) tW~t\9l:wh 

191ttiV:wul9i'fl~'ff1V-WtJitrJtJlI'J'J~\9l5l1tJ i tJm'Jf1\9lt~flfl ~h 191ttiV:W~1tl1~fl-!l'ff1V-WtJ iNA7 H~\9ltrJtJ 
~{J;1f11'W fl ~ fl tlll tlJ ~\9l ~1t11 ~ fl -!I -WtJ it;V-!I 1mj 60 U'fI ~ 'Vl\9l 'fI fl-!ltJ ~ fl fllfl 'fftJ 1:W 1tJ U tJ 'fI -!I'Yl\9l 'fI fl-!l 

I

tl1~fl-!l 223.2 ill'f1fl1lJl9iflli ~\9lttltJm'Jt~:WH'fIH~~t-WV-!I 4% 

I iI I 1 

'UtJ1\9l 15 t:WI9l'J x 24 t:W\9l'J ,yj\9l. t.J1:W111 fl. tiV-!I'ff1 'O.thtJ H'fIm'J'Yl\9l'flfl-!ll~H'fIH~\9ltll~v'Ufl-!lih 
" ", 

~-!li11~tWflUlIfl,yjt~ V'il1fltJm1fl~1 

m~fl-!l11~-!lm'Jt'W1~tJ'fIfl 1 t$ifltJ U'fI~t.J1lJ1111mV-rI:w.w~tVtJtfll\9lvi~ RAPD-PCR i\9lVitl'W{.. 
rI ~ ..J. ,.. 1.o:::l.r:::S .<::::t. rI..::s d QJ <c:t. rI.:s d Q,.I rI 

t:Wfl'J RPO 1 l1'Jfl CRL-7 L'Wfltu'JVlImVlImV'WlJ'W\9ltfltJWflllmV'W:W'W\9lWtJW'Ufl-!l'ff1V'WtJli NA7. 
111fl\9l 'J 1 'il 'W1I mv~lJ.w~LVtJ W~-!I flri 1 1'01f11t lIfl,yjL~ V~ uVfll ~'OlfltJm 1fl U'ff\9l-!l 111'J 191tti V:W 'ff1 {J 

-WtJ iNA7 'ff1:lJl'Jf:lLL"ti-!l.,JtJ tl1l1 'J i9lttivmi'fl-!l~tJ1tJ m'J !,rl'ff~NtJlJfllfl'fftJ 1:W H'fIf11'J'Yl\9l'flfl-!l 1~ 
tWf1lt'tJfl,yj!~V'01fltJmlfl~1tl1~fl-!l 1981fll91!'fI\9l UU-!l!1:ltJ!tllfl,yjt~VtJ'J~tfI'Ylt~lJ~ltJ1tJt~1 1471fl 

191t'fl\9l U'fI~UlIfl,yj!~VtJ'J~!fI'Vlt~lJ~ltJ1tJt151 lfll91w~ Lt1fl-!l'il1fl'ff1V-WtJ£• NA7 ttltJl'Jl91ttiVlJ 

'1 .<::::t. rid. d Q,I I d 
19lt'fll9l H'fI~'WlImV'WlI'W\9ltfltJtfl'Ufl-!l NA7 ltJ'ff\9l'ff1tJ 25.5% tJflfl'OlfltJ Chansa-ngavej et al. 

( 2010 ) 1~1 'J 191ttiv:W~1m~fl-!l 'fflV-WtJ i NA7 H~\9lt1:ltJ~V;1fll'Wfl~fltllltlJ~\9l~1m~fl-!l-WtJ i 

t;v-!llmj 60 U'fI~'Yl\9l'flfl-!ltJ~flfllfl'fftJl:wltJHtJ'fI-!I'Yl\9l'fleJ-!I'UtJ1\9l 12 t:W~'J x 15 !:W\9l'J ~\9l. ff1tJ fl. 

!i{J-!I'ffl 'il. 1l1tJ H'fIm'J'Yl\9l'fleJ-!ll~rmH~\9lm~v'Ufl-!l~1m~fl-!l 245.8 ili'flfl1:wl9iflli ~\9l!1:ltJf11'Jt~lI 
H'fIH~\9l 15% ~'fIm'Jl~'fI1v-rllI.w~!gtJ W\9l'J1'ilfl1111'ff1:lJl'Jf:l'UeJ-!I 1 'J 191!tiv:W~1m ~fl-!l'fflV-WtJ £• NA7 

'hJ m'Jt,r1'ff~NtJlI~'J1fl~1m ~eJ-!I ltJutJM'Yl\9l'fleJ~~ \9l. ff1tJ 'W1I11UlIfl,yj!~VlIl-!l lfll91!'fI\9l~!Wfl'il1fl 
tJlI'J1fl~1m ~fl-!l~tJ~fll tJU tJ'fI-!I'Yl\9l'fleJ-!I~ \9l. ff1tJ ijmv~lI.w~!vtJW'UeJ-!I1 'J 191!tivlI~1m~eJ-!I'ff1V 
-wtJ£• NA7 U'ff\9l-!l111 'J 191!tiVlI~1!l1~eJ-!I'ff1V-WtJ£• NA7 'ff111l'Jf:lt,r1'ff~1-!1tJlI~'J1fl~1m~fl-!lU'fI~!~:W 

91 91 d 11]911 91: '" 91 0 91';" "'I .,9 d' i ~ 
'il1fl ~'fIm'J'Yl\9l'flfl-!l'U1-!1\9ltJ 'il~!l1 tJ t\9l11 m'J htJ 111 tJ flUl1 -!I'f!l\9ltJ mm 'fIeJ-!l9I-!ltmJ-!I tJ ll1 'fI 

!~tJ1tJ l{\9l~t~:W1 'J 191ttitJlIHI9i'fl~'ff1V-WtJ i!1:ltJlIn~\9l5l1tJ1tJ m'Jf1\9l!~eJfll 'J 191!titJlI~1m~tl-!l'ff1tJ 
-WtJ i NA7 !tltJ 11 'J 'J~\9l5l1tJ ~ l:u ij tJ 'J ~iY'Ylll fIl'W 1tJ fl1'Jf1\9l! ~ eJ fl h 191!tivlI~1!l1 ~ fl -!I~ ij . 
fl1111 'ff1:lJl 'J f:ll tJ m'J L,r1'ff~1-!1 tJlI 'ff -!I ~-!liT 

~ 

tJ ~-!lijfl 1111~1!rJtJ mh-!l! i -!I~ 1tJ1tJ m'J fi'm·n in 'J 1\9l!~ 1,yj.. 
'il~1~'J~lIfl11:W'ffl:lJl'Jf:l'UeJ-!I 1 'J 191!tiv:W~1m ~eJ-!I 1tJ m'Ju"ti-!l.,JtJ tl1l1 'J 191!tivlI~ijmh~:w 'tJ~tJ1tJ. .. 
m 'J!,r 1 'ff~l-!1tJlI~ 'J 1fl~1m ~fl-!lU 'fI~fl111l{1'111l'J f:l\9l ~ -!I 1 tJ 1\9l'J! 'OtJ~'.. -!I m'J \9l~ -!I 1 tJ 1\9l 'J! '0 tJ !\9ltJ h 
!91ttitJlI~1m~eJ-!I 1111lV~-!I f11'J~1'J 191ttiV:W~11l1~eJ-!I t,rll tJl tJ 'J1fl~1m~tl-!l !t'fl~titll-H'til\9ltJ:w 1'J 

191ttiv:w ~1!11 ~ eJ -!I 1tJ tJ:w 'J lfl ~1m ~eJ-!I LtJ~ vtJ 1 tJ !\9l 'J !'iltJ ~ 1~ 'ill fl fllf11ft' t rJtJU flll! mi1v ~ -!I ~1 

m~tl-!lt.J11tJl~1tJm'Jt'O~tlJ LtltJm'J\9l~ -!I ltJ 1\9l'J!'iltJUlIlI~-!I'W1 (symbiotic nitrogen fixation) 1~w~1 
!l1~eJ-!I l-H'~-wflltJtJ:wut'l~ 't -H''W~-!I-!l1tJ1 tJ 'JtJ!fl,yj-W (ATP) util 'J 191LtivlI~1m~tl-!l U'fI~1 'J 191!tiv:W~1.. 
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• • 

!l1 ~D'l i MmJ:lJ Imu tJ~ 1~111f)fll'j\91 r '11 'U 1\91'j !11'U "hY! i'1J~1!l1~D'ltJ1hli~i 'U fll'j! 111ty l'U 1\91'j 

~!'Um~'U!D'U lG)flli'Um~1J1'Ufll'j\91r '11 'U 1\91'j!l1'U~'l!!'fffl'l i mnJfll'j~ (1) 

l'U 1\91'j~!'U'ff 

N2 + 8H + 8e + 16 ATP • 2NH3 + H2 + 16 (ADP + inorganic phosphate) (1) 

'ill f)'fflJ fll 'j 'Ii'1'l1'i''U 'il ~!If 'U I~ ';h i'U fll 'j \91 r '11 'U 1\91 'j! 11 'U '\1 i1'lIm~ f)~ lifll 'j f-li'l\91 tilG)f I~ I fl 'j!11'Ul~ 'U
• 

f-li'l\91JlW~'W~DtJl~'\1i1'llm~fJ~ ~'lif'U~'lDl'i:li~fll'j\91'j1'il1fl!!Df1~1~'UD'l hydrogen uptake 

hydrogenase 'UD'lI'j IG)f!1il'JlJ~1!'\1tiD'l 1'Uf)U1flfffWfIl'Wfll'j\91r'lI'U 1\91 'j !11'U Ifll'Jl'j IG)f!1il'JlJ~1 
" 0 

!l1 ~D'l 'U Df) 'illf)U rJ'l 'ffl111 HI i ~'\1 m 1'J1ni 'U f) U 1flfff) I'JfIl'W fll'j \91 r '11 'U 1\91 'j! 11 'U hwI 'j I G)f!1i tJlJ t.l1 
'JJ 'j) 'jJ. 

!l1~D'l !GJ5'U i ~tJ1'111rmlll'i''U!!M'l tJl'\1irf)DlJ!! 11''1 ~1'U 1'UDlJ D1111W I'U 1\91'j !l1'Ul1'l'\1lJfl i mlll'i''U~ 

1fllfll'Ji~1n!f1~~ (Kjeldahl) fll'jtJUlf)~liDlJ lllvh acetylene reduction assay 1n'\11ffmJfIl'W 
o " 

'UD'l h IG)f!1il'JlJt.l1!'11 ~D'l i'Ufll'j\91r '11 'U 1\91'j!11'U!'\1 ri1U !!~~~1nI'i'D'l i ~!1m'U1'U !!~~!D~D'l~l i ~~11'J 
" 0 0 

~'lir'U ~ '1 f11'j li1n ~fl ~ 1'U 1'U l'j I G)f! 1i I'JlJ t.l1!'11 tiD'l~ 11 ~ tJlID'\11fff) tJJ11'W f) U \91 r '11 'U 1\91 'j! 11'U 

1911mll'l!GJ5'U fll'j 1~tJ'\111n'j 1fl!~ 1!~D i ~\91 'j 111 '\11'ffltJ~'U 1i1'j I G)f!1i I'JlJ ~1!l1 ~D'l~liD 'j ~ ff'Vl 1lfIl'W 'ff'l . ~ 

" 0 0 

i'U f11'j !'Ii'l'ff11'lDlJ Ifll'J'ffl111'jt) i ~1n\91'j 111'\11U flflm D'l h I G)f!Ul'JlJt.l1!'11 ~D'l~liD'j~ff'Vlll fIl'W I'U 

f11'j! 'li'1'ff11'lDlJ 111f) ~1'U 1'U I D I G)f!~ \91~!!I'Jf) l~ir1J~'U I D I G)f!(l\91 nD'U tJlID'\11fff)l'JfIl'W fll 'j \91 r '1 
'j) I I I 

I'U 1\91 'j!11'U ~'lir'U '\11f)\'l''U 'W 1J1n 'j 1fl!~ 1~flflmD'lI'j I G)f! U tJlJ t.l1!'11 ~D'l ~ liD'j ~ ff'Vlll fIl'W i'U f) n!'Ii'1 

'ff11'l1JlJ l1dh1M~1'U1'U 1 'j IG)f!Ul'JlJ~1!l1~D'l~tJlID'\11fff)l'JfIl'Wi 'U f11'j\91r '11 'U 1\91'j !l1'U~fl~'l !!~~ 
l'U D'U 1f1\91 '\11 f)li f11'j Vi 'ff'ilU';h1 'j I G)f!U I'JlJ ~1!l1 ~D'l~liD 'j~ ff'Vlll fIl'W i 'U f11 'j! 'Ii'1 'ff11'lDlJ liffmJfIl'W 

'" 
\91r'11 'U 1m!11'U 'ff'l~1tJ 1nf11'jflflmD'lif~11~ i ~'j~1Jfff)tJfIl'Wf11'j\91r '11 'U 1\91'j!11'U I~ 1n'j~1JffmJil1'W'" . . 

o " 

f11'j\91 r '11 'U 1\91 'j! 'il'U ~i~i 'U 1I1111'!J'Uli'\1mtJ1n !GJ5'U f11'j i ~tJ1'\1irf)~11'i''U'\11DDlJ!!M '1 !!~ ~/'\11Dfll 'j i ~. 
o " 

~1'U1'UDlJ~'j1f) ( Somasegaran and Hoben, 1994) fll'j'l11D1111W I'U 1\91 'j!'il'U11'l'\1 lJfl i'UDlJ 'j1f) ~1 

1'i''U!!~~i1J IflI'J1n!f1~~ (Kjeldahl method) (Pomeranz and Meloan, 1971; Chang, 2003 ) fll'j'l11 
",,,,,,,, 

acetylene reduction assay ( Somasegaran and Hoben, 1994) !!~~ fll'j'\11!!Df1\911\91'UD'l hydrogen 

uptake hydrogenase (Albrecht et al., 1979 ; Carter et al., 1977 ; Fuhrmann, 1990 ; Lambert et al., 

1987 ; van Berkum and Saloger, 1991) !!~~~1nI'i'D'li~nm'U1'U ( uhnirm1 fll1J!f)£J'j !!~~ 

flltyl1'Ul 'lflty'ff~l!1'lf, 2552) 

fl1'a~-:]~n'i'Uflm\'-:]'Uel-:]th~U 'lhJ 'a1'lJo-:]fl1'au'mhu1utI'lJ 

1ni'l!~lJ1'Ufll'jflfl!tiDf)'ffll'J~'U1i1 'j IG)f!1itJlJ~1!'11 tiD '1 I~!!nf)n i ri!lJ~fl~1!'\1 tiD'l'lDmlf)• 
(germinating soybean seeds) ~'li'U'Vl'j11'J~1J'j'j~i'U l'\1m~1'J1'U1{fl (Leonard jars ,Somasegaran & 

• j/ 'iI • 

Hoben, 1994) !!~~!~lJ l'j I G)f!1i I'JlJ t.l1!l1 ~D'l!!~ ~~ 'ffl tJ~'U i m1''1 'illf)ir'U!~ 1'J'l t.l1!'11 tiD '1 ~11'J 
I 'j) I I 'jI • 

Nitrogen- free medium !!~~l91flri1'U ~11'i''U IDi'ltJ1'\1irf)!! 11''l rUD'l 'il1f)'ffUDl'\1 u~i~!~1'J'lt.l1 

!'I1~D'lI~li1i1\911 'U 1\91'j !11'U!1~'UD'lf1'D'j~f)D1J ~1!'11 tiD'l~'lI~1il\911 'U 1\91'j!11'U 'il1f)fll'j~ h IG)f!1il'JlJ~1 
!'11 ~D'l\91r 'll 'U 1\91 'H'il 'U i'U Dlfllft i M!~'U!!DlJ IlJ!UI'J~'l!~'U 'ffUD'j~f)D1J I'U 1\91 'j !11'U ~~1!l1 tiD'l 
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-: Cl.I <jI .ck d ~ ~ dlfJ 91cv lfJ ~ 
'W1'H'WfH!'I1~'\Jtl~ positive control 9f~!1I'Wtl1!'111:'ltl~'Vl !~'j111i1~ !'W i\9l'j!'il'W i~m\9llJ 0.05% KN03 1'W 

Nitrogen-free medium ~Wl1t-tl'W{y1tJ~'W1rh 19ftijtJlJti'1mi1tl~~liftmJflTy.m~1'Wf)1'j\9l~~!'W i\9l'j!'il'W. '" 
~d I e% I 0 ~ ~ , Q.I tI ct d .&
11i!'Hm'W~ltJ 'Vl1 i~tJtJ~f)tl1m1:'ltl~!!\9l1:'l~'t'I'W1l1'W i'H1:'l!1:'ltJ1'W1'j~ (Leonard jars) 9f'l 

tJ'j~f)tl11~1tJ i'H 1:'llri{y1'j tll'H 1'j~ !1l1i1i1~!'W 1\9l 'j!'il'Wff1'H111ti'1mi1tl~ (nitrogen-free medium) 

tJ~f)ti'1!'H i1 tl~ ~ tlf)'j 1 f) (germinating seeds) 1'W 'Vl 'j 1 tJ'H tJ111 (coarse sand) i ~ m~lJh i 9ft ijmJ ti'1 
" , ,

!'I1i1tl~ul9i1:'l~{y1tJ~'W1j !~tJ~t:11mi1tl~1'W h'ltJ1:'lf).w'lf'Vl~1:'ltl~Vifl111f1lJtlru'l1fliJ 28°e + 2°e !~'W!1m 
q qJ q q 'U ­

" 
28l'W ~~ri1'W~wiJ'W!'H-um!~mn'W'\Jtl~111!~tJ~ti (cotyledon scar) tJ1d1'W~l\91''W'I1~tltJlJ!tJtl11!!11~ 

I J,I I I iI i.I 

Vi 80
0
e !~'W!1m 3 l'W 'il'WtJl'\1Uf)!!11~f1~Vi!!1:'l~~~tJl'11Uf)!!11~'\Jtl'lri1'Wii1~'W 'I1~tltJlJ 'Hcl~'illmr'W 

'l111~1'W1'WtJlJ ttJ~ 1. !!{Y~~ri1'WtJ'j~f)tl11'\Jtl~ i'l11:'l!~tJ1 'Wl1~ ~tJ~ 2. !!{Y~~ i'\1m~tJ1'W11~~ 
" , " 

1~!~tJ~t:11m i1 tl'll 'W i 'j 'ltJ1:'lf)Yi'lf'Vl~1:'l tl~1'W f)1'j'Vl~1:'l tl~iJ 
'" 

'Vl 'j 1 tJ '\1 tJ 111 

tllm'j~11l1i 
1il\9l!'W1\9l'j!'il'W• 

'" !'lftlf) 

.do did 

~-+_ !!11fl'Vl!'jmt1:'l~ {Y1'11'j1tJ'\J'W1~!1:'lf) 

'jtJ~ 1 ri1'WtJ'j~f)tl11'\Jtl~ i'l11:'lt~tJ1'W11~ (Somasegaran and Hoben, 1994)
'" 

'jtJ~ 2 i'\11:'l!~tJ1'W11~~1~tJ1:'lfHlJ~~ti'1!'Hi1tl'l 
'" '" 
1'W iHtJ1:'lf)Yi'lf'YI~1:'ltl~~fI'd1JfllJtlru'l1fliJ 28° ±cu q q qJ 

4°e !~ lJ h i 9f! ij tJlJ ti' 1!'H i1 tl 'l 'H ~~ {Y1 tJ~'W13"'U. 
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{Yl'HIlV! n~ioHd(I\I~1!'11 ~eJ\lliiij 1i1~.1 'W i~'w)'W!rJ'W eJ\lf1''th~ f)eJ1J ~1!'11 ~eJ\I ~\ll~1i 1~. 
1 'W i~ 'W)'W ~1f)f1l'J~ 1 'J 19HiJ(llJ~1!'11 ~eJ\I~1 \11 'W 1~ 'J !~'W i'W eJ 1f)lfl h1!~'WUeJlJ 1m-w (I~\I!~'W 
{Y 1'J 11 'J ~ f) eJ 1J 1'W 1 ~ 'J !11 'W ~~1!V! ~ eJ \I tl111l i oHi 'W f) 1'J !~ ~ ill 

u 
{Y 1(I ~'W il 

• 
'J 19f! iJ (I lJ ~1 ! V! ~ eJ \I ~ 'Vl1 i '11 

-: Q.I gJ 0 iJ ~ ~ '.d Q.I 0 Q,I oC:!.Q I 't Q.I 'j) & 
'W 1V! 'W f1!! V! \lm~'W m!VI ~ eJ\I ~ \I eJtJ1\1lJ 'W (I {Y1f1 ty'V1l \I {YtI ~ f111'W lVI'W f1!!VI \I'll eJ\I positive control 9f\l 

!~'W~1!V1 ~tl\l~I~f1J1i11VJ 1'W 1~'J!~'W 1~tI!~lJ 0.05% KN03 i'W nitrogen-free medium .o~!~'WbY1(1 
~'W1il. 'J 19f!iJ (llJ~1!V1~eJ\I~ijrrf)(lfI1~{y., \I i 'Wf11'J~1\11 'W 1~'J!~'W 

v ~ iI ~ 

'li'ell iY(I'U tl\l1~ iHieJ 1J1\1f1 f \I Iii bY1m'J tI i ~tl lVI t!ml wi''Wu '11\1 tl1V! t!f)lllJ!! '11\IV! j eJ ~ 1'W 1'W 

'thJ~ 1 ~~1 f)f)l 'J 'Vl~ ~ eJ \11 ~ (I i oH1 V! ~!~ (11 'W 1{~ i 'W 1'J \Ill ~ f)~'lf'Vl ~ ~ eJ \I i 'W f11 'j'j~1Jrrf) (lfl1~ f11 'J ~1 \I.. . 
, iI " I 

1 'W 1~'J !~'W 'UeJ\I h 19f!1J(llJt:l1!V1 ~ eJ \I fI1f1 {Y'W llJ -n\l-w !~'J 1~ i'W l1tl1!V1 ~ eJ\I ijf11'J!!~\I.,j'W! 'li'1bY~1~ lllJ 

'J~V!11\11 'J 19f!iJl'JlJ~1!V1 ~eJ~bY1(1~'W {~~i1~!rJ'W~(I;1f11~ u~~1 'J 19f!iJl'JlJ~1!V1 ~eJ\I~ijeJ~!~lJ i 'W 11 
, " , 
tl1!V1~eJ\I (Rodriguez-Navarro et al., 2010) 'W tlf) ~lf)-wV\ll'i'eJ\I!Wf1!!1JflVi!~ (I 111f)llm',J f)lllJ i 'W 'J 1f)tl1 

I jJ I • 

!VI~eJ\lVi!~I'J\I i'W 1V!~!~V1'W1{~!~fltl1m~~~tJ!eJmrmmr !'If'W mml'J~lJ~~hg'W!eJ !~fl~~'iltJ':h i'W 
• , 'I ,., ,.. 

U~ ~ ~ lllJ liiij I'J 19f! iJ I'JlJ tl1!V1 ~ eJ \I {Y1 (I~'W ifl'W Vi Iii i 'If{y1 (I~'W i Vi!~ lJ ~ \I i 'W 1V! ~!~ (I 1 'W 1{~ -n\l-w 
• q 

!~ 'J 1~ 1J1\If1l 'J'Vl~(j fl \lij f1l'J 11\1 i V! ~!~ (11 'W 1{~V! m(l 1 V! ~ i 'U i H'tJ ~ .. f)~'lf'Vl ~ ~ eJ\I V!1 f)'U 1~ fl11lJ 

", ,
!~ 1'J1'W 1{~t!'W lj1'J 19f! iJ (llJ tl1!V1 ~eJ\I V! ~ 11'J bY11'J~'W i...'J 11 Vi 3 !! bY~ \l1'l1 eJU1\1 f11 'JV!1~ 11'J~lJ~~!~ 'W!eJ 

!vifl~{y~tJ11ijl'J 19f!iJVlJ~1!V1~fl\l!yjl'J\I 1 {y11'J-w'Uii'W'tJlJ'J1f)~1!V1~fl\l i'W 1V!m~1'J1'W1{~.. . 

2.000 -

l.~· 

1,000 ­
150· 

'J1l~ 3 fll'Jmm(l~lJ~~!g'W!eJ'Ufl\ll'J 19f!iJl'JlJ~1!V1~eJ\l1~1'J1~ RAPD-PCR 1~(li~ CRL-7 !~'W 
'" 
1~'J!lJfl{ !~'W~ 1 !~'U'U'W1~ 1m~fJ~m~'J~1'W !~'U~ 2 !~'Wml'J~lJ~~!g'W!fl'Ufl\ll'J 19f!1il'JlJ~1 
!VI~tl\l{y1(1~'Wi S76 !~'W~ 3-11 !~'W 'h 19f!1il'JlJ~1!V1~tl\lv! m(lleJ 19f!~~~!!(lf)~1f)1llJ'j 1f)~1!VI ~eJ\I 

q 

i'W 1 v!~!~1'J1'W1{~~-UlJ~ 28°C !~'W~ 12-19 !~'W 1 'J 19f!1JtJlJ~1!V1~fl\lV!mv It! 19f!~~~!!tJf)~1f) 
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• 1 

I I " , I , 

UlJ11fl'VlmhJ'Uv\lt11!11iiV\lViI~EJ\l"U 1'11~I~EJ11..!1{~VitilJVi 28°C ff"'tJf1tJ 40°C 1~'U!1m 16 i11lJ\l• 
, " ,

!!~:;; 8 i11lJ\l1911lJih~tJ 1UUI~'U\911'e)~l\l~~fl11'Vl~~'e)\lI~e:J!lff~\li,rllh.rh "UUm1fl!119i~:;;UlJ'UV\l.. 
, , " I 

t11!11 ii'e)\lViI~EJ\l i 'U 1'11 m~EJ1'Ul{~ I~EJ1f1'U ii 111CJ1I.uEJlJt11!11 ii'e)\lIYiEJ\l 1 ff1EJ'W'U1r~'e)ff1{J'W'U yj S76. . 
" SI , , 

1'Umruu hiiifl11Uwil'e)'U'U'e)\l111CJ1I.uEJlJtl1!11ii'e),:jff1EJ'W'UiB'U 1'UUlJ11fl (01ty1)'Ul 'lf1tyff ~1!1'1f , 

~~ O11'Vl~~ 'e)\l~tr\l1li1~~Yl:lJl{) 
fll'jl'il'mlJ lW'lA1~'j !~lA~,:jl'ilJYl1lA th\lllA l'i~0'lJlJlY1t11iilf'l~il 

" , 
flU 'I11fffl EJf11'W 011 191 ~ '11 'U 1191111) 'U 1~ EJ l~u 1~fflJ lJ ~ll'U Vi 1:;; 1J ,;hu~:IJ1w 1'U 11911 11)'U 

~ 1 o'lJ "I .;, "I 1I]'lJ '1 d ,J, ~ '" 0'
'Vl 'I '11 lJ~ 'U ml91 'U '111 V UlJ 11 fl tl1!'11 ~ 'e) 'I !~:IJ11) 1 flIl 'e)lJ !:IJ!'U EJCJ1\l 1U'U ffU U1:;; flfJtJ ~~ ~'W 'Ii 'U V'I 

m:;;tJ1'U011191~\l1t.J 1191'H1)'U~\l1:;;1J1'UfflJ011~ (1) Chang (2003) 1:;;1J ';hl~lfl~~U1:;;flVtJ~1EJ011 
" 

1~m~cM~vJ~fl~tlEJ1U1~l.n1\l'l1lJ~i,rtl~i'U1U'UV\l!!vlJ IlJluEJlJcMmvJl91 hWI~lJ~\l1UI9lff!91EJlJIU'e){.. .. .. 
, " " 

iT\l 011'U191 !~'U19l1d \lU ilfi~ EJ1 O11! U ~ {J'U 1 t.J 119111 1)'U 1~'U IWlJ IlJIUEJlJ cM~1vJ 191 '11 "''11) 1 fl'l1 'U 1~tJ 11 ~ 'e) 

dll] 'lJ , 0 1 'lJ ~ '1 "" '1 d II] II] 0' .;, 
1)l\lff11~:;;m{J'Vl !~1)lflflU{J'e)EJ !!~:;;'Vl1 '\1!U'Uflm\l !~EJ!l91lJffu~:;;mEJ !CJ1I~EJlJ !g~1'e)fl !CJ1~ fl~'U 

, " , 
U'e)lJ ilJIUEJVilfi~~'U~\lit.Jm~tJ'e)~flVin1'11'U~U~:IJ1mll~:;;ii indicator ~'e) methylene blue U~:;; 

II] ,J, d I"" ~ '" ''1 '" n I"" II] '1 'lJn

methyl red !\9l!1911191 borate ion (CJ1\llJlJ1:1J1WIU'Uff~ff1'U !~EJI91HfltJlJ1:1J1W !'U !1911t1)'U) ~1EJm~ 

" 
191~1fl~'e)~fl ~\lfflJ01119i'e)1uu 

• NH4 + H2B03 

(borate ion) 

1~A1t.J1WU~:IJlW ~'e)EJ~:;;'U'e)\l 1t.J lml1)'U 

lml'Uv\lm~19i~1fl~'e)~fl = IlJ~'U'e)\lI!vlJ IlJIUEJ = ilJ~'U'e)\l lu iI911!1)U1UI9l1'e)~l\l 
" 

x tJ1'11'11flV:;;I91'e)lJ'U'e)\l1u II91111)'U x 100 

" tJ1'11'11flI9l1'e)~l\l (fli'lJ) IlJ~ 
'1 d , ?I i
!~EJ .NHCl = nonnality 'U'e)\l HC} lJ'I1U1EJ!lJ'U lJ~11000 lJ~ . 

" tJ I'll 'I1fl 'e):;; 191 'e)lJ'U 'e)\l 1'U il911t1)U = 14 

9J d. ~d d CI <Qd 0' 9J t 9J.d CI 9J 4 d' I QI I 

'U V~'U'e)\l1'Ii'U fl 'e) 1'Ii'Vl1fl 'e)U 'U1 H1EJ 'U'e)1 ff{Jfl 'e) i '1ft 1~ 1 i t.J O111!fl11:;; '11 UI91~ :;;1911'e) {J1 'I 

n 1 .;, i ,J, 'lJ '" "" 1 "" 0' II] '1 '''''''' di'lJ "g dlJ):;;:IJlW 3 'lf1 lJ\l CJ1\ltl1lJ'I1mEJI911'e){J1\l 1):;; 'If!1m U01111fl11:;;'I1U1U:IJlfl 1)\l!lJ 'lf1'Ii11~m1'Vl 

1):;; 1i'1 :;;tJfl11lJff1:1Jl1tl 1 U O11191~ '11t.J 1m11)U 'U'e)\l111CJ11.uEJlJ51t'l1 iiV\l• 
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• • 

• I 

fll'nh acetylene reduction assay 
" I I I 

1TI~'l!~lJYi'1~fl~ltlVfl~lV'Wu~1 'J iC)fliJvm)':Hl1tleJ'IYiihh:;;iy.V1~fll'W~1 '11 U !~'J IllU 1~!Iri 

fll'JY11 acetylene reduction assay (Somasegaran and Hoben, 1994) !~V91~'J1fl~~~UJJII~:;;t11111 

1ri1Ufll9fU:;;I9fU ~1~iJ~~lVN~11ihrmfllffl,j'1-eJeJfl ml'l1l1mrU'~I~lJQ~fl1C)f acetylene ~ 
tl111U~U~1J1\91'J 1I~:;;1oN gas chromatography \9l'Jl11U~lJ1W ethylene ~ln~~Ull1flfll'J~~lqf 
acetylene !~V!~ '1~lVleJU 1911f1 U i\9l'J~IU ~~eJ'IIIUflYiI~V\9l1 'I'U i\9l'J IllU 1UUJJ'J1fl~1!l1tlv'I ioN 

,J '" . ~ Ii] 'i ,J "" '" !"lI1 1 d ~ .,. ddacetylene C)f'llJ tnple bonds II'YlUfllC)f tU t\9l'JlllUC)f'lJJ triple bonds ~lV'WUYi!'J C)fIUtllJtllll1~V'l'VllJ 

lIeJfI~1~1u !\9l'J~IU~~'1 ~~ ':hltlU~1t1'WU,r~iifll1lJ~llJl'Jtl1ufll'J\9l1'11u i\9l'Jlllu~'1
"'. '" 'j) I I, 

,j'eJ~~ eJ'I1TIiHimtiu 1TIYi'loNlI'W~11~ 1V ,j'V!iYtI~eJl?i'eJ'IU'J 'J 1l'J1flYi~~l1lJ '1W)19fU:;;Yi 11ii11'• 
'jI 'j/ ~C')I ~ct d~L:1QJ I 'j).cs ~ d

ellfllff!~l-tleJfl II ~:;;\9l eJ'IlJfll91 acetylene C)f'l tum ru'VlJJl'llt1Vl'lU eJV ell lllJUty1111 U fll'J C)feJ II~:;; Ifl'IJ 
~ ~I'" 'jJ J''! d,!jlo '" '" 
fllC)f acetylene U'JlJlmueJtI UeJflll1flU tUUlJ'Vl t9f'Vl1 acetylene reduction assay V'IelllllJfll'J 

~ . 
UUltleJU~eJ'I 1 'J !C)fliJtllJ~lV'WU,rVU1ulllJ• 

QQeI 

fl1'j'Hm8tWll~'U8.:j bydrogen uptake hydrogenase 

'lull fl.ff. 1979 Albrecht 1I~:;;flW:;; IffUeJ-)llh!C)fliJVlJ~lll1tleJ'I ~iileJu1C)flJ1e1i~'J~lu~ 
l~lJfll'J\9l1 '11 U i\9l'JlllU 'lul1m1fl~1Il1tleJ'I I'W 'J 1:;; ie1!~'J~IU~l1~m~VflBfl~eJl1d'l-)l 1e1i~'Jlllufl'W 
I'Ylfl ie1i~'J~lu~ (hydrogen uptake hydrogenase) ~'1eJ~'lJu!C)f~rl'llJlJIU'JU 1l:;;eJeJflqfi~C)f1e1i~'JlllU 
~'1It1w-jil\9lJ1rucn'W~eJvi~ 11lfll1Bn~V1fll'J\9l1'1iu !\9l'JlllU ml'IJltlu 2H+ ~1C)f~rl't11fl~'lJ1,j'11111oN 
'1111i1ul1Bn~Vl~~eJflqfIVi1'1"1fllv'lUIC)f~rl' ~'1I1~~'1'lU i~v:;;lImlJlVieJ111 ij 

~ 

(van Berkum and 

Saloger, 1991) 

I'U 1~'j'iJ!'Uff 
N,+8H'+8e+ 16ATP ~ 2NH 

J 
+H, + 16(ADP + Pi) 

2H+ ) 
~_____________________~~~~~~__'1_81_~_'j_~_t'U_ff______~____ ~U~t~~~ 

~ . . 
IViVlJ1ii~~'11U1~Vl1mV~UIf)tl1nU ie1!~'JlllUfl'Wl'Ylfl 1~!m~IU~ 1I~:;;tiU hup Yi'J:;;'l..J'J'l1~fll'J . . a'II m 1:;; 111eJU 1 C)flfij 

~ 

1I1VifJ'I hiiifll'J ~'J•11 ~~ fll'J 'Ylfl ~tI'I tl V1'111 U~~ -)1 !'J1C)fliJ fJlJ t.llll1 tleJ'IYiii fll 'J 

1I~~'1t1eJfl~tI'IVU Imp \9l1'1 iu !\9l'JlllU i~l1'J:::ff'Ylifll'W~ '1fl-)l~lfJ'WU i~ 11iiifllm~fI'IeJeJfl~eJ'Itju 
hup 11~eJ11i (Albrecht et al.,1979; Carter et ai., 1977, Fuhrmann, 1990; Lambert et ai., 1987) 

~ ~. 

~'1t!U'U'J1fJ'I1Ufll'J1~VQ1JUij~'1I~UeJIIU1~~Yill:;;'oN RFLPs (Restriction Fragment Length 

Polymorphisms) U~I1W spacer region 'J:;;l1-)l'1ti'U nodDl II~::: nodA ~eJ'Ii'J i91liJVlJ~lll1~v'I'lu . ~ 

fll'J'J:;;Ufffltlfll'Wfll'J\9l1'1 i U !\9l'JlllU~eJ'I i'J !C)fliJVlJt.llmtleJ'I lIU 11111'1~~ 'l U 'J1fJ'I1U fll'J1~VQ1J'lJij 

~eJ nodD 1 II~:;; nodA ItlUtjU~tI'I i 'J iC)fliJfJlJ~lll1 tleJ'I~I~fJl,j'V'In'IJfll'Jl,j'l i 11~~Nl1lJ~'J1fl~1 
~ ~ . 

m tleJ'I ~lgUIeJU~ I1ru 'J :::l1-)l'1tjU 11'1 ~eJ'Iijll\9l fllVi1'1nU 'l U 1'J i91liJfJlJt.llll1 tleJ'Il1 'J:::lfI'VllVi 1'1"1 ItlV'I 

d '1'jJ 'd~ '" J',J 'jJ 'l'jJ~ 1i]'jJ .,. ~I d 

'WeJ'Ylll:;; 19ffll1lJlI\9lfl\9l1'1~eJ'IflIeJUIeJU'Jl1ruu C)f'l~:::'VlV'W l1m'W Iflll1fl RFLPs fltl~lJIIU'lJfll'J!'JV'I 
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v , 

19i1't1v~;;hrri1'W~Ag'WnllJlH)fll hm11ftlHr~111f)19i~~lW'HYI'I~f)i'\.HU'W!CJl'U (restriction enzyme) i'W 

fll:iv'il'W1VrYmJm~f)1:iA,j'1ft'11~lhJcJ1~m11th !tJrirYmJm~f)U\9l~~! 'W 1\9l:iA11'W'lJU~ I ':i lCJl'AiiVlJ~l.. 


'lh~ !il'fl'\Jtl~'''a1G}I!ihJ'lJ~-m'i~tl,:j 
i'W 1111 ~ '!J' 'W 1 ~ f) 1':i , :i 1 CJl' Iii VlJ ~1 Al'i i) U ~..r11ft f) VVlJ i''U f) 1) U-U ~ tJ ':i ~ Ifl 'VI ! ':i 1 CJl' Aii VlJ ~1 

a .::'1,..1 ~ 0 d ~ 0 ~ \If d ~ ~ ~ 
Il'i ftV~llJ'W lJ ':i~lfl'VII~lJ 111'W 1'W l':i 1Uft ~tJ:i~!fl 'Vl!~lJ 11 1'W l'W'lfl 1 ~V t) 1CJl'A'UVlJfl1!l1 ft V~tJ ':i ~lfl'VII~lJ 
Odd .::::. 1fI9J I 

'ill'U1'U!'l1lJ 2 'If'U~ !~Uf) SinorhizobiumJredii Uft~ S. xinjiangense (Chen et ai , 1988; Peng et ai , 

2002) "Y1'Wl':i lCJl'AiiVlJ~1!l1i)U~tJ)~Afl'VIA~lJ~1'W1'W,*1~ 3 'lfi!~ l~wi Bradyrhizobium elkanii, B. 

japonicum Uft~ B. liaoningense (Jordan, 1982; Kuykendall et ai, 1992, Xu et ai, 1995) !:i lCJl'!iiVlJ 
, " ,

i11m i)U~l1'~ft'U~tJ':i~Afl'VIA!\9l f)~l~tl'W ~~A!ft'~~1'W\9l1:i uri 4 

\9ll ':i N ~ 4 fl11lJ U\9l f)~ l~ ':i ~W:lN I':i 1CJl'! ii VlJ ttl! l'i i) U~ tJ)~!fl 'VI A~ lJ ~1'W 1'W!~ 1Uft ~tJ:i ~ !fl'VI!~ lJ 
o ~ 

111'U1'U'lfl (Elkan and Bunn, 1992) 

'j) I 9J gJ .::::. 

I !ft''Wvvm'W'lJl~'lJ':inW.. 
1. nm~1~i'W fll:i !~lJ~l'U 1'W11J'W ft'U~ll'h 
2. ~1'U1'WUft~'lfi!~'lJV~u'VJftm'ilftftl 

~ v v ~ 
CJl'~:i~1J':il'ift'f)1':ift'~Aml~l'i Fe protein 

!!ft~ a, ~ subunits 'lJV~ Mo-Fe 
v 

protein \9l1lJih~'lJ ltJ':i~'Wl1~ft'llJ'lfi!~ 

tJ ':i~ f)V'lJtl'W!'fl'Ww'W lCJl'lJ1 'W 11'1 ':i ~A'W ft' 

(peritrichous flagella) iml'tJmwC)j'ml 

(subpolar flagella) 

U~~l~ lmtJv)v'W 

, ~ ?I 
U~'lJ'W pSym CJl'~AlJ'W 

~ftlft'iJ~'IJ'Wl~ i my 
tJ)~lJlW 350 kb 

1'W tJ)~ !'VIffft'l1il:iWi'~tJ:i~'lfl'lf'W~'W Uft~'U'Wl'i ~!fll~1 Uf)'W111 tJ ':i ~!'VIff~~'W ~:i lV~ 1'W fll':i 
I , " JI V I I 

~'lJ l:i 1 CJl'Aii VlJt11m i)v ~tJ:i~!fl'VI!YilJ~1'W1'W1~1 l1.:j{h~:i 1~~'U i 'W-W'U -vil~ 1~tJ'Jf)t11m i)u~ ~~lYl 

AV'lfV~i'WGlh~~l~ (Camacho et a!., 2002; Dowdle and Bohlool, 1985; Suzuki et aI., 2008)!!~.. 
Han et al. (2008) ':iltJ~l'W fll)~'lJh lCJl'AiivlJ~1mi)u~tJ)~lfl'VIl~lJ~1'W1'W1~11!ft~!:i lCJl',iiVlJ~1 
mi)u~tJ':i~lfl'VII~lJ~1'W1'W~1 Bradyrhizobium liaoningense 1'WlJftCV1ftc}f~A~V~ (Xinjiang) tJ:i::;!'VIff 

ft'11iUW i'qo;tJ ':i ~'lfl'l1'W~'W cJ1~~'W ~!~l::;tJ ftf)tt11l'ii)u~~~lYlW'lfV~1 'W 'lf1~~1~ i 'WtJ:i ::;!'VIffl 'VI V 
~ .. .. 
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• • 

• • • 

Chansa-ngavej et al., (2009) U~~ Maruekarajtinplaeng, (2010) 'jlfHl'Wfll'j'V'I'Uml'n~h 1CJftlitllJ 
I , 'j/ jI 'j/ , , 

tl1t'11 fltJ'ltJ'j ~ Ul'YI tVllJ hu 1'W~1 l1'lii tlllHtJ'W t'V'l'j1~~'W i 'WYi'Wiit'V'l1~tJ~fltl1t'11fltJ'l it.! tJ 'j~t'YIffl 'YIt1lJ.. 
fl1~ttJ'l5i'W'lf1'lfl'j\91 (pH 5.0-6.5 fllt!Jll'l.J1 'l51t!J~~ln'l5, ~~'l1'Wl~tI~tJ'l1111~~VllJ.w) 

Duteau U~~flW~ (1986) 'j1t1'l1'W-)1 h1CJftlitllJ~1tl1fltJ'ltJ'j~tfl'YltvilJ~1'W1'Wt~1 4 ~1t1 
w 0' 'J} 'J} _I "" 1 '1" i ~ '" '" 0'

'V'l'W~ ~lm'jm~1~'j1'llJlJU~~I'I'j'l 'W ~1'I'jtll'W 'Wtntl1~tJ'l (Glycine max) 'V'l'W~ Peking, Virginia, 

Hardee U~~~1tl1fltJ'l Glycine soja 1'j 1CJfllitllJ~1111fltJ'ltJ'j~lfl'YIlvilJ~1'W1'Wt~1 3 i'W 4 ~lt1~'Unii
• 

l'Ii'l~~l'ltJlJ~ Il1lJfl1'j1'l1 'l1 'U 11'1'j Ill'U (ineffective nodules) i 'U~1tl1fltJ'l~tl 11 ~'U n i 'U~w~~1'j• 
1CJfllitllJ~1tl1fltJ'ltJ'j~lfl'YIlvilJ~1'W1'W1~1~tl 1 ~1t1~'W( (Rhizobium/redii USDA 191) ~lmHll.,j'l 

I I I ,'j} 

~~1'ltJlJiiI'l1'l1'U 11'1'jlll'Uii'j1tltl1tl1fltJ'l 14 ~'Wn h 1CJfllitllJtl1tl1i'ltJ'l11'l 4 ~lt1~'U1jll1~~NtJlJ 

i'U~1tl1fltJ'l~'U( Harosoy rjl rjl 'UtJtlll1tl.nl'j 1CJfllitllJ~1tl1fltJ'ltJ'j~lfl'YItvilJ~l'U1'U1~1 Rfredii 

USDA 191 I'll 'l1 'U 11'1 'j III 'W 1 ~~ Iii t1lJ 1'1';' 11 1CJf Ili tllJ ~1 tl1 fl eH tJ 'j ~ Ifl 'Yll vi lJ ~ 1 'W 1 'W ~ 1 

Bradyrhizobium japonicum USDA 61A76 lritJi~~1111fltl'l~'W( Peking, Virginia, Harsoy63, 

'" 0' , "" 1 '1" 'J} ,Rampage, IW~ Glycine soja 'V'l'U~ PI 342622A U~~ PI 101404B UI'II'I'j'l 'W !1'I'jlll'W'WtJtlf1d1 B. 

~ 6J jI';" a cv tI 
japonicum USDA61A76 IlJtJ !'l5f11tl1~tJ'l'V'l'U~ Evans, Williams, Hardee, Itill U~~ Glycine soja PI 

407217 !t~~ PI 81762 

~~ fl1 'j'YI ~ ~ tJ'l~'l tlcil1'1i'N~'U u ~~ 'l1 'I11~'U -)1 'l.h~lfl'YI~tJ'l h 1 CJflli tllJ ~1tl1 fltJ'l (I vi lJ 

~ 1'U 1'U I~ 111~ tJI vilJ ~ 1'W 1'W ~1) t! ~ ~ ~'W (~lm fltJ'l lJfI 11lJ'ih~t!J~ tJtJ 'j ~ ff'Ylii fll'V'l fl1 'j I'll 'l 
I "1 I 

1'U 1mIll'U i 'U fll'j'YI~ ~ tJ'liil~'U tJ'j lt1'll'U Q1JlJii ll~ i ~tl1tl1fltJ'l~'U nl~t1'lh,l1 60 iimlJri 'l1~~lJ• 
tl1'j ItlElI'I 'j It'U~ tJ 1 i ,rltlEl \PI 'j tl'j 1 ~ ~1111 fl tJ'l 1'V'l1~'lI~ fl i 'U ~'l111~'Yl1'lfl1f1111 i1 tJ~tJ'l'll'J~ l'Ylffl 'YIt1 1'lf'U.. 


y • 

~'l111~VlEl Wh tlt!~~ ~'l111ml1'W 1'V'l'j 1~~'U niilJ ll~t~'U;j tJ'YI'U'YI1'U ~f] hm l~iJlJ~tl ';htl';Hl1 iio'l 

-W'U(t'WCl ~f11m\PIfl~'lUtltl ~'l""lm'jfltvilJ~l'W 1'U~'W~tJ1~ el'UllI'Uf11'j t~lJ~~~ill'l mlJU fI1J~fllJl 
~ , 

Yl:j 1'U n~ull~!tf;l:t n~ ~'U tl1t'11 fltJ'l-w'W nl;tI'l h,l1 60 ttJ'W N~'ll'U f11'J 1~tI'Utl:jff'U61~tlYi'l5 lli!]tI'lil1l1til qJ '01 q) q 'U 

fl1lJl'l51f11'jIflElI'I'j 1~~~lJl~'Wn~1t'11fltl'l~1'W1'W 22 fllriou 2518 W 'i'l'fI1'W '~'YI~~tJ'lYi'lfll~u111~. ~ 

6, cll Q.I 0' I Q,I rI do j} cl 0 ':1 I 'j) ~ Q.I rI 
CJf~!'l. '\l'V'l'U1i~mmm~1111'l'V'l'W1i Williams lJml'l'Ul!~'l!\'j'l 1l1'Ul'Wv.lfll'ltJl'I'Umfl fl'l.rw'U~ 'i'l'll , (FlO 

70 19) ~ ~11l'U-W'U n~l,r~~ Nill'l~'l 'YI'U'Yll'U~ tJ 1 'j m1~iJlJ flWfl1'V'lllJ~~~ ll(l~flW~fl'i'j lJf1111 ~t1... . 
'ill I I , I 

fl1lJ11i1f11'jlf)Elm l~iJlJ~~lJ'jtJ'l~lt1-w'UniJ dJtl1'Wii 30 I$lO'Ufl'U~J1t1'W Vl.ff.2530 hW'l~~f:l tll. 
t11~tl-:j-w'Unl~tJ'l'll1l1 60 lJtl1t1fl'l1'UtJtltl~Ofl 35 1'W tlltJfl~1'UI~lJI~t11 97 1'U (rI'~l'Itf ell'll'l:t q q q I.' ~ 

h..tJp:llwww.komchadluek.net/detaiIl20100817 /70065/) 'iY111~lJI'J 1CJfllitllJ~1!l1 fltl'l~i~1 'U'j1t1'l1'U 

fll'j i~tI.n l~uriulJfliil~ eJtJ'j~lfl'YI lvilJ~l'W 1'WI~ 1~Utlflll1fltJlJ'j1fl~1!l1fltl'l ~1'W 1'W 7 ~1t1-W'U (~ 
IWfl1~tI Emampaiwong (2006) !!~~~tl'lVl~lltf-)lll1'Wl'j 1CJfllitllJ~1!l1fl€l.:jtJ'j~lfl'YIlvilJ~1'Ud'Wt~1 
!!(l~1~h 1CJf!litllJ~1Il1fltl'ltJ'j~!fl'YIl~lJ~1'W1'W~1 ~1'W1'W 58 ~lt1-w'Wn• 'j1lJltJ'W 65 ~lf.J-w'Un• ~ 

I' • 'J,I 

'j1tJ'l1'W l~tI Emampaiwong (2006) 1~tli~~1'W1'WtJlJii'j1fl~tl.:jtl1!l1fltl.:j~'W(I;tI.:jil11160 -YlI~t1'l 
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lm 'H"~l'l'tJil'l Nod factor 'tJil'l B. japonicum lJn:f)ilU~1t1 N-acetyl glucosaminyI 5 

units l~mJfl't.J~1t1 ~ 1,4 linkages (Stacey, 1995; Wang & Stacey, 1991) Nod factor il1'j)jjriTW 

"I11tJ 'I 'W f)1lD'1'W1911'tJil'lllf)'tJ'W ~il'WU{l:;: f)1Hl1 'll1'I9f{lrl''l 'W~'W cortex 'tJil'lllf)'tJ'W ~il'WU tJ'l 19f{l rl'mh'l 

n~I~1'j)'Wlnm1j'WlJlJ~'lif Irlil B. japonicum l.,j'l'lmhlf)'tJ'W~il'W'tJil'lk;H'I1iiil'l 'j):;:If)1:;:1J'Wllf)'tJ'W 

I '" .J ?I'Ll I .,. 'I 'JI '" 0$ IIJ"
tlil'WU l!1W lectin 9f'lI1J'W! lJ l 

d

I9l 'W 1J 'W II f)'tJ 'W il il 'W 'VH ~ 'Vll:;: I'j) 1:;: 'j) 'l 'I1'Vl il {l U9ff)fI1 ! l \9l 'U il'l B . .. 
japonicum 1f)1:;: mr'l'illmr'WlJmmlf)'tJ'W~il'WD'TWI911!!{l:;: B. japonicum !.,j'111J'l'W infection sac 

.J?I"'''''' I .J <!I ?I od"
9f 'lllJ'W Q'l'Yllf)\9l 'illf1!9f1;HIUJlJl1Jl'W 'U il'lllf)'tJ'W ilil'W 9f'l '0:;: tI\9l tll111J'W infection thread mw tJ'l!9f{l (l 

