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Abstract
The objective of Ihis study was 1o evaluate the vegetative characters and heritability in seedling stages of
Git palm. Tweive oil palm varieties {commercial hybrid tenera) included Suratthani 1. Suratthani 2, Suratthani 3,.
Suratthani 4, Suratthani 5, Suratthani 8, Nongped, Golden clonal tenera, PSU 58, PSU 110, PSU 118 and PSU 119
were used for this experiment. The experiment was designed as a randomized complete block with 3 replications,
+40 paimsfreplication for each variety. In each variety, ten normal palm seediings were tagged for in replications
and were récorded for vegelative characters such as number of lanceolate leaf, bifurcate leaf and pinnate leaf,
leaf length, leaf area, stem size and plant height, at 9" month-old. The results showed that highly significant
differences for all characters of oil palm varieties were observed. However, most of varieties were comparable with
control vartety (Suratthani 2). Only 2 varieties, PSU 58 and PSU 1 10 were short leaf length. The estimation of broad
sense heritability for all characters ranged between 52-74%.
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Table 1 Mean of vegetative characters at 9" month-old seedling stages in oil palm

Number of ' Leaflength  Leafarea  Stemsize  Plant height
Varieties LL Bt. PL {cm) (cm2/p¥ant) {cm) (cm)
Suratthanit 3.33 4.72 3.80 40.98 147.31 3.59 15.72
Suratthani 2 (control) 3.60 3.07 4.59 40.62 161.66 3.49 15.23
Suratthani 3 3.50 1.97 7.42 54.63 173.92 4.32 18.27
Suratthani 4 2.93 237 6.07 4218 167.52 3.59 15.13
Suratthani 5 3.23 263 6.43 46.70 171.73 3.97 17.07
Suratthani 6 2.97 257 667 46.38 188.09 3.91 17.15
Nongped 3.30 3.50 6.60 49.15 197.69 4.35 20.10
Golden clonal tenera 4.30 297 5.68 43.55 202.55 3.77 14.85
PSU 58 3.60 4.43 4.06 37.38 102.74 377 1562
PSU 110 4.53 2.40 4.98 30.10 115.49 3.33 13.30
PSUIIB 2.63 267 518 54.38 155.20 4.10 17.18

PSU 119 370 273 ags 5368 - 192.01 368 - . 1673
OV : 3237 5718 4370 23.68 16.14 22.31 2259
F—test3 . s . “x e P e
LSD,. ' 075 115 11 7.24 3295  0s7 247

"t = lanceciate leaf , BL. = bifurcate leaf  PL = pinnate leaf
oV = coefficient of variation
" = significantly difference at P << 0.01
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5

anutuziidndnsviugnsmilure@ i unang AININ 51.69 - 74.00 wlefifusd ansuzpnugnluiisnmiugnesy
GRET un:ﬁ’num:wmméﬁuﬁﬁ’mﬂﬁuﬁnﬁuﬁ'}fqm (Table 2)

Table 2 Broad sensa hertability of vegetative characters at 9"month-oid seediings in oi palm

Characters ) ) Broad sense heritability (%)
No. of lancealate leaf 66?5_-
- No. of bifurcate leaf 66.77
No. of pinnate leaf 65.02
Leaf length 74.00
Leafarea 70.09
Stem size 51.69

Plant height 66.57

T T —— _— — B VU



9, ANEARATNERT U 39 90U 3 (Miw) fuse - fugmmy 2551 59

ITniNg
AMIUTN NRIUNAIINA A rym‘ﬂn?:u'mm?mqzﬁ"ﬁwﬂ’ﬁmutﬂmzmzmumm Frawsznistiamndie
pnssulmaznsBiuandnuas @i (Basion, ef al., 2000 ; Corley and Tinker, 2003 : Corley and Gray,
1976a, b) n'1?ﬁnmﬂmuﬁ’uﬁuﬁﬁ‘:wﬂxﬁ’numzmqﬁwﬁulnimznﬁwﬁuma‘lﬁwﬂmﬁﬂmﬂaﬂwﬁuﬁﬁﬂ’uﬂ’emwunﬁmu
uInau aeha‘lsﬁmu'lumﬂ'uﬁqﬂ'uﬁ'lﬁmauﬁmuf’i’q UszAaws (2550) :eminanaugngly Ay ua:ﬁmﬁnuﬁwm
iy ﬁﬂnﬁnﬁuﬁ'mqmnﬁuuﬂn?wnnm'1aﬂﬁz{u@maﬁﬁﬂﬁﬁméqmmﬁﬁ VIneanIAnEase L Augdanlunisl
fi'uﬂﬁ'mfa“nmmzmaé'}ﬂ”u'lu?zuznﬁﬂﬂmtﬂm::a”nwm:mmu':f:'luuﬂ:ﬁuﬁ'lqmui'iummm“lnﬁ EHR IR A T

(4505571 2) emuiug 0858 sy 1.9.110 ailuiugaiinaludy Tiufhdninfudmr ey

]
-

u‘Jwummuf‘iqﬁﬁnﬁuﬂqaﬁuéﬁmm?ﬁmmLum@mv‘h'tﬁﬂ'1zmmﬁua"qmuﬂsw'mﬁ‘iumﬁmiaum uﬁuﬁd@n"{é’
qa'%u Tﬂﬂﬂnﬁmﬂ'uﬁﬁﬁuﬁuiqimg§ﬁ’1ﬂ 2 ﬁf‘huu:ti’flﬁi"ﬁ?:n:ﬁﬂvnﬁunﬁmquﬂmﬂqn 9% 9 %9 WAz (NIATINAT
a3, 2545) Ugnuunsaaiud gy (Hszinedruan 22 fusield) m"aﬁuﬁut@' H.8.58 U 1.9.110 praac ]y
s:mﬂqm“q"nﬂuna"ﬁ:ﬂ:ﬂqnﬁuu:ﬁﬁﬁa‘lﬂ (77012 8-8.5 A3 U@mmuamm?ismﬁwwhﬁﬁ?:‘mnsﬁmw 26-29 fuse
15) .

FINTIGINUHAN AN B 7 Lﬁmﬁuﬁmqﬁugnﬁm;ﬂqa?msm:‘luﬂﬂﬁuﬁﬁﬂu?ﬁﬁuﬂuﬁmué’qwudq
ﬂ‘msxmmn'i?ﬁm'lﬁuqnsmv?mamu.ﬂuu,a:atmn%’wqmm#@ﬁnnm:wwa"nﬁu Hasdnuarelssnauysnanin i
Arunnlsauuansiniulyl §se 2508 BT UAZAMLE 2545 : Basiron, et al,2000 ; Corley and Tinker, 2003) Viaii
%uagiﬁuﬂﬁwmaﬂa‘mw wuATn s ugiusnesu sy WazAIuAn N 9aiaduan muoadan
éfau?"urm‘ﬂ?zmmnwfi']ﬁmﬂﬁuqnsm@mqné’ﬁwmﬁnwm:mq'} msdduluszaendrafadl wudnilenaglusy e
Uunanaszwing 52 - 74 plefidusd Tﬂﬂﬁnmm:ﬁﬁﬁmﬁ-tﬂuﬂﬁ‘:?ﬂ'ﬂﬁﬁﬂﬁﬂd%’ﬂﬂjeﬁuﬁflumsrﬁ” mzﬁahﬁﬂwtﬁﬁuﬁﬂ'}ﬁu
ﬁﬁﬁu‘lu‘fﬂmm‘m%’uﬂqeﬁué vty A Ty ity WATAI 1A %aﬁd’uﬂ”ﬁﬂﬁuﬁnﬁmﬂwnf’iw Uszun 74, 70
uaz 67 whefidus armdndy

aql
NNusEMTAn Al ﬁunﬁﬁmﬁ’uﬁ'}ﬁu@nmammu@ﬂma‘ﬁhum‘ﬂzﬁuﬁﬁﬁiﬂtﬂﬁmmﬁnwm:‘mafum”u

]

v

A nwm:ﬁﬁnmu,timﬁﬂqﬁuatjﬁqﬁﬁuﬁwﬁﬂﬁqmmﬁﬁ Wagdsuluaifidnreinouty asuenaly Bl auiads
1 u.azmmqalnﬁtﬁmﬁuﬁ’uﬁtﬁwz.ﬁmjzgiﬁwgfﬁ'}ﬁ 2 nIWRUE 2858 1A 18110 TTAN s dund

L=

ugﬂujﬁmﬁ"’uri'qu:mmr:q?é’mﬁﬁu@nimmiwn’hwemnﬁnwm: wuiiliagisudn 52.74 wafidug

De .

¢

Areuam
'uﬂ'ﬂﬂuamnuqmuqumﬁﬁmﬂnﬁﬁﬁnﬁunmv‘luﬂﬁuwumﬁﬁ?ﬂ {an2) andananssuld i was
Ve horinedt iinedaerausiung




60 TV 30 aifufi 3 (FrAw) fusnsu - Suanaw 2551 2. MUWARTI TN RS

LANATENR

nm'?rmn'mnmm 2548, mwﬁmmﬁnua,mnm:mﬂmmﬂuu'xnuanuﬁumLuﬂﬂ tu ‘iﬂﬂmﬂnmmmamuﬂmwuﬁLm"munmthﬂu
mnuqnuﬁmmuﬂﬂ {D x P). npamwm ﬂmum'muﬂ.,wmmﬂmuu’muuﬁumuumﬂu NI ITINGAT BFENTIUNHATURS
AUNTOL 85 wih.

sz 1OARINTINNT, 2528 mmmﬂzqwuﬁmamuu 9. fIuRUATUNS, 7(4): 471 - 470

Bz onmmrinn] Toimi Tavuu Srowed Sunsiiag Uisiia NBIAT UAZTION RETT. 2546. ﬁuﬂmaumuu HATIFEANTAIL,
ALENTRENISTIUENG Muvinefuaaranmiuns. 72 uth

Bz vanaum e Toimi fauud Srowd Sunsiien Us=ha nawdn iiviend a84e7 uazegns donans, 2545, Mo ssatiuamyyol
mnjmﬂqatwmwuuﬂuﬂmmd’mumuu AREERIWENNISITINGR M ANgFuaasaueiung 157 wii,

fyx mnﬂuwﬂmm Feimd lawud Srzwad $unstion tszhia naadn uas AMALTA RAUD. 2548, Wunngrrmdnia nsafimledy
muu.qumaauﬂ:wmmmiﬂamﬂmuu’mu ARIEATWUN AT e dosasaunt ewavna g aeuan. 117
wi. ’

Usziians waring, 2550, ﬂaﬂ'ﬂi:nﬂumwuﬂ?dﬂuﬂwv?uﬁnrm‘uﬂqﬁnum~rm'ms{yuﬂufﬂtm-uﬂﬂm'lmj'muu’mu {Elaeis guineensis
Jacaq). sauan : Sngntinudinemanruvmings HuAnenawawEiund. 55 wih

ArzAng Adtinemd 2525, wuﬁmﬂmnﬁmmn'ifh’lumi‘ﬂmﬂnwuﬁw-n NN mMATE NI A NI AUNNATAARAT
179 wih.

twane wegasnL 2547, adin UHUMMARRUATMFIA o et wnallafinimudaig - éﬂﬁnﬁ&j*unﬂ?u‘iaﬁn'mnum umﬁnmf‘a’u
‘walulafignung. ado wih,

Basiron, Y., Jatam 8.5. and Chan, KW 2000. Advanced in Od Patm Research Vciume i and Vo!ume H. SMART Print & Slatloner Sdn.
Bhd., Malaysia : 1526p.

