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Abstract

Project number: MRG5080372

Project titie: Cultivars classification approach in oil paim by using flow cytometry

L 4

Researcher: Dr. Theera Srisawat, Faculty of Science and Industrial technology, Prince

of Songkla University, Suratthani campus

E-mail address: theera918s@hotmail.com

Project period: 2 July 2007 to 1 July 2009

Efficiencies in each nuclear lysis buffer on flow cytometric analysis (FCM) of oil palm
were compared for cultivars classification. Five nuclear lysis buffers (LB01, WPB, Otto’s,
Tris.MgCl, and Galbraith) were used to prepare samples from embryos and unopened
leaves of one to twelve months-old seedlings. Aithough these vbuffers showed distinct
peaks of Pl fluorescence for oil palm embryos, the buffers differed considerably in
Fluorescence intensity (FL), Coefficient of variance (%CV), Debris factor (%DF) and
Yield factor (YF) values when analyzed with their seedlings. The resuits showed that
LB01 was the most suitable buffer (lowest %CV and high FL value) for oil palm
embryos resulting in 3.7 pg of 2C DNA. For all seedlings, only WPB gave the highest
value of FL and lowest value of %CV resulting approximately in 3.8 pg of 2C DNA
whereas the highest value of YF and lowest value of %DF were mostly found in LBO1.
By the way, only WPB showed consistency position of Pl fluorescence histograms when
analyzed with all seedlings. WPB was therefore used to classify the cultivars of hybrid
Tenera and its parents (Dura and Pisifera) by means of DNA contents. DNA contents of
Dura and Pisifera were ranged from 6.3 - 7.6 and 5.3 — 6.1 pg, their genome size (1C
DNA contents) is therefore greater than 3000 and 2000 Mbp, respectively. The results
confirmed that Dura, Pisifera and Tenera cultivars could be classified by using FCM-

derived DNA contents.

Keyword: 2C DNA, flow cytometry, genome size, nuclear lysis buffers, oil palm
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1.3 NIINUNIRITIRNITNUATAIIARINANLN GV DI

mslinefinlnslolnaums ieasesavulSunmdiuieasdaiidie anmml"ﬁﬂ%
winlwwnisunwnd desndsgnihanszyndldiudonais 9 vila (Bennett and Leitch,
2005) wanIMMITTeTzAUS IS waus fimusnlfinafiailumsamereuiping
‘uaoLenaa"l.mm”ma‘;wﬂ‘szmnwaoﬁaﬁ"fi%w (Winkelmann et al., 1998; Dolezel, 1991;
Dolezel and Bartos, 2005) uanmmfuﬁagm‘hquﬂiﬂﬂw‘[muLLa:ﬂ?mmﬁtSuLa'Lu
fefoafidunsanmaialnalalnumd dadudaysiifanuddydemsusiysoiug
Lﬁawﬁmﬁmwuwvuﬁ:'lmi 5 Aneay

fyrounsldinadalnalalnanilududrduwliendn tw nsasiesey
ﬂ%mmﬁﬁmamaaﬂﬂﬁwﬁm”ummw”ug‘mmas’wLLa:LﬁaLs‘_’;aﬁmummmgmlwaaﬂ
nanaseaeiasaslnalalndinas FACScan (Becton Dickinson) lauldduniile (Petunia

hybrida) (JuRNwE1489 (internal standard) WunUTmaIEueTBImBWUTINIKE TV



a4 & A Y o o o 4 g A
3.7 pg lwvnfiltoiBahauihdumonuiidoadu dedunamizideslunasanaass
fuTumAduafouudasldanidu (Rival et al., 1997) dann Srisawat et al. (2005)

&

'l@”ﬂmmmﬂimﬂﬁﬂTWa"l‘ﬂﬂLuﬂ’%'ﬁ'uﬂm‘uﬁm"umst"qusw REWadn ussinues A
Wuduua wa uazgnin maagusﬁ?ﬁ'ﬂma‘uﬁw“uqswgs‘mﬁ WisuifsudszAnBniwns
Aiarzinalagldfudsdnany 9 vlie (extemal  standard) 1¥ia3asInalainfined
FACScalibur (Becton Dickinson) HANIATI9R0UNUIIS I oL Entavathdusinaiuans
WufiniueIuviny 3.7 pg \floldtunies(Glycine max cv. Polanka) LR85
z%w%’uﬁugs’ma:ﬁﬁtwas‘w%uﬁuﬁuumm:ﬁuwa JSudBulalvinny 3.4 uae 3.2 pg
sy uananimgsldnenulsnadisuemudswuladluvendafathgudnud
Hmmawzidnslunasanaass sz wamaadluipInTvessadludnnstrduiniugn
@t (Srisawat and Kanchnapoom, 2005; Srisawat et al., 2005) ¢iay1 Madon et al,
(2008) Mpamwmsldiandasriiaduatwdurisdrsda (external standard) (Ran3298aY
ﬂ%mmﬁLSuLamaoﬂwﬁuﬁm”umUw”uﬁ:gs'w AEWaTuazininosfiiduu Walazgnniu
lavdaneiluiaiaslwalalnfiiaas FACScalibur (Becton Dickinson) WuAU5unméiEu
Lamaoﬂm‘uﬁwﬁumﬂw”mf@jw WRWaTAzIUeT Jduvinnu 4.1, 3.64 uas 3.83 pg
MUFIIY

mmwmznu'lupwsw"eummﬁme:vfﬂ‘%mmﬁLSuLaﬁuﬂ?ﬁTWavlSﬂmW? 371\117]'?]5
Anwavdsznavvasmsazanofnaios iz lidssacaofiunivariiola fnuny
éﬂﬁfu’l’ﬁﬂ”ﬂﬁmn’nﬁ@ S NSRRI IR ET RN s RN LR TUA Rz fiagd
AuIniu (Loureiro et al, 2006b, 2007) MsUSuUIRBUYIzANT A WD BIR I TaLA Y
hieduadanisiansiluisasriiony wuasseaisfiedssudazsiiamuizause
MFINATIEA LA DA ITHANY fhm”umsa:mUﬁdmﬁuaﬁgﬂmmmwaauﬂ?mm&ﬁma
2891809 wuhasazawfiiedoaria LBO1 Qﬂﬁﬁuﬂ’ff&l”lﬂﬁlqﬂ (Rival et al,
1997 W8z Madon et al, 2008) pouzfiansaraoWinesrfia Tris.MgCl, #TBauns
thinlfienesilinodiueveshduinsiudaoisuiu (Srsawat et al., 2005)

m*sﬁa)wrmam‘ﬁs:naumoLﬂﬁmaomsﬁﬂuaﬁﬂs:naulumm:maﬁamﬁua:g
180 wohmsazaeduefoaudscsio Josfsznaufiuandrenuly wwzluasazany
fuefuasfiia WPB  tviniu fidasdusznavvas Reducing agent Wwfia Sodium
metabisulfite uaasliidiuin mitiemziiiladelidudu (Woody) dru38TWaloTnims
019 1S UNENTENUIINAT Phenolic compounds Tilsasunanniitaiiiolafudu (Loureiro
et al., 2006a) mmzﬁmsﬁ’mU"Lajlﬁl,ﬁ@mﬂm:nsjuﬂ”umaofnmﬁﬂavﬁa debris R17828"Y
fuefvadiulnnjecld Triton X-100 unidu Otto's | Aild Tween-20 aoluuny asffsznay

a a

A o - {o o o A a . - A aa
ﬂmmy"uaomm:mammauaﬁmﬂrganmmmﬂa chromatin stabilizer Tatdug1371d
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dawyldianzluasazansfiandoasila Tris.MgCl, uaz LBO1 mudiay asnudanisfiar
fmmassudsansnnassmsarasindvsudsssiiadoiiio st surinduluszoe
d19 9 feudezdnndenldamsaraofiandoafinunzas Lﬁiauumwzmuﬁuq’mﬁu
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mameLuﬁﬂw“mfua:ﬁuﬂﬁﬂﬂwz{umuumUwuqmmaiwﬁ‘ﬁmQ 3-12 Lfan uas
xﬁmi’ia'lua’awaaﬁuuajwmﬁgs'w (Deli Dura; D109, D067¢ D064, D069 WRxDO68) UATWA
WugA&Wed1 (Calabar; P109, LA ME; P106, DAMI; P116, Nigeria; P110 uaz EKONA;
P105)maaﬂszmnsmﬁm{wﬁumva”ulfgnwauqswgfmﬁ 1 6 ldsuanuewans

b <

€a o &€ o a al ' o €4 v a o o A
mnqumﬂUmaumuuqﬁﬂgsmu ‘lumuwqummaaal’nmmam (G. max ov.
Polanka) tduiiT819849 (Srisawat et al., 2005) 1@3U91n Dr. Jaroslav Dolezel, Laboratory
of Molecular Cytogenetics and Cytometry, Institute of Experimental Botany,

ETIUITLIN

22 maadsnaTazasRadgadariniu
ssumsazasfinedomiloderhduingu 5 g3 leun (1) Tris-MgCl,: [200 mM
Tris, 4 mM MgCl,, 0.5%(w/v) Triton X-100 and 3.0%(w/v) polyvinylpyrrolidone (PVP)]
(Pfosser et al., 1995), (2) WPB: [200 mM Tris.HCI, 4mM MgCl,, 2mM Na,EDTA, 86 mM
NaCl, 10 mM sodium metabisulfite, 1% PVP-10, 1%(v/v) Triton X-100, pH 7.5] (Loureiro
et al,, 2007), (3) LBO1: [15 mM Tris, 2mM Na,EDTA, 0.5 mM spermine 4HCI, 80 mM
KCI, 20 mM NaCl, 0.1% (v/v) Triton X-100, pH 8.0] (Dolezel et al., 1989), (4) Galbraith:
{45 mM MgCl,, 30 mM sodium citrate, 20 mM MOPS, 0.1% (v/v) Triton X-100, pH 7.0]
(Galbraith et al., 1983) itrz (5) Otto I: [100 mM citric acid, 0.5% (v/v) Tween 20 pH 2-3]
L&z Otto II: [400 mM Na,HPO,, pH 8-9)] (Otto, 1990)
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Wasasmaudizlddanaslumiazaniiuefos

AaSunNIAH
1. "ﬁ‘uus':m'lua'auua:ﬂ”wnngnﬂ”mwnaanmnﬁuna"wmﬁuﬁwu”uuazmé‘ﬂﬁa:m@
wazanyol lumsieSoufugwludon dendiereidolnalalnfiaasaosriinny
szaadudiuinlizrane dminsestusuludeunasdnwnzfacldlunisinmeidas
TWalalnfinasdadszunm 50 §a8n3h (5x10° nuclei) fonT3aTEw 1 a3

2. 'ldm'luﬁnuu,ﬁmmmLﬁumuguu‘nmo 5 lruwdluas WaLAURIIRZAY lysis
buffer 1.0 Ua8&®T

3. ovfudmRnaondndvlufiardn falY 2-3 Wi udndusIazaivison
Propidium iodide (Pl) wanadld 50 lulasdas udriduasazaudulod RNase #in 50

lulasRas



11

4. NTzUIUNITIENTS 80T AL teSuuaIaE N8N TR sINUALAI8E19
N0 I RITRZAN T LAUNUINTOIHIUAZUNTI I RO UIUIA 42 LUATOU RIIUNREN
o G A - L] Ad d
fwmsualasinslolndiaas Aol luanwiauasifwlszurm 2-3 il 98T AT 9

a [
AUNTIEN

23 malansiatsaiasialalnfieas

‘l‘ﬁm%‘ao‘[ﬂa%‘[ﬂﬁm a3 FACScalibur (Becton Dickinson Biosciences, San Jose, CA)
(g‘mzfm‘s:aaﬁa"mmmam‘ YNVINYIABRITAIUATUNS InsrzanIalng) Hauaae
Ttunsu CELLQUEST (Becton Dickinson) 1% 488 w1luiuas argon iron laser (iln

UWASITULROULES HIMRDARITRAIUTIAATIZH LILATININEND BIRUAANVETIARWLED

s

585 U1l ulueY ua:a"mmmm:muw”uqnﬁm 5,000 nuclei ﬁamﬁmﬂzﬁ 29819 1 A59

v
o _a (3 [l L9

fruasIuInT VIR EILARZAYaE1Y lataundn 3 1 wdazdSiaTzveg 9ty 3
A%

ﬁ,’)‘ﬁaga‘SaT*nmem@‘hmml,ﬂuﬂ?mmﬁl,ﬁul,aha’l’ﬁﬁagamao G. max cv Polanka

ar

a kg a v/ dv
Wudldulasnede LLR;I’D’E;T(?\S@G%

2CDNA content Sample G1 mean FL DNA content of ref tandard
= X
conten Reference standard G1 mean FL contentotreference standar

2.4 Myaszdaya
ﬁwﬁagamnm%‘aﬂv«m'l‘n‘[nﬁmafuﬁmﬁ:ﬁﬁaUTU?Lmnmauﬁ’amas’c’%u?%gﬂ
WinMDI 31 2.9 e FS, SS, FL, CVs, DF Ua: YF numadfinoudiiiuiefildann
mMImagauunItesiuianuulslTan (ANOVA)  wazilSouifisuanuuandiives
AUaBTIU5T Tukey's test lagltllsunsunpuiunaidniogy sFss fmuaszay
B fszauanudaniu 05 Wedidud tlesuundszninmussmiazaefianios
T(ﬂﬂmsa:awﬁgnﬂ"mLﬁaﬂa:@"aalﬁm FL U8z YF §9§@ Uaze %CV uaz DF ﬁwqﬂ
(Loureiro et al., 2007) Usznaunudayadumivaasdalnunsy szgnldiduinmsiluns

AALRBNENIRZAN ﬂﬁnLﬂﬁﬂaﬁﬁﬁqwémfumﬁuﬁm”uﬁamﬁuﬁu
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mM3iMuaal FS, SS, FL, CV uaz DF

FS=Forward scatter as a rough measure of particle's size
SS=Side scatter as a measure of particles optical complexity
FL=Fluorescence intensity of Pl-stained nuclei

%CV=G0/G1 peaks as a measure of nuclear intensity apd variation in DNA staining.
%DF=Debris background factor as a measure of sample quality

Use the equation:

total number of particles — total number of intact nuclei
X
total number of particles

100

%DF =

YF=Nuclear yield factor in order to compare the quantity of nuclei in suspension. Use

the equation:

total number of intact nuclei
numberof second run (s)

weight of tissue (mg)

YF =
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3. HanmInaaay

v

- o ] s oA o ¢ ~
31 mﬂﬂ%nmﬁﬂu%uﬂﬂaamsazmﬂuamﬁya @aUsransnInNITALAITIEA ')EI'JE

Walalnians
3.1.1 mmagauwndiaes FS, SS, FL, %CV, DFeuas YF

nmMIiaTziIna lolnans nuewne u.a:ti‘faLﬁ‘aludauﬂﬁmi’]ﬁumq 1-12
wWou lasldasazansfiaafoa 5 ofle leun Tris.MgCl,, LBO1, Otto's, WPB Uas
Galbraith uazlfinies (2.5 pg) uRndedanuuniousn (external standard) WUn
mIszauiuadoannoiia usasdalnunsa (Pl fluorescence  intensity) Ataian 1o
Wisuifsudunisvasdalnuniy wudwmsazmuﬁumﬁuan&o 5 THA ULFAIGIUNUIVDI
salnunsufiuanenann (mwﬁ 7) \iaWesoien FS, SS, FL, %CV, DF uaz YF luanae
71 WU 1 FS uar SS weeslindsafinunanewn: warludaudundrguinai
ludsepdns 9 liflanauandreiu Lﬁmﬂ?umﬁﬂuﬁumsa:mUU”WLWEﬁnn’ﬁﬁﬂ wel
\laRanTonannn density plot Lﬂuﬁmf«?\unﬂ'hmjuﬁamﬁﬂaaguanamamao density
plot $98199EMANBAITEAUVDY FS Uaz SS fidngenn (@1T197 2 URZNWT 8 uazo)
UENIINUUETINDGT %CV ez DF gafidrgalunnizezninady ussnnofiavssmiazany
fawndos N9l orvazdunaanndfAserfifonin the tannic acid effect’ Sethduringi
mmmmf\amintejwLmuﬁuaanmsumumiémwa“[mvlm‘[ﬂLmﬁ (Loureiro et al., 2006a)

fsudazantniwaasasaransiiafoaudazriiadanisiiascvina laln
wnizasiauafoadnnsUrduigdi wuihamsszaefaeduasiia LBo1 e FL ga*ﬁ'q@
Hudraufizns (299.73) uazlid %Cv @‘iﬂﬁqmﬂuﬁm‘“uﬁuﬁq (4.57%) ualien YF ¢
ﬁqwﬁa 0.68 nuclei s mg~ aTazaeieduaTiia Otto's wen FL qﬁa;mﬂuém”uﬁ
Wity (385.55) uazlvidn %Cv ﬁwﬁqmﬂuﬁm”uﬁaaa (4.93%) ’1TazauhuafuaTia
Galbraith lWe1 DF G‘inﬁzgmﬂué’m”uﬁﬁﬁa (98.90%) uazlid YF goﬁqmﬂué'm”uﬁaaa
f8 0.96 nuclei s’ mg ssraefandsaniiea WPB lhdn YF gaﬁqmﬂuém”uﬁmﬁa an
0.99 nuclei s mg" g lsfiany (WalspuifunIuLANaINIEAaE WU f1 DF wa:
YF  lLidenuuandroiulunnsiiavasansazaisflaefos onidu én FL uaz %CV
snzaiunfvasiia LBO1 uas Otto's 5oﬁmmmm:ﬁ'a:gmﬁanﬁﬂﬂl'ﬁ (p<0.05) lu

MIAATIERRLANA TS uNTw






a3191 2 ugaannieasiWalalnun’ vasiuafosnindannzuaslydouvasdundrthdnidueny 1-12 1ew

Growth Buffer FCM Parameters (Mean £ SD)
stages
FS (channel unit) SS (channel unit) FL (channel unit) CV (%) DF (%) YF (nuclei s'mg™)
LBO1  4149.60 £ 2950.15°  862.30 + 504.36°  299.73 + 4,98 4.57 +0.38° 99.22 +0.15° 0.68 + 0.36°
WPB  6723.60 +4975.76° 765.77 £366.31*> 211.36+£10.59™  6.59 £2.15%° 99.13 £ 0.59° 0.99+0.78°
Embryos Otto’s  6854.67 + 5155.52° 2738.87 +2078.82° 385.55 + 52.42° 4.93 +0.38° 99.08 £ 0.35° 0.78 £0.12°
Tris.MgCl, 6181.40 + 4571.84% 1582.60 + 1037.63° 208.91+14.46%  7.31 +0.30% 98.93 + 0.09° 0.96 + 0.26°
Galbraith 5860.37 + 4286.90° 1163.43 +585.23°  166.33 + 60.00° 8.93 £2.11° 98.90 + 0.33° 0.96 + 0.86°
LB01 861.93 + 136.86°  496.63 +218.05° 156.30+72.84° = 11.22+3.73° 98.61 + 1.09° 0.52 + 0.26°
WPB 919.73 £39.66°  593.13 +152.19  314.65 + 38.29° 8.75 + 3.48° 99.74 £ 0.17° 0.27 £0.13%
One month- Otto’s 944.00 + 113.46°  672.70 + 434.13°  159.87 £67.45®°  12.87 + 11.39° 99.89 + 0.06° 0.10 £ 0.05°
old seedlings Tris.MgCl,  *666.00 + 576.86° *457.50 + 446.86° *72.74 +64.19°  *8.36 £+7.26°  *64.87 +56.25° *0.03 £ 0.03°
Galbraith 1019.40 £ 1.25  1009.533 +7.98°  94.16 + 37.32° 18.86 £ 5.77° 99.94 +0.01° 0.07 £0.03°
LBO1 707.70 £ 250.072  273.27 +220.98" 203.72+85.90°  6.52 + 3.89 93.41 £ 10.08° 1.81 £ 2.46°
WPB 881.87 +49.47°  263.80 + 143.24*  281.17+21.57°  6.45+ 1.56™ 99.80 * 0.06° 0.21 £0.05"
Three month- Otto’s - - - - - -
old seedlings
Tris.MgCl,  911.03 £56.91°  233.60 £+ 137.67°  59.12+6.17° 12.86 £1.72° 99.82 + 0.02° 0.15 +0.03?
Galbraith ~ *272.83 £ 472.56® *141.57 £ 245.20° *14.18 £24.55°  *1.63+£2.82®  *32.65+56.55% *0.41 0.71?-

T
(3}



LBoO1 658.13 + 249.40®  326.37 £+295.42° 223.24 +24.34°  6.38 £1.01%* 96.44 +2.17° 1.38 £ 0.66%

WPB 922.20 £ 24.53°  365.93 + 227.66° 36278 +44.11*  4.47 £1.65° 99.59 + 0.26° 0.50 £ 0.30*°

Six month- Otto’s 863.10 + 49.96°  306.53 +196.14° 228.19+106.14®®  7.18 £1.30% 99.72 + 0.08° 0.23+0.10°
old seedlings

Tris.MgCl,  *179.10 £310.21°  *18.37 £31.81*  *04.15%163.07°  *2.47+428  *33.28 +57.65° *0.05 + 0.09°

Galbraith  853.40 + 179.79°  538.93+319.73° 161.35+12.76®  10.11+£1.22° 97.03 + 1.96° 1.74 + 0.87°

LBO1 466.70 + 103.06°  147.93+ 116.39° 164.34 + 4155  10.28 +5.14° 97.57 £ 0.12° 0.83 £ 0.23°

WPB 909.67 + 34.12° 22433 +57.91*  285.49 + 28.90° 6.91 + 2.65° 99.71 £ 0.17° 0.34 +0.14°

Twelve Otto’s 720.23 + 63.31° 142.43 £55.40° 23815+ 2523*®  8.41 +3.06° 99.59 + 0.33° 0.27 +0.23°

?ggé:n%lg Tris.MgCl,  470.17 + 98.76° 141.43 £+ 48.14°  201.03+24.71*®  7.33+0.55° 99.70 £ 0.09° 0.21 £ 0.06?

Galbraith ~ *425.50 + 378.34*°  *395.30 +426.18%  *83.11+72.02°  *8.63+7.60°  *64.73 +56.12° *1.11 £0.98°

Values are given as mean and standard deviation of the mean (SD) of forward scatter (FS, channel units), side scatter (SS, channel units),

fluorescence (FL, channel units), coefficient of variation of GO/G1 DNA peak (CV, %), debris background factor (DF, %) and yield factor (YF, %).

Means for the same growth stages followed by the same letter (a, b or c) are not statistically different according to the muitiple comparison Tukey

test at P<0.05.

-

The parameter’s first and second highest (FL and YF) and lowest (CV and DF) values of the estimation in each essential parameter are shown in

bold type.

The nuclear lysis buffer chosen for the FCM of oil palm embryos and one to twelve month-old seedlings of oil palm are shown in bold type.

* Buffer did not produce their nuclei from some leaf positions.

- No oil palm nuclei peaks were distinguishable.
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°uaaﬁaLﬂ§uamn'ludaum§mfm°umq 1412 @au wuh fedinnsnuludenaindunda
ﬂ'n{mim”umq 1 18ou sIszarefiindoasiia we Tdn FL goﬁqmﬂuﬁm”uﬁﬂﬁo (314)
uazlwdn %ecv éwﬁqmﬂuém”uﬁﬁﬁdtﬁuﬁu (8.75%) uazlvien DF ﬁwﬁq@tﬂuém”uﬁaao
(99.74%) sz YF goﬁqmﬂuﬁ’m”uﬁaaa (0.27 nuclei s mg") Yoazfignsazas e doaiia
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”oml’umsa:muﬁdmﬁuaﬁﬁmwmm:auz%ms"umﬁLﬂswzﬁﬁunﬁwﬂﬁuﬁm"umq 3 o
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FIRzanuALARuaTia WPB (@1397 2 wae mnfl 12 uas 13)

Gt mrazaefedvafifanumnzaufeltlum e meUSin i Suieves
Futduinaiusadumsazans WPB st WWTzwanan A FL gaﬁqﬂ LR %CV @‘%Wﬁqﬂ
i dumiedsinunsudsfnsdsingludumisnsf §msu LBO1 wiraslien YF gofign
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s sazauiiefugriadu 11 Parameter 69 9 laiduiviwals



20

g anndiagy AT IR
6 b

64

LBO1 buffer: Red
WPB buffer: Black

! Tris.MgCI2 buffer: Blue

Otto’s buffer: Green

Events

Galbraith buffer: Purple

AN 10 ureIFalnunsuued Fluorescence intensities (PI fluorescence) 2a3fluaRuRaNly
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LBO1 buffer: Red
WPB buffer: Black
‘g Tris.MgCI2 buffer: Blue
]
lﬁ Otto’s buffer: Green
'm Galbraith buffer: Purple
o ; “ ""..m U A ‘l-, iy ) I L .l‘uu.nli\ s pales | ; ; i i N
0 1023

AN 11 useddalnunsuwes Fluorescence intensities (PI fluorescence) yasfinfssanly
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128

LBO1 buffer: Red
WPB buffer: Black

Tris.MgCI2 buffer: Blue

Events

Otto’s buffer: Green

Galbraith buffer: Purple
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Mwn 12 usasdrlnunsuues Fluorescence intensities (Pl fluorescence) U8R LAREFINN L
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128

LBO1 buffer: Red

WPB buffer: Black

Events

Tris.MgClI2 buffer: Blue
Otto’s buffer: Green

Galbraith buffer: Purple
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AN 13 Lrevdalnunsauues Fluorescence intensities (P! fluorescence) vasfnfuganly
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3.1.2 MaSsufiuySinodiBue vwasluuvessnne uazlusanthdusindu

fasinmsiannzthduingu d2035TWslonens Tasldmsazasfianios 5
riia TagldlugansasdandoaduRréradennasgauuuunouen (extemal standard) WU
msarapinafoasia LBO1 ieuSunmdiwavasdwnzthduindurindy 3.7 - 3.8 pg
youzfisnsazansfinnfoaniia WPB, Otto's, Tris.MgCl, uas Galbraith ienySunmdiduia
vasiwnzthdaidu iy 2.7- 3.0 pg, 4.2 - 5.2 pg, 2.7 - 2.8 pg Uz 1.8 - 3.1 pg
FIUETY (ANTIMANUINT 1) Lfiav‘imsmmnmqeqm-ﬁwqﬂmaowwmﬁmas"@m 9 INNT
Semzflude 3.1.1 wud ssseasiaedvsriiafimanzsudmsuiin el odiue
nAnnzsuinauda LBO1 darin USinmuiifuavasiwnzthduiniuisenivldds 3.7-
3.8 pg SNIURNIALATY LBO1 WAz 4.2-5.2 pg S TLENIRZAY Otto's

daderzdluden @Wsely nansly wazguly) ﬂﬂnﬁuﬂﬁﬂﬂﬁm{wﬁumq 1-12
wau sawAfInalalnim? lasldfasaraofiuedos uazAosrediriiadoaiunmsiiesed
Ui fuiavasannrthduingu wudn dunislugenfifanumansaudgmiunisuen

a a - ° ' a "V o -~ A o ~t [
hinduzaanu Aa dunmisguly inmzdalnunsuilduaasiie %CvV Adn uazlinimdas
DANNITUNIUMTONUNANDY S duanwmeFzinunIuid uasdruniivresdalnunsy s

(9
o av

Aeanzimsmacarsfiunioario WPB wuin natthaus Aueny 1 dau duUSunuaidule
WU 4.3 pg (AT 3) Lwivnnv‘?msrmwamﬁmﬁ:ﬁ'ﬁ'@hLtuuagwu'lua'au, wudnguly
éauﬂa"ﬁﬂwz\i‘uﬁm"umq 1 16 FUSanmfiduie indl 3.69 pg (39maEwINg 1) 99
Indidarunanstiensfnawnzihsuidudomsasasfadoasia LBO1 Laza1nnns
Asurioumini (Rival et al., 1997; Srisawat et al., 2005; Madon et al., 2008) Gaonaaniuly
Tdhgulugeuthduiniulifnamain “he tannic acid effect” [5wdnTuAWAzU09U Y
s vsfissazaefiandsaTiia LBO1, Otto's, Tris.MgCl,, Waz Galbraith IWA1USumé

Bulawiniy 1.95, 2.08, 1.38 WAz 1.22 pg MUEIAU (FNINAANUINT 2 - 6)



A5 3 ﬂ%mme‘ilﬁmaLLazmmm"Tumaaﬂ”wnma:luéaumnﬁuné’wmﬁumﬁumq 1-12 1A

Growth stages Buffers C-DNA values (Mean * SD)
2C (pg) 1C (Mbp) Peak CV (%)
LB01 3.75 £ 0.06° 1834 457 +0.38°
WPB 2.91+0.15* 1422 6.59 +2.15%°
Embryos Otto’s 4.88 +0.57° 2389 493 +0.38°
Tris.MgCl, 2.80 +0.04" 1370 7.31£0.30%
Galbraith 2.25+0.71° 1100 8.93 +2.11%®
LBO1 1.95 +0.91° 954 11.22 £3.73°
WPB 4.30 £0.54° 2103 8.75 + 3.48°
One month-old seedlings Otto's 2.08 +0.88° 1017 12.87 + 11.39°
Tris.MgCl, *1.38 £ 0.22° 675 8.36 + 7.26°
Galbraith 1.22 £0.48° > . 18.86 £ 5.77°
LBO1 2.44 + 1.09° 1193 6.52 + 3.90®
WPB 3.81 % 0.30° 1863 6.45 + 1.56*°
Three month-old seedlings Otto’s - - -
Tris.MgCl, 0.75+0.43° 367 12.86 £ 1.72°
Galbraith *0.55 269 1.63 £2.82%

14



LBO1 2.76 £ 0.31° 1350 6.38 £ 1.01°

WPB 4.91 +0.56° 2401 4.47 +165°

Six month-old seedlings Otto’s 3.10 + 1.44% 1516 7.18 £ 1.30%
Tris.MgCl, *3.46 1692 247 +428°

Galbraith 1.94 +0.16° 949 10.11 £ 1.22°
LBO1 2.02 051%™ 988 10.28 £ 5.14?

WPB 3.82 +0.39° 1868 6.91 + 2.65°

Twelve month-old seedlings Otto’'s 2.99 +£0.31%® 1462 8.41 £ 3.06°
Tris.MgCl, 2.71+0.33° 1325 7.33 £ 0.55°

Galbraith *1.57 +0.04° 768 8.63 + 7.60°

Values are given as mean and standard deviation of the mean genome in mass values {2C, pg) and base pair (1C, Mbp), 1 pg = 978 Mbp (Dolezel
et al., 2003) using Glycine max cv. Polanka (2C=2.5 pg) as external reference plant

Means for the same growth stages followed by the same letter (a b or ¢) are not statistically different according to the multiple comparison Tukey

test at P<0.05.

The nuclear lysis buffer chosen for the FCM of oil palm embryos and three and twelve month-old seedlings of oil paim are shown in bold type.

* Buffer did not produce their nuclei from some leaf positions.

- No oil palm nuclei peaks were distinguishable.
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gnsudunaihsuiaiueny 3-12 hau wudundasly waznansludan
wanzfzlflunisanafianfssaasazatsfiinfagriia Otto's, Galbraith We Tris.MgCl,

datn dumbgmludaudagnidentlumstiansiiSinudiduievashduinluduuiiug
a1 unsWerufRmdah dely alfmsazasiiaefvariia wPB wuifinmdiuienas
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U311y o dunikIfiuans1anuagITaIaw LLa:Gi’mvl,ﬂmnG‘hme%aIﬂLmimJaagnwaum
O3 (NNT 14 1 -1 NWA 15 1 -9 nwh 16 N - 9) (QnUTUaa voltage V89 FL2

detector tWalwEalnunsuvasismumenug Unngluyuuesiilnd) wanmslienzinud

[ 1 o € a € aa
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(9
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(D0B4) LRZWBWUT wmwaﬁ (P116) HUSuudLauLBLYINAL 6.70 Uaz 5.37 pg MUMAL NG
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Uszmnsthduiaiumewuiguegionfl 4 duwivuggi (D069) uazweugAFWet
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°oe

a ar o & ' a Qs
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n. Hybrid-Tenera Suratthani 1
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f. Hybrid-Tenera Suratthani 3

Events

’)
1023

Events

128

Events

30

1.Hybrid-Tenera Suratthani 2
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139N 4 USunndlauauszmedluuvaslusau mﬂﬁmmw”uﬁma‘uﬁm”ugsﬁ LLa:w'aw”ulfﬁ?ﬂwas’waqanwammuasﬁqﬁuﬁmﬁ

Hybrid Tenera Cultivars (code) C-DNA values (Mean £ SD)

2C (pg) 1C (Mbp) Peak CV (%)

Suratthani 1 Deli Dura (D078) 6.88+0.67% 3362 3.84+0.49%
Calabar Pisifera (P109) 6.14+0.74® 3005 4.58+0.49%°

Suratthani 2 Deli Dura (D067) 7.13+0.27® 3484 4.17+0.45%
LA ME Pisifera (P106) 5.96+0.66% 2915 6.13+1.63

Suratthani 3 Deli Dura (D064)" 6.70+0.23% 3278 4.5240.62%
DAMI Pisifera (P116)** 5.37+0.72° 2628 6.08+1.75%

Suratthani 4=~ Deli Dura (D069) 6.35+0.07™ 3103 3.8040.34%
EKONA Pisifera (P105) 5.44+0.62° 2659 5.08+1.35®

Suratthani 5 Deli Dura (D064)* 6.70+0.23%° 3278 4524062
Nigeria Pisifera (P110) 5.90+1.09% 2884 4.81+1.58%

Suratthani 6** Deli Dura (D068) 7.6240.14° 3725 . 3.3040.14°
DAMI Pisifera (P116)** 5.37+0.72° 2628 6.08+1.75%

Values are given as mean and standard deviation of the mean genome in mass values (2C, pg) and base pair (1C, Mbp), 1 pg = 978 Mbp (Dolezel et al., 2003) using
Elaeis cv. Tenera (2C=3.8 pg) as external reference plant

Means for the same growth stages followed by the same letter (a b or ¢) are not statistically different according to the multiple comparison Tukey test at P=<0.05.
* Hybrid Tenera Suratthani 3 used the same Deli Dura with Hybrid Tenera Suratthani 5 ’
** Hybrid Tenera Suratthani 3 used the same DAMI Pisifera with Hybrid Tenera Suratthani 6

***No longer available of seed pro fuction.
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4. ITMHANIINARDY

mMInaaaulsenimwaasmtazaruiadeslunsiia e A lwa lalnunsvaslisue
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=
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b

lusnsazanufnfoasiia Tris.MgCl, Vi
fafuatia Galbraith W Triton X-100 Y'iwﬁ'lﬁﬂaoﬁumnm:tﬂuna;waoﬁam&'aa LR

ﬂaon”umﬂﬂunﬁjuﬁ'umaamw debris ﬁal.ﬂumuﬂs:nawaamsa:muﬁamﬁummunnwﬁﬂ

[l
~ s

unLi% Otto’s | 7Ald Tween 20 unu vtusfi PVP ﬁﬁ%ﬁﬁﬁ%UﬁUﬁ’]Sﬂéju phenolic compounds
o A . . o v A . - P” v a a o
nNTUsasaana) 8% MgCl, viandfidw chromatin ~ stabilizer  G9vinndnfALdsINy
spermine.4HC!  (Wuluwsisazanofinefoasiia LBO1) ssazarsfliafvgsiia wee 4

pyfsznaundn 2 vlia Ao Na,EDTA  viansinfidu chelating  agent W@ sodium

|
~t v oa

- . 4 . aan a . _
metabisulfite  (reducing agent) Fnommﬂﬁan’mwq@ﬂgnsmmsmﬂmmgu phenolic
compounds msnejwﬁﬁqmauﬂ“ﬁLﬂunwﬁgﬂlmﬂuaﬁﬂs:naulumsa:mmﬁamﬁua e¥in
%ﬁwﬁmﬂﬁﬁ%mmnﬁﬂaans‘ﬁwﬁumaomsmju phenolic compounds L% citric acid &S

sodium citrate Anvuluasazarsfiinfvariia Otto's Uaz Galbraith (Loureiro, et al. 2006b)

]
al o

. ' Vo A v a aaa
nasdlznandy 9 vasaiazaiy wohdmsegnguninfivniingadfiten
. , W .
LaIEINJY phenolic compounds fililaiiaW/dataana (Altunkaya and Gokmen, 2009)
v ' , . ' . i & 4 Y e
uuAangu nIa UALNgW reducing agent 81INFW phenolic compounds fititaidathduvinalu

Ydapaanut 13w unuiin azldsuniumssrunadiarzvinalolniuns (Loureiro, et  al.

v a i

2006a) Y l¥amniwaesdalnunsuaaad uaztidonalidriunisvesdalnunsuiddouly
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WPB 4.34 4.40 3.90 2.91
Otto’s 2.10 248 3.60 4.89
Tris.MgCl, 1.62 1.48 2.23 2.80
Galbraith 1.81 1.55 1.04 2.25
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Abstract
Efficiencies in each nuclear lysis buffer on flow cytometric analysis (FCM) of oil
palm were compared for cultivars classification. Five nuclear lysis buffers (LBOI,
WPB, Otto’s, Tris.MgCl, and Galbraith) were used to prepare samples from embryos
and unopened leaves of one to twelve months-old seedlings. Although these buffers
showed distinct peaks of PI fluorescence for oil palm embryos, the buffers differed
considerably in Fluorescence intensity (FL), Coefficient of variance (%CV), Debris
factor (%DF) and Yield factor (YF) values when analyzed with their seedlings. The
results showed that LBO1 was the most suitable buffer (lowest %CV and high FL
value) for oil palm embryos resulting in 3.7 pg of 2C DNA. For all seedlings, only
WPB gave the highest value of FL and lowest value of %CV resulting approximately
in 3.8 pg of 2C DNA whereas the highest value of YF and lowest value of %DF were
mostly found in LBO1. By the way, only WPB showed consistency position of PI
fluorescence histograms when analyzed with all seedlings. WPB was therefore used to
classify the cultivars of hybrid Tenera and its parents (Dura and Pisifera) by means of
DNA contents. DNA contents of Dura and Pisifera were ranged from 6.3 - 7.6 and 5.3
— 6.1 pg, their genome size (1C DNA contents) is therefore greater than 3000 and

2000 Mbp, respectively. The results confirmed that Dura, Pisifera and Tenera

cultivars could be classified by using FCM-derived DNA contents.

Keywords: 2C DNA value, cultivars, flow cytometry, nuclear lysis buffers, oil palm




Introduction

Information of ploidy levels and DNA content is important in any breeding program
of plant varieties. Based on fruit structure, oil palm has been systematically classified
into 1. Dura (thick shell; less mesocarp) 2. Pisifera (shelless; embryo rarely formed)
and 3. Tenera, the DuraxPisifera hybrid (thin shell; more mesocarp: 60-95%), with
high oil content. Tenera is a valuable economically importa;lt source of vegetable oil
and is increasingly used to power vehicle namely biodiesel. Since there is high
potential of conventional cross breeding among Dura and Pisifera cultivars in the first
filial hybrid trait, DNA content of the hybrid is probably variable. However, intra-
specific identification of these species remains difficulties, since they have very
similar morphological features at vegetative phase. The only possible way to identify
them is the presence or absence of endocarp or shell of the fruits (Sathish and
Mohankumar, 2007). Investigating the variability within the species is therefore
important to determine the oil yield representation and to identify unique fruit types
that would help in developing improved cultivars (Narasimhamoorthy et. al, 2008).
Although there are many potential DNA markers to investigate cultivated clone of oil
palm (Mayes et al., 2000; Barcelos et al., 2002; Zehdi et al., 2004), difficulties have
been encountered when using these procedures on a large scale (Rival et al., 1997).

Flow cytometry (FCM) is the method offering a simple, rapid, accurate and
convenient analysis for determining ploidy levels of DNA, assessment and analysis of
the cell cycle of large cell populations (Winkelmann et al., 1998; Dolezel, 1991). The
extension of FCM analysis was recently supported by the relative complexity of
nuclear lysis buffer compositions, which involves peak position and quality and
values of DNA conient in various species. A systematic comparison of nuclear lysis

buffers was done by Loureiro et al. (2006a,b) and Loureiro et al. (2007) who



compared six of the most common buffers differing in chemical composition:
Galbraith, LB01, Otto’s, Tris.MgCl,, GPB (General Purpose Buffer) and WPB
(Woody Plant Buffer) (Loureiro et al., 2007) buffers. The buffers have been
considered by giving the parameters including higher FL and YF, and lower %CV and
DF (Greihuber et al., 2007). However, given the different chemical composition and
distinction of plant tissues promoting performed differently in each buffer (Loureiro
et al., 2006b). Therefore it is unacceptable to use only single buffer with every plant
species (Dolezel and Bartos, 2005).

There are only three previous FCM analyses of oil palm reported by Rival e?
al. (1997), Srisawat et al. (2005) and Madon et al. (2008). The results of their DNA
content have been resembled for 3.7 pg (Rival et al. 1997; Srisawat et al. 2005) and
slightly differed to 3.8 pg (Madon et al., 2008). Not only the differences of the
techniques and types of standard used effecting on discrepancies of oil palm DNA
content, type of nuclear lysis buffers is also revealing (Loureiro et al., 2006b;
Loureiro et al., 2007). Therefore an appropriate nuclear lysis buffer for oil palm FCM
analysis should be investigated more extensively for any further breeding and
production programs of oil palm. The chosen buffer used to classify oil palm cultivars
was usually characterized by giving higher FL and YF and lower %CV and DF
(Loureiro et al., 2007).

Our attentions focus on the discrimination of the effective nuclear lysis buffers
from FCM analysis of oil palm embryos and seedlings replicating into three
unopened-leaf positions (leaf-apices, leaf-middles and leaf-bases) and establishment

the effective marker for classification of oil palm cultivars by using DNA content

values.



Methodology

Plant materials

Breaking dormancy-derived seeds, one to twelve months-old seedlings of oil palm
(Elaeis guineensis Jacq.) cv. Tenera and young leaves of more than ten years-old tree
of Deli Dura: (D109, D067, D064, D069 and D068), Pisifera: (Calabar; P109, LA
ME; P106, DAMI,; P116, Nigeria, P110 and EKONA; 1;105) and hybrid Tenera
(Suratthanil, 2, 3 and 5) cultivars were prepared by the Suratthani Oil Palm Research
Center, Suratthani province, Thailand. Seeds of soybean (Glycine max cv. Polanka),

reference plant, were kindly provided by Dr Jaroslav Dolezel (Institute of

Experimental Botany, Olomouc, Czech Republic).

Comparison of five Flow cytometric nuclear lysis buffers

The flow cytometer was a FACSCalibur (Becton Dickinson Biosciences, San
Jose, CA) working with CellQuest software (Becton Dickinson) equipped with a 488
nm argon iron laser. Propidium iodide (PI) was measured at 585 nm to read 2C nuclei
histograms of 5,000 nuclei per sample. During analysis, after every three samples, the
reference plant was used as a controller to check the calibration of the flow cytometer
in each buffer by adjusting the gain of Glycine to channel 200. All experiments were
carried out with 3 replicates per treatment.

Soybean was used as external reference plants (2C=2.50 pg; Dolezel et al.,
1994). Unopened leaves (replicating to leaf-apices, leaf-middles and leaf-bases) of
one to twelve months-old seedlings and embryos of oil palm and the 2nd - 3rd leaves
from the shoot apex of reference plants, approximately 50 mg, were finely chopped
with a razor blade in 1.0 ml Tris-MgCl,, WPB, LB01, Galbraith and Otto’s extraction

buffers containing: [200 mM Tris, 4 mM MgCl,, 0.5%(w/v) Triton X-100 and



3.0%(w/v) polyvinylpyrrolidone (PVP)], [200 mM Tris.HCI, 4mM MgCl;, 2mM
Na,EDTA, 86 mM NaCl, 10 mM sodium metabisulfite, 1% PVP-10, 1%(v/v) Triton
X-100, pH 7.5], [15 mM Tris, 2mM Na,EDTA, 0.5 mM spermine.4HCIl, 80 mM KCl,
20 mM NaCl, 0.1% (v/v) Triton X-100, pH 8.0], [45 mM MgCl,, 30 mM sodium
citrate, 20 mM MOPS, 0.1% (v/v) Triton X-100, pH 7.0] and [(Otto I: 100 mM citric
acid, 0.5% (v/v) Tween 20 pH 2-3), (Otto II: 400 mM Na,HPO,, pH 8-9)],
respectively. After extraction, 50 microlitres of RNase and PI were added
immediately prior to filtering through a 42 micrometre nylon mesh (Pfosser et al,,
1995). FCM parameters and DNA contents were recorded and analyzed for selecting
the chosen buffer and plant material for classifying oil palm cultivars: FS, SS, FL,
%CV, %DF and YF.

FS=Forward scatter as a rough measure of particle's size

SS=Side scatter as a measure of particles optical complexity

FL=Fluorescence intensity of PI-stained nuclei

%CV=G0/G1 peaks as a measure of nuclear intensity and variation in DNA staining.
%DF=Debris background factor as a measure of sample quality

Use the equation:

total number of particles — total number of intact nuclel
94DF = _ X 100
total number of particles

YF=Nuclear yield factor in order to compare the quantity of nuclei in suspension.

Use the equation:

total number of intact nuclei
numbero f second run (s)

weight of tissue (mg)

YF =




Estimation of DNA contents for cultivars classification

Young leaves of Deli Dura, Pisifera and hybrid Tenera trees were prepared
followed the procedures mentioned above. FCM analysis was carried out by using the
chosen buffer and subsequently determined DNA content in each cultivar.

Use the equation:

[ 4

, Sample G1 mean FL
2CDNA content = ®x DNA content of reference standard
Refarance standard G1 mean FL

Laboratory trial design and data analysis

The experiment was designed in accordance with the Completely Randomized
Design (CRD) with two factors, namely: five types of lysis buffer and five growth
stages of oil palm seedlings with three replicates by means of three positions of
unopened leaves.

The fluorescence histograms were resolved into GO/G1 (2C), S and G2/M
(4C) cell-cycle compartments with a peak-reflect algorithm using two Gaussian
curves (WinMDI version 2.9). The FCM parameters and DNA contents of oil palm
were statistically analyzed by ANOVA (Analysis of Variance) and the significant
differences between the contents in each parameter and DNA value were tested
against the F-distribution at P<0.05. Tukey testing was performed for routine

multiple mean comparison.



Results

Comparison of five flow cytometric nuclear lysis buffers for parameters estimation
Testing the five nuclear lysis buffers with embryos and one to twelve months-old
seedlings of oil palm revealed significant distinctions in all parameters. The use of
each buffer resulted in acceptable parameters with oil palm embryos. As seen in
Figure 1, the PI-fluorescence peak histograms of 0il palm embryos analyzed with all
buffers gave a good reading in peak qualities and positions, indicating that each buffer
can be used to investigate 2C DNA contents of oil palm embryos which releasing of
their nuclei, considerably. Table 1 lists the average of FS, SS, FL, %CV, %DF and
YF values, discriminating of suitable buffer for FCM analysis of oil palm by deciding
the following criteria: first and second highest of FL and YF and first and second
lowest of %CV and DF values.

Nuclei isolated from embryos and seedlings of oil palm with all five buffers
had no significant differences in FS and SS values. Interestingly, both of these values
revealed their event out of scale on FS and SS logarithm density plots, corresponding
too high values of FS and SS (Tablel). In most of leaf tissues, an effect similar to the
“the tannic acid effect” was observed which involved the occurrence of two
populations, higher %CV and DF (Loureiro et al., 2006a). Correspondingly, two
populations of particles on cytograms of FS vs. SS, high values of %CV and DF were
found in this study. Leaf tissues treated with all buffers maintained a high level of FS,
SS. %CV and %DF which might effect from “the tannic acid effect” reaction.

The LBO1 gave the second highest of FL (299.73) and first lowest of %CV of
DNA peak (4.57%) of oil palm embryos, unfortunately the YF value showed
unexpected yields in the lowest (0.68 nuclei s’ mg™). Otto’s buffer yielded acceptable

histograms with the first highest of FL value for 385.55 and second lowest of %CV



(4.93%) whereas the first lowest of debris factor (98.90%) and second highest YF
value (0.96 nuclei s’ mg™) were found when using Galbraith. The highest value of
yield factor was found to be 0.99 nuclei s’ mg"' for WPB buffer. Although, no
significant difference among the buffers was obtained in FS, SS, %DF and YF values,
there are different significantly in FL and %CV implying that LBO1 and Otto’s had
more significant efficiencies than the others (Figure 1A ar:d Table 1). Moreover, no
detectable tannic acid or phenolic compound effects in the solutions prepared from
embryo tissues.

With the oil palm seedlings, the differences were due to different yields,
debris, fluorescence intensity, %CV and peak positions observed while analysis of all
buffers with one to twelve months-old seedlings. WPB buffer yielded approximately
314 for the first highest FL value and lowest of %CV (8.75%) of one month-old
seedlings. The second lowest and highest of %DF and YF were also found with this
buffer for 99.74% and 0.27 nuclei s' mg”', respectively. Using LBO1, the sufficient
amount of yields and debris factors were revealed with the first highest and lowest for
0.52 nuclei s’ mg™" and 98.61%, respectively. Using WPB, the peak position of PI-
fluorescence intensity from young leaves of one month-old seedling resembled
sustainability with those obtained from analysis of embryos by using LBO1 (Figure
1A and B). The most suitable buffer for one month-old seedling of oil palm is
therefore WPB buffer by means of the highest of FL, lowest of %CV values (Table 1)
and maintainable of histogram position.

Figure 1C outlines the PI-fluorescence histograms of three months-old
seedlings of oil palm estimated with the five buffers. Only LBO1 and WPB buffers

affected the sufficient amount of FL and YF and against %CV and DF for this stage

of oil palm seedlings. The buffers yielded sufficiently several parameters; the first
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highest of FL and lowest of %CV were detected in the nuclei solution of WPB
(281.17 and 6.45%) whereas %DF and YF were compared to the first lowest
(93.41%) and highest (1.81 nuclei g mg'l) values in the solution of LBO1 (Table 1).
In addition the second levels of these parameters were also found correspondingly in
those buffers. The chosen buffers for FCM of three month-old seedlings of oil palm
are LBO1 and WPB buffers. It is interesting to note tha.t peak position of WPB-
derived nuclei revealed in the same position compared to the position of one month-
old seedlings-derived nuclei isolated by WPB.

For six months-old seedlings, although LBO1 produced the first lowest of
%DF (96.44%) and the second highest of YF (1.38 nuclei s’ mg™), the result showed
that WPB buffer is the suitable isolation for nuclei extraction by means of the first
highest FL (362.28) and lowest %CV (4.47%) values (Figure 1D and Table 1). This
result resembled to the analysis of twelve months-old seedlings which showed the
same suitable buffer, revealing the first highest FL (285.49) and lowest %CV (6.91%))
(Figure 1E and Table 1). Consequently, there are two suitable buffers (WPB and
LBO1) for analysis of FCM in oil palm by means of the highest of FL. and YF and
lowest of %CV and DF. However, the position of histogram peaks could be
considered significantly because only WPB gave the same position of PI histogram.
These seem to be a high efficiency of WPB for maintaining quality of nuclei solution.
It is interesting to note that some leaf positions of oil palm seedlings were found to be
undetectable tissues for their nuclei isolation when analysis with specific buffer. As

above mentioned, the WPB buffer is accepted to estimate 2C-DNA value of oil palm

cultivars. Analysis of each buffer on 2C DNA content will be clarified below.
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Estimation of nuclear genome size (C-DNA values) of oil palm embryos and seedlings

Table 2 lists the average C-values of 5 growth stages of oil palm determined
by using Glycine as external reference plant. Using LBO1, the 2C DNA contents from
oil palm embryos were regularly lessen in width between 3.7-3.8 pg whereas ranging
from 2.7-3.0 pg, 4.2-5.2 pg, 2.7-2.8 pg and 1.8-3.1 pg were revealed when using
WPB, Otto’s, Tris.MgCl, and Galbraith as nuclear lysis buffers, respectively (data not
shown). Although LBO1 and Tris.MgCl, were the most unchangeable buffers for a
value of DNA content from FCM, only LBO1 is the acceptable nuclear lysis buffer for
2C DNA content value followed by the ﬁrsﬁ lowest value of %CV, the second highest
of FL and is resembled with previous reported works (3.7-3.8 pg) (Rival et al., 1997,
Srisawat et al., 2005; Madon et al., 2008).

The 2C DNA contents from analysis of one to twelve months-old seedlings of
oil palm were significantly different in stages of oil palm seedlings and nuclear lysis
buffers, with three positions of their unopened leaves. In one month-old seedlings,
with the exception of WPB buffer, the lysis buffers mostly produced the low of 2C
DNA content (1.2-2.1 pg). Although leaf-bases of one month-old seedlings did not
produce the highest 2C DNA value of oil palm when using WPB buffer, this DNA
content closely agreed with our previously reported (3.7 pg) (data not shown).
Remarkably, leaf-base of unopened-leaves was found to be most suitable tissue for
nuclei isolation. The DNA contents from this tissue were generally higher and more
consistent than those obtained from leaf-apices and leaf-middles. Therefore leaf-
apices and leaf-middles of oil palm are not suitable tissues for FCM analysis.

For three and twelve months-old seedlings, the results revealed that the
average 2C DNA values from analysis with WPB were generally within the range of

values obtained in the previous reported for 3.8 pg (Madon et al., 2008). Not only the
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WPB buffer found to be the suitable buffer, but also produced the highest values of
2C DNA content. The results of 2C DNA values from three months-old seedlings
revealed that using Otto’s as nuclear lysis buffer did not extract their nuclei from all
leaf positions. In addition both of leaf-apices and leaf-middles were found to be less
effective tissues when using Galbraith and Tris.MgCl, for three and six month-old
seedlings of oil palm (Table 2). Since leaf positions used in this work were significant
differences of genome size, especially 2C DNA from leaf-bases of six and twelve
months-old seedlings higher than those of leaf-apices and leaf-middles, we therefore
used leaf-bases of oil palm as the plapt material for FCM analysis in cultivars
verifying experiment. Moreover, using LBOl (2C DNA content=3.7 pg) and WPB
(2C DNA content=3.8 pg) for isolating the nuclei from oil palm embryos and leaves
of oil palm seedlings, respectively, resembled those obtained from Rival et al. (1997),
Srisawat et al. (2005) and Madon et al. (2008). Therefore, WPB buffer need to be
used as the suitable buffer in the next research for cultivars classification in oil palm
using young leaves of Dura and Pisifera cultivars as plant materials. In addition, these

findings confirmed that DNA content level of oil palm (3.8 pg) could be considered as

marker of Tenera for cultivars analysis by using FCM.

Estimation of nuclear genome size (C-DNA values) of Dura and Pisifera cultivars

Young leaves of five parents of Deli Dura and five parents of Pisifera (Calabar, LA
ME, DAMI, Nigeria and EKONA) were investigated by using WPB as nuclear lysis
buffer. 2C-value of all cultivars revealed differently in terms of DNA content by using
Tenera (2C=3.8 pg) as external standard plant. The results showed that DNA contents
of Deli Dura (D109, D067, D064, D069 and D068) were ranged from 6.3 - 7.6 pg

whereas the DNA content values ranging between 5.3 — 6.1 pg were found in young
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leaves tissues of Pisifera (Calabar; P109, LA ME; P106, DAMI; P116, Nigeria; P110
and EKONA; P105) (Figure 2 Table 3). Therefore, the numbers of base pairs of one
haploid genome of Deli Dura and Pisifera parents were ranged greater than 3000 and

2000 Mbp, respectively.
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Discussion

Type of nuclear lysis buffer is known to be a criterion which has been less
investigated in restricted reports (Loureiro, et al. 2006a, b; Loureiro, et al. 2007).
Since the investigation of the various FCM nuclear lysis buffers in oil palm has not
been described to date, this is therefore the first report on comparison of various lysis
buffers with oil palm. It is generally known that there is no i;ldividual buffer worked
well with all plant species (Loureiro, et al. 2006a,b; Loureiro, et al. 2007). The
effective lysis buffer for FCM of oil palm should be carried out more extensively.

Five buffers used in this study are composed of different types and
concentrations of chemical substances. Basically, Tris.MgCl, is consisted of pH
stabilizer (200 mM vTris), preventer of clumping and attachment of debris (0.5%
Triton X-100), substance for phenolic compounds bindings (3.0% PVP) and
chromatin stabilizer (4 mM MgCl,) whereas another chromatin stabilizer (0.5 mM
spermine.4HCI) only found in LBO1 buffer. WPB consists differently in some specific
substances such as 2 mM Na,EDTA (chelating agent) and 10 mM sodium
metabisulfite (reducing agent which is suppressor of phenolic compound reactions).
Polyphenol oxidase inhibitor (catalyse the oxidation of phenolic compounds) is
acidulant such as citric acid or sodium citrate found in Otto’s and Galbraith buffers,
respectively. These acids are used for prevention of phenolic compound reactions. 20
mM MOPS is one type of pH stabilizer that found in Galbraith buffer (Loureiro et al,
2007).

Phenolic compounds are plant secondary metabolites, involving in the
protection of plants against attacking of pathogens or injuring, and are widely

distributed in plant-derived product (Altunkaya and Gokmen, 2009). In this study,

physical damage during the chopping process on leaves tissue of oil palm caused an
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increase of phenolic compound reaction, which often results in color degradation of
the tissue or buffer solution from green to brown color. Comparing to chemical
compositions on five nuclear lysis buffers, although WPB and Otto’s buffers
consisted of some reducing agents namely sodium metabisulfite and citric acid,
respectively, only Otto’s-derived nuclei solution was found to be browning. This
implies that sodium metabisulfite in WPB had a positive effect for the prevention of
oxidation of phenolic compounds. The effectiveness of this reducing agent could
suppress some phenolic compounds releasing when chopping leaf tissues of oil palm
in a buffer solution, resulting in consistency of their peak positions, FCM parameters
and 2C DNA contents. As described above, the necessary substances in an applied
buffer are an effective reducing agent namely sodium metabisulfite (in WPB)
resulting in high value of FL, low value of %CV and consistency of PI histogram and
an effective chromatin stabilizer namely spermine 4.HCI (in LB01) which resulting in
high value of YF and low value of %DF.

After analyses of embryos and one to twelve months-old seedlings of oil palm
with the five nuclear lysis buffers, the results confirmed that some phenolic
compounds are regularly found in the nuclei extracting solution of seedlings than that
of embryos. Because the seedlings gave the higher value of %CV than embryos, it is
indicating that “the tannic acid effect” could cause effect on fluorescence histograms
of oil palm seedling with higher %DF and higher %CV (Loureiro et al., 2007).
Loureiro et al. (2006a) analyzed the SS and CV values of Pisum sativum nuclei in the
solution of Tris.MgCl, supplemented with various concentrations of tannic acid (TA),
a common phenolic compound, at a concentration of 0.75 mL" to 1.00 mL" and

showed poor reading in peak positions and qualities which might be affected from the
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role of their phenolic compounds. This reaction is termed that “the tannic effect” by
Loureiro et al. (2006a).

The buffer given the higher of FL and YF and lower %CV and DF, and gave
consistency of PI histograms should be selected for genome size analysis in cultivars
verification. After analysis of five nuclear lysis buffers with embryos and seedlings of
oil palm, the results revealed significant differences amon.g the buffers and growth
stages of oil palm used. Table 2 lists the average C-values of embryos and seedlings
of oil palm. Using LB01, 2C DNA content of oil palm embryos was found to be 3.7
pg. Although the flow cytometer, reference plant and type of buffer were used
differently, this value resembled those c;btained from Rival et al. (1997) (FACScan,
Petunia hybrida, 1.B0O1) and Srisawat et al. (2005) (FACScalibur, G. max cv. Polanka,
Tris.MgCl,) for 3.7 pg and mostly closed for 3.8 pg (Madon, et al., 2008,
FACScalibur, G. max cv. Polanka, LB0O1). The 2C DNA contents of other buffers
have wide ranged from 2.25 - 4.88 pg, resulting in differences type of chemical
compositions in each buffer and its concentration. When oil palm tissues were
analyzed differently in various growth stages, buffers utilization gave the different
reading in peak position among seedlings and its embryos, indicating that some
interference occurred between the chopping and staining by phenolic compounds in
those seedlings. Using LBO1, Tris.MgCl,, Otto’s and Galbraith showed less 2C DNA
contents of seedlings than that of embryos whereas higher 2C DNA content is only
found in WPB which might be affected from the preventer of phenolic compounds
reaction (sodium metabisulfite) in WPB solution. The 2C DNA contents of oil palm
seedlings ranged differently between 1.95 — 2.76 pg, 3.81 - 4.91 pg, 2.08 — 3.10 pg,

0.75 - 3.46 pg and 0.55 — 1.94 pg when using LBO1, WPB, Otto’s, Tris.MgCl, and

Galbraith as nuclear lysis buffer compared to that of embryos, respectively. By the
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way, WPB gave the interesting value of 2C DNA content (3.8 pg) on three and twelve
month-old seedlings of oil palm.

For leaf position, 2C DNA contents ranged from 1.47 - 2.90 pg for leaf-apices
whereas the DNA contents ranged from 1.09 - 548 pg and 0.55 — 4.75 pg when
analyzed with leaf-middles and leaf bases, respectively (data not shown).
Consequently, there appears to be a close relation between the ability of nuclei
isolation and unopened-leaf positions. Moreover the average DNA content of leaf-
bases of unopened leaves found to be 3.89 pg (data not shown). Leaf-base is therefore
the chosen leaf position for the unopened leaves of oil palm seedlings because this
tissue is easier in nuclei isolation and freshness and is suitable for isolating their
nuclei in various types of isolation buffers. Furthermore, the interaction among
growth stages of seedlings and types of isolation buffers are clarified for the suitable
estimation of 2C DNA content analysis of oil palm, indicating the most suitable buffer
and tissues for cultivar classification experiment.

For cultivars verification, young leaves of five parents Deli Dura and Pisifera
excised from adult tree (unopened leaves) were used as source of nuclei. Although,
the DNA contents of Deli Dura (D109, D067, D064, D069 and D068) and Pisifera
(Calabar; P109, LA ME; P106, DAMI; P116, Nigeria; P110 and EKONA; P105)
cultivars were not significantly differences but it should be distinctly separated into
two groups. First 1s ranged higher than 6.3 pg (Deli Dura) and lower than 6.1 pg
(Pisifera) is the second. These data were evaluated and compared to that of their
hybrid. It is interesting to note that DNA content of Tenera reported here was found to
be clearly significantly lower than that of their parents. These resembled the results of
using RAPD marker reported by Sathish and Mohankumar (2007) which revealed that

Dura showed the highest amounts of bands whereas giving the lowest was found in
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Tenera by using an effective marker: P15. The Deli Dura and Pisifera DNA contents
analyzed with WPB buffer using Tenera as external standard (3.8 pg) are firstly
reported on using progeny DNA value to determined DNA values of their parents.
The DNA content of five Deli Dura and five Pisifera parents can be used as a database
in any further oil palm breeding programs and may be helpful in verifying cultivars or
clone. .

In conclusion, we have the possibility to carry out DNA contents of Deli Dura
and Calabar, LA ME, DAMI, Nigeria and EKONA Pisifera using DNA content of
their hybrid as an external reference plant. The DNA contents of Tenera, Deli Dura
and Pisifera are 3.8, 6.3-7.6 and 5.3-6.1 pg, respectively. These DNA contents of oil
palm mostly a useful database for routine breeding program and for routine assay of
accepted cultivated cultivars. Further application of nuclear lysis buffer for FCM of
oil palm should be re-consisted of some effective substances such as sodium

metabisulfite and spermine.4HCI for giving the higher of FL and lower of %CV and

giving higher of YF and lower of % DF, respectively.



Table 1. Flow cytometric parameters assessed of oil palm embryos and unopened-leaves of one to twelve month-old seedling of oil palm in

various isolation buffers

Growth Buffer FCM Parameters (Mean + SD)
stages FS (channel unit) SS (channel unit)  FL (channel unit) CV (%) DF (%) YF (nuclei s'mg™)

LB01 4149.60 + 2950.15 862.30 + 504.36° 299.73 + 4.98% 4.57 +0.38° 99.22 £0.15° 0.68 +0.36°
WPB 6723.60 * 4975.76° 765.77 + 366.31° 211.36 + 10.59" 6.59 £2.15® 99.13 £ 0.59° 0.99 +0.78"
Embryos Otto’s 6854.67 £ 5155.52*  2738.87 £ 2078.82" 385.55 + 52.42° 4.93 +0.38° 99.08 £ 0.35° 0.78 +£0.12°
Tris.MgCl,  6181.40 +4571.84°  1582.60 = 1037.63*  208.91 + 14.46" 7.31+£0.30® 98.93 + 0.09° 0.96 + 0.26*
Galbraith  5860.37 + 4286.90 1163.43 £ 585.23% 166.33 + 60.00° 8.93+2.11° 98.90 + 0.33° 0.96 + 0.86°
LB01 861.93 + 136.86° 496.63 + 218.05% 156.30 + 72.84° 11.22 £ 3.73° 98.61 £ 1.09° 0.52 £0.26°
WPB 919.73 £ 39.66" 593.13 £ 152.19° 314.65 + 38.29" 8.75 +3.48° ;9.74 +0.17° 0.27 £ 0.13®
One month- Otto’s 944.00 + 113.46° 672.70 £ 434.13° 159.87 + 67.45® 12.87 +11.39° 99.89 + 0.06" 0.10 £ 0.05°
old seedlings  Tris.MgCl, *666.00 + 576.86 *457.50 + 446.86" *72.74 + 64.19° *8.36 + 7.26° *64.87 + 56.25° *0.03 + 0.03°
Galbraith 1019.40 + 1.25° 1009.533 + 7.98° 94.16 +37.32° 18.86 £5.77° 99.94 +£0.01° 0.07£0.03°
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LB01 707.70 + 250.07° 273.27 +220.98° 203.72 + 85.90° 6.52 + 3.89™ 93.41 + 10.08" 1.81 £ 2.46°
WPB 881.87 + 49.47° 263.80 + 143.24* 281.17 £ 21.57° 6.45 + 1.56™ 99.80 + 0.06° 0.21 +0.05°
Three month- Otto’s - - - - - R

old seedlings  Tris.MgCl, 911.03 +56.91" 233.60 + 137.67° 59.12£6.17° 12.86 +1.72° 99.82 + 0.02" 0.15 +0.03
Galbraith ~ *272.83 £+472.56™  *141.57£24520°  *14.18 £24.55° *1.63 £2.82% *32.65 £ 56.55° *0.41 £ 0.71°

LB01 658.13 £ 249.40% 326.37 + 295.42° 223.24 £ 24 34% 638+ 1.01° 96.44 £ 2.17° 1.38 + 0.66™

WPB 922.20 + 24.53° 365.93 £ 227.66° 362.78 + 44.11° 4.47+1.65% 99.59 + 0.26 0.50 £ 0.30®

Six month-old Otto’s 863.10 + 49.96 306.53 £196.14°  228.19 + 106.14% 7.18 £ 1.30% 99.72 + 0.08* 0.23+0.10°
seedlings TrisMgCl,  *179.10 £ 310.21° *18.37 £ 31.81° *04.15+ 163.07°  *2.47+428° *33.28 + 57.65° *0.05 + 0.09”
Galbraith 853.40 £ 179.79° 538.93 +319.73° 161.35 + 12.76® 10.11 £ 1.22° 97.03 + 1.96 1.74 + 0.87°

LBO1 466.70 £ 103.06° 147.93 £ 116.39° 164.34 + 41.55% 10.28 +5.14° 97.57 +0.12° 0.83 + 0.23°

WPB 909.67 + 34.12° 22433 £ 57.91° 285.49 + 28.90° 6.91 £ 2.65° 99.71 £0.17° 0.34+0.14°

Twelve Otto’s 720.23 £ 63.31° 142.43 + 55.40° 238.15 + 25.23% 8.41 + 3.06 99.59 + (.33* 0.27 + 0.23*
month-old  Tris.MgCl, 470.17 £ 98.76 141.43 + 48.14° 201.03 +24.71% 7.33 £ 0.55 99.70 £ 0.09° 0.21 £ 0.06
seedlings Galbraith *425.50 £378.34°  *39530 +426.18 *83.11 £ 72.02° *8.63 + 7.60° *64.73 + 56.12° *1.11 £ 0.98

0¢



Values are given as mean and standard deviation of the mean (SD) of forward scatter (FS, channel units), side scatter (SS, channel units),
fluorescence (FL, channel units), coefficient of variation of GO/G1 DNA peak (CV, %), debris background factor (DF, %) and yield factor (YF,
%).

Means for the same growth stages followed by the same letter (a, b or c) are not statistically different according to the multiple comparison

Tukey test at P<0.05.

The parameter’s first and second highest (FL and YF) and lowest (CV and DF) values of the estimation in each essential parameter are shown in

bold type.

The nuclear lysis buffer chosen for the FCM of oil palm embryos and one to twelve month-old seedlings of oil palm are shown in bold type.

* Buffer did not produce their nuclei from some leaf positions.

- No oil palm nuclei peaks were distinguishable.
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Table 2. Estimation of genome size in oil palm embryos and one to twelve month-old seedlings of oil palm using Glycine max cv. Polanka

(2C=2.5 pg) as external reference plant

Growth stages Buffers C-DNA values (Mean £ SD)
2C (pg) 1C (Mbp) Peak CV(%)
LB01 3.75 £ 0.06° 1834 457+0.38
WPB 2.91 +0.15% 1422 6.59 £2.15%
Embryos Otto’s 4.88+£0.57° 2389 493 +0.38°
Tris.MgCl, 2.80 £ 0.04 1370 731 +0.30®
Galbraith 225+ 0.71° 1100 8.93+2.11®
LBO1 1.95+0.91° 954 11.22 £3.73°
WPB 4.30 + 0.54° 2103 8.75 + 3.48°
One month-old seedlings Otto’s 2.08 + 0.88° 1017 12.87 +£11.39°
Tris.MgCl, *1.38 £ 0.22° 675 8.36 + 7.26°
Galbraith 1.2240.48° 597 18.86 + 5.77°
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LBO1 2.44 +1.09° 1193 6.52 +3.90®
WPB 3.81 £ 0.30° 1863 6.45 +1.56®
Three month-old seedlings Otto’s - - -
Tris.MgCl, 0.75 £ 0.43° 367 12.86 + 1.72°
Galbraith *0.55 269 1.63+2.82®
LBO1 2.76 £ 0.31° 1350 638+ 1.01°
WPB 4.91 +0.56° 2401 447+ 1.65°
Six month-old seedlings Otto’s 3.10 £ 1.44® 1516 7.18 £ 1.30®
- Tris.MgCl, *3.46 1692 2.47+428°
Galbraith 1.94£0.16° 949 10.11 £1.22°
LBO1 2.02+0.51% 988 10.28 +5.14°
WPB 3.82 +0.39° 1868 6.91 + 2.65°
Twelve month-old seedlings Otto’s 2.99 +0.31% 1462 8.41 + 3.06*
Tris.MgCl, 2.71£0.33° 1325 7.33 +0.55°
Galbraith *1.57 £0.04° 768 8.63 % 7.60°
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Vilues are given as mean and standard deviation of the mean genome in mass values (2C, pg) and base pair (1C, Mbp), 1 pg = 978 Mbp
Diglezel er al., 2003).

Means for the same growth stages followed by the same letter (a b or c) are not statistically different according to the multiple comparison Tukey

®yt at P<0.05.
T

\e nuclear lysis buffer chosen for the FCM of oil palm embryos and three and twelve month-old seedlings of oil palm are shown in bold type.

*
Buffer did not produce their nuclei from some leaf positions.

i r\Io oil palm nuclei peaks were distinguishable.
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Fig 1. Histogram of relative fluorescence intensities (PI fluorescence) of oil palm embryo nuclei
(A), one month-old seedling (B), three months-old seedling (C), six months-old seedling (D) and
twelve months-old seedling (E) isolated with five nuclear lysis buffers. (LBO1 buffer: Red, WPB
buffer: Black, Tris.MgCl2 buffer: Blue, Otto’s buffer: Green and Galbraith buffer: Purple)
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Dura. .uclei of young leaves isolated with WPB buffer
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Fig 4. A-D Histogram of relative fluorescence intensities (PI fluorescence) of four hybrid
Tenera; Suratthani 1 (A), Suratthani 2 (B), Suratthani 3 (C) and Suratthani 5, nuclei of young

leaves 1solated with WPB buffer
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Table 3. Estimauon of genome size (C-DNA values) in five Deli Dura and five Pisifera parents

Hybrid Tenera Cultivars (code) C-DNA values (Mean + SD)
2C (pg) 1C (Mbp) Peak CV (%)

Suratthani 1 Deli Dura (D078) 6.88+0.67% 3362 3.84+0.49%
Calabar Pisifera (P109) 6.14+0.74% 3005 4.58+0.49*
Suratthani 2 Deli Dura (D067) 7.13£0.27%® 3484 4.17+0.45®
LA ME Pisifera (P106) 5.96+0.66™ 2915 6.13+1.63
Suratthani 3 Deli Dura (D064)* 6.70+0.23® 3278 4.52+0.62®
DAMI Pisifera (P116)** 5.37+0.72° 2628 6.08+1.75%
Suratthani 4*** Deli Dura (D069) 6.35+0.07% 3103 3.80+0.34%
EKONA Pisifera (P105) 5.44+0.62° 2659 5.08+1.35%
Suratthani 5 Deli Dura (D064)* 6.70£0.23% 3278 4.52+0.62%°
Nigeria Pisifera (P110) 5.90+1.09% 2884 4.81+1.58%
Suratthani 6*** Deli Dura (D068) 7.62+0.14% 3725 3.30£0.14°
DAMI Pisifera (P116)** 5.37+0.72° 2628 6.08+1.75%
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Values are given as mean and standard deviation of the mean genome in mass values (2C, pg) and base pair (1C, Mbp), 1 pg = 978 Mbp

(Dolezel et al., 2003) using Elaeis cv. Tenera (2C=3.8 pg) as external reference plant

Means for the same growth stages followed by the same letter (a b or ¢) are not statistically different according to the multiple comparison Tukey

test at P<0.05.

* Tenera Suratthani 3 used the same Deli Dura with Hybrid Tenera Suratthani 5

**Tenera Suratthani 3 used the same DAMI Pisifera with Hybrid Tenera Suratthani 6

***No longer available of seed production.
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