'Uil'l B. japonicum llJiJ'lI9f{lrl''l'W~'W cortex 'lJilnlf)~11'11iiil'l 'I1~'l'illmf'Wri1'WlJmtJ'tJil'l infection 
.,... ... ~ .J _I 'JI .. 

thread 'YlUll~!9f{l{l'tJil'l B. japonicum \)f)I9l\9lililf) f){llt1!lJ'W symbiosome 9f'llJl:;:f)il1J~1m9f{l{l!lJ 

.:.. <!I 'JI 'I "I .J d _I I IIJ I I IIJ 'd

lJ!Ul'W'Utl'lllf)tl11'11{ltl'll1lJ B. japonicum !'WtlJ'Utl'l bacteroids 9f'llJ t lJll'lllJU'W'Wtl'WU{l:;: !lJlJ 

!!~{lm'il{lm L1'llJ1ltll9l~'lI'W 1I9ll!'j)'W (Haeze and Holsters, 2002) 

l'VllllJ!l9ltl{'Utl'l nodDl U{l:;: l'VllllJ!l9lil{'Utl'l nodYABC 'l'W B. japonicum tl~l1un'W 

U1'lri1'W (partially overlapping promoters) ~'lUL1'~'l'l'W~lJ~ 8 

nodDl- box: CATG I GCGCATCTA I ATTGCTTTT 

nodY- box: ATCCATCGT I GTGGATGTA I TTCT I ATCGAAACA ATCGATTTT 

llJYi 8 l\9ltl:;:umlJUL1'\9l'l'll1'!~'Wll1Jl'lri1'W'tJil'lI'VllllJ!l9ltl{'Utl'l nodDI ~'lU'Yl'W~1tJf)citl'l.. 
~1'I1~tllJL1'tl'lf)citl'l ~ tldl1unu1 'VllllJ!l9ltl{'tJtl'l nodYABC ~'lU'Yl'W~1t1f)citl'l~1'I1 ~tllJ~f)citl'l., 

~ l'VllllJ!l9ltl{'Utl'l nodDJ 'I11tl nodDJ box 'tJtl'l B. japonicum lJl:;:f)tlU~1t1 9 U1f1~ 

lill'Yl~ mJ!~tJ'l~tln'WL1'tl'lflf'l ~'lU'Yl'W~1t1f)citl'l 2 f)ciil'l'l'Wl~tl:;:umlJ hn 1lJ1l9lil{'tJtl'll1odYABC
<tJ 

!~tJf)ll nodYbox lJl:;:f)tlU~1t19 U1f1~ltl''Yl~ ~'l!~tI'l~tln'W~flf'l ~f)fYl!!L1'fl'l.y;fY'Yll'l 
'Ylll'WL1'fI~'Vli'W'Utl'l(j'W nodDJ U{l:;:'tJtl'l nodYABC operon 'l'W B. japonicum (Wang and Stacey, 

1991) 

Pueppke U{l:;:flW:;: (1998) llt1'll'W lU If)'U'W ~il'W 'tJ tl'l' ll9fl1itllJ~11'11 iitl 'l1J l :;:l.f)'Yl!~lJ 
~1'W1'W!~1~U!~{l11'Wtltl~ Coumestrol 'l'W'UW:;:~ Kosslak U{l:;:flW:;: (1987) lltJ'll'Wllllf)'U'W~tl'W 
'tJtl'lh 19f!1itllJ~1miitl'llJl:;:!.f)'Yl!~lJ~1'W1'W,*1 ~U!~{l11'Wtltl~ Genistein 111tl Daidzein ~'ljj 

, .. 
lf1HL1'~l'lUI9lf)~l'ln'W~'luL1'~'ll'W~lJYi 6 !~{l11'Wtltl~1'I1cilu~11JBn~tI1n1Ju~nwlJmtl C'tJtl'l 

llJl~'W NodDI ~'l,f'W~'l!~'W'1J'~11ih~UU1f1~ltl''Yl~'Utl'l nodDJ ~'ll:;:Ul,:rml1~1Jm\9lil:;:iJ• 
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hJ~tJmlJ C 'UtJ.;j NodDI 'il~~l.;jn'W fl1f1~'W1f1 f1 mYfI.;j multiple aligrunents 'UtJ.;jV'W nodDl i'Wh 

1 d ~ ... 01 ~ 0 Q IrJ d ~ ...

!9H'UlJlJfl1m~tJ.;jlJ':i~!fl'VI!'V'I:IJ'il1'W1'W!':i1 (Sinorhizobium Jredii) !!~~ ! ':i 19f!'UlJlJmm ~tJ.;jtJ':i~!fl'VI 
~ 0 ~ 1 i ~ ~ '" "" '" 1 IrJ ",.d "'10

!'V'IlJ'il1'W1WIf1 (B. japonicum, B. elkanii) !fIlJ 'Jj''UtJlJ~mfl'U'W1f1~!tJ !'VIfI'VIfll1'W !'I1~f1 'il1f1 
'" 

GenBank (http://www.ncbi.nlm.nih.gov)~~f1UYhmultiplealigrunentS.V.l.U·.h~1~.UiJ1f1~1tJl.V1~ 
~ ~ 

'UtJ.;j nodDl 'UtJ.;jl':i 19f!'UlJlJ-n.;j'fftJ.;jtJ':i~!fl'VI~1.;jn'W ~.;jU'fffl.;ji'Wfl1f1~'W1f1 f1 'WtJf1'il1f1ii Schlaman 

U~ ~f1tu~ (1992) hh 11J.;j 1'W f11':i~ nodY i'W h 19f!iJ IJlJ~1m ~tJ.;jtJ':i~!fl'VI! ~lJ ~ 1'W 1'W!~1 
SinorhizobiumJredii ~.;j!!'fffl.;ji'W~tJ~ 9 

$. fredii 
0<12D, GAB C X we T U V C 

~----ccc:>-t ~~" • i . [) . 
0<11 

i::j. Japamcum 

Q IrJ 1 d ~ ... 01 ~ 0 ~ ~ 
!':i1 (S. Jredii) !!~~!':i !9f!'UlJlJfl1m~tJ.;jlJ':i~!fl'VI!'V'IlJ'il1'W1'W'Jj'1 (B. japonicum) ~f1fl':i'U'W1f1f111.;j 

, ~ 

(wide arrows) U'fffl.;jV'W!!~~Ylfl'VI1.;j'UtJ.;j'VI':i1'W'fffl~'V'Ii''W'UtJ.;jV'Wmri1U'W (Schlaman et al., 1992) 

H'U1m(ij~'Hli'Ufl1'il~[J 

'il1f1f11':i\9l':i1'il!tJf1'ffU~.;j':i11J.;j1'W ~1.;j~'W 'V'I'U,:l1rJ.;j 1~~':i 11J.;j 1'Wf11':i'V'l'U nodY i'W 1 ':i 19f!iJlJlJ 

~1m ~ tJ.;jtJ ':i ~!fl 'VI! ~ lJ ~ 1'W TU!~ 1 i'W 'U tu~~h 19f!iJ IJlJ~1!'11 ~tJ.;j tJ ':i~!fl 'VI! ~lJ ~ 1'W 1'W ~1~ nodY 

(Schlaman et al., 1992) ~.;j!!'fffl.;j i 'W lf1tJ~!!mlJ~tJ ltJii 
~ 

_.l....-___ ___.L....1 ___---JL­no_d_D_l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .L-I___n_o_d_'A 

nodDl nodY nodA 

~ , , 

'W tJf1'\l 1f1ii nodD 1 !!~~ nodA !ll'WV'W ii!fiIJ1~tJ.;j n'U 1'1 11 lJ'ff1lJ1':i fI i'W f11':i! ~11tJ 'ff~l.;jtJlJ ~.;j 

':i11J~ ~!BlJfI~ ':i11J.;j 1'W!!~1 i 'W fl1tJ 1 tJ':i~ f1tJ'Un'U i 'W 11 'il 'il'IJ'W rJ.;j 1~~ ~':i11J.;j 1'W 'I1.J1~'U tJ.;j ~i1 \9Ultu ~ . '" 
1tJ':i~'W~':i~'U':il1'ff 1~w nodY ~.;jJ'W'U~ntu ':i~'I111.;j nodD 1 !!~~ nodA ~.;j!1l'W'U~ntu~tl1'ff'W i'il i 'W• 
~1'W 'U tJ.;j f111lJ 'ff1lJ1 ':i f1! ~11tJ 'ff~l.;jtJ lJ!! ~ ~f111lJ U\91 f1 ~1.;j!~h 11\PJJ'W 1f11':i 'U tJ.;j 1':i 19f!iJ IJlJ ~1! '11 ~ tJ.;j 

tJ ':i~!fl'VI!~lJ~l'W 1'W!~1!!~~tJ':i~!fl'VI!~lJ ~1'W 1'W ~1 .;j1'W 1~1Jrl'~.;j~.;j~ 'il~'I11f111lJ!il'W1tJ1~'U tJ.;j f11 ':i i ~ 
q 

26 

http://www.ncbi.nlm.nih.gov)~~f1UYhmultiplealigrunentS.V.l.U�.h~1~.UiJ1f1~1tJl.V1


• >I 

flJllJU\9lfl~1-:J'lJfl-:J1J1nW ';i:;;'Y/'h~ nodD1 U":;; nodA 'lJfl-:J ~b191!1jtill t11!'11 ~fl-:J.yr-:Jfffl-:J'lh:;;!f1'Y1!U 

fll';i ';i:;;mlfltlfl1'W fll';i !.,j'lff~l-:J'iJlJU,,:;;fffltlfl1'Wfll';i\9l~~1U !\9I';i !~U !~ltJ'l oH RFLPs (Restriction• 
Fragment Length Polymorph isms) ';i:;;tJflJ111U\9lfl~1-:J'lJfl-:J1J1nW~-:JflrilJ 

RFLPs 'HlJltl~-:J~'iJU1J1J~1-:J"lfln!1t1-:J~11JUU~Uflfll hm~m'i'tl-:Jfll';iV\l agarose gel 
>I >I 

electrophoresis 'lJfl-:J~'U-ffTh,~!gU!fl'H~-:J~lfl~~~lt1 restriction enzyme(s) ~,nrUih~1J'ihfl~! fl 

''YI~'lJfl-:J~!gU!fl~l-:Jn'U ~:;;ij restriction sites ~1-:Jn'UV\1'l'l1'~'iJU1J'Uflni1t1~~11J'UIIHUflfll!nn~" 

'H~-:Jfll';iV\l agarose gel electrophoresis ~l-:Jn'U!n~!i1u RFLPs 

>I • 

'Hlfl11lJ-fflJ'WUlh:;;'I'dl-:J RFLPs 'lJfl-:J~'U-ffJU1J1nW nodDl II":;; nodA 'lJfl-:J 1';i !91!1jtllJt11 

!'11 ~ fl-:Jn1Jfffltlfl1'Wfl n !.,j'lff~1-:J'iJlJII":;;fffltlfl1'Wfll';i\91~ -:J 1U!\9I';i!~'U!~fl 'loHll':i:;; flfl1Jfll';i~ ~1';i W 1 
>I 

!ffU fl! oH RFLPs 'IJ fl-:J~'U -ff1U ~!gU!fl~-:J flri 11 'l 'U fl n ';i :;;'Ufffltlfl1'W fll';i \91 ~ -:J 1U!\9I ';i! il'U 'IJ fl-:J h• 
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3.1. '~lCJr~um.J~';m"ili6.:lm,nufll~1~t:J 
1 'J 1CJr~ti fJlJ k;l! '11 i16.:J ~1~1 'U f)1'J 1 ~tJ I lj'U II1J flVi~~ tJ'I_h~ Ifl'VI~~lJ ~ l'U J'U I~ J ~ l'U 1tJ 7 ffl tJ 

~'Ui m)~'lh~lfl'VlI~lJ~1'U1'U~1~1'UJ'U 58 ff1fJ~'UfnlJ!.rJ'U 65 ff1fJ~'Ui~IWm)1mJlJ'Jlfl~1 
mi1tJ.:l 1519111]'(1 i'U 3 ~llfltJ (tJ.'lf1~191'J~f)1'J tJ.lJln~tl1 !!(1~ tJ.'Vi'J'I1lJ.w'J1lJ) ~-;l'I11~.w'l:lW hfl ~.:J

•. " . 
~wfll~tJ Emampaiwong (2006) ff1m~i1Ii1tJfl!~'lJflYh~tJmril'WI'Vi'Jl~ijmtJYlm{~lg'U~tJi1'1111~W11i 

'1 1 'JJ <!t <=St liJ 0' o'.k <=St C\ 0'0. 0$ • '" •
RAPD-PCR !l91tJ 'If RPOI 'I1'.itJ CRL-7 ~1J'U !'Vi'J~lJtJ'J CJr.:J~'IJ'UmfJ'VilJ'Vi~W'UWI91Hfl'U !!ff~.:JJ1 

.ci .c:S 1.c:::I , QJ tI" 
ll'lJfl'VlI'JfJ!'I1m'U1911.:Jff1fJ'Vi'U1! (Emampaiwong, 2006) 

0$ 0. 0. 1 'j) .d d 0 ~ .:d oQ

1fl'lJ!!'lJfl'VlI'JfJ 'UtJ1'\1l'Jl'U!tJfJ.:J'Vl 4 C C)f.:J'lJ'.i'J~ YMA (Yeast extract mannitol agar) 'Vlll91lJ 
. " .*Congo red i1flJ1lJI~mj''U''lflVi'ltJ 25 ~g.mfl l~fJiJ~fl!~tJ (inoculate) i'UtJ1'111'J YMA Vi~I91~tJlJ 

" " " 1m.! (subculture) 'VJfl'1 6 l~tJ'U 'UtJfl'il1flii!n'lJ1fl'l:l1IC)f{1rl'mril'Wi'U'J~tJ~fJ1J (6 !~tJ'U~'UliJ) i'U 

1O% fl~C)htJ{1~ -80°C tJl'111'.i YMA ij~I91'JtJ1'111'J~.:J~'J~'lJ 1191fJ Somasegaran & Hoben (1994) 

" ~.:JiJ (m,hmlj'Ufl1lJl9ltJi1I91'J) : malU1itol 10.0 ; ~HP04 0.5 ; MgS04 0.2 ; Nacl 0.1 ; yeast extract 
gJ .::1 0 .Q " 0.5; l'U 15; 'ViltJ'If 6.8 'U1mtJ.:J 1 {1191'J 

. .. 
Q. 0 ~, ,

3.2. fll~~'VnHllU1U'lfUtl1U~~'t11N nodDl m'l~ nodA 

3.2.1 h lC)f!iJmJ~Jmi1tJ.:JiJnafl'Vl!~lJ~1'U1'U~1
" .. 

;'Uri1'U~~g'U!tJ'.i~'I1il.:J nodDI !!{1~ nodA i'Ul'J lC)f!iJfJm)Jmi1tJ.:J'lh~!fl'VlIYllJ~llJJ'U~l 

1~!!ri nodY ~.:JJ'U1'Uf)1'.i!~lJ~1'U1'U nodY ~.:Jl~I'Vi{!lJij{ nodYF IW~ nodYR ~tJijfl!!1J'lJ l~fJ 
Emampaiwong (2006) ~.:JijfflJD~1911lJ~iJ'J1fl{] ilJI911'.il.:J~ 6 . 
1911'.il~i16 fflJD~'lJij.:Jl'Vi{!lJtJ{ nodYF !!{1~ nodYR (Emampaiwong, 2006) 

..::::t. QJ old do rI 
'lJ'Ul~~{1l91flWCVI'ViC)ftJ1'J GC (%) 

(~1'U 1'U ~!'lJff).. 
nodYF 5'TGTACGCGGGTAAACC3' 340 56.3 55.1 

l10dYR 5'AGCGCAACGAGAAGAT3' 50.0 52.6 

*l~~mr)l'UJW melting point temperature (Tm) 1911lJ~'JlfJ.:Jl'U l~fJ Pastorino !!"~flW~ (2003) 

'" 0." 
~~'U 

500 

Tm = 63.3 + (0.41 x GC%) - ------- ­


~1'U1'U ~1'lJff'lJij.:J 1 'Vi{llJtJ{ .. 
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• • • 

mf:11 YMB (Yeast extract matmitol broth) '\J1lJW1':i 50 lJf:1ii1ii1mit.J Erheruneyer flasks ~~fl11lJ~ 
'j). I I 

250 lJf:1ii1ii1I'l':i ~~£J~Yi 30°C Yim11H~1 200 ':if.l'lJ~m.J1Yi Itl'Wnm 21'W ff1111'lJi':i lCJfliJ£JlJt11milf.l~ 

'\J ':i ~ 1i1'Yl l~lJ ~ l'U 1'W I~1 Uf:1 ~ 4 1'W ff1111'lJ 111CJfliJ£JlJ ~1 m il f.l~ '\J ':i~ 1i1'Y1!~lJ ~ 1'W 1'W ~1 11 rr~ 1l1flt1'W 
" . . 

1~1Ib1'lm'IJ1'Uf:1f.lm~mJ11l11'l':i 5 11f:1. M1'U 111f:1I~(n'W1{~Yi'lJ':i':i1lt11milf.l~~f.lm1fl ~'U£I;£J~1mj. . 
60 ~1'W1'U 3 11I~~~f.l111f:11lill'l~£J1I 111f:1I~£J1'W1{~~~'\J':i1flU1'U Somasegaran and Hoben (1994) 

" .
~~iJ tJ1'IJ1~liJ£J{'IJ'W1~ 1 iill'l':i 1l1~~'\Jm£J'lJ1~f.lf.lfl1l1'milf.l'\J11l11'l':i'IJ1~ 700 lJf:1ii1ii1I'l':i tJ1i'\JWJ1 

'fI~ 1'U 'IJ 1~ I'W b1'f11Uvl'IJ 'U 1~ ~ 1 iill'l ':i '\J1 fl'IJ 1~ I iJ tJ {1l~ f.l ~,}11~ 'il1fl ~'U 'lJ1~! 'tHYf11!!vl '\J ':i~1J1ru 2-3 

!CJf'U~11I1'l':i i~ff1~~~'\J1fl'IJ1~rU£)n~£)~ cotton rope wick 'IJ'W1~1~'UN1'U1!J''W6fl'flN 12 lJ'fIiilI1I1'l':i 

£)11 50 lJf:1 iii IlJl'l ':i 11 rr~ 'il1flt1'U 1'Yl'Yl ':i 1£J11 £J1'lJ ff1111'lJ!i£J~I9i''W hj~~ ~1J'W 'Yl':i 1£)~ ~mJ11mj 'fI ~ '1 'U 'IJ 1~ 
". . 

!iJ£){ !!'fI~!~lJb1'1':im111':iI~tJ~t11milf.l~Yii~~Yi1~ i'W 11'l'Hll'W (nitrogen-free medium) -WW'l1 6.8 'fI~ 
. " 

i 'W'lJ1~1'U1:1'f11Uvl'\J1lJ1m 600 lJ'fIiiliill'l':i~f.l'IJ 1~ tJ 1'IJ 1~!~V1'U l{~Yi'\J':i~ flf.l'lJ! 1:1'~ 'il!!~1 i '\JCJlw~f.l 

1~£Ji~mjf.ld~fl1111~'Uif.l"l~~ 121 f.l~fl'lICJf'flI;V1:1' 15 'UlYi II'l~£J1I negative control 1~mi£J~~1 
m ilf.l~~1£)1:1'1 ':i m11ll~ i~~ Yi1~ i'W 11'l ':i I1l'U U'fI~ i~ 1~1I II'lJflYi!~ VI'l ~~ i'W 1m!1l'W !I'l~ £J1I positive 

" . . 
control 1~m~£J~t11milf.l~~1£J1:1'1':im111':iYi~ 0.05% 1'\J~m;£J1Ii'UII'l':il'li'U nitrogen-free medium 

.cj <lJ I <) ~ 0' dd ~lfJ '1 Q ~ 

tm£J1I1'l1f.lVN (treatment samples) !~mI'l1ltCJf'fl'fl!!'lJ1'U'fIf.l£J U'lJfl'Yl!':i£JI'l':i~ !'U !1'l':i1'il'W':i~£J~1I~'fIf.lfl 

'\J11l11'l':i 5 lJ'fIiiliill'l':i~f.l11d~!1I~~ !i£J~~1milf.l~~1V1:1'1':im111l~i~~1i1~ 1'W 11'l':i!1l'U -W!f.lGJf 6.8 ~~ 
~"lI'l':im11nI'l111~':i~'41~£J Somasegaran and Hoben (1994) 

11rr~1l1mi£)~I9i''W~1milf.l~i~ 141'U f:1f.l'WI?i''U~1milf.l~yf~H1l1'rl1ilf.l 21?i''W~eJ'lJ1~ ':i~~1£J 
,.. I I I I 

1:1'1':i mm':i !~£)~t11milf.l~'Yl fl1'W 1l'U m ~ 'Vl~t11m ilf.l~'Yl fl~'U £ f.l f.lfl~eJfl (28 1'U) ri1£)ill'V'l ':i1flYi~~'\J 11 
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• • 

. , , 
.C\ d, Qq.c.'tQ 0 c:I !'llJI<i Q Q..I' 4 

4.1 fl1'a'W~1l'Ul1H'Ufl't1A·n.l'm'WlHn'Ul'UA'llA'U'U &'l &aIH'U£l1JtllA'tHltI~ 

N~ fll) 'Ylfl ffe:lD fl11lJ ffllJl) t:1 'IJ e:l ..mD fll1A~ tI'lh::: l.fl 'Yl I~ lJ ~ llJ 1lJ I~ 1~!!tlfl ~ 1mJ 11.fl e:l'lfl~ 
\91)::: fll) eJl!.fle:l'Vl) 'I1lJih llJ !!~::: eJ1I.fle:lDl~):::fh ~~WJfl~'ll~ 1 ~ fl ~llJ 1lJ 7 fflt1TIlJ (~Iwfll~ 

, ,jI , 

'Vl~e:llJflDfll) !Wfl!IDfll1!~mh :::1.fl'YlA-WlJ ~ llJ 1lJ~l !!~:::I~lJ ~~" lJ 1 '11 ~1~tl1lJ l1fll1l~ tI~51mii e:l~!!~ 

~:::TIlJ(~llJ1lJ 7 TIlJ(l~!If1 q1'IJ'l'1t1 1, q1'IJ'l'1t1 2, q1'IJ'l'1t1 3, ff~. 4, ff~. 5, 19ftl~"m.h , !!~::: 
iI , • I 

!9ftl~1mj 60 'VlD1l!!Dfll1l~tI'l'1~ 7 fflt1'Wt!tl:Uff~1~lllJl1)lfl51miie:l~II~~:::'WlJ1r~~flri11 )1l1110. . ., 
I iI I • 

!! fffl ~ v11e:l ~l~ N~fln'Yl fl~ e:l~!!Dfll1l~ eJll)::: Ifl 'YlI-WlJ~ llJ 1lJ!~ 1'l'1~ 7 ffleJTIlJ £I:U ff~l~lllJl1) lfl 51•." , 

m ii e:l ~'WlJ £19ftl~! 'I1:U 60 !! Dfll1 I~ eJll) :::I.fll'll-WlJ ~llJ1lJ I~ 1'l'1~ 7 ffl eJTIlJ £~~ I:U! 'Ifh 1 9f1ii tllJ 51 

m iie:l~ll)::: Ifl 'Yll ~lJ ~llJ 1lJ!~ 1 (N~ fll) 'Ylfl ~ e:l~lrl e:l ,,~~1m ii e:l~TIlJ £~'UIlh.J! 'lflJ I~ eJ1nD ~!!fffl~" lJ• 
HJ~ 10)., 

011 D87 0301 0384 D279 0395 048 

~ll~ 1 0 )lfl'Ue:l~~11'11 iie:l~TIlJ (l9feJ~ i'l1:U 60 ~IieJ~ it!1'H ~ !~tl1lJ11~~!~lJ!!Dfll1l~ tlll):::lfI'Yll~lJ 
~ llJ1lJ !~1~lwmlflllmlfl~1m iie:l~ N~fll)'Yl~~e:l~ I:U'VlDlllJ~) 1fl 

. , , 
Q t!, Qt::I.c:IQ 0 V~I"<i.ct QJ 4 

4.2 fl1 'a'W\111 'Ul1AA'U fl't1A'l£l't1A'W1I1ll'U l'U'l11A'U'U &'a I G)fA'U£llItl1m~tH 

N~ fll) 'Yl ~ ffe:lDfl11lJ ffllJ 1) t:1 'U e:l~!! Dfll1!~ till) :::AfI'Yl I~ lJ ~ llJ 1lJ ~1~ !Wfl ~ 1fl eJllf1 e:l'lf1~ 
\9I):::fll) eJl!fle:l'Vl)'HlJ-W)llJ !!~:::eJllf1e:l1Jln:::nl ~~'I11fl-W'll~hfl ~llJ1lJ 58 fflt1TIlJ( 1flm~lJ!!~ 

,iI I iI 

~::: fflt1TI'U £~~ i lJ 1'11 m~tl1'l-n1~111~ tI~ 51!'11 iie:l~TI'U £!9feJ~ i 'I1:U 60 'VlD 11!!Dfll1A~ tI'l'1~ 58 ff1 tlTI'U £. . . 
ff~1~lllJ~)lfl~1m iie:l~~~!! fffl~ N~fll)'Yl~~e:l~1Jl~ci1'U i 'U)ll~ 11 !!1Jfll1!~ till) :::!fI'Yl !~lJ ~1'\.J 1'U~1., 

~~ 58 fflt1'Wt!£~~lll'U I)19f!ueJlJ ~1miie:l~1l):::!fI'YlI~lJ ~ 1lJ 1lJ~1 ~~~ )ll!!DDfll)!~ tI~\9l1'Ue:l~. ., 
~ I d.d ~ , d, d. cv Q.I.:!. I d.d 9J 
'If'Uff1lJflle:l'Ule:lD)!1W):::'I11NeJ'U nodD 1 !!~:::tI'U nodA 'HM~lflfll)\9I~'lflJ ff1lJfl!e:l'UW~1m) ff 

\9I1fli'Uw'U19f~ sphl ff1lJ~1l!!DD A, B, !!~::: C ~~Ufffl~ilJ~ll~ 18 
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D43 D57 D64 D66 D7I D83 


DI03 D147 D165 DI69 D200 D213 


D263 D306D217 D221 D232 D243 

D404 0414 D430 D447 D459 D490 

D494 

t'l1~ 11 (0) i~ lC)$!iJtJlJ~1m~B~'l1~~!fl'YH~lJ~l'U1'WcHl~l'U1'W 30 ~ltJ'Vl'Wi~nt'l1mJ1Jm~!~tJ~~d 
" . . 

'UB~~'Wrid'W~!~'W!B~~ 'W;h~ nodDl u,,~ nodA 'Y!~~ RFLP U1J1J A Yh1,r!f)~'l1lJl1~l0t11m~B~ 

'Vl'W £!~tJ~1mJ 60 ('Y!lJltJI'Y!lPl : ilJnfll'W'l1lJ~1m~B~~!f)~~lOf)l~ !~lJ i ~ lC)$!iJtJlJu~"~~ltJ'Vl'W£ 
q q q 

" ~Bl'l1ij D54, 0120, 0267, D273, um; 0408) 
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0128 0182 0286 0291 


0345 0361 D373 0481 

tll~ 11 ('II) i':i i9f!1iVlJ~1mt{V~'lh~!f1'Vl!~lJ~l'W1'U~1~l'W1'U 12 {1'ltJ-w'Ui~iitllH'lJ'Ufl1':i!~tJ~ \9'h 
" . . 

'UV~91'Wff1'W~!g'U!V':i ~ l1 ",h~ nodDl !!{j~ nodA l1~V RFLP !!'U'U B Yhi-H'!f1~JJlJYi':ilf)51mt{V~ 

-W'Ui'!;tJ~ i mj 60 (l1lJ1tJml91 : hjiif11~lllJ~1!l1t{V~~!f1~'iJlf)fl1':i !~lJ i':i i 9f!1itJlJ!!I'i{j~{1'lV-W'W i'q. • 

" 
I'iviJJiJ D97, DI88, D423, !!(j ~ D455) 
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D20 D37 D92 Dl21 Dl32 Dl76 

D203 D250 D366 0464 D467 D509 


D521 

~tJ~ 11 (fl) 1~ 19f!titJ:IJ~'H'H~'e)-:)tJ~~!fl'Vl!Yi:IJ~l'U1t.l~1~l'U1t.l 16 1:YltJ'Wt.l£~lJ'.i1JU1JUf)1~!~tJ-:)1?11
.. q ..

" . . 
""'e)-:)~mY1t.l~!~t.l!m~'Hl1-:) nodDl !!(l~ nodA 'H~'e) RFLP uuu c .yhhr!fi~tJ:IJ.yhlf)tl1!'H~'e)~ 

'Wt.l £!9}tJ~ '1 'HlJ 60 ('H mtJ! 'H \9l: 1lJ lJfll'VltJ:IJ ~1!'H ~ 'e) -:) ~!fi~ ~1 f)f)1 ~!~:IJ h 19f!titJ:IJ !!y) (l ~1:Yl tJ'Wt.l £ 
q q q 

" 
Y)'e)1tJu 0106, 0195 !!(l~ 0426) 

~tJ~ 12 !1~1t.l1?11'e)dNU1:Y~-:)f)1~'HlmtJ~:IJ~~!~t.l!'e)""'e)-:)!!Ufl'Vi!~ tJ~UtJf)~lf)tJ:IJ ~1f)~1!'H ~ 'e)-:).. 
, iI , , I 

'Vi! ~ tJ-:) '1 t.l1 'H (l!~ tJ1t.ll{~'Vi!~:IJ1 ~ 19f!tiV:lJtl1!'H ~ 'e) -:) tJ ~ ~!fl'Vl!~:IJ ~1t.l1t.l ~l1:YltJ'Wt.l1r 0509 ~(l f)1 ~ 
q 

!'lft.l!~tJ1tlU mtJ~:IJ~~!~t.l!'e)""'e)~ 1:Y1V'Wt.l £ 
q 

0509 U1:Y~-:)11tJ:IJ 'nf)~1!'H ~'e)-:) '1 t.l1 'H m~tJ1t.ll{~!fi~ 
~1f) f)1~!~l1:Yr1-:) tJ:IJ I ~V1 ~ i 9f!ti fJ:IJ ~1!'H ~ 'e) -:)tJ 'j~ !fl'Vl !Yi:IJ ~1t.l1t.l ~11:Y1V'Wt.l (0509 ~~ 1lJ!fi~ f)1 'j 

'jI I r • 

tJt.l!iI'e)t.l ~lf)1 ~ i 9f!titJ:lJtl1!'H ~'e)-:)tJ'j~!fl'Vl !~:IJ ~1t.l1t.l~11:YltJ.yrt.l (~t.l 
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"", 
'ffltJ'W'Wi D509 ml~'\Jij':)u'lJflYh~tJ'ij lGJfnwl 509-1 f),:) 509-8 YiUtJfHllfl'lhJ)lflt:l1t'l1~ij,:)Yh~tJ,:)1'W 

lmH~tJ1'Wl{~~t~lJ''j lGJftiitllJ51t'11~t)nh~tfl'VHYilJ~1'W1'W~1'fflt1'W'Un D509 Htl1 M fi'e)'\J'Ul~
q 

IlJt~fJ~m~'j)ll'U (I Kb plus DNA Ladder, Invitrogen) 

. 
tJ'l~!.fI't1AWlJlllU1U,rl 

fll'j t~lJ ~1'U 1'W nodY U~~fll'j'l111 'j 'ff'Vl1fli'Ww'U'GJflf~t'I1m~'fflJ 'I. 'U fll'j'l11 RFLPs 

nJ~ 13 U'ff~':)N~\PltlU!cn nodY '\J'Ul~'lh~mU! 370 rll'lJ'ff ~'~~lflfll'jl~lJ~1'U1'Uf{1tJ1~
~ ~ 

w9fm{1~tJ1~ nodYF U~~ nodYR dj'Ul'rl{llJ'e){ Im~'l~~lg'UW~lfl''j IGJf!iitllJ51t'11~ij':)'lh~!fI'Vl 

t~lJ~1'W1'W~1'ffltJ'W'Un D 121, D 176, D221 U~~ D263 'jtJ~ 14, 15, 16 IW~ 17 U'ff~':)~1~'lJU1f1~
q ~ 

l'e)I'Vl~U~~(9'hu'l1'11,:) restriction sites '\Jt),:) nodY '\J'e)':)'ffltlw'Ui D121, D176, D221 U~~ D263 

\PlllJ~l~'lJ 

":;0 gJ <V~ 
t'rllJ~1'W1'U'lfl'ffltl'rl'WTi D121, D176, D221It~~ D263 
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BioEdit version 7.0.0 (7/2/04) Rest[iction Happing Utility 
(c)1998, Tom Hall 

0121 Rest[iction Map 
19/5/2008 17:06:16 
372 bas. pairs 
Translations: non~ 

Rest[iction Enzyme Ilap: 

1 TTAGCGCAAACGGGTAGAATTTAGATCGAGTCCTTTGAACCGCATGTTYTCAGTCTATCCATCGTGTGGATGTGTTCTAT 80 
AATCGCGTTTGCCCATCTTAAATCTAGCTCAGGAAACTTGGCGTACAACAGTCAGATAGGTAGCACACCTACACAAGATA 80 

ApoI PIe! lisp I BslI Bstf51 
MlyI PEIMI 

81 CGAAACAATCGATTTTACCAAATTGCGGGATGTTGGATAGCAAACTGAAGTTTGAAAAAGTAACCAGGCACACCACAACG 160 
81 GCTTTGTTAGCTAAAATGGTTTAACGCCCTACAACCTATCGTTTGACTTCAAACTTTTTCATTGGTCCGTGTGGTGTTGC 160 

fokI ClaI fauI BslI Bstf5I Eco57I 
MmeI fokI Ec057HI 

161 GATTTTGGTCGTTCAGGTGAGCTCAGAGGAAAGCTCCTGGACGTGCGAGCGCGCCGCCGAGTCCGTTTCATGGCCGTCTA 240 
161 CTAAAACCAGCAAGTCCACTCGAGTCTCCTTTCGAGGACCTGCACGCTCGCGCGGCGGCTCAGGCAAAGTACCGGCAGAT 240 

TspGlJI EcoICRI BspCNI Cac81 TspDTI PleI AccI 
BplI BanII B,ol'llI BplI BceAI MlyI Hpy8I 

MnlI HphI BllgllI B••HIl BslI SfcI 
BsiHKAI Cac81 EaeI 
B.p1286I TspGll'I 
Sac I 

241 CAGGCGCGGCATGCGAGCCGTGTTGCGCTTCCGTGCGAAGTGCGCATCGTTTGGTCGGCCAAGCGGCGTCCCGATAAAAC 320 
241 GTCCGCGCCGTACGCTCGGCACAACGCGAAGGCACGCTTCACGCGTAGCAAACCAGCCGGTTCGCCGCAGGGCTATTTTG 320 

BslI n1JoI TspG1H llwoI SfaNI BsaRI 
BceAI HpyFlOVI HpyFlOVI BSDln Hpy188III 

CacBI fspAI HgaI 
NspI . fspI EaeI 
SlJhI 

CacSI 

321 CCATGGTAATGGGGATGCCATCCGTTTCCATATTCGAGTTAACCCGCGTACA 372 
321 GGTACCATTACCCCTACGGTAGGCAAAGGTATAAGCTCAATTGGGCGCATGT 372 

BsaJI TspGlJI fokI HincII 

BtgI IlstXI BstfSI HpaI 

NcoI BstFSI Hpy81 

StyI 


StaNI 

FokI 

MslI 


Di21 HJ;Y~~19l1H'11t1~ restriction site 'tJtJ~ Sphl ~l'Wd'W 1 19l1!mt1~ 
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BioEdit version 7.0.0 (7/2/04) Restriction Mapping Utility 

(e)1998, Tom Hall 


D176 Restriction Map 

19/5/2008 17:09:33 

365 base pail:s 

Tl:anslations: none 


Restl:iction Enzyme Map: 

1 TGTACGCGGGTAAACCTCGAATATGGAAACGGATGGCATCCCCATACCAAGGTTTATCGGACGCCGCTTGCCGACCAAAC 80 

1 ACATGCGCCCATTTGGAGCTTATACCTTTGCCTACCGTAGGGGTATGGTTCCAAATAGCCTGCGGCGAACGGCTGGTTTG 80 


Hpy8l Fokl BstF5I TspGlJI BsaHI Cac81 

MnlI BstF5I SfaNI HgaI 


Fokl 
BsaJl 
Styl 
BslI 

81 GAGCGCACTTCGCACGGAGGCGCAACACGGCTCGCATGCCGCGCCTGTAGACGGCCATGAAACGGACTCGGCGGCGCGCT 160 
81 CTCGCGTGAAGCGTGCCTCCGCGTTGTGCCGAGCGTACGGCGCGGACATCTGCCGGTACTTTGCCTGAGCCGCCGCGCGA 160 

M1I101 TspGl.JI NspI SfcI Eael Mlyl BceAl BssHII 
HpyFlOVI Cac81 M1I101 Accl PleI TspDTI 
MnlI Cac81 BceAI BslI BslI CacBI 

SphI HpyBl TspGlJI 
HpyFlOVI 

161 CGCACGTCCAGGAGCTTTCCTCTGAGCTCACCTGAACGACCAAAATCCGTTGTGGTGTGCCTGGTTACTTTTTCAAACTT 240 
161 GCGTGCAGGTCCTCGAAAGGAGACTCGAGTGGACTTGCTGGTTTTAGGCAACACCACACGGACCAATGAAAAAGTTTGAA 240 

CacBI BseMII EcolCRI BplI Eco57I 
BplI BspCNl BanI! TspGlJI Eco57MI 

BmgBI Hphl BsiHKAI 

Bsp12861 

Sac! 

MnlI 

241 CAGTTTGCTATCCAACATCCCGCAATTTGGTAAAATCGATTGTTTCGATAGAACACATCCACACGATGGATAGACTGACA 320 
241 GTCAAACGATAGGTTGTAGGGCGTTAAACCATTTTAGCTAACAAAGCTATCTTGTGTAGGTGTGCTACCTATCTGACTGT 320 

FokI BstF5I BslI Mmel Fokl BstFSI BslI 
Faul ClaI PflMI 

321 ACATGCGGTTCAAAGGACTCGATCTAAATCTTCCTCGTTGCGCTA 365 

321 TGTACGCCAAGTTTCCTGAGCTAGATTTAGAAGGAGCAACGCGAT 365 


Nspl MboII MnlI 

MIyI BsaBI 

PleI 


ttJ~ 15 ih~'lJihf1~leJ1'Vl~'UeJ'l nadY 'Utl'l~b 19f11JtJlJ5';n'l1tieJ'ltJl~1f)'Vll~lJ~1'\.r.lUoUl 'ffltJ'WUt 

0176 HMI'll9ilH'I1U'l restriction site 'UeJ'l SphI ~lU1U 1 I9il!mU'l 
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BioEdit version 7.0.0 (7/2/04) Restriction Rapping Utility 
(c)1998, Tom Hall 

D221 Rest.tiction Rap 
19/5/2008 17:27:36 
370 base pairs 
Translations: none 

Restriction Enzyme Rap: 

1 TAGCGCAACGAATAAAATTTAGATCGAGTCCCTTGAACCGCATGTTGTGAGTCTATCCATCGTGTGGATGTGTTCTATCG 80 
1 ATCGCGTTGCTTATTTTAAATCTAGCTCAGGGAACTTGGCGTACAACACTCAGATAGGTAGCACACCTACACAAGATAGC 80 

BsmFI PleI NspI PleI BslI BstF5I 
ApoI RlyI RlyI FokI 

PURl 

81 AAACAATCGATTTTACCAAATTGCGGGATGTTGGATAGCAAACTGAAGTTTGAAAAAGTAACCAGGCACACCACAATGCT 160 
81 TTTGTTAGCTAAAATGGTTTAACGCCCTACAACCTATCGTTTGACTTCAAACTTTTTCATTGGTCCGTGTGGTGTTACGA 160 

Clal FauI BslI BstFSI Eeo57I MslI 
MllleI FokI Eeo57MI 

161 TTATGGTCGTTCAGGTGAGCTCAGAGGAAAGCTCCTGGACGTGCGAGCGCGCCGCCGATTCCGTTTCATGGGCGTCTACA 240 
161 AATACCAGCAAGTCCACTCGAGTCTCCTTTCGAGGACCTGCACGCTCGCGCGGCGGCTAAGGCAAAGTACCCGCAGATGT 240 

Bpl1 BanII BspCNI Cae81 TspDTI Bsl1 HgaI 
Mnl1 HphI BseMII Bpl1 HgaI BsaHI 

EeolCRI BmgBI BssHII AccI 
BsiHKAI CacSI Hpy81 
Bsp1286I TspGlJI SEcI 
SaeI 

241 GGCGCGTCATGCGAGCCGTGTTGCGTCTCCGTGCGAAGTGCGCTCGTTTGGTCGGCCTAGCGGGGTCCCGATAAACCCAT 320 
241 CCGCGCAGTACGCTCGGCACAACGCAGAGGCACGCTTCACGCGAGCAAACCAGCCGGATCGCCCCAGGGCTATTTGGGTA 320 

BeeAI MwoI TspGlJI BsmllI MwoI BsmFI Eeo01091 BsaJI 
HpyFlOVI BSMI HpyFlOVI Faul PpuMI BtgI 

HgaI SanDI Neol 
Cac81 NlaIV StyI 

NlaIV 
Hpy188II1 

321 GGTAATGGGACCGCCCTCTGTTTCCATATTCGAGGTTTACCCGCGTACAA 370 
321 CCATTACCCTGGCGGGAGACAAAGGTATAAGCTCCAAATGGGCGCATGTT 370 

RslI NlaIV BsmFI HpyBI 
BstXI MnlI 

MnlI 

D221 hj'WtJ restriction site 'lJfl~ SphI 
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BioEdit version 7. 0.0 (7/2/04) Restriction Mapping Utility 

(c)1998, To~ Hall 


D263 Restriction Map 

19/5/2008 17:25:09 

371 base pairs 

Translations: none 


Restriction Enzyme Map: 

1 TAGCGCAACGGAAGAGATTTAGATCGAGTCCCTTGAACCGCATGTTGTGAGTCTATCCATCGTGTGGATGTGTTCTATCG 80 

1 ATCGCGTTGCCTTCTCTAAATCTAGCTCAGGGAACTTGGCGTACAACACTCAGATAGGTAGCACACCTACACAAGATAGC 80 


Earl BslllFI BsaSI PleI PleI BslI Bstf5I 
TspGlJI IflyI MlyI fokI 
MboII Pf1MI 

Sl AAACAATCGATTTTACCAAATTGCGGGATGTTGGATAGCAAACTGAAGTTTGAAAAAGTAACCAGGCACACCACAATGCT 160 

Sl TTTGTTAGCTAAAATGGTTTAACGCCCTACAACCTATCGTTTGACTTCAAACTTTTTCATTGGTCCGTGTGGTGTTACGA 160 


ClaI fauI Ball Bstf51 EcoS?! MslI 

MIne I fokI EcoS7MI 


161 TTATGGTCGTTCAGGTGAGCTCAGAGGAAAGCTCCTGGACGTGCGAGCGCGCCGCCGATTCCGTTTCATGGGCGTCTACA 240 

161 AATACCAGCAAGTCCACTCGAGTCTCCTTTCGAGGACCTGCACGCTCGCGCGGCGGCTAAGGCAAAGTACCCGCAGATGT 240 


BplI BanII BspCNI CacSI TspDTI BslI HgaI 

MnlI HphI BseMII BplI HgaI BsaHI 


EcoICRI B~gBI BssHII AccI 
BsiHKAI CacSI Hpy8I 
Bsp12S61 TspGlJI SfcI 
SacI 

241 GGCGCGTCATGCGAGCCGTGTTGCGTCTCCGTGCGAAGTGCGCTTCGTTTGGTCGGCAGAGGCGGGGTCCCGATAAACCC 320 
241 CCGCGCAGTACGCTCGGCACAACGCAGAGGCACGCTTCACGCGAAGCAAACCAGCCGTCTCCGCCCCAGGGCTATTTGGG 320 

BceAI MwoI TspGlJI BsmBI MwoI Hin41 Eco01091 BsaJI 
HpyflOVI Bs~I Hpyfl0VI Mn1I PpuMI StyI 

HgaI Bs~fI SanDI 
CacBI fauI NlaIV 

NlaIV 
HpylSSII1 

321 TTGGTATGGGACCGCCATCCGTTTCCATATTCGAGGTTTACCCGCGTACAA 371 

321 AACCATACCCTGGCGGTAGGCAAAGGTATAAGCTCCAAATGGGCGCATGTT 371 


Hin4I NlaIV BsmfI HpyBI 

fokI BstfSI Mnl1 


BslI 

TspGlJI 


~u~ 17 t11~1Jihtl~1 eJ i'Ylfl'\JeJ-J nodY '\JeJ~ i 'j lC)1AiifJ:ukJmtieJ-JU'j~lfl'Yll~:U~l'Ul'U~l fflfJ'W'Ui 

D263 illl'l1J restriction site 'lJf)~ Sphl 
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sUUs 88~8n 
• I' ; ' ,. I . 

~ 

092 
OHS 

D521 

0291 

04111 

037 

057 

0106 

0120 

0121 

0128 

Dl32 

0165 

0169 

0188 

0203 

0103 

0195 

0263 

0490 

0487 

0464 

097 
0182 

0345 

020 

043 

054 

066 

0221 

0232 

02SO 

0273 

0306 

0381 

0366 

049-4 
0509 

0147 

0213 

0243 

064·0293 

071: 0311 

O408s 0314 

083 

0267 

0414 s 412 

0423 

0426 

00\<17 

D373 

0430s 0388 

0455 = 0399 

0459 

0217 

0288 

0404 

0200 
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.. " 
'IJ'Wl~ 395 ~!1HY um:i) 1CJ111jt'J1It1';U't'i~tl~ih:::!fl'Vll~1I~1'W1'W~1~1'W1'W 13 fflt'JVI'Wi ij~'Wri1'W~

~ q 

SI iI , " 

!g'WW~~f)cil1'IJ'W1~ 350 ~l'lJff 11~-Wlij'e)WJf)t)f'Wri1'W~!g'W!mH)f)~1f)'e)f)1 hm'ili:lui:l:::vh l~~!g'W!'eJ
~ 

, jI 	 ,.. I 

lhlfl'~ If) iYnJ'Wli1'e)'W 1~t'J' ~'l!mh!~ 11 tiJ NucIeospin®Ui:l:::~~~'W ri1'W~1~'WW~1m)ff\9l~ f)i'W 

w'WiCJ1lf sphl ~i:lf)1)'Vl~i:l'e)~'V'l'lJtiJ!1UU RFLPs ~1'W1'W 3 liJU'lJ'lJ i~WlliJU'lJ'lJ A iJ):::f)'e)'lJ~1t'J 
" 	 " ~'Wri1'W~!~'WW'IJ'W1~ 395 ~!'lJ1:Y )iJuU'lJ B iJ):::f)tl'lJ~1t'J~'\...Iri1'W~!~'\...IW'IJ'\...I1~ 350 ~!'lJff Uel::: 

~ ~ 	 ~ 

" 	 . 
tiJU'lJ'lJ C iJ):::f)tl'lJ~1t'J~'\...Iri1'W~!~tJW'IJ'Wl~ 120 Ui:l::: 275 ~l'lJff 1~t'Jh 1CJ1!1jt'J1It11m~'e)~ 

ih:::1fl'Vll~1I~1'W1'W~1~1'W1'W 30, 12, Hi:l::: 16 fflt'JVltJ'IfiJ RFLPs tiJ!1'lJ'lJ A, B 1!i:l::: C \9l111ih~'lJ 
to! " , I, 	 , 

11~-W 'V'lU';i1 h 1CJ111jt'J1It111't'i ~ tl~iJ)::: lfl'Vll~lI ~ 1'W 1'W ~lViiJ RFLPs u~ i:l:::) iJ U'lJ'lJ iJu'W d 11111 Vi ij 
" . ~ 

~1'W	1tJiJlIl1~'t'i lI~Vi )1f)1tJ ):::~u11tl t'J (I -10 iJlI~'e)l91'tJ) ~n:::~'lJ1JllJ f)i:ll~ (I 1-20 iJlI~ 'e)~'W) 
" " ~~ir 'W ~i:lf)1 )'Vl~ i:l 'e)~ ~~ i~'V'l 'lJfl dll1-ffllVltJ i)::: 't'i il~ tiJHUU RFLPs 'IJ'e)~~'W rid'W~!~'WW'lJ~!dW 

):::'t'iil~V'W nodDl Ui:l:::V'W nodA ~~;jtlvtJ nodY i tJ 1)1 CJ1!1j t'JlItYdm ~'e)~iJ):::!fl'Vll~lJ~l'W d'W~l 
~l'Wd'W 58 fflt'JVI'Wf~'~1'Wf)1)'Vl~i:l'e)~ 

" o 	 QJ V v. a QJ de::! G) , 
4.4 fll':i't'illAl't'IlAflH't'i,:j'UMtl1!'tUI6,:j't'fk1ll!'lf[J'H'tUJ 60 

,v I 	 I 'J/ 

\9l1)1~Vi 7 Uff~~tJl't'iirmnr~'lJtl~t11m~'e)~VI'Wil~fJ~''t'i~ 60 Vil~t'J~''W 1't'im~t'Jd'Wl1~ 1~t'J q 

!~lIh lCJ1!1jt'JlIttdm~'e)~fflt'JVI'Wf~N1 elmJ) a-j Uff~~fl1111U\9lf)~1~'e)~1~ijirmhf1t1!'Vl1~ffO~ 

m1~'ijlf)i!ml:::~~i:lf)1)'Vl~el'e)~~dfJ Duncan's Multiple Range Test 1~t'Ji~hJmmll SPSS for 

Windows ~elf)1)'Vl~i:ltl~ 1~'V'l'lJfldll1-fflJVltJi):::'t'iil~ffflt'Jm'V'lf)1)\9l1~ i'W 1\9l)1'iltJ'IJ'e)~ h 1CJ1!1jt'JlItt1 

"I .;. 31 dI 1 ,31: '" 31 0 31 "'_I0mi:l'e)~iJ):::lfl'Vl!'V'l1l'ill'W1'W'l!'1 CJ1,:j't'il ~t'Jf)1'j 'l!'tJl't'i'Wf)U't'i~'IJ'e)~elWl'W f1'lJt1J1!U'lJ RFLPs 'IJ'e)~ 
~, ~d ~ lei d. &ad 1 li1 1.cS ~ ~ 
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~l:il'lYi 7 tlll1'11fH!~'l'llel'lt1"Hl1{lel'l~t,!1r!~fJ~1mj 60 Yi!~V'l1lJ imH~enlJ1{~ i~m~11':i i9f!umJ• 
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I '" 	 'I ~""'" '" '" "''I' 'I ~ ~I 11] '" J:-H'lf)1':i'Yl~HH).:j 'V'liJ11 'YiIl.:j1l1f)f)1':i t"lf1liW1Hl1':i tfiV t"lf nodYF UIl~ nodYR ~lJ'W t'V'l'HlJtn 
,iI 	 I I I 
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OJ 
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a Q.I rI & ~QJ J I d 
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'jI 	 I I I 
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, , " 
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o l!J~ I~ 1 dd , 111 

agarose gel electrophoresis 1l1l..!1l..! 2 UtI'IJ ~I'l!!f) 'lfl..!ff1l..!1'l!tJl..!ltJ'tll..!11'l 120 U~~ 275 rJ1'IJff !~ 

1CJHlj rJlJ~1m titJ-:jtJ~~1fl'Vll~lJ~ll..! 1l..! ~l~ij RFLP 1 !~~~nlu'IJ'IJlJtJ~~ ff'Vlll flWl1l..! m 'j l.fi'lff~l-:jtJJJ.. 
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