Cortey, R.H.V_and Gray, B.J. 19764, Growth and morphotagy. 1n - Ol Palm Research (eds. Corley, R.M.V., Hardon, J.. and Wood
B..1.) Elsevier, Asnsterdam, Netherlands : 7-21.

Corley, RH.V. and Gray, B.}. 19760, Yield and yield componeants. In - Ol Palm Research {eds. Corley, R.H.V., Hardon, J.J. and

' Wood, 8.J.) Elsevier, Amsterdam, Metherlands - 77-86. .
Corley, R.H.V. and Tinker, P B. 2003. The Oil Patm_ 4" eds.. Blackwell Science Lid., Oxford : 562p.



.  ar d s o L% o ¢ o a
andNuWUsIazon HgnITvesdnyas Mt milisyazadnhdirngiy
Correlation and Heritabiiity of Vegetative Characters of Qil Palm Seedling

: v el 1 - o=t d o
HiooH ﬁiﬂiztm HRZ 538 ONAUNTUNEY

Namob’y Sriprasom and Theera Eksomtramage

Y L]

unaaee

mSﬂn'HmuamﬂiuaamwaﬂsumuanymmNnmu avnduus !m.,,amﬁ‘muﬁnfrsmmanﬂmuﬂw} Tu
sstznivesthdwnhifs Tﬂfﬂamuﬁﬂmnmuugnﬂammmaﬂmsm Fiuau 12 Wug Ae grwgindl 1
qaugimil 2 gaugind 8 gamgdeil 4 gaeginil 5 gawginil 6 wweula Tnaddidaauea
(MIUDIY 3L.8.58 3.8.110 3.8.118 Has ¥.8.119 mauwumsnﬂaaaquuﬂaﬂﬂ smmwuﬁﬂgn 40 fu
mmiqunm‘dmwumuuunﬂuz\swﬂﬂmmm 30 AUy mauuﬂnanvﬁuumamﬂmuaﬂlaunaw 9
wow A Fruadmwanduzven lugdreaan lugumun anvenly Wiy wmiﬂuﬂu uaz
Auged Iy sansiarmud uRasiuiinuaiove snndnwas uﬂnﬂmnuammuﬂmﬁmmmmnﬂ
wuﬁmu‘lﬂmmuﬂawamnumwmaq TdiRasduignfioudou @auging 2) snduig we.ss
uaz 1.0.110 Aldnuuzmaludy anumm&amunumnwauwummnaaﬂumﬂum&mnqa 1dun
dnlugdvuun aaaealy ity vnalaudy raza Uiy midizanamisaniugns sy
afsn e mndnvasnun fmegisnin 52-74 nlofidud

¥
Mddey © dnvasdughanihy, anduius, dasmivgnassy

()

MinfinedSyan Tn, fsesmansieisd mainfivnans auzninensssund i dnedeaanniung
walng, eaval 90i12



IAIMNATHYINNG 6(2) A, - 5.0, 2551

110 Hatyai Journal 6{2) July - December 2008

Abstract

The objective of this study was to evaluate the vegetative characters, correlation and heritability at
seedling stages of oil palm. Twelve oil palm varieties (commercial hybrid tenera) including
Suratthani 1, Suratthani 2, Suratthani 3, Suratthani 4, Suratthani 5, Suratthani 6, Nongped,
Golden clonal tenera, PSU 58, PSU 110, PSU 118 and PSU 119 were used in this experiment, The
experiment was conducted in a completely randomize with 40 paims for each variety. In each
variety, thirty normal palm seedlings were tagged design recording of vegetative characters such as
aumber of lanceclate leaf, bifurcate leaf and pinnate leaf, leaf length, leaf area, stem size and plant
height, at 9" month-old. The results showed highly significant differences for all characters of oil
palm varieties. However, most of varieties were comparable with controi variety (Suratthani 2).
Only 2 varieties, PSU 58 and PSU 110 were of short leaf tength. The characters inciuding the
number of pinnate leaf, leaf length, leaf arca, stem size and plant height gave highly positive
correlation coefficients of pairwise manners. The broad semse heritability estimates for the

vegetatiﬁe characters ranged from 52 to 74 per cent.

Keywords I Qil palm charaters, correlation, heritability
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Table 1 Means of vegetative characters at 9"

month-old seedling stage of oil paim.

UEH ]

Number of } Leaf length  Leaf area  Stem size Plant height
Varieties
LL BL PL {cm) (cm™plant) {cm) (cm)
Suratthani 1 333 492 3.80 40.98 147.31 3.59 15.72
Suratthani 2 {(control} 3.60  3.07 4.59 40.62 [61.66 3.49 15.23
Suratthani 3 3.50 1.97 1.42 54.63 17392 4.32 18.27
Suratthani 4 ) 293 237 6.07 42,18 167.52 3.59 15.13
Suratthani 5 323 2.63 6.43 40.70 171.73 3.97 17.07
Su?atthani 6 297 2.57 6.67 46.38 188.09 391 17.15
- No:igped 330  3.50 6.60 49.15 197.65 4.35 20,10
" Golden clonal tenera 430 297  5.68 43.55 202.55 3.77 14-85
PSU 58  |-3..60 4.43 4.06 37.38 . 102.74 377 13.62
PSU 110 453 240 498 30107 1549 333 1330
PSU 118 263 267 5.8 54.38 15520 4.10 17.18
PSU 119 370 0 273 485 53.68 19291 3.68 16.73
CVA(%) 3237 57.18 4370 23.68 16.14 2231 22.59
F-test ke ek B2 ok ok oo ek
LSD 0.75 115 1.61 7.24° 32.95. . 0.57 2.47

lLL = lanceolate leaf , BL. = bifurcate leaf , PL. =

** = significantly different at P < 0.01
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Table 2 Correlation coefficients of vegetative characters at " month-old seedling stage in oil palm.

Character Number of" _ Leaf length Leaf area Stem size
LL BL PL (cm) {em® {cm)

No. of bifurcate leaf 0.007

No. of pinnate lgaf -0.236 -0.687**

Leaf length -0.392* -0.489%%  (.532%*

Leaf area 0175 -0.339 0.58G** 0.578**

Stem size D460+ -0.154 0.672%* .0.707** .442%

Plant height 0.538%*F  -0.040 0.571%% 0.701%* 0.519%* 0.912%*

" LL = lanceolate leaf , BL = bifurcate leaf , PL = pinnate leaf

# *% = Significantly different at P < 0.05 and P < 0.01, respectively.
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Table 3 Broad sense heritability of vegetative characters of 8 month-old oil palm seediings.

Character

heritability (%)

No. of lanceolate leaf
No. of bifurcate leaf
No. of pinnate leaf
Leaf length

Leaf area

Stem size

Plant height

66.78
66.77
65.02
74.00
70.09.
51.69
166.57
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Abstract

A study of agronomic characters in F, Population of oil patm was investigated during January 2006 to
December 2007 in the germplasm plots which collected and planted in 1989 at Klong Hoi Khong Research
Station, Faculty of Natural Resources, Prince of Songkla University, Songkhla, Southern Thailand. A tolal of 501
paims included with three oil palm types ; dura, tenera and pisifera with amount of 175, 268 and 58 palms,
respeclively were observed individually for vegetative and yieid component characters. The results indicated that
variationin leaflets length, peticle width, peticle depth, rachis length, leaf dry weight, total bunch weight, number
bunch and single bunch weight had significant difference for each type. The bunch number, single bunch weight
and petiole depth was positive singnificant correlation with the total bunch weight for ail ol palm types. Bunch
number has also highty direct effect to total bunch weight. For the other characters were positively corelated with
the total bunch weight varies depend on the types of oil palm, such as single bunch weight, plant height, number
of ieafiets, petiole width and petiole depth at the base of 17" frond. For broad sense heritability estimation show
that all agronomic characters in this study had low value (<14%).

. Key words @ oil palm, vegetative growth, yield component.
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Table t Mean of vegetative growth and yield component in F, population of oil paim
Type
e Characlers Bura Tenera Pesifera
Average Min-Max Cv{%) [ Average Min-Max CV(%) Average Min-Max CV(%)
B tal bunch weight .
Te 65.7" 4.7-173.0 53.4 77.4° 8.0-237.4 48.8 54.8 352135 82.2
(kg/plantyear)
Gunch number (plant/year) 36" 0.5-10.0 58.7 47 0.5-10.0 47.0 38" 0.5-10.5 69.5
erage bunch
Averag 194° 77478 293 | 190° 75375 | 27.1 14.1° 49231 30.8
weightikg/plantiyear}
Plant height fcm) 5155 300.0-685.0 | 12,0 519.5° 348.0-705.0 § 105 535.5° 412.0-687 .0 10.9
Rachis length {cm} 530.1" 376.0-653.0 | 103 536.3° 36307410 | 11.0 556.0° 437.0-677.0 8.3
g
Leaf area (m’) 78 4.2-12.5 198 1.7 3.7-15.3 w2 a1 39118 198
Leaf dry weight (kg) 33" 1.6-6.1 250 35" 1.6-6.7 249 4.9 2156 18.9
ry weight (kg
Leallet width {cm) 58 3878 12.8 58 39-8.0 13.4 5.9° 4282 14.6
Leaflet fength {cm) 70.2" 51.5-84.2 10.1 69.8° 51.4-90.4 10.0 736° 60.0-82.0 9.4
Number of leaflet 3303 270.0-424.0 8.0 339.6° 192.6-424.0 9.3 343.4° 268.0-396.0 8.3
Peticle width (cm) 79" 5.3-12 152 82" 42120 155 9.0° 60-11.3 198
Peticle depth (cm) 3.7 2.4-54 141 3.9° 27157 133 4.1 3.0-5.¢ 113

Table 2 Correlation coefficient, direct effect and indirect effect characters on total bunch weighit in oil palm

dura 2ftenera 3 pisifera

Characters Correlation Direct Indirect effect

coefficient effect Bunch Average Planl  Rachis Leaf Leaf dry

number bunch weight height length area weight

Bunch number 1/ 0.868™ 0.961 -0.090 0.000 G.00a -0.002 -0.001
2/ 0.825 0.954 -0.124 9.002 -0.001 -0.004 -0.602

Rl 0.938™ 0.884 0.048 0.004 0.005 -0.002 £.009

Average 0204 0.396 1218 .00 0.004 0617 0.005
bunch weight 62677 0.482 ).246 - G.007 0.063 0.G15 0.006
04337 0.257 0.185 G.002 0.000 0.002 0.004

Plant keight 0.083 0.007 0013 0.077 0.002 0.009 0.002
0178 0.041 0.045 0.681 0001 ¢.006 0.004

0141 (.039 0.084 0.010 2.013 0.003 -0.062

Rachis fength 0.170* 0013 06.0t2 0114 4001 G.024 0.006
| 0083 0.006 0.155 0.197 0.003 - G.024 £.008

0.056 -0.048 0.09¢ -0.001 -0.010 6.008 0.019

L.eaf area 0.174" 0.041 -0.046 0.163 0.001 0.008 6.007
[ERE A 4.038 -0.080 0.192 0.0/ D.004 0.609

0115 0.013 -(.155 0.048 -0.010 -0.028 0.016

Leaf dry weight 0.117 0.011 0162 0174 G¢.om 0.008 0.026
" TR DA S.012 0.004 00726
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identification Parent-offspring Retation in Ol Palm (Elaeis guineensis Jacq.) using Microsatellite Markers

danar TedTmuUAng ' uas Bs ANANNITUN S

Angkhana Chotewattanasak' and Theera Eksomtramag¢=,~2

Abstract

DNA from leaf samples of three cross progenies [No.32 (478x206), No.62 (27x777), No.63 (556x777)]
and three sell progenies [No.17 (414x414), No.20 (27x27), No.23 (478x478)] were extracted using CTAB buffer.
PCR amplification was fested into eight microsatelite markers (mEQCIR0465. mEQCIR0353, mEgCIRO304,
mEgCIRO377, mEgCIR0134, mEgCIR1772, mEgCIR0230 and mEgCIR0008). The SSR-PCR products were
resolved on 6% acrylamide gel electroporesis and strained with silver nitrate. The result showed that there are one
to four alleles segregating when compared with their parents. mEQCIRN008 was the most suitable marker which
can analyze segregalion through five cross progenies. Heterozygosity of self progeny Mo.20. 17 and cross
progeny No.32, 62, 63 was 0.50, 0.44, 0.48, 0.48 and 0.44 respectively. It aiso analyzed intra-population genetic
diversity by high allele frequency.
Key words . oil palm, microsatellite, helerozygosity
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Figure 1 Segregation of parent-offspring in oll palm { A = selff No.20, B= self No. 28, C= seif No. 17, D= cross No.32,

E=cross No 62 F= cross No.63 )
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IPrimers i No20 | No.2g ? No.t7 ; No.32 No.62 | No.63 ! Average (H)

mEGCIRO00S  © 0.50 000 | 044 |
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048 048 - 044 048
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| mEgCIROJ08 | [000 i o000 046 oar
mEECIR03TT s 000 000 ' en0
| mERCIRO230 063 | 059 os0 oes |
‘mEgCIR1772 056 o071 0.65 0.75

FdRmTnANa Ty ﬂ']‘juﬂ')’mﬂ‘hfﬂ\?LLﬂﬁﬂﬂHu\‘luﬂﬁmW‘i‘ﬂm’lﬂ‘u 0. 95 wim 0.99 mnmiﬁ nmwmw 'lwnms
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Table 2 Allele frequency of 7 microsatellite markers

i

Allele frequency

Primer ~ Allele . No20 . No17 | No2d | No32 No62  Nobd  Average ;

{mEgCIR0003 p 0.50 ¢ 067 : 100 f 0.40 040 - 0.67 0.61
o Tq ¢ o050 ST 000 . 060 | 060  0.33 0.39
gszgC[Rf}JSB p 100 1.00 040 025 . 058 037 037
q 1 000 . 0.00 100 075 042 043 0.43
mERCIR0465 M09 Lo0 05 | 100 - 100 | 06l o6 |
: 0.00 . 0.00 044 000 0.00 0.39 0.14
mMEECIROI0T p 100 100 | 100 . 100 100 - 65 094

0.00 © 000 000 000 . 000 : 035 °  0.06

Tle T |l v |l ow

mECIROITT 100 1100 © 00 067 . 100 | 100 094
: 000 | 000 © 000 @ 031 - 0.00 000 °  0.06
mBRCIRO230 | p L 033 [ 030 | 050 | 048 | 050 055 048
4 033 050 | 000 029 038 | 000 . 025
: r 1033 | 000 | 050 | 024 043 045 oos

[mEgCIRITTZ - p 050 | 000 | 000 000 | 034 . 048 022

9 L 050 1 000 | 050 000 046 019 0322
‘ €000 0 050 1 000 . 050 . 03+ 029 037

s 000 050 | 050 . 050 . 016 . 005 0.28
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Tutsgwnsdan 2 voshdininiu (Elaeis guineensis Jacq.)
Correlation, Direct Effect and Heritabiliiy of Agronomic Characters in F,

Population of Oil Palm (Elaeis guineensis Jacq.)

Sonon leiTandnd ' 85¢ wnamatiues’ uasiiiend soued ®

Angkhana Chotewattamasak2 Theera Eksomtramage ? and Nithus Songsri3

Abstract

A study on agronomic characters in F, Population of oil palm was made during January 2006 to
December2007 in the germplasm plots which collected and planted in 1989 at Klong Hoi Khong Research
Station, Faculty of Natural Resources, Prince of Songkla University, Songkhla, Southern Thailand. A total of
501 palms;inclu;léd with dura type 175 plants, tenera type 268 plants and pisifera type 58 plants were’
observed 'mdiviaqaliy for agronomic characters. The results found that most of the characters showed high
significantly difference between three oil palmtypes is total bunch weight, bunch. numberaverage bunch
weight, rachis iength, feaf dry weight, leaflets length, petiole width and petiole depth.The bunch number
and average bunch weight were singnificantly positive correlatedwith total bunch weight for all oil palm
types. Only bunch number gave high direct effect to total bunch weight Estimates of broad sense heritabili

ties showed that all characters had tow value

Keywords : oil palim, correlation, direct effect, heritability.
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Heredity of Fruit Color and Agronomic Characters of Oil Palm

through D x P Progeny Testing
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Abstract

This study aimed at eva!ua-ting the heredity of fruit color and agronomic characters (bunch vield, bunch
qualities and vegetative characters) of oil palm. Two pisifera paims with different fruit colors were chosen as
malé parentsrand each was nigrescens and virescens fruit types. Each male parent was crossed to nine
different ‘durafemale parents which were all nigrescens fruit types. Eighteen tenera oil palm progenies were

- obtained from the North Carolina Mating _Desig’n 1 (NCM 1). The progenies wére grown in a Compie_tely
Randt)_nﬁized"Design (CRD) w.ith 18 -pa!r.ns. pe'r pfogeny. fhe results showed that the nigrescens fruit Was
cqntro!ied by a single Qe‘né with mhplete dominant gene action, while the virescens fruit was cqntro!led by a
single recessive gene. The ‘bro.g‘e"ny rﬁéans of most agronomic c.h.aracters .due. to virescéns pisifera  were
significantly higher than those due to nigrescens pisifera. The variation of progenies due to pisifera and
dura/pisifera effects showed. that most agronomic characters were significantly different. The experimental
6oefﬁcient of variation (CV, %) lrevealed high -values for FFB vyield (fresh fruit bunch yield, 39%) and NB
{number of bunch, 36%) and .low to moderate values (4 to 21%) for other characters. Narrow-sense heritability
values of most agronomic characters estimated from pisifera were low 0 to 80%), and even lower than those
from dura/pisifera component (12 to 89%) in‘ail characters. The moderate values estimated from pisifera for
_ NB, %F/B (fruit/bunch), height and number of Ieéﬂets were 33, 39, Bd'and 46%, résbectively. Most characters
estimated from dura/pisifera plants gave moderate to high heritabilities {=40%}, including FFB yield (89%), NB
{(78%), %F/B (63%) %M/F {(mesocarp/ruit, 79%), %K/F (kernelffruit, 57%), and all vegetative characters (47 -

89%}). It is promising to improve these characters through pisifera and dura Populations in a breeding program.

-

Keywords : Oif paim, heredity, heritability, Fruit color, Agronomic characters
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Table 1 Anaiysis of variance for North Carolina Mating Design 1
Source df. MS EMS
. 2 2
Pisifera (p) p-1 - Msy Oy + 1G4 + WO,
ceb s . 2 2
Dura within pisifera (d/p) p(d-1) MS, G, + 107y,
2
Error pd (1) MS; LO
o ' )
lagfi df = degrees of freedom, MS = mean square, EMS = expected mean square
p = dwmruswraiFmden
L3 a9 [ A ar 4 £ Y ] &
d = fuudnwigniinaunuaunowe nudazeu
o :‘ 3 @ s [ A 2
roo = dwud @Euensduhduniededuiifuiayalugnuauiniuas)
2 s P LY
G, = anuuditimegniitienininasaiduna
2 :I = eoSooa A d ] Ao a s
Cgp = m’ms.uj'sﬂmmfaa@nmﬂ@mnanﬁwmmmuuum:J'luﬂuwmﬁmnu
2 A a v 7
0, = enuudsilsufiinienaninulestey

b - & A &g a- - J - i - ’I L) o -
maldmuipuduthdunldlunimasssiidndulsdnhifeadayiniu o F = 0) uax WfiinSwavas
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Table 2 Segregation of fruit color in oil palm progenies and chi-square test for genetical ratios

Segregation of

Crosse's. of parents ' ’ . progenies B Chi-square test for
Pisifera paims Dura palms . (plantslcros__s) | . genetical ratfos
@IBF) BF GF BF:GF=31 BF:GF = 1:1

1 1 16 2 185" 10.89
(BF) 2 13 5 0.07" 3.56™
3 15 3 067" 8.00°
4 15 3 067" 800"
5 16 2 185" 10,89
6 12 6 0670 . 2.00™
Total 87 21 178" 40.33"

7 18 0 ) , )

8. .- 18 0 ; .

9 BT 0 . ;

. Tot 54 0 .

2 1w 2 6 067" 2.00™
©H o1 9 9 6,00 0,00™
12 10 8 363" 0.22™
13 11 7 185" - 089"
g 10 896 0.22™
15 11 7 185" 0.89"
TS 9 9 600 000"
16 12 6 067" 2.00™
18 10 8 363" 0.22"
Total o2 70 R 2.09"

Notes : BF = black unripe fruit {or nigrescens fruit), GF = Qreen unripe fruit (or virescens fruit)

* and ** significant diﬁerencé atP <0.05 and P < 0.01,

o ' . o
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Table 3 Mean agronomic characters as influenced by pisifera parents in oil palm progenies

Pisifera parents

Characters

Nigrescens fruit Virescens_fruit

Bunch yield

FFB yield (kg/palm/year) e 67.06b - 82.26a

NB (no./palm/year) | ' 11.14b 13.55a

'SBW (kg/bunch) . 6.04 609

Bunch quaiities _ ‘ |

SFW (@) o 1120 : 11.63

SKW (g) ' . 1.34 1.38

%F/B ' _ 64.86b 70.68a

%K/B . 7.76b , 8.62a

%M/F : 76.91b : 78.28a

%S/IF 9.78b 10.84a

%KIF ‘ | . 119 - 12.26

%OMWM S  46.00 N 4610

%ODM B 8554 | 85.73

%0/B 23.33b 25.07a

%KOB o  310b 3.52a |
- 1

Vegetative characters

Height (m) A : 2.08b . 2.35a

Trunk size (m} ' 2.44b 2.67a

No. of leaves (no.) 3037 30.94

Leaf length (m) , 4.28b 444a

Leaflet length (cm) 59.64 61,44

Leaflet width (cm) | 3.81 4.02

No. of leaflets (no.) ' 268.56b 280.61a

Leaf area (m") . 2.95 ' 3.03

Leaf dry matter (kg) _ 1.64 o 1.68

Notes : *° Values in the "same row followed by different letters are different at' P < 0.05

FFB = fresh fruit bunch, NB = number of bunch, SBW = single bunch weight, SFW = éingle fruit weight,
SKW = singié kérnel weight, F/B = fruitbunch, K/B = kaernel/bunch, M/F = mesocapffruit, S/F = shell/fruit,
K/F = kernelffruit, OWM = oilfwet mesocarp, O/DM = oil/dry mesocarp, O/B = oillbunch, KO/B = kernel

" oil’bunch
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Table 4 Genetic variance components of agronomic characters estimated from pisifera (p} and dura/pisifera .

{d/p) components of oil palm progenies

MsS cv EMS
Characters 2 2
p dip error (%) G, O

d.f. for bunch yield 1 16 306 7

FFB yield 18708.30"  5651.00* 855.00 39.18 80.60 266.44
NB 469.25% 112,87+ 19.27 35.56 2.20 | 5.20
SBW 047 2.38 1.38 19.38 -0.01 0.06 -
d.f. for bunch qualities 1 16 126 '

SFw 6.43 9.31 5.58 20.69 -0.04 047
SKw 0.04 0.13 06.08 20.55 0.00 0.01
%F{B . 1017.02% 224.15* 83.41 13.48 1.01 1759
KB 16.43* 4.2 2.68 2000 © 0.17 0.19
YoMIF 67‘61“. 3071+ 9.95 4.07 0.51 2.60
%S/F 2046% 514 346 1804 021 7 021

%K 356 744" 324 1489 005 053 .

V%O/WM 0.54 21.31 13.31 7.93 -0.29 1.00
%OMDM 1.30 13.?9 11.09 3.89 017 034
%C/B | 1091+ 722.05 16.10 16.58 1.21 074
%KO/B 3.16* 0.78 047 20.70 0.03 0.04
d.f. for ve'getative characters -1 16 54

Height 1.33% 0.29* 0.12 1531 003  0.04
Trunk size 0.63* 0.22 | 0.14 14.52 0.01 0.02
No. of leaves 5.92 3.36* 1.76 4,33 007 040
Leaf length . 0.45* 0.18 0.11 7.56 0.01 0.02
Leaflet length 5814 47 47* 25.05 8.27 0.30 5.61
Leaflet width 0.02 0.21 | 01 3 9.33 -0.01 0.02
No. of leaflets 2616.06* 677.78* 326.35 658 53.84 87.86
Leaf area . 0.1 0.38 0.25 16.53 -0.01 0.03
Leaf dry matter 0.03 0.13 0.07 16.38 0.00 0.02

Notes : *, ** significant difference at P < 0.05 and P < 0.01, respectively, CV = coefficient of variation

ﬁuﬂizﬁﬂ‘ﬁfﬂfnmm‘sﬂ‘nwaammﬂam U89
Handanzae IAnagndng 19-39% (@119 4) lay
tfwﬁ'nmzmnﬁﬁhviwsgﬂ (19%) To9adun  fasiuiu
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Table 5 Geriefic components and narrow-sense heritability of agronomic characters based on variation of

pisifera (p) and dura/pisifera {d/p) oil palm

o'zp,, _ Genetic components th h’wp
Characters - 5
: O ap) - O A
Bunch yield
FFB yield . 1202.04 322.40 1065.76  26.82 8866
NB : 26.67 8.80 20.80 3300  77.99
SBW 143 -0.04 0.24 000 1678
Bunch qualities _ '
SFW - 6.01 016 - 1.87 0.00 3105
SKwW | 0.09 0.01 0.03 0.00 . 2041
 %EB | 112,01 44,05 70.37 3932 6282
%K/B 304 068 0.76 2235 2500
%ME 1306 205  10.38 1570 7949
C%sF | 38 . 083 0.84 751 2166
CWKE 371 022 - 210 000 - 5659
%ONM 14.02 1.15 - 4.00 1 0.00 28.53
%Q/DM 1125 - .0.69 1.35 000 12,00
%O/B 18.05 484 2.98 2679 . 1648
%KO/B. 0.54 . 043 0.16 2440 2861
Vegetafive characters l '
Height 0.19 012 0.17 60.38 8882
Trunksize 047 005 = 008 2658 46,68
No. of leaves 2.23 . 0.28 160 - 1275 71.71
Leaf length ‘ 0.14 0.03 0.07 2222 5185
Leaflet length 30.95 1.19 22.42 3.83 72,44
Leaflet width 0.14 0.02 0.08 000 5528
No. of leaflets 468.05 215.36 351.43 4601 7508
Leafarea . 0.28 -0.03 013 000  47.27
Leaf dry matter 0.08 0.01 0.06 0.00 7297

Notes : Oy, = phenotypic variance, 0‘2,\{,,,= additive variance due to pisifera, GQA(d,pﬁ additive variance dua
to durafpisifera, th = heritability due to pisifera, hz.,,,, = haritability due to duraipiéifera. values showing

negative estimate of heritability treated as zero
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Heritability and Correlations of Agronomic Characters

in Tenera Oil Palm Hybrid

WA BnaunTuNYg” uns Fox @NFINTUNF "

Wasapong Eksomtramage” and Theera Eksorntramage”?

Abstract: The objective of this study was o estimate the heritabilities of agrénomic characters (oif yield, bunch
yield and its components and vegetative characiers) and the Correiations of their traits in oit palm (Elaeis
Guineensis Jacq.). Nine hatf-sib pragenies of eight vears old tenera hyborid which were derived from the Crossing
beétween one pisifera and nine dura parents were studies during the period of January 2007 to December 2008
at the Klong Hoi Khong Research Statiors‘ Faculty of Natural Resources, Prince of Songkla University, Thaitand.
Bight palm samples per progeny according to a completely randomized design were used to record the
characters. The variance analyses of progenies showed that fresh fruit bunch (FFB) yield, number of bunch
{NB), fruittbunch (F/B), kemelbunch (K/B), oithwet mesocarp (OMWM), trunk size, leaf area and leaf dry matter
weight were significantly difference, These characters had medium to high heritabilities varied between 51 to

100% and had significantly positive correlations with oil yield. So selections for such traits are useful for oil vield
improvement in il palm,

Keywords: Ol palm, Elacis guineensis Jacq., hentability, correlation, agronomic characters

A RImARS AL RN TG AT dnasuruAT g MU URUA Y 4. Aatian 90112
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Table 2 Overall means, analysis of yariance and narrow sense heritabilities (hzm) of ofl yield, bunch yield,

bunch components and vegetative characters of oil palm

Characters Overall means MS cv? L
+SE " Progenies Error (%)
d.f. 8 63
Oil yield (kg/palmiyear) 46.31+ 165 220.32 192.33 29.95 7.15
Bunch yield °
FFB (kg/palm/year) 151.03 + 4.37 313111 1151.97 22.47 70.72
NB (no.year) 11.77 £ 0.34 19.45" 7.03 22.52 72.38
SBW (kg/bunch) 13.07 £ 0.29 7.14 5.77 18.39 11,52
Bunch components *
AFW (g) 15.90 + 0.44 19.14 13.57 23.17 19.53
AKW (g) 1.15 + 0.03 0.1 0.07 22.97 29.47
%F/B 70.16 + 0.95 125.26° 57.55 10.81 51.29
%K/B 6.04 + 0.27 10.13 453 35.26 53.52
BWM/F o 83.99+ 0.65 34.26 2942 6.46 8.05
%S/F S 951+£052 . 2373 . . 1851 . 45206 13.61
YoK/F 852 +£0.32 1176 . 668 30.36 34.68
%OMM 52.36 + 0.81 9561 41.28 12.27 56.50
%O/OM 77.36 £ 0.56 930 2429 .37 0.00
%O 44.10 + 0.84 84.89 46.39 15.45 37.60
%O/B 30.85 4 0.67 40.97 3151 18.19 14.48
Vegetative characters
Height (m) 2.55 + 0.05 0.21 0.14 14.64 25.18
Trunk size (m) 2.39 +0.03 0.20° 0.04 8.73 100.00
leaf fength (m) 4.46 + 0.04 0.20 0.09 6.89 47.84
Leaf area (m°) 3.10 £ 0.06 0.80" 0.15 12.55 100.00
Leaf dry weight (kq) 1.75 + 0.03 0.17" 0.06 13.82 7753

Notes : * | ** significant difference at P < 0.05and P < 0.1, respectively,

" mean from 9 half-sib progenies of tenera h
* FFB = fresh fruit bunch yield. NB
weight, AKW = average kemel weight, F/B =

ybrid and standard emor (SE),? GV = coefficient of variation,
= number of bunch, SBW = single bunch weight, ¢ AFW = average fruit
freittbunch, K/B = kemelibunch, WIM/F = wet mesocarp/fuit,

SIF = shellfruit, KF = kermnelfruit, QAVM = oiliwet mesocarp, O/0OM = oilfdry mesocarp, OF = oilfruit,

O/B = oillbunch

Values showing negative and > 100
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Table 4 Correlation coeficients arhong ofl yield, bunch yield and vegelative characters of oil palm

Characters  Oil yield Bunch vield ' Vegetative characters
FFB NB SBwW Height Trunk Leaf Leaf area

Height 0.165 0215 0057  0.205 -

Trunk size 0.430 0341 0250 0159 0.020 -

leaf fength 0.393" 0447 0246 278 0.454" 0.148 -

Leaf area 0.362 0.309 0.164 0.199 0.254 -0.315 0.419 -

Leaf dry 0.410° 0419 0163 0333 0.447" 0.321" 0.699" 0.529"
Notes : *.** Correlations sigrificant st P< 0.05 and 0.01, respectively

" FFB = fresh fruit bunch yield, N8 = number of bunch, $8W = singte bunch weight
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Abstract
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The results showed that means of all agronomic characters of dura populations were highly
significant. Only one dura populstion had growth performance and bunch number higher than the
others. Most of these characters had highly positive phenotypic and genotypic correlation, excepted
bunch number and bunch weight showed negative value. In general, genotypic correlations between
characters were higher than phenotypic correfations for the same characters. The bunch number had
high genotypic correlation with leaflet width, petiole depth, rachis tength, height and trunk diameter. The
bunch weight had high genotypic correlation with leaflet length, Estimation of heritability for these
agranomic characters in dura oil palm populations showed low to moderate values (A° = 0.1 7-0.87}. The
moderate heritabilities ranged between 0.56-0.67 were petiole width, rachis length and plant height.

Keyword : oif palm, agronomic characters, corretation , heritability
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NMNAINERRIAITATUATUNS VNURUNMTRARILININRR B (Completely Randomized Design, CRO) a4
Ussminsunugmasfaes S1au 4 dssanns winsUzsmnsimadasly Saumu 15 fu (34 Faldtumg
iuduiindeyadneuznasiadgdule (udnrasnaniatuf 17 S lueziund ity S
vraneiaziminganzang ﬁw&'uﬁ’nwm:mm?tyLﬁuimﬁﬂm‘:ﬁuﬁnifﬂyann 3 meuflwinan 1 1
Emstai fnenirananidludt 17 1Ensuag Henson.. (1993} uamﬂ?ﬂnLﬁﬂummf’ﬁiﬂﬁfmﬁﬁhﬁﬁmmzﬁ _
411 Duncan's Multiple Range Test (DMRT) - o a

'mﬁsﬁﬁzﬁﬂuﬁ’uﬁuf'imaﬁ’uqns‘m

nmsdrziivanduiusvaeiining (phenotypic correlation, Rp) ATl (genotypic correlation,
Rg) uszemwuindes  (environmental correlation, Re) 1eaanmuznasssoniulamdidusasnauin
neam Tmzrma"im‘m:ﬁﬁf;'mLtﬂ?ﬂmutm: mwuﬂ?ﬂiduéqg m_’!u"‘i‘ﬁ'mmm Roy (2000} Fah

n MIdemsirsubslsu

mﬁLmﬂzﬁmmLLﬂ?ﬂ?fmuﬂ:ﬁhmmumﬂmmuﬂ?ﬂmwmf‘i’ﬂﬁmummlu (Table 1)

Table 1 Estimates variance of x or y character

- Source of 58 MS EMS
Treatment t-1 S8, MS, o’ w+r0‘2b
Error t(r-1) 35, M3, o’ "
Total tr-1

Taesdi

SS An sum of square

MS An mean of square

o', We o, = (MS,-MS, )/

¢’ e o', = Ms,

szy war o, Aa Aonnwdnkmumesihlmd UBSANTWUIN AU TENA N B OL y FuAL
CL U0’ Ao A lslimeasiiuing WAZANWLIARENIBIANHOUS X AUEFY
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) Msuassiaruundsdsudon
mﬁmmw’mmLtﬂiﬂmu‘f’muﬂm’ﬂmmumamwuﬂsﬂmuéamzw;ma"nwm:mm'tu (Table 2)

Table 2 Estimates covariance between x and y characters

Source df SCpP MCP EMCP
Treatment t-1 SCP, MCP, Gy t10,,,
Error Hr-1) SCP, MCP, G
Total fr-1

Tt

SCp = sum of cross product

MCP = mean of cross product

O, = (MCP,-MCP)ir

O, W8z 0, = aovswlslmuiingesiiylng UASAMNUIAABUTINI N ARILE X uaY y

AINAOL

AMNAFRITNIAT xﬁmmuﬂ?ﬂmugm:mmuﬂ?ﬂsfmf'znﬁmﬁw AR AT T AN UV
;1
viugnenalasail

O py R O bxy
WAy '
o2 g2 2 2
i px Py - o 18] bx O by
Tneii
O O = eowudndowieeditulm] Alulnd ssudng dnmos x uas y AIHAAL
o’ 0%, = Anwlnlmue il 3Tubnd seedneni v mugasy
o’ . o°, = Asadnlenene i Tutmd ATulnd wsednens x sadagy

Madssiliudnsfugnssuetnniae (broad  sense heritability, A°") udRmdouszwiteniu
I - ' - % =
LL‘i}ﬂJfrfJumqwuqmmmumﬁﬂmmuﬂﬁﬂa‘fauﬂﬁ’qtﬂm1mmquum (Hexdna, 2525 )

Koo o'/,

_ 2

= G’/ 075+ 0%
c’, = AsudnleumeRugnesu (genotypic variation)
o, = Avilalsniauae (phenotypic variation)
o, = Aanusdsisudiesnaniwionion (environmental variation)

o o
NAURZIFITN

ﬁimé‘wmﬁn1~:rm:n'15-1.q‘§rylﬁu‘£m1,t,azuﬂNﬁmmﬂﬁﬁuﬁﬂﬁuuuu@m 4N 4 Uszene (Table 3)
AuImnanEuElRauAns et hiod Ay Sannea i wafilfigonadaaiuntmaaases Coley and
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Lee (1992) 'luﬂ'\aumnmmmgm 3 nﬂaJ1J:wn'm?wmmm-fmm'nmaqummLtmnm’mnummnm 'lu
msﬁnmuwm'}ﬂ? mnsgmm 4 umnmﬂﬂjﬂqanwm:nwmﬂgmu‘{mm"mamﬂm (Aurumzay) i
LLmTuummn'mﬂ?umnmu 1 dalstanstanea: Lﬂuﬂ?z'fmumﬁmsmmhLﬂumuuuwu‘qmﬂl%”lumﬁ'uﬂm
gnuganuamlasmanaiudumwe WugARAamia

Table 3 Mean of agronomic characters in 4 seifed dura poptdations of oil paim

Characters Dura populations
1 2 3 4 C.V. (%) F - test

LL 55.06ab  50.28c 5210bc  56.83a 8.41 w
Lw 3.33ab 351b 3.87a 3.81a 7.68 e
LN 22433b  22167b  2178b  234.00a 5.06 -
PW 3.99ab 3.72b 406ab  4.204 9.40 =
PD 2.38bc 2.21c 247ab  2.66a 8.64 “
RL 27040b  256.87b  27767bc  321.604 8.64 e
H 140.13b  149.17b  15040b 176573 8.74 e
7D 5047b  49.03b 5290ab  58.53a 11.49 -
BN 7.53b 11.93b 1467ab  20.93a 53.65 "
BW 485 3080  315b 4.13ab - 4331 -

leaflet Iength (L L), teallet width (L W), leaflet number (L N), petiole width (P W), pelaote depth (P D}, rach|s Iength (R L),
trunk height {H), trunk diameter (T D}, bunch number (B N) and bunch weight (B W), = = significant different at P £ 1 9%

msﬂ?vt,uuﬂuﬁ’nwuﬁmawuﬁn ﬁuummmmy’[u'iﬂﬂmmmsﬂmﬂquﬁﬂm;umuu Wesann
Lf}ummﬂmmﬁuwuﬁmqwuﬁmsm zwindnvafinn (Cedilo o al, 2008) wan13tRssE
ﬁuﬂszﬁmmﬁuwuﬁwwﬁl‘u‘lwﬂ (Rp) uazalulnl ( (Rg) #BIANBULAN] BN IsInERIFI9AU (Table 4)
wirh AndindszRnsandintudimetulmTua s Al ndveednsaussing 7 dnilungidanandiniugluneani
9 m@wqnsmmud’uwuﬁmomﬂmﬂwmﬁmw'1"aﬂﬁm"mmumﬁqurzumuunvzvaﬁsmuwﬁ’uwuﬁmqﬁ
Tu‘l‘wﬂ‘lummuwm (Rp = -0.314) snm'amﬂamnuwmumu'iﬂﬂ Obisesan and Fatunla {1982) “Nﬁ"]EN'm'J’}
uﬂuﬁuwuﬂum'Nﬂunu'lunn‘z«_em~muunmmmnummuw"mﬂ (-0.41) muanwmv@uj Danduiuglu
WNU'JHEMELﬂW’)"ﬁﬂﬁ’uWuﬁ?”Wﬂ\lﬂﬂHfu”FI'N Tanaruiiazedunlsdntgandndnanduiusazming
ﬂnwmmauam (mu'mm“muuawu’mun/mmﬂ) MUANBUZFN ] g
tuﬂwm?mmuﬁuwmmaqh‘lwﬂwmwLﬁm"ﬂnwmumuun/ﬂumﬂumﬁ’uﬁ’wﬂum@muﬁmmu
nily mangs uavdinnunzans fidn Rg = 0611, -0, 072, -0.224 mudnd daudnuosiy 7 8
audiiuglunteuan Tamwu'j'uﬁqﬁuﬂ?wawﬁﬂMﬁnwuﬁma'ﬁu"lﬂﬁ'tuvmmm;mﬂm:mrﬁm 1 doulunjay
ummn'nﬂﬂﬁuﬂsvaﬂﬁwﬁuwuﬁmamu’lwﬂmmﬂnumvmm 4 1 fnsnre s Tufutaminy
neet 1A Ry = 0.988 uavAn Rp = 0.255 Arandnludbauunsseiidn Rg = 0.952 uasen Rp =
0.4M ﬂf}’muu’r‘n’uﬂnnummummu UATRg = 0.865 uazAn Rp = 0337 anrusansluiudatugu
nzaw A Rg = 0.915 wazdn Rp = 0.427 AVGIRLATWIWMERE DA Rg = 1.046 uazsn Rp = 0.476
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UAY TUIARIFUATLSUIUME A8l Rg = 1.014 uazA Rp = 0.347 1Ty

i3
Annuzsig T neafumanil

annsoiwnWihunnelunsd ﬂLﬁﬂnﬁuﬂ’]ﬁuﬁﬂﬁuﬁ"lﬁfiﬂmuw:mu@ﬂﬁ

Table 4  Fstimates phenotypic {above diagonal) and  genotypic  (below diagonal) correlation
coefficients, for agronomic characters in dura oll palm populations

Characters L LW LN Pw PO RL H TO BN Bw
LL - 0.148 0339 0988 0511 0.645 0.443 0.317 0.229 0.265
Lw 0.076 - 0.132  0.873 0.606 0.525 0.411 0.379 0.401 -0.074
LN 0.963 0.098 - 0.854 0.618 0.656 0.435 (.344 0.324 0.200
P w 0.796 0.612 0.464 - 1.234 1.300 0.579 0.919 0.441 0.385
PO 0.962 0.707 0.7686  0.868 - 0.839 0.553 0.552 0.337 0.231
RL 0.860 0.615 0.874 0781 1.033 - 0.011 0.672 0.427 0.2566
H 0.561 0.712 0867 0562 0.853 0.012 - 0.734 0.476 Q.129
D 0.857 0.779 0863 0838 1.101 1.055 0.8952 - 0.347 0.286
BN 0417 0.952 0660 0588 0.865 0.915 1.048 1.014 - -0.314
Bw 0988  -0.811 0653 0476 0393 03n 0072 0168 -0.224 -

leaflet length (L L), leaflet width (L W), leaflet number
trunk height (H), trunk diameter (¥ D}, bunch number (

'_Fa ble 5

Estimates_ of the environmental (O'Qe), genotypic {029), phenétypic

{L N}, petiole width (P W), petiote depth {P D), rachis length {R L),
B N) and bunch weight (B W),

(G"p) and heritability (7%

of agronomic characters in dura oil palm populations _ . 7
'- . | | Component of variance and heritability (hz)

Characters 2 2 2 2

O'e O'g Op h
LL 20.27 7.29 . 27.56 0.26
CLw 0.08 0.06 0.14 0.43
EN 128.80 39.14 167.94 0.23
Pw (.02 0.04 0.06 0.67
PD 0.04 (.03 0.07 0.43
RL 592.14 740.82 1332.96 0.56
H 181.42 233.85 415.27 0.56
TD 36.71 16.05 51.76 .29
BN 54.65 27.83 §2.38 0.34
Bw 2.71 0.54 3.25 0.17

leaftet length {L L), leaflet width {L W}, leaflet number (L N), petiole widih {
runk height (H), trunk diameter {T D}, bunch number (B N)

HanIstiziivesAlsznaysenaiuuloy TIULR

P W}, petiole depth (P D), rachis length (R L),

and bunch weight (B W)

‘lJ‘EK"H’mﬁ‘@‘J"mmwT’)LﬂQ {Table 5) mrindnsWugnesu

ranTgnese ludnEus I IR gEaa 7l

WevEns A1 7 SAnglussduaitaiiunasg
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{0.17-0.67) ﬁnHm:ﬁﬂﬁhﬁmﬂﬁuqna“m?:ﬁuﬂ’auﬂmq 1w Avndanialys augnanaely WATAITHE
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0.17-0.43
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nddneshy y!

GEM|
Ga1nms‘ﬁnmﬁnumwwmsmmwaqﬂs:"mn?gm W 4 lszanng woidides 1 dszgnngitg
ansuznwnisinees Tnsewisdnunedunmean e/l ﬂz}’lummﬁﬁq\mdmsmﬁmﬁ'u
Az And anduiudnnllyln (Rp) usxalulml (Rg) VRIADHUZFAN  NWNTNERTAIL
‘tmﬁﬁﬁmuﬁuﬁ’uﬂuwmmnﬁqq ‘[ﬂuﬂ'wﬁ’uﬂ?:Rwéﬂuduﬁuﬁmﬁ?u’lﬁﬂ'lumqmnﬂmﬁ’ﬂwmzﬁm 7 oy
'Lunj@:a‘jﬂ'mxmchﬂ'qﬁ’uﬂsxaw’éﬂuﬁnﬁuﬁmqmu%ﬂmENﬁ’nwngﬁmﬁu amsnusTitaudaiuineatylng
geiudnenuzSmmeanaiuA T anandaaly asmmuamagly YNNI WY ARG Ua JUNAGY
i @iqu;ﬁnum:m'maﬂd'imjﬂ'ﬂﬁﬂﬁﬁ’uﬁﬂﬁmﬁiulﬂﬂqqﬁuﬁnﬁmxéﬂuﬁnmiﬁm R
aRIWUGNITHlud NN AN *|'mqn'n‘maz,»m"l,uﬂizmne@ﬁnaum’qm Wi et luszfusaie
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Haz A doudnmuru - ferdnewiugnsnmgluinnmiisn
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nmstnimainaas Auazansuzduguresiunanhinieiy
Polyploid Induction and Morphological Characters of Oil Paim Seedlings
(Elaeis guineensis Jacqg.)

ANFned vsnun' uaz Be reandunsieg’
UNARLa
n"t'mm:nmmmmnﬁs.,m;ﬂmwnm'lmnmwmwaaaﬁ ua"ﬁammmnﬂaﬂuuﬂﬂwmanwmv
ﬂmgm‘mqﬂﬁ@ummu’iua‘:ﬂ“nmmﬂ 12 Aoy Imﬂ'l'muﬂﬂmnﬂ’mnmuuwuﬁannammuﬂ?ﬂmnfﬂwm?
ﬂi‘uﬂsqwuﬁﬁnamnuumammq*nmamﬂwmumum amm’n‘fﬂawumvﬂummLmnmu 3 xAL AR 25
5.0 UAZ 7.5 mM usEsTHaa UNISYNUEANT 5 19810 AD 36 12 24 1ax 48 1. Mmsdssiiuanuitiasen
mmnﬁﬂmauua"nmﬂﬂﬂuuﬂm?"mui‘ﬂ:‘Tu‘iﬁnummmumfmn'mmmﬂ ua“ﬁfnuumuuuﬂfmm NAI™1N
dimsiuiuiasnsfuduaulaiaTaunaindawsn sanising wudd mamﬂnmmummnwﬁmm
sziupmdnduguaszazta L uue s WA mﬂmmnmﬁmuaﬂm tnesawisitsduanu
st 7.5 mM w48 g, nmmaumqm@mmﬂm (17.78%) munmﬂmumuummmuﬂumuw'aﬂwaﬂﬂm
wuTuEmiising | m'muuﬂ?ﬂs‘fmﬂg? Wi 2.70-37.50% 109fuirendan memvm"mummmnmu 5
usT 7.5 mM fuudansunu 48 1 wirRusnundnhdummes wased AnlU 7.6 LAY 12.5% -nmmuﬂ
TRATIA ANEISL mwmumﬂuq daulun wundnhduwuiinlawasast BETININ 2.63 T 23.08% s8eduf
TARTIR muwmwmmm‘lmuawmvﬁmﬁm viu awgs rneleudy nsabeluasun wazdnusany
wstusashn lusndrduinaan s wsiilauimenhnluluningy  Tnesedulastulosn s
ﬁuﬁnwuﬂumamnnummmwua.,ﬁ'rmgrnmmﬂ'mlu Lmumﬁ’uwuﬁumqaunummumu,uwﬂmﬂan'lu

Aty : théiitu TnaBiy Tnnasns dnsousd T anduE

Abstract

This study aimed to induce polyploidy and determine the morphological characters in 12-month-
old cil palm seedfings. The germinated seeds of a hybrid tenera variety derived from Prince of Songkla
University (PSU) breeding program were used in the experiment. The treatments consisted of three
colchicine concentrations (2.5, 5.0 and 7.5 mM) and five durations of immersion (3, 6, 12, 24 and 48 h).
The survival rate of seedlings was evaluated. The pulative polyploidy palms were observed via sizes
{width and length) and densities of stomala from all survived seediings. Polyploidys were confirmed via
chromosome count from root tips. The results found that the survival rate of trealed palms decreased in
high concentration of colchicine and long length of time in immersion, especially at 7.5 mM for 48 h giving
the lowest surviving plants at 17.78%. The putative polyploidy palms were observed in most treatments,
varied between 2.70 to 37.50% of the survival palms. However, only the treatments of 5.0 and 7.5 mM with
48 h immersion gave the tetraploids at 7.69 and 12.5% of survival palms, respectively. Most other
treatments provided mixoploids, ranged between 2.63 to 23.08% of survival palms. Morphological charac-
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ters of po_lyploidy palms inciuding height, width of bulb, number of pinnate leaves and densities of stormata
were lower than the diploid paims, except for stomala sizes which were higher. Highly positive correlation
was observed between stomata size and plidy level. In contrast, the stomatal densities gave highly

negative correlation with ploidy level.

Keywords : Oil paim, Polyploidy, Colchicine, Morphological characters, Comelations
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ﬂqaumuu (Elaeis guineensis Jacq, 20=2x=32) 1ﬁuw-nmuuva1'vmauammuuma‘lﬁ'mﬂﬁmwm‘ku
usARI A (B7=, 2548 ; Corley and Tinker, 2003) Amiluistiugiunanin dnilwsalunis
L Lﬁ‘u‘lumamﬂmum]ﬂn sautaswdndaim 3 1) uarausWinandnldseilonnund 25 Dl
mumjfmmﬂnm"lmnnm"l,ﬂ'l’nﬂsuimuﬂmamnmﬂwﬂuﬂ'mmﬁnﬂua.,uﬁnﬂ utlaqiudagminnidups
wmmumuwu’lumma muTululadioe wuﬁmsmmﬂﬁnnuamq Lm‘mmﬂluﬂﬁmuu AEWUINIIDS
(Tenera) ﬂnn.,mms ﬂn\:Lﬂuwuﬁﬁnuausvmmmwuﬁ Lg}ﬂ (Dura) wun"mvm mewawuﬁwatﬂaﬁ
(Pisifera) w’lunn:mm-anvmmemn (822 uazAnE 2544 ; B5x, 2548) 'amabnmumqmmmgquﬁu@mm
ﬂa\:ﬂ'}ﬂumnuwuﬁﬂanﬂﬂuma LAY (Kushairi and Rajanaidu, 2000} 'INLﬂu’ﬂﬂﬁﬁ"s‘ﬂﬂ’]ﬂmﬁﬂﬁ'}’mﬂﬂﬂuﬂlu
msﬂmﬂwwuﬁmmwm

mﬁ'f-mmsmmnuEJuu,a~‘Em‘l‘u'ﬁ‘nu?mﬂnw’nnm‘lummmwaawmsm {polyploid) Witnmited
wm"lmm‘mmmﬂﬁmwuﬁnssmmw’ﬂunfmwmﬂﬂa ‘Emmmﬂm?ﬂmﬂ;qwuﬁ (Thao ef al, 2003) lap
mmuwuﬂnmwﬂmmnnm Aearlnaisu ahufmmﬁ-m-rfmmﬂumﬂﬂaﬂuuﬂmawﬂuiﬂfiufmniuwmwuaulm
T Fanialalnsvii s A s A uwiug uronisa wasnudesldiriassianilsauns fufunisia
'uufm uay mmumuuummﬂ’miu r-mﬂmﬁmmmmm’tﬁmuwum@ﬂmﬂﬂnwmw'ﬂawmﬂﬂumﬂmu‘lﬂ '
(Yang et al., 2006) Luﬂqmnwmwaawmamwlﬁnnuanm ACATRGT mu’ammma’mmw HANARRNTY oy
13 mmmmmx_]umnmu‘lwmﬂnu’im tﬁumu (Thao et af:, 2003)
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el IWIITIBUAY 50% TURanaaRndm 1ure 15x23 70, i 250 e wmsmaqﬂ@nmﬂsvnaumﬂ
iu3 dauunay 1 uazijonen 1 dau navagnindnlidnii mﬂnmﬁ'}auumﬁﬂm 3 1heu g
ndrasugananainaunm 45 x 45 g1 vy 500109 1‘11.]?5"3"3%‘1mfﬁm‘ﬂumiJ'Jﬂuﬂ’lE}'lﬁlﬁn'meLtﬂ\'l
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Lij'ﬂnﬁ'}ﬂﬂﬁuﬁﬂﬁuﬂm 12 iReu ﬁ']msmf;%ﬂumnﬁwqm?miuhmﬁmﬁ’x’ué”mﬁ‘%nwé’mﬁmmmn
nf1e Avmena wazasa ekt lapinisiandnhdamndufisendin wlmifeuaauuansis
nainesaziuiURaatsasgaruan TnaldRg test (7 P<0.01) wasnmiwinnsAndan duuansis
nsaiidethehiodAnBeiunruan WetiuifunedefinmiudunudainTnmesanmn

fuftndnudnilisumstuiuniigelatu tsndduluiaz v wdasmmnulefifuims
dinglastulsusiadufiseniinsayimund uimnihmmanguaoandndniiulagld s duni
wansassdasinlganilu 4 ngu lAun nquinasns mmnwmumuﬁ‘laﬂﬁ wia15iAaTau {(control) was
ﬂﬂﬂaﬂﬂﬁnmmnmwmummm}mﬂﬂawu ngsmnIznased uaznguiinlanassd MinmnBFeuiioy
ﬂnﬁm'“ﬁmﬁ']mmmmﬂ'mumuum angn Wundnwnie mmgs arundnlausiu Smmluven Tuwedan
waz IUIULN 1NAAIINNGNN ANE uazarm i bnlu Wisuieuan uuansmeadaiae1inE F-
test (p<0.05) wasiFaudioudwainlneds LD (Least Significant Difference, p<0.05) uasiinsdssifiug
AndsrAvsanduiusszuisdnsnsmnasrmniathny U anlu aamewinhinlu wezseiu
Tastulau
2. ABMsasAgaLELIs was APEBEivaanlnly

éuﬁﬂ1uﬂﬁﬁuﬁﬂﬁuﬂu1mﬂ?zuwm 33 muAnluhdnifudau 3l iieswludlfineen
Wadalduhudne luilalny ua sAseanfaulnAvudnisnnuuisiuals Fansain Dadnanszanils
alad ﬁﬂlﬂﬁﬂanﬂﬂlﬁnﬁmaawsa‘ﬂﬁtmmﬂumq&Tﬁﬁqé’wmﬂ 400 11 A1 mmmmfmnfh ATNEM 98aLhin
'{ummu 10 1184 faly a'mﬁum'muu'muuﬂmmnlu tdmmaln tusinind 1 mmefiadues $auou
5 ‘V‘m'ﬂﬁﬂ 1hU
3. asmsuusautastuisn

Lﬁuﬂﬂ’!ﬂiﬁﬂﬂﬂﬁﬂé’ﬁﬂ’!ﬁuﬁ’lﬁu Tnudpdantlatasnanndn o 1-2 wuinasiugaans 10-11
UM mlﬂ'luuﬂﬂmhﬁ"zﬂ'fimsﬁemm?zrﬁmuﬁ 8-Hydroxyquinoline 1iut5uu 5-6 @, ﬁﬂnmnﬁ 4°C antiu
u'zﬂmm'm’lmuuaamwua‘sq Canoy's fluid (absolute ethanol : glacial acetic acid DATWIN 3:1) 'mu 24 2u.
wamumi 10°C vivluiiia usminlewsndredamitngu setlunselalasasesadud 1 N wﬂmuqu .
60 °C w2 n# thdanamnilglliauingy udaisndadmdanasanseunm 1-2 fafuies Hanans
vualaduaswoaardinarfilwdniu2 % Uszanou 1-2 wae w15 uni Dadnanszantinglas udal¥lany
Fugeiiidmaduaneauianzun - Pasdunudailinmaameléndasqanssmiuuunsmnifiiduns
1000 i duad lussazimuda 990U 5 wadiesin N 3 nAsRY

HANSVAREBY Ltﬂtﬁl‘%’l’iﬁ;

1. umm’ina%usiﬂﬂ*:rmﬁ%maﬂua;mﬂﬁwnﬂTﬂsTuTﬁm

awiiFdnsanmeanddnii modansguutsstaeiiuiissduanddulusasnansna
uaashy Table 1 wirdinasdueemdnduassraznatiiue i Wnd hduiTinesesss Tnmanizi
sziummdnii 7.6 mM unan 48 s i lindrurdniiinaenmaniies 17.78%Heenndaeiun1sinm
U3 Madon et af. (2005)

namsasaaaaundthdueny 12 RauRsendisiamlisaufntiamadammuanAetasIun
wazArimivtas nuaFaufeuiiganuau (Table 1) md vmumsidanlmiiuianaiaaiy
wodwsasdessndng 1 — 8 fu (Amidu 270-37.50% asiund) Inefissiuaadidu s mM Rrzaznm
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MENWT AN 9511 9 u‘I@mawumuwmmﬂmtﬂuwaﬂwaammmmm Uae zu@mmumnmﬂﬂmmqmumaﬂuw
'mﬂmmﬁmmu’iﬂsfﬂmnﬂmamn wmq ummum‘luum&muﬂmiﬂﬁuf%u (Figure 1A) ua”mmsmwm
"Eﬂiiuhmmnmﬂmumnu FuuuAIMAATL 2w Ae IMNIEARDBA (Figure 1B) uaz AnTawsand lne
nmﬂmmm?m‘[ufﬁnmmuun‘hwaﬂﬂmﬂanmmmu‘lmmnfmmummvwaamf (Table 1) N3LReWBANRORLA
uuuunfﬂmaﬂaﬂ wn’lé‘luwnﬁ shuaadndurnaats ailss zozinarTlunsuudanduilasudrsoydentsdn
1h fe Aseumanuduiuh (2.5 mM) mm'l«nsvuma'ﬂunwfwu:nms (24 uaz 48 1) WnndisERUAIN
mmmggqm'a (5 uaz 7.5 mm) m’lms:nmm'lun’mummﬁ paus 12 1. il aesrdeetiuli ef ar,
(2007) V!‘i"‘iEl\'l"lu’)’liwﬁuﬂ’)'mt‘l}uﬂu‘ﬂﬂﬂﬁ’lﬁ’fﬂa‘ﬂ‘ﬂullﬂ”ﬁ‘wﬁvl’]ﬂ’] m‘m:uwnmmﬁfnmuwuﬁ"lumau A wmiy
WARHABBAULILLANTENARNA Az wummzm“mummmumu 5 WaL 7.5 mM muﬂ"mmmﬁfamwmmm 48
. ‘[ﬂﬂwummuz WAT 1 U AR mﬂamﬂaamu Madon et al. {2005) Ahinugrmss LHABYS LU
ﬂqaumuummuwmmwm]u 2.5 mM 1duiu uanuRenandud 5.0 mM fsvas VAL 24 By,
AuANENIRNI AR wmﬂ\ﬂ"ns"uvmmaumesmu 48 T FanusumzEneend uanalituiann
umnmwmﬂiu‘lwﬂmmﬂmnmuum@mumummm n"m'm‘b?f’tunwfwu’nm‘mumnmqnuma'nnm'lmnm
WORWRBEAULLIINITNaDES

Figure 1 Chromosome of 12—month—o!d -oif palm seedhngs afler treated with colchicines; diploid
2n=2x=32 (included treated and untreated colchicine, A), tefraploid 2n=2x=64 (8)

2. naﬂnmwaﬁwaﬁﬂéﬁ'ﬂé'numzmqﬁ’mgwumﬂm’tu'ﬁmné’tﬂﬁﬁuﬁ'\ﬁu
uan'mﬂ?ﬂumauanwmmwﬁ’mfnummnmmﬂuwmwaaﬁmnumwmﬂm?ﬂqmmuan (Figure 2)
nmz; 12 Hau wubhdummsswasus ussiinTlewaoud i udnsruzANgs mnalaudu mmu‘lugﬂmuun et
niAuaNBwaans (Table2) um‘luumwLmnﬂ'm'luﬂm:rm.,muqu‘lm‘uuﬁnnulugﬂmqﬂm WeuRmnioy
wwihesumsznased uasinliwasus woda fummss waaﬂmm‘luummm‘mgﬂwun TuansAduiinly
wﬂﬁﬂmulumuumnmiumaﬂ 326 ﬁquanwmummmuﬂ st iU Auedyiuansine i ﬂnmmunm
ﬂmuu’mumhanummwam’lu’tnuLﬂumuﬂnmm?mmmn'im (gamsf uazAnL, 2536) mmmumm.,
waanﬁmmﬂfa?mwlu’im’mua"m‘luun'xm'.r']\:'l.uwuumnmmﬂwmmmnmm aumuummqmamwmm
Tawiu wazacugedabifumaiemsnanluauuniug 3 TIH3TIBUI TdaE Lariey (2551) ynng
ﬂs"mumﬁ’uﬂ‘svaﬂﬁﬁuanwuﬁﬂﬂmnﬁmwmmmdusﬂwun uralauie unzAnuge wudrduiugly
WuIn uananiiaad mmqmmnmammumumJnmmma‘mwﬂ'mmmf-nnm?am'am?’mwummﬂm
(Swanson, 1957) mu?umuunTﬂswaﬂummmn@ﬂymu’im'ﬁmmm’mumm‘”waﬂum mmummmmﬁmﬂ
nqmqu‘tu‘lmnnm'tvlmmnmﬂaauuﬂm'l?ﬂﬂu'ﬁmmqENmumvuqun'}smqmmwmﬂnﬁ dovguAnanusi
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guunamiEnauEAinuteTaatiussdising Faamaagoudalifinmiiuaessutanite filsl
WUATWUANS WA Mg ey meuauitildudans saasliifusianstnedaulisloa
InonrasianaaFgiiavendnhdininuiy LLﬁim']mr.mnﬁh\rﬁLﬁm?:ummnmwmnmﬂa‘ﬂm{,ﬂmlmzﬁ“fu
TasTala

Table 1 Effect of colchicine concentration and duration of immersion on survivals ang polyploidy no. in
oil palm seedlings

-

Colchicine Duration of Seedling No. of putative No. of No. of
concentration immerse survival rate polyploidy letraploict mixoploid
(mM) (h (%) palms® palms ° palms ®
0 {control) 84.44 0(0°) 0(0) 0 (0)
2.5 3 84.44 0 (0) 0(0) 0 (0)
6 91.11 2 (4.48) 0(0) 0 (0)
12 88.89 0 (0) 0(0) 0(0)
24 .. 8222 1270) 0(0) 1(2.70)
48 71.11 4 (12.5) 0{0) 3(9.38)
5 3 77.78 271 . 0{0) 0 (0)
- 6 88.89 0 (0) 0(0) 0 (0)
12 75.56 1(2.94) 0{0) 1{2.94)
24 68.89 2 (6.45) 0(0) 2 (6.45)
48 57.78 8 {30.77) 2(7.69)  6(23.08)
7.5 3 7178 0{0) - 0(0) 0 (0)
: 6 82 2(541) ) - 0(0)
12 C 8444 ' 1{263) . 0(0) 1(2.63)
- 24 53.33 2 (8.33) 0(0) 0 {0)
' 48 17.78 3 (37.5) 1{12.5) 1{12.5)

* Detecled via stomatal size and density of all survived seedlings.
& Detected via chromosome count from root tips of all putative polyploidy palms
© Percentage of survived seedlings.

Lﬁaﬁm&*mmmﬁ (AIUNIUase) wazAr sty wuhlund i duneanaan s wa
uumsswased uaxiintimsend Hawimhnlulugj ua:ﬂmwumuﬂué’;mfiﬁﬁuﬁwaﬂam"lw;;mmuau
(Table 2 uaz Figure 3 C,D) ammé’mﬁ'ﬁﬁmauﬁ’lﬁndwdﬁﬁ’nwmxmmﬂ uazAamuunturesnluglud,
tvandeszaulastutasilalEnuadiyl (Hami et ai, 1982; Kadota and Nim, 2002: Thao ef al, 2003; Gu
et al, 2005; Chen and Gao, 2007) annstseifiudrdinlscAnianduiug (7 sewindnenzseivulnsTuTay
fiudnemzinluTable 3) wudn szl Tulaniaouduiudsunieanuniig uszAauentestanly
(r=0.60 way0.81 ANAIM) willarduiusluneauiuaumnuireahaly (r=-0.67) uamdy 43
nwLﬁm’qmuﬁﬂTﬂﬁuﬁutﬁm%wmmm’mn"m uszarmenathnlufaniadu wissfduumsdihnlusta
Hufianas dqwmﬂmmnﬁqwmﬁﬁn'[m?uﬁm'mﬁuﬁ’uﬂumamnﬁimimmm'mmwmﬂﬂn’lu upifi
ATNANALTISAUALA iusasnly {r=0.37 uazx -0.59 AA) wasTUAAMNE TR IR
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nufianadniuinsauser e suin ldwdeeiu (r=-0.50) (Table 3) sseAFulszdng -
ud ar "’ 5 J ¥ st - 1] - i - o g}
anduiusiaFnanuieteniudunasasnuaanadssiurzwitadnsuzmntinlud Fuwudienis
o y - ] =5 - - eyl - d‘ e =5 oo ot
wasuwlaszdulasiulay wardrsueneaudAgradiimainaui st nlue i lunsdmaansuned
- A‘ 1 ﬂ' ﬂ‘ﬂﬂ" 1 - b = 3 2 2 ' 3 i o
wassmiawn faludiive hivhanosu Biduatl4aemn (Yang et af, 2008) uas Winaraudrauiiudi

Figure 2 Morphology of 12-month-old oil palm seedlings after treated with colchicines; diploid
2n=2x=32 (left}, tetraploid 2n=2x=64 (right)

Table 2 Morphotogical'and'stoma[al characters in different ploidy levels of oit palm seediings

Characters control diploids’ tetraploids ~ mixoploids F -test CV.2 (%)
Height(cm) ~ ~  1878a  18.24a  950b 11.53b 30.29
Widih of bulb (cm.} . 4.94a 4.1 éab 2.70b 3.32b *E 28.21
Number of lanceotate * 3.44 312 340 2.90 ns 26.64
Number of bifurcate 620  5.00 6.33 5.80 ns 28.63
Number of pinnate 6.44a 6.60a 0.00¢ 3.26b ** 52.57
Total leal production 12.88a 12.37a 8.33b - 10.26ab ** 20.82
Stomata width (pm) 20.25ab” 17.58b 23.4a 22.5a * 8.27
Stomata length (um) 30.75b 30.65b 37.08a 36.65a w 561
Siomata density (mmz) 76.00a 68.00ab 46.12b 46.40b * 21.75

Random dipleid from colchicine treatments
Coefficient of variation
3 month-otd seedlings
significantly different at p < 0.08
* significantly different at p< 0.01
ns not significant
Mean values within the same row followed by the same letlers are not significanlly different as tested by Least
Significant Difference {p < 0.05)
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2

Figure 3 stomalat characiers of 12-month-old oil palm seedlings after treated with polchicir}es; diploid
palm (C), tetraploid palm (D)

Table 3 Correlation coefficient between ploidy levels and slomatal characters of 12-month-old oil palm

seedlings
Characters Ploidy levels Stomatal width Stomatatl length
Stomatal width 0.60™ o
Stomatal length 0.81* ) 0.37* “

Stomatal density 067 N 1 X1 - -0.50**

** significant at p < 0.01
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wummszwases it AR R umszReesd mndasemhdnues1d anslaadauiisdunn
dudns uaz 7.5 mM Taafiszazinanlunsduutainug 46 u. fuwednansdilATAnsusAugY Wy
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gene (accD) and a nuclear-encoded subunit, biotin carboxylase of acetyl-CoA
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Palim ol is the second fargest traded oil or fat in the waorld market and pafm is the most Impaortant crop
grown mainly for its oil. Identified varieties of Elaeis Zuineensis Jacq., with a high oit content and produced
" through a selective breeding program, are desirable for improving the yiéld of ail, subsequently
enhancing the ec‘oriom_it feasibility of using oil palm in various applications, including bio-diesel. We
have cloned the gene of bietin carboxylase {accD) from E. guineensis Jacq. This gene encodes a plastid-
coded subunit of heteromeric acetyl-CoA carboxylase (ACCase). The cDNA of .aceD gene {accession
number DQV04687) has an open reading frame of 1479 bp that encades a putative protein of 492 amino
acid residues {AAY86362 ) with a predicted molecular mass of 55.47 kDa. The keterameric form of ACCase
is important as it catalyzes the first committed step of fatty acid synthesis. There is evidence thar
collectively suggests that the expression of aceD in plastids is crucial te the levels of heteromeric ACCase
and in turn, to the amount of seed oil in plant. Here we support the hypothesis that the expressicn fevel of

accD is correlated with the oil palm production by using a semi-quantitative reverse transcription
polymerase chain reaction (RT-PCR) and quantitative real-time polymerase chain reaction {real-time
PCR) analysis. Moreover, we observed the similar expression profile in nuclear-encoded subunit, biatin
carboxylase (gecC). This finding represents the genetic background of the expressed genes that correlare
to high yield in plant and that ACCase can be used as 1 marker in the breeding program.

© 2008 Elsevier treland Ltd, All rights reserved.

1. Iatroduction

Oil palm { Elaeis guineensis Jacg.) is a monocotyledonaus plarg of
the palm family (Arecaceae), with a lang life cycle and no natural
vegetative reproduction, Qil palm Is a species of particular
ECOROMIC importance as it provides one of the most important
sources of vegetable oil for use in a wide range of edible products.
The global production of palm oil in 2003-2004 was 29,1 million
tons, second only in importance to soybean {1}. Because of the oil
crisis, uses of palm oil will increase in the future becayse palm oil
has the potential for use in the production of bio-diesel. 0il palm is
cultivated in the inter-rropical regions of Asia, Latin America, and
Africa. The preferred plants for cultivation are tenera hybrids
(bearing fruits with shells of intermediate thickness). These

* Corresponding author at: Center for Genomics and Bioinformatics Research,
Faculty of Science, Prince of Sengkla University, 15 Kacnjanavanit Read, Hat-Yai,
Songkhia 90110, Thailand. Tel.: +66 74 2BB3I84; fax: +66 74 J8E3IH4.

E-moil address. pamorora@yahoo.com {A. Phongdara).

016834523 - see front matter @ 2008 Elsevier Ireland Led. Al rights reserved.
doi: H0LI1016{j.plantsci. 2008.05.023

originate from crosses between dura {thick shell) and pisifera
{thin shell) types [2.3]. Due o a long selection cycle, poarly
characterized genotypes and a high heterogeneity prevalent
among hybrids, the use of modern breeding strategies with DNA
marker-assisted breeding [4-6} is recommended for the improve-
ment of crop quantities and qualities. There has been considerable
work done to establish a genetic map for this species, notably by
using RFLP, microsateliite and transposon markers {4,7-11]. In
order to speed up the process of Crop improvement, one possible
marker looks up a key enzyme involved in fatty acid biosynthesis,
Biochemical studies have indicated that the acetyl-CoA carbox-
ylase (ACCase) gene product may be involved in the control of the
lipid accumuiation process [ 12}. The plant has two distinct forms of
this enzyme: the homomeric and the heteromeric forms. In
Arabidopsis, a2 hamomeric form of ACCase is encoded by two genes:
ACCI and ACC2 [13]. ACCT is present in the eytosol and ACC2 is
predicted by bicinformatics tool to be present in the plastid [ 14].
The genome information of four subunits of heteromeric Torm are
accC for a biotin carboxylase (8C), acc8 for biotin carboxyi carrier
protein (BCCPY, aceA for «, and aceD for @ subunits of carboxyl
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Fig. 1. Conserved zinc-bind

that of other aceD's. The s
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s foilows: £ guineensis {AAYBE362 ). Glycine max (AAABOG43), Lorus Japonicus (BAB33.2005),
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transferase (CT). The plastid-encoded subunit, aceD, draws our
attention due to the fact that the de novo synthesis of fatty acids
occurs in the plastids as mediated by ACCase. Recent studies
showed that the tobacco accD gene was transformed into plastids
causing an increase in the total ACCase levels and fatty acid content
of the plastids [ 15]. The findings suggest that the accD gene product
Catalyses the rate limiting step for fatty acid biosynthesis and the
expression of aceD in plastids might limit the total levels of
plastidic ACCase.

The aim of this study is ta clone the acch gene and the other
nuctear-encoded gene from oil palm (E. guineensis Jacq.), accC, and
to investigate the relationship of the expression profile of these
genes to plant productivity and oil production. The study focuses
on the regulation of plant heteromeric ACCase and the results will
benefit the breeding program in oil palm.

2. Materials and methods
2.1. Plant materials and total RNA isolation

teaves of 15-year-old plants, and mesocarp, 12 weeks after
anthesis (WAA) from oil palm fruits (E. guineensis Jacq., Tenera)
were excised from plants for RNA extraction, Total RNA was
extracted from 100 mg of young leaves with the RNeasy extraction
Kit (Qiagen) and 80 mg of 12 WAA mesocarps of oil paim fruits
using Trizol reagent (GIBCO BRL) according to the manufacturer's
instructions. The contaminated genomic DNA was remaved by
DNasel treatment. The total RNA obtained was used as a template
for cDNA synthesis,

2.2, Coning of accC and aceD in E. guineensis by RI-PCR

A fragment of accC and aceD was cloned by using reverse
transcription polymerase chain reaction (RT-PCR). Specific primers
were synthesized with the following sequences by Life Technoil-
ogies: aceC sense primer 5-TGA AGC ACC AAG CAG TCA ATC GTA
TTT A-3' and accC antisense primer 5'-AAA CTG TIC AGGTIC GTA
AGC CAG AC-3': accD sense primer 5'-CT ATA GCA ATT GGA GTT
ATG AAT T-3' and accD antisense primer 5'-CY GCT TGT GAA CCT
TCRGGY AC-3'. For a housekeeping gene, 185 rRNA primers, 18sF:
AAAGCAACCC TACGCTCTGG and  18sR: CGCTCCACCAACTAA-
GAACG, were used to amplify ribosomal gene in the RT-PCR
experiments. Total RNA (1 pg each) from oil palm samples was
used as the template in 50 il of a one-step RT-PCR reaction
mixture according to the manufacturer's instructions (Qiagen). The
reaction was started at 50 °C for 30 min followed by an initial PCR
activation step at 95 °Cfor 15 min, then 35 cyclesat 94 °Cfor 1 min,
48 °Cfor 1 min and 72 °C for 1 min. The program was terminated
by a 10-min incubation stepat 72 °C. PCR products were separated
on agarose gel, purified by using the QlAquick PCR purification kit
(Qiagen) and then ligated to the PGEM-TEasy vector {Promega).
The ligation mixture, containing product from the RT-PCR, was
transformed into Fscherichia col Top 10 F' competent cells, using a
heat shock method.

2.3, Construction of full length cDNA of accC and aceD gene
Rapid amplification of ¢cONA cnds (RACE) was performed by

using reagents of $ and ¥ RACE purchased from Life Technologies
and the reactions were conducted according to their instruction

manual (GIBCO BRL). Gene specific oligonucleotide primers for
aceC 5'RACE were as follows:

» - TGCAATAAATAAATACGATTGACTGCTTG-3
* 3-CCCAATAAAGTTGATTCCATGCTCTTT-3

* 3'-GCCACGAAAGATCACATCATACTTCEC-3'

*» 3'-CCAGGCTATGTGGTTCCTCCAAG-3

Gene specific oligonucleotide primers for acclr 5 and 3'RACE
were as follows:

o 5-GCT CCT CCA GAA GCA CAC AC-3

» 3-GTA GCA TAC TCG ATC AAA (GG GTG-3

+ ¥-CTA CAG ATC CCA TAC TAC CTC CC-3'

« ¥'-CTA CAG ATC CCA TAC TAC CT-¥

« 5'-CGA ICT CTA TAQ GGT TTC CCC TC-3

» 5-CGG ATC AAT CAA AAG TTC GAT TC-¥

* 5-GCCTAC ATT GCA TTT GCG GGC-3

+ 5-CAG TAC CCG AAG GTT CAC AAG CAG C-3

The PCR praducts were separated on an agarose gel, purified by
using the QlAquick PCR purification kit (Qiagen) and then ligated to
PGEM-TEasy vