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nsUgniu wennguesninetataiay 'Lumsﬂaﬂiw 1 Fauanditiiuin szdugumgivll
UnAduuansdnusmnenugnssusndnuamie (agaumpfiguazsininng)  daundu LT
uendnuarnisiugnssueennegedaulunsugniuil 2 Jaandidiui ﬂamuﬂu
sampigauaziiinnuuandiludnua gmaiugnssuluszezamesdanuy iy
‘Mmamm NamamaaauuJuLLuwmwmmmuaﬂlé’]‘lummmumma‘uaasuﬂuamwﬂﬁﬁ
mem‘uumﬂs AuUNA vﬁamWﬂ’sﬁumuﬂﬂﬂuqﬂmaﬂaﬂ mm‘lmﬂﬂmwmmnmﬂu
spAuiugnIsunaslunliurowdaiusivgnluseuiiaswioly
Ussnelneifudnusanenieildfunansenuanmsdsuwasanmegiionniaves
lan deyasnnsugnioniveldnensalunliivessydumsiuseiugamniluusseniely
wamamileluewaslaewuinfiunliuiutu 45 °C  uaslunenssuil 2100 (A.R.2091-
2100) dleisuiluzimensseil 2000 (A.A.1991-2000) THMINSUARMANEINTAIAIN
wsusumsiuanmzgiiemalutiadeduaiiunliuwsususnntuduiy  (Fadnwaun

galuningn, 2552) Memsian1sAN¥INN1Tasan1INsaiaswesdanIMsainY
wsusruresguupiifaiinnudfguasmsinvetassmululsemnalng Faaunsau
sudeyansieuilug nMImMANsaiansgnuInanINMsalgiioinAwlsUsuiiinase

nandnuazAMN Masesludndes wavannsnhlugnsidoiiiodndonameiuginumy
ARANEINGAFINGT Iuwu‘mLﬁummﬂmuamaqﬂswwﬂlmmalﬂ

9. UDLAUDLLUY

9.1 wamsﬂﬂmuwvLNsJLstmawmamummmmaqnumswmmmawuﬁmmaaamalﬂ
‘lummmmusvaumsUamnmmuau‘l,umsmuanuamumsm"luamﬂm
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Tusunan
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A5AT1TINIaLAL

asAUsznaumaall Usinumsewnsluwda wasdSunussaingluluvesiiy

1. AszvisAUsENaUNLAI]
Annzvimaaiivesingiu (AOAC 1995)
TUshiu ot wiele 16 Anuty
1.1 mMyiesezRvsunalusiu
91n75U83 AOAC 40.1.06, 1995
1.1.1 aunsal
YAATIEIUTINalUsAY
(Kjeldatherm digestion unit wag distillation unit)
1.1.2 asadl

1)

2)

3)

4)

5)

6)
blue

asavanenIadaysaiudy

asazarensadaya Wudu 0.1 vesila
asavansanlainenlansenlen Wty 32 Wosidud
asarannInuesANtUY 2 Wesidud

CRIOE

duALARDS %’ialﬂuehumamaq methyl red Wwag methylene

1.1.3 W/n1sveasg

1)

2)

3)

a)
O 3 429 fe

5)
6)

aRee19 1 nsu Tdlurngauianiia

WuTaLey 3 nSu
\WAuansazanensadanIauty 25 mL
H08M0E1981AT9 Kjeldatherm AuANgamgiilunistes

91 1gaumgil 250 *C WHunan 15-20 wil

Y

129112 19gamgil 380 “C Hunan 30-45 wil

v

29713 Igaumndl 380 °C Hunan 20-30 wil

v

URUAI08193UNTENIRIRE e a1 TavaeladiTen
NAUMBDENNTEBELAINILLATY  distillation unit laeLRnLn

NdU 100 mL warasazarealeifsulansenles Wudy 32 L'Ua%l,%uﬁ 90 mL tAvdIun
nduldluansazarsueiadudu 2 wWesidus Usums 60 mL wuaumﬂmasmauaa e
LLE]?JIIJLUEJ&JVILﬂﬂ‘U‘Uﬂﬂﬂ’J‘ULLUHR]UM&JﬂlﬂUS&JWG\Sﬂﬁaua’I‘c’JI‘Llﬂ'iﬂUE]'iﬂ S2uUTTU N

200 mL
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7 lawnsaduiinaulddsansazarensndania Wty 0.1 ues
o suansazaenfeunndmdeaduddu Fudugagh tuiinUsinasilamsels

8) hasazarsuuaAlasltansazatenieg Tuusunamiigiu
wuRefiumegne wa luldietng

USunaulushiu = (A-B) x C x 6.25 x 1400
D
A= U“iuﬂmsﬂsm%’avﬁﬂmﬂmLmsﬁﬁaasm
B = U‘%mmﬂiﬂ%’aﬂ%ﬂﬁlﬂmmem‘sasmau:uaaﬁ
C = upsifaddvensadaniailslamsn (0.1 N)
D = Ymindneee Hadnia)

1.2 mviaszvsunadlusiu
3IN35v89 AOAC 40.1.05, 1995
1.2.1 gunsal
1) IAnuUNauYuIA 250 mL
2) Tagamuiy
3) Soxhlet extraction apparatus
4) Condenser
8) Thimble
1.2.2 asad
Ulnsideudines
1.2.3 /M Ivnaed
1) suvniatunaxlugeuiioamad 100 *C 1uian 1 Falu vinld
dululogaadiu udadaimin
2) Haegreuiasuunseanensas didegsldadiy Thimble
gadduu Thimble ietesiuilifnhazanenengniagalasnss
3) 1d Thimble aslu extraction tube wassiawiu condenser
4) wtlasiaeudves asluviadunauussana 200 mL
5 Wawmlianudeu Mnanlunmsadalusiuuszana 16 $lug
6) LﬁaﬂsunmLLﬁaﬁwthaUﬁqquﬁ 100 1Jutaan 1 Falus
deidumsilitlasdossmeslunadunaussme ntuilisululogaanuty
7) Fabhwihen wasdnanhminvesluuildandue g
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Sunalotiu (%) = (Wandnwaansoulusiy — Yiviinuaaan)
x100

UIMUNAIBY

1.3 ManseiUsnandely

2N35999 AOAC 40.1.07, 1995

1.3.1 gunsal
1) W
2) gauauiau
3) Fibertec system
4) Crucible (Fritted crucible-porosity;coarse 40-60 pm)
5) Hot plate
6) mauzldnsadigule

1.3.2 asiadl
1) asazanensadansaciuty 0.128 Tuais
2) lwinenlansonlomdudy 0.223 luans
3) n-Octanol
4) azlau

1.3.3 38n159Aa89
1) Wadhifudmiuszuu reflux Widasivaresniussana 1-2

ansnaui

2) Waaivdieses

3) Falminfiudueuvesietsiiunazidensiuiu 1 ndu ldas
14 crucible

4) ddediivinadluiuaininiesas 5 livihnsaialuiueen
NAIDYNABUUINTIATIEN

5) 274 crucible asluteadmiuine crucible lulr3esfidruardn
meanufou lundudenlmdnd

6) wunsadayiaiouidutu 0.128 Tuans 91uau 150 mL huas
Tupeduumanuuy

7) @y n-Octanol $1u7u 2-3 nem etlostunsiianes

8) Unehiasedliiseudes udduldaudevauiien fuduna
30 W19l

9) nseslasidoudulenuniiniuns vacuum fnsedlalialuly
pressure 43¢
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10) §19setidou 3 afa Adtazuszana 30 mL nseaTuLT

11) wulersulansonlendudu 0.223 Twars USuiad 150 mL v
wulhgInunIndanse

12)1h  crucible  sananiAsesfidiuaiadisauiou lngld
crucible holder

13) §1ameezdlausgaion 3 At Atay 25 mL

14) 101 crucible Tuouuslugovandeu figamgil 100 ¢ 1Tu
waunu 3 $alus viesufigamgiusvana 130 °C wu 2 Hala fsliidululagaaaity
Fafmintuimbwmindladu wi

15)1h crucible Tunlumeuiigumafivsvana 550 °C wu

Y

Uszaney 3 92139 LLﬁaﬁq’LﬁLﬁu’luIﬂQmﬂawu%u Faumun wazvuindwmdnalendu w2

Usinaudele (%) = (W1-W2) x 100

W
) Wi = USuauua9 crude fiber AULAN
W2 = USUIUUDUO VR DNSIINNITIN
W o= UINUNFI9819

1.4 MTIATIZRUSHILEN
21779989 AOAC 40.1.03, 1995
1.4.1 gunsal
1) @
2) Hot plate
3) Fonszidomenn
4) Inﬂﬂmm‘ﬁu
5) geuauieu
1.4.2 38nIVAaeg
1) Fajmidndrenszifeanteunt daiiunisiwnluian
figamgdl 5500 *c WWunaszum 2 $9lus wnsstahwinasiudtuiindmin
2) dnedrsldadludronsyidosUsyanm 3-5 nu Y Tudin
vhwiin
3) vemnauUsinadniosasuuiesndlyiesnaidumued
AT wazimziuietleatunisiinsznedielinuiou
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4) 119028MIBEAIVUNN Hot plate (Wanheen Aoyqifiusedu
museulumsinlnifiede (Gureuidewiluganaiu) sunsziasninivunaiu
5) ihieildiedranUadilaluinunn widetefiguugd

Y

550 °C 9unIazlaanduivisein

6) mmﬂma&maanuﬂa"lumauamau 1 F9lus udthesnin
Iuiammwmumumﬂu L‘WBﬂ’e)EJ‘] aﬂamwnmaqmamaaqLmnuamwnwaa

7) Fahminshethamdeush Sufintmen

8) AuIUIHILeN

TIINUA (%) = U1 x 100
UINUNFI0819

1.5 MyRseiUsununnuty
3135999 AOAC 40.1.04, 1995
1.5.1 gunsal
1) fevauiou
2) theegilieumioue
3) Togandy
1.5.2 3Bn15vnae9
1) *vqumuﬂmaaauLuaumaumvxmumiaumeuuﬁmuﬂmw
W& Tuitniminfiuduey
2) dndegnldadlutisegiiflondszana 2 n¥u indelvidegng
wHeAaiare Jan Suiindmiin
3) nviednlugeusuioulnsdadhisegiiidosursdiu sudl
amgil 130 °C uy 3
4) dlensunan Ynshdae LLmu'lmamﬂa”luiammsﬂmmm‘nu
c?iu’aﬁyﬂmuﬂsumammuaﬂaaLmﬂuammwaa (lmmﬂiumm 45 u9)
5) thshedseanunds tuiintwein
6) etadneudnaUszuna 30 wnit ndentusarel v
Wu m”l,U*mu'muﬂ ﬂ’m’MUﬂL‘UaﬂuLLUaﬂU’\]’mﬂix‘iLLiﬂuaﬂﬂ’ﬂ 0.003 n3u Tmammsau
Uuwﬂumuﬂamma
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7) AuIUSUIuANNIUINNUMEnAng LU

AU (%) = (udnsegiasuusn — tntinsegeandiau) x 100

UINUNFIDL1UTULTN

2. Aaszndsunuasamnsiuwan ldun Ysunanseezilulady
2.1 mynselsunansaezdly Lysine
91n75v89 AOAC 40.1.03, 2005

2171

212

gunsal

1) Amino acid analyzer

2) Analytical balance Readability to + 0.1 mg

3) Balance Top loading

4) Polyethylene Bottle 50 mL

5) Digestion tubes Boiling flasks

6) Digestion block Heating mantle

7) Filter units 0.22 um (Millex GS, Millipore are suitable)

8) Magnetic stirring plate

9) pH meter vunsgrumeasazatadnives
pH 2.0, 4.0 and 7.0

10) Reflux condensers

11) Rotary evaporator

12) Vacuum flask 250 mL

13) Glassware Glass beakers, 250 and 1000 mL; Erlenmeyer
flask, 150 mL; Round-bottom evaporating flask, 1000 mL;
Graduated cylinders, 100, 500 and 1000 mL; Volumetric
flask, 1000 mol/LL; Volumetric pipets, 10 and 20 mL

14) Sintered ¢lass filter Porosity 10-15 ym

15) st

16) Syringes

ansial

1) nsawesiin 88 Wesidus

2) lalasiau wWesesnles 30 wWesidud

3) lmdsy wmludalneg

4) fupa- UeadITU

5 nialalasaaesnidudu

6) lwinuulansonlyn
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7) Wuea

8) lslelandroa- 98 Wesidud

9) laslessadinsy lalawsn

10) pH buffer. pH 2.0, 4.0 and 7.0

11) Amino acid standard kit. @m5Uvinunsgiu

2.1.3 T/ensimseuansiaidl

1) Sodium citrate buffer pH 2.20 Taeds Sodium  citrate
dehydrate U31nau 19.60 g lufninesauin 1000 mL wazazareluti 800 mL uwaaisly
Wnils ndarnifudn 10 mL 98 Wasidud ves thiodiglycol solution wagliu HCL 15
mL uddsudreyinaasaiinanluldluriniauiunms vunn 1000 mL way e
e udnharsazarefinanlunsesinuuiinsassiainusonisiandoues
asiall Au1A 10-15 um wazysu pH Wity 2.20 Tngld HCL 58 2M NaOH

2) @savane Hydrochloric acid-phenol audu 6 M laeds
wanpdasal ¢ adludninesuuin 1000 mL vlkEnazatese 500 mL #ely 10 Wi
LAIRREHN HCL USums 500 mL

3) Hydrochloric acid solution
3.1) Hydrochloric acid — 1 M w1 800 mL asluwania
USu1ms vwm 1000 mL wetds HCL Usunng 83.3 mL 1agld pipet wazvinlvidoanasae
1 wazvinswadlianiy
3.2) Hydrochloric acid - 0.1 M w1 800 mLasluwinia
U305 1170 1000 mL wasndsantiuiin HCL anududy 1 M Usines 100 mL Tngld
pipet wagiliiFoamei uasinsuanliidniu
4) Sodium hydroxide solution
4.1) Sodium hydroxide -7.5 M lng#a NaOH 300.0 ¢ aslu
Uninosuwa 1000 mL
4.2) Sodium hydroxide -2 M Tagds NaOH 80.0 ¢ asludn
LNosYUIA 1000 mL
Aoy 9 vilineunaudngves NaOH avanglvimuadaei 600
mL wdselvansazaeifusnas udildsueusinaasavanefananldnaiausung
3uIA 1000 mL wazyiliiFonsden wasvhnsuanldniy
5) Norleucine standard solution #atiwtinfiutiueudmn
Uszau 195-200 mg ¥4 DL-norleucine crystals aslu Erlenmeyer flask au1a 150
mL wazvilindnazatesie 1 M HCL USuins 100 mL wdUasuaieuSunaaisazans
fananld Volumetric flask, vu1e 1000 mL wazvinliidoansmen wasvinnisuaals
L1
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6) Performic acid reagent (n3enluganaiu) Inedendnasada
25 mg aslunaoAnARBITUIA 25 ML WdIINTURL 0.5 mL 30 Wesidus o4 H,0,
logldlulas YUm wazidu 4.5 mL 88 wWosidus vesmIsavany Formic LLé’a"?Jmeaaﬂ
nnaoeynda uddesdiunaudnaiials 30 il wammmaa wdwniiu 30
U umaammaaqmnmaiﬂmqlﬂumaummLLaumlﬂmauLUunm 15 u¥i fay
UlUlglunisimsnen

2.1.4 Performic Acid Oxidation.

uwmamaﬁhmaau‘luautaaﬂ luiugazunsssauvun 0.25
mm Fathwminsesfiutueumin Uszana 100-1000 mg Tnguusdruiivumaaauly
IndlAsaiu 0.1 mg @sfiAviniu 10 me yasUiaunuglulasiau) adluvaeanaaesd
THionsgesivinisinaainioudesuda

gnsruaUSinuniumadey

e N, = Usmamnuguedlulasiouvesiietsdiuiiimn
W, = dhwmidnvesiegrsdiuivmmaaeu Tu 10 mg  vesSumaiug
Tulmsiau

uazimaeanaaemnrasalUelFuuedoiniu waznaasannassiidmiu
¥geelilu srahuds ndwnvasanmasiaass (performic acid wag test portion)
\uategetios 15 unil 1An 5 mL ¥4 performic acid aslunasndviudey Unemne
vaan wanluwen 15wl fae Magnetic stirring plate wdtantuthvasanaaesii
mumsaaauaﬂﬂlﬂumqmLmaﬂﬂsq u,a'nlaaa'lmnﬂﬂgﬂsmaaﬂmmu 16 Fala
vxaqmnummmmaﬂaaﬂ wdLAy Sodium metabisulfite 0.84 g wieluaane performic
acid AU waz Wwehasazaneduszevinan 15 udl ielauia SO, sonin
2.1.5 Hydrolysis
1) AU 50 mL 983 6 M HCL phenol solution d&wsun1svageu
ansavas way 1wgn waa9IntuLen stirring bar #al¥iuiAdes magnetic stirring rod way
dresauiuadly 0.1 M HCL aslunaennaass wasiiy 2-3 Fuves boiling chips t#an1s
NAABUAITAZANY
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11U Hydrolyze mgldsvuunisivavesir Wunan 24 $alus
7l gaumgdl 110 - 120 eamwaidea (fovihnstos (Fuusi: msUfURluggnaTudadl
DINANYULIBULNEIWD)

3) thuaeafitunIsgesudIeanansyuLTiseu wanvldui
gauMQIvied Wiy 20 mL ves norleucine standard solution adluynqvasairiiunis
Hydrolysate 1agld volumetric pipet udwihlidunauidriudienismuvasannass
wdsflunslude a, b sudeaned

(Note:  §1#0an15I% Sodium  fimnududusia iieldlunis
AnTgiiiuiATes chromatography Wszive HCL aghasesinse¥s Wdifiunsmude 1)
wazdliifesn1sli Sodium Saadudus dmsunisaudiunisiu neutralization 19
ANIUNMINNTD 2))

1) N509f188197HIUNTS Hydrolysates  wdalaansaariu
Sintered glass filter aslu evaporating flasks ¥u1m 100 mL fivnnsanaaintiGeuies
L& deiouriu rotary  evaporators wazvhnssameuianeldszuugyainie 7
qamgll 40 asrniwalFua dm3uth 5.0 mL (Note: laimsvhlasavaeuisaumun)
W& flasks PONINLATBITHINEWIAY WAL 50 mL vesansazats Sodium citrate A
Tuansazanefiniunssemenis udvhnswaulidnfundvimseeasuasundivi
nsAnaaInliuds 4ail polyethylene 50 mL wdnhlusniunsveasuseld wioud
LﬁaﬂLL%@"L”ia)uﬂ'msﬁwhﬂ‘ﬂumswﬂaawialﬂ

2) nyeefiBgeTiiIuNg Hydrolysates aslunaongaeyinie
250 mL launsou Sintered glass filter Vimmﬂuumamimamwmumiﬂsaaaﬂ,u
Jninesuunn 250 mL Taedeainsdnnesiilusrniuds wdhudnluilndunans
1m8n1s Hydrolysates 678 NaOH 7.5 M U331015 40 mL wdaenlvidniu (Note: Tainas
Iigaumpiliiu 40 asmeaidea) USuA pH Wiy 2.20 Taeiiiu 2 M NaOH udathly
fLiunageuaely

2.1.6 M3AATIEIIIUTINA 1Ag Amino acid analyzer

YN8 09U ITEIMEURRI8TUIUNNS Hydrolysates
(@) #e Sodium citrate UazUSu pH WU 220 Taewdiu 2 M NaOH luwaed
neutralized hydrolysates (b) Wiaa1eerifinsuusinauiusuudinsessinu Filter
unit aslu autosampler tube uardnatluiAiasdiases (Note: Usunmsiinsruwiveuly
N13130999zANaRDNTIATIEN)
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2.1.7 MsAUIe
AIMNIRBUauaIrestade (RF,) dwfunisinsisinsnasd)
lunne
RF,a = Pox W,
P.ax W,

P., = peak area of amol/Lino acid
P, = peak area of norleucine
W,,= weight of amol/Lino acid, mg
W, = weight of norleucine, mg
AN internal standard (IS)

IS = W, x2x 10>

We mg norleucine = U'%mzum'mag‘uaa norleucine Tu 20
mL

AU Amino acid (AA) lushegafinaasuy
AA % = P,, x RF,, x IS x 100

P, x W,

Weo P, = peakarea of amino acid

P, = peak area of norleucine
W, = weight of test portion, mg
RF,, = amino acid response factor
IS = internal standard factor

3. Aansivinasadagluly
3.1 YSunweaslsiaa wae walsiiueas
iumegwluiniedinssinalusyey V3, R1, R3 way RS v09daimides
Wudes.1 1160 wag @9.5 Jeszozdod 3 : v, Juduszerneuriulelou 818 21, 26 WAz
27 Fu suady, szeziSusannen - R, 918 29, 36 uar 38 U ANE1AY, sruiSuAn
i Ry 818 47, 57 way 59 u mMudiu uaz sreziSuRnwEn - Rs 818 55, 70 wag 73
Tu amdiu Mmlnseilagldisves Yoshida (1976) sai
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3.1.1 Fadhegeiivansiuau 0.50%y ualulnssunliluivaziion afn
29819978 80 % acetone 20 mL

3.1.2 NTDINLNDUDDNAILLAIEY Bucher funnel  ATEAI¥NTDY
Whatman No.1 Agg9isin acetone aulaifididgrvunszaiunses

3.1.3 Suarsavateaslu Flask  wazrUSuuSuinseae acetone lu
volumetric flask Tla 50 mL

3.1.4 daninAnisganduuds (Absorbance) firuenindu 663 wily
A5 (Chlorophyll A), 645 urluums (chlorophyll B), 470 wnluiuns (Carotinoid) g
1393 spectrophotometer IW3BUBURUATazaLUaRasld acetone 80 %

3.1.5 AuIAN Chlorophyll A: Chlorophyll B, Carotinoid wazUSunau
chlorophyll A:B ratio

gnINIsALIN

Chlorophyll A = (12.81*A663)-(2.81*A645)
Chlorophyll B = (20.13*A645)-(5.03*A663)
Carotinoid = ((1000*A470)«(3.27* Chl a)-(104*Chl

b))/229
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N1FAATIENAIGNHULNWNUGNITUAIYIT
AFLP (Amplified Fragment Length Polymorphism

nMInsIedsUauAMLArUSIuRBueva et ludmAas
AFLP (Amplified Fragment Length Polymorphism)

NIATIRERUANA LA USINURD W Ya IRt s TudImABS
ATIvdaUANATNLATUTINAedue  TnensiUSeuiisuiufiBuemnnsgiuiinsu

ALty Taely 1% Agarose Gel Electrophoresis waséauusuameansavale ethidium
bromide #T19QUAALBULBULUNY agarose gel ladawhouassansillean Tuiinade

ANSANEATN

= s

=) = N MmN @~ AN N o~ N o
S ST "™ EUE B e B B4
SR 8§ 2 <« <« < g2 T o aaq

-

A 1 : NIATIVADUAMNANUAZUTNTDIRLOUETBIN MG S1WIU 9 Fapt

N15LA3EN ALDUIBAULUY
1. Digestion : 1% genomic DNA w83damdes Uszana 100 ng dndnsisieuleidniimig

2 wilafie FcoRl way Msel lagldioulwiwlinas 10 unit Tudvies A (Borhringer
Mannheim: Roche) (33 mM Tris-HCl pH 7.5, 10 mM KCl, 0.5mM DTT) Tudsums 25
ul luvnigamgll 37 °C w3 Falus wis DNA fiumsdauds w10 ul v

| a | ¢ % .
mS’Ji)@’a’mmimﬂﬂauuuimmalﬂﬂEﬂﬂj 1% agarose gel electrophoresis

Kb Ladder
Kb Ladder

AT1
AT2
AT3
HT1
HT2
HT3
LT1
LT2
LT3
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AT 2 : NMIATINABUANINNSARRALD ULV A B Laulmisnsinng

2. Ligation : 11 DNA ﬁﬁmaugszﬁuﬁa (WdeUums 15 ul) wwiese Adapter iflddulua
asefudfulvavesiuisinveteuleifnsnsassiin Tnomsidy 10 ul vesansi
Usznoueme 7.5 pmol EcoRl-adapter, 75 pmol Msel-adapter, 1.2 mM ATP, 1X ligase
buffer, 1.2 mM ATPua tovlesl Td- DNA ligase 2 unit 3ntiudairluriluvuigamad
37 °C unu 3 Fals ileAsuivuaian th DNA fananandenisas 100 wh e dH,0
wielfidu Mduiasiuuuy ONA template) lumsiuuSinadud s ueiinosnsiagld
A primer #1149 | '
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nMaRNUSIBUdIu DNA fidaenis
1. Preselective : vhnsfmdoniuduoNA Tagld primer fifiluadaidensiuiu 1-1 base
A8 ER-A : MS-A uaz ER-A : MS-C
11 DNA template amihmsifaiaina Taefl PCR condition il - TuuFAsenisiiu
USinaudiudidueiifeimstuasuszneulude DNA  Tideeauda 3 ul, primer
(forward&reward) @waz 0.25 uM, 1X Taq buffer, 1.5 mM MgCl,, 200 uM dNTPs, wag
ioulesl Tag DNA polymerase 0.3 unit luuSunmsiavun 10 ul
WonanosrusEnaumeqdndefuud Juhlldluesesmunugumgli (GeneAmp” PCR
System 9700 (Applied Biosystem))%ﬂﬁqmﬁﬂ“ﬁsi’m‘]ﬁdf’fﬁa

50 °C 5 w1l

94 °C 3y

94 °C 30 Jui

56 °C 1wt 24 5oU
72°C 1w

72°C 5w

Wewa$aduufisen PCR Wi PCR product Mldnidennssis dH,0 100 wih udhdafuly
\Uu DNA template dmsutunausialy

2. Selective : ¥nmsdnidentudiu DNA Tngld primer fifluadaidensiuiu 3-3 base lng
197U primer Ve 6 A primer Faii
AAC-ACT
AGG-AAA
AGG-AAC
AAC-CAA
AAC-CTT
AGG-CAC

oy By N e
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lufiSensifuviinadudufidueigesmsiuszdszneulude ONATIRa9
(mﬂ%u’umauﬁ 1) Y31ms 2 ul, primer (forward&reward) @ngaz 0.25 uM, 1X Taq buffer, 1.5
mM MgCl,, 200 uM dNTPs, waziaulesl Tag DNA polymerase 0.3 unit Iuﬂ%mmsﬁu’wm
10 ul dlewauesiusznaumaqindieiuuds Jniluldlueiosmunugamall GeneAmp'
PCR System 9700 (Applied Biosystem)) %@ﬁqquﬁﬁmqé’aﬁﬁa

94 °C 30 Ju i

65 “C**30 Jui 9 50U 1n8an Annealing Temperature a4
72°C 1w 1°C nseu

94 °C 30 Ju i

56 °C 30 3w 30 50U

72°C 1w

4°C  hold

MﬁdLﬁ%%éuU§ﬁ§aﬂ wgaUfiisenaie 5 ul Loading buffer (10 mM EDTA (pH 8.0), 98%

formamide, Bromophenol Blue & Xylenecyanol)
A539aUNANII PCR Lol 4.5 % Polyacrylamide Gel Electrophoresis : silver staining

N13AATIZHNG
vhnsldezuuunauiiBueiiusngluuiuaioudisuiiussuinesogng

fmdes 9 feglusuniaienty fusnguauiiue Trasuuy 1 aliusinguay @

Wue Wazuuu 0 Tasazidonlaruuuamswauiduefidiudawu
dwamshinzuuunaviduedina nlviesngimanuduiusssminametn

wides W 9 fatha Tagld program NTSYSpc for Windows Version 2.0le $1891unaidy

Phylogenetic tree T83f0g G IMEDS
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Simulation of Climate Variability for Assessing.Impactés--

on Yield and Genetic Change of Thai Soybean

Kanita Thanacharoenchanaphas and Orose Rugchati

Abstract—This study nssessed th: effects of climate change on
Thai soyt under si Our study is focused on
temperature variability and effects on growth, yicld, and genetic
chmges in 2 g:nemmns of Chnng Mai 60 cultivars. In the

were d to 3 levels of air temperature for
8 b day’ in an open top chamber for 2 cropping periods. Air
temperature levels in each treatment were controlled at 30-33°C (+
2.3) for LT-treatment, 33-36°C (+2.4) for AT-treatment, and 36-40
°C (£ 3.2) for HT-treatment, respectively. Positive cffects of high
became obvi at the ing stage when yield
sngmﬁc:mly increased in both cropping periods. Results in growth
indicated that shoot length at the pre-maturing - stage
(V3-R3) was more positively affected by high temperature than at the
maturing stage. However, the posmve effect on growth under high
temperature was not | found in th: 7ol cmppmg pmod. Finally, genetic
h were ics by the AFLPs
technique. The results showed that the high temperature factor clearly
caused genetic change in the soybeans and showed more alteration in
the 2™ cropping period.

Keywords—simulati air
Thai soybean, yicld, genetic change

variability,

I. INTRODUCTION

LIMATE is the primary factor for agricultural production.
Agriculture is one sector which is important to consider in
terms of climate change. The changes in. global climate related
parameters such as p e, precipitation, soil )
and sea level [1] are expected to alter crop productivity due
hanges in cli ther events, and pattemns of pests and
diseases. Many research studies have shown the impacts of
climate variability on yield loss or the alteration of
physiological mechanisms on cereal crops [2]. Increased air
temperature is one of important climate change indicator that
causes heat stress on plants. Heat stress is a serious threat to
crop production worldwide. There is a strong scientific
consensus (such as IPCC) that global mean surface
temperatures will increase from the present by 1 °C to 3.5 °C
by the year 2100 [3). Hence, the climate change conditions
due to global warming are likely to affect future global
agricultural production through changes in nutrition and

genetics [4] {5].

*Depantment of Natural Resources and Environment. Faculty of
Agriculture  Natural R and University.
Phitsanulok Thailand, 65000. E-mail address: kamnt@muc th

'annmem of Agro-Industry. Flculty ﬂf Agrlcullun Natural Resources
and i Thailand.
65000**Corresponding author: . E~rnl|'l lddrm urvser@nu;c.lh

Soybeans [Glycine max (L.) Merrill] rank as one of the most
important agricultural cmps of the world A recent study
r led that fz |  conditions
(temperature  variability, rainfall variability, and relative
humidity variability) during seed growth and development in
the field can reduce germination and vigor of soybean seeds
[6]. Therefore, the climate change condition is Likely to have a
substantial impact on biomass, production, or nutritional value
of soybeans in Asian countries such as Japan, India, and
Thailand [5], [7].

Considerable future temp hanges in Thailand, will
be high enough to cause adverse effects on soybeans.
However, the possible adverse effects of temperature change
on soybean production in the growing season or genetic
change is not well understood in Thailand. Thus, in this study
we carried out an experiment to assess the impacts of air
temperature variability to understand how increased and
decreased air temperature in the growing season affect growth
yield and genetic change of Thai soybeans.

I1. MATERIALS AND METHOD

A_Field study

The study area was a suburban area located at coordinates
16 degrees and 44.003 minutes north of the equator, and 100
degrees and 11.810 minutes east of Prime Meridian (Fig.!).
The field study was carried out at the agricultural crops field
in Naresuan University, Phitsanulok, Thailand. The total study
area covered about 200 m’.

B.Soyb. I | design

Thai soybcans (Glycme max (L.) Merr.) Chiang Mai 60
cultivar were used in this experiment. They were planted for
2 cropping periods (2 generations) during 2009 to 2010.
Three replications of a2 Randomized Complete Block Design
(RCBD) were used in three treatments with different levels of
air temperature. Soybean seeds were obtained from the
Agricultural R h and Devel Center in Phi
Thailand. The soybean seeds were planted with a 20 x 50 cm
spacing. At the vegetative growth stage (V-satge), the
soybeans in all three were d to temp e
variability for 8 hr exposure (9.00 am — 5 pm) in open top
chambers until harvest. In the experiment, the 1 generation
seeds were planted to yield the 2" generation  Therefore,
there were 2 cropping periods under air temperature
variability.

g and experi
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C. Temperature control

The cylindrical open top chamber (intenal volume = 6.3
m’) was constructed out of transparent plastic (Fig2).
Ventilation fans were equipped on the front of the chamber 1o
facilitate air circulation and to equilibrate the temperature
difference between inside and outside of the chamber. Three
levels of air temp e: ambient level (AT-tr ), lower
than ambient level (LT-treatment), and higher than bit

‘World Academy of Science, Engineering and Technology 59 2011

A i (o e AR -
Fig. 2 Open top chamber in experiment with electrical control
system

E. Genetic change

The genetic changes were examined in phenotype
characteristics. Soybean leaves at the end of the V3 stage in
both cropping periods were sampled and analyzed. The

level (HT-treatment) were set up. Water was released via an
electrical control system (opening-closing) to control air
temperature in the open top chamber. Mean air temperature
levels ( + S.D) for 8 hr for each treatment were 30-33 °C (%
2.3) for the LT-wreatment, 33-36 °C ( + 2.4) for the AT-
treatment, and 3640 °C (x 3.2) for the HT-treatment,
respectively.

D.Growth and yield determination

During the experimental period, soybean plants were
sampled to determine shoot length (height) at 7 differemt
growth stages for the growth and reproductive stages:

Growth stage

VI( first node)
V2(second node)
V3(third node)
Reproductive stage
Rl(beginning bloom)
R3(beginning pod)
Ré(full seed)

R8(full maturity)

Soybean seeds were harvested and the No. of total
seed/plant from the experimental field were determined at the
harvest stage (95 days). The shoot length (height) of the
soybean plant samples were determined for the total No. of
seed/plant.

AFLPs technique (Amplified fragment Length Polymorphism)
with 6 primers was used in the experiment.

F. Statistical analysis

The growth parameters and grain yield data were analyzed
statistically with analysis of variance (ANOVA). Significant
differences of parameters were reported at p<0.05 by DMRT.

III. RESULTS AND DISCUSSION

A. Shoot length at different growth stages

Exposure of soybeans to different air temperature levels was
carried out in an open top chamber. In the 1 cropping period,
we observed that the high temperature in the HT-treatment
resulted in a significant increase in shoot length at the Vi1, V2,
V3, Rl, and R3 stage. In contrast, a significant decrease in
shoot length was observed in the LT-treatment (low-
temperature). Further increase or decrease in air temperature
variability in the growth stage did not result at the full seed
stage (R6) and the full maturing stage (R8) (Fig. 3). However,
we did not find any correlation between temperature levels and
shoot length of soybeans for all growth stages in the 2nd
cropping period (Fig4). Fig. 5 and Fig. 6 compare the
percentage of height (cm) increase at different growth stages
between the HT-treatment and the LT-treatment, and the HT-
treatment and the AT-treatment, respectively.

High temperature evidently induced an increase in shoot
length at initial growth (by approximately 27%). especially at
the V2 stage in the I* cropping stage (by approximately 80%).
While in the reproductive stages, the percentage of height (cm)
increase was approximately 20% less.
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Fig. 4 Height (cm) of Thai soybeans (Chiang Mai 60 Cultivar) under
3 air temperaturt variability treatments at different growth stages (2™
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Fig. 5 Percentage of height (cm) increase at different growth
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cropping period.
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Fig. 6 Percentage of height (cm) increase at different growth stages
of Thai soybeans, compared HT. and LT
and HT-treatment and AT-treatment in the 2™ cropping period.

B.Soybean yield

In the experiment, grain yields of Chiang Mai 60 cultivars
in 3 treatments were examined for No.of total seed /plant at
the maturity stage. The results revealed that high temperature
(HT-tr ) strongly i d the No. of total seed/plant
in both cropping periods (by 28.9 %and 30.62%, respectively)

(Fig.7). While, exposure to low temperature did not.

significantly affect seed yield in soybeans in either cropping
periods.
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Fig. 7 No.of seed/plant of Thai soybeans (Chiang Mai 60
Cultivar)under 3 air variability

The grain growth of cereal crops depends on the production
of carbohyd: and the location of il from the
source organs to the grains. If the source activity exceeds the
sink activity (grain filling) of the grains, excess carbohydrate is
stored in the stem or leaves [8]. The support of photosynthetic
activity under high temperature may be one of the important
mechanisms that induced a increased seed yield in Chiang Mai

60 cultivar [8). Similar results were found in wheat [9]. High

temperatures increased the rate of grain growth and promoted

grain size but decreased the duration of grain filling. .

However, the results of the experiment are not consistent
with some data concerning temperature stress during the crop
period. Many reports suggest that temperature extremes during
seed development affect soybean seed quality. Freeze injury
before physiological maturity caused large reductions in
germination and vigor [6]. Many seeds produced by soybean
plants exposed to ively high temp during seed
filling are shriveled or abnormal (flattened and wrinkled with
depressions in the seed coat), and the quality of these seeds is
often much lower than seeds with no visible imperfections [6].
Hence, further monitoring on the effects of temperature
extremes on yield and nutritional value in Thai soybean seeds
is needed.

C. Phenotype characteristics

We analyzed phenotypic changes by the Amplified
Fragment Length Polymorphisms (AFLPs) technique. The
effects of temperature variability on phenotype characteristic
changes of soybeans for 2 cropping periods are  shown in
Fig.8-F.g9. Six primer sequences of DNA indicated that
soybeans under 3 levels of temperature in the growing season
could be categorized into 2 groups: AT treatment and the LT
treatment. The results indicated that the high temperature
factor clearly caused genetic changes in soybeans. Moreover,

we found that the continuous high temperature exposure
through 2 cropping periods caused more alteration in

phenotype ch istics in the HT-t (Fig.9).
bac
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Fig. 8 Phylogenetic tree of soybeans in 3 in the 17
cropping period
i
!
_E——-dl
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Fig. 9 Phylogentic tree of soybeans in 3 in the 2
cropping period

The genetic change in the high temperature treatment may
be caused by alterations in mechanisms, such as inhibition of
protein synthesis which led to DNA changes. Direct injuries
due to high temp include protein d jon and
aggregation, and increased fluidity of membrane lipids.
Indirect or slower heat injuries include inactivation of enzymes
in chloroplast and mitochondria, protein degradation, and loss
of membrane integrity [10]. Heat stress also affects the
organization of microtubules by splitting and/or elongation of
spindles and the formation of microtubule asters in miotic cells
[11]. Moreover, after exposure to high temperatures changes
occur at the molecular level altering the expression of genes

.and accumulation of transcripts, thereby leading to the

synthesis of stress related proteins as a stress-tolerance strategy
[12]. These may be the reasons why the genetics were altered

1487



World Academy of Science, Engineering and Technology 59 2011

by the high temperature. The characteristics of responses
varied according to temperature levels, growth stages, and
parameters. The results suggest that the high temperature in the
growing season in this experiment (36-40 °C), Wthh could
nppcarmﬁmntmT' iland, causes a signifi ion in
phy and genetics of Thai soybeans.

Howcver, more field studies to assess impacts on nutritional
values need monitoring to quantitatively estimate-the-effects of
climate variability on crop productivity in Thailand.

IV. CONCLUSION
The results of this study demc d that to air

termperature  variability under a climate change situation
(simulation) led to alteration in growth, yield, and genetics of
Thai soybeans, Chiang Mai 60, cultivars. High temperature
caused obvious genetic changes but induced an increase in
shoot length and seed yield.
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ABSTRACT
The purpose of the research was to investigate the effects of elevated air temperature at

different growth stages on growth and yield of soybean cv.Chiang Mai60. Soybean plants were
exposed to 3 levels of air temperature; 30-33 °C, 33-36 °C and 37-40 °C; under open top chamber
system, from V1 through maturing stage. It was found that higher air temperature than ambient level
at R1 stage significantly increased both Leaf Area Index(LAl) and Chlorophyll a (Chl a ) by 34% and
47%, respectively. We also found the significant increase in height from V1 to R3 stage and the
highest increase was shown at V2 stage by 87%. Although, the significant negative effects was
observed for yield (total seed/plant) at full maturing stage (R8). Thus, the experimental results

revealed that elevated air temperature increase LAl , Chl a and height . However, these increases

did not increase yield, but caused yield loss at harvest.
Keywords : growth stage, elevated air temperature, soybean, open top chamber
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:‘:ﬂmmmqﬁqmﬁm‘tu?mwm'] il

4.1) sumsiasanaulanieseu

4.1.1 maRsyaulnaadly

')ﬂwuﬂ'lmw'amuommm'nuwuw“lu Leaf area index iszeiz R,.R,.R, uaz R, Iatianmlaain
gn7 LAl = wuw'[u/wumuww‘nuuﬁmﬂﬂ?mﬂ'l'mﬁwaq Jones et. al. (1991)

4.1.2 ms_sgyiaularasainu (ANFN)

ARzt Rulnrasdulagdaann AN luszey V1,V2,V3,R1,R3,R6 Uas R8
uﬂ:uﬁamﬁuumLﬂﬂ‘ﬁﬁmﬁmﬁ‘tﬂ"w?ﬂmmmﬂmqmmqwmLwia:?élqmam

4.2) ﬂ"?‘mm‘mﬂ%'ﬂn

iudaeealuiansiameiualussas 1RN8Y V, R, R R, UAZ R, %«ﬂwﬁqqmq 26, 36
Uaz 47 75 uar 89 MUAWNAAL mMrlianviraelilagdia AaalsAadt uazualsiuanslanldaaae
Yoshida (1976)

4.3) HaNAR

wnrzinandntuszargainuie R8 lutwmaiudes Taadnmswoudn / gy uavduau

WAANIVNA / FiU
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4.4) MSAUATIEUNNADA
Widayanammaand u'ﬁLﬁﬂ:ﬁmmﬁﬁTmmﬁﬂn'ﬁﬂﬁﬁLﬁﬂmﬁLmﬁzﬁ-ﬁﬂ:ﬂm‘wdw
3 Rf\mmam Uy One Way ANOVA uaslaanis Duncan’ New Multiple Range Test (DMRT) NAAAL
whauidisupndiriusaesssaigumiifiunnsaiy finaiiifenmfine feaidmaaes
NANITNARAY
1.10assmumsiasaaulansisu
1.1 ﬁ"nﬁ‘ﬁumu (Leaf area index)
uam?ﬁnmnﬁﬂﬂ?:Lﬁuuﬂn?zwummmo:?:ﬁuqmnnﬁﬁﬁ@qﬂqqmuqﬁma‘mﬂﬂﬂ fifiuasie
Failinuilu fausiszas R1 e RS wudqrfqmﬁmﬁﬁmq’lmzu: R1 (a1 36 ) winfuiifinnsneLaue
'l_uv“mmnﬁiﬂn'm'?v'u%ummqmuqﬁ (@ammnes HT) Fenudndaiiuiiludiaig 34% at A 1A
&0# (Figure 1) mu‘ﬁfmmq'lu?::ﬂ:ﬁu']'lﬂwummﬂuauﬂwiﬂuﬁ']uma‘tﬁu‘%uu?ﬂammﬂmqﬁﬁﬂéwﬁm

nNAnALFAaLNe LA

12 ~

10 -

mLT
BAT
aHT

R3 R6
Growth Stage

Figure 1 Leaf area index at different growth stages of soybean cv.CM60 as affected by 3 levels of air
temperature (LT, AT and HT). Means that followed by the same letter are not significant at P<0.05 by
DMRT. Error bars above each histograms indicated standard deviations (S.D.) observed from 10
plant of each treatment.
1.2 ANEA (Height)

nans3qe lullRdaaunisaiyEua Tmﬂﬁmﬁ?:ﬁurﬂmuqqﬁ?:a:mq V.,V R.R, Ry UAY
Ry ﬁ"'amtﬁ'; 17 21 26 36 47 75 uav 89 Ju AU (Figure 2) wudwzﬁugquﬁﬁqqndw:ﬁu
qmu’qﬁ'luﬁﬁm'\ﬁ'lwﬁqqmiﬂqndanam‘:ﬁumm?‘n&mwéﬂﬁu‘lwﬁmmngq pedEd Ay aia
Tudmnaaes HT WanBaudiauiy AINGIRAMAREY LT Uz AT Sauandliiifunaesnasiuiauas
Fii]L{j'ﬂﬁﬁ?ﬂLlﬁiﬁ‘:ﬂ:‘ﬁlﬁ‘néuﬂﬂ’]ﬂ“ﬁﬂglﬁn‘fﬂ V, V, uaz v, liaufeiasssessdoniug R, uasR, uanily
hindanadndau Tussas R, uaz R, hiuanswmaunnsnsatinedhindrdynainusiiivnlihmusads

Lﬁumﬂﬁm:ﬁummqq‘luammam HT WanBaufiauiudmanaes LT uas AT (Figure 2,3 mu&1AL)
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mﬂﬂ?‘ﬂuLﬁﬂmzmwamﬂaﬂqmamuqmtﬂmmummﬂwua‘“mummmm’aammafawvwm
mwmm HT nu LT (mvﬂuaruvmmwuqqnmﬁ?:ru'mmu.axm"ﬂum’)m'lﬁ?ﬁ‘u‘mm) Uas sendnidg
NARAY HT Ay AT(m‘:mua_muqummgqmwﬁﬁu‘mﬁuazmzﬂ”umauwi'ﬁu'ﬁﬁu‘mﬁ) wudRulefigus

MARNTUTBIRNING GegaTisces V2 (svasdaft 2 ) e 87% uas 279% ANAAL (Figure 3)

120

100 -

o)
o
1

Height (cm.)
(2]
o

&
1

20

V1 V2 V3 R1 R3 R6 R8
Growth Stage

Figure 2 Soybean cv.CM60 plant height at different growth stages as affected by 3 levels of air
temperature(LT, AT and HT). Data were collected at Vi Vo Vo, R, Ry, Ry and R, growth stage. Means
that followed by the same letter are not significant at P<<0.05 by DMRT. Error bars above each

histograms indicated standard deviations (S.D.) observed from 10 plant of each treatment.
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Figure 3 Percentage increase in height of soybean plant cv.CM60 at different growth stages
between HT - LT treat and HT - AT treat.
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Z.’IJ'J'N'IEI&‘J'\’IH'JVIL‘I LU LU (Figment content)

manaLgueraInAdng ulurainisiduaiilideniasonluiladadmn B
AaalsAiag 1 uaz ualsiuansd duanlu (Figure 4 5 uaz 6 AugIRL) HANTANI WLITERL

QA X 1 Q‘ -« ] o o ar aQaa { {
qruupiingaaudenasanisinFunn asalsilad @ atwiiedAynada 47% Nscey R, dadu
= = e ' a da o oa ;
sHrmMIaanaan entegReainil warhinunansznuassanazgunpigeiiaadamaasludas

dl‘ G-J [] <l o o a a e = P « ot ]

TTHEANAUTANN vureiunansAnm lunaingrinraalsilad 1 uas walsivass fliny

o .’A o o QA 1} ar ] - -
mmﬁ'uwuﬁwmLfmmn?:ﬂuqmuquvn uan mmu’luv‘l ﬂ‘ﬂQ\l?zﬁlzﬂ’]Tl‘QTt’glﬂUTﬂ

12 4

-
o
1

mLT
®AT
OHT

Chlorophyll a (mg.chlo a/g.fw)
]

Growth Stage

Figure 4 Chlorophyll a at different growth stages of soybean cv.CM60 as affected by 3 levels of air
temperature in (LT, AT and HT). Means that followed by the same letter are not significant at P<0.05
by DMRT. Error bars above each histograms indicated standard deviations (S.D.) observed from 10

plant of each treatment.

7 1

'E. 6 a
o
«©
9 51
G a [
o 4 mLT
E g EAT
8 34 OHT
£
Q 2 1
°
o
* 11
o :

0..

V3 R1 R3 R6
Growth Stage

Figure 5 Chlorophyll b at different growth stages of soybean cv.CM60 as affected by 3 levels of air
temperature in (LT, AT and HT). Means that followed by the same letter are not significant at P<0.05
by DMRT. Error bars above each histograms indicated standard deviations (S.D.) observed from 10

plant of each treatment.
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Figure 6 Soybean plant carotenoid at different growth stages of soybean cv.CM60 as affected by 3
levels of air temperature in (LT, AT and HT). Means that followed by the same letter are not
significant at P<<0.05 by DMRT. Eror bars above each histograms indicated standard deviations

(S.D.) observed from 10 plant of each treatment.

3.HAUAA (Yield)

ﬂ’l‘i‘LﬁULﬁ.El‘JNﬂNaﬂ'lui‘xﬂ:@}ﬂ‘llﬂx‘i‘ﬁ')xi’r]’liqlf%’ﬂﬂﬁﬂxﬂ wudw:ﬁuqmuqﬁﬁqandﬁ?:ﬁu'ﬁ?s‘u‘mﬁuaz
SEAUTRININS IR danasan ISR / fu atiaildedrAtuneaiin( Figure 7) awud
lu@maaes HT waz LT HANBAIUIUNAARARITN 44% uaz 29% LilawBaufiauiudmanss AT

atalsinubinurnuduiusasnaiiodndnmeasdiu tTaseduauin / du ( Figure 7)

a

I -
=

| 3 ;
o

£ 2 E
o -3
3 s
2 2
3 -~
o o
z -
o
-

- = " ) LT © AT HT

Treatment Treatment

Figure 7 Soybean plant yield at maturing growth stages of soybean cv.CM60 as affected by 3 levels
of air temperature in (LT, AT and HT).Means that followed by the same letter are not significant at
P<0.05 by DMRT. Error bars above each histograms indicated standard deviations (S.D.) observed

from 10 plant of each treatment.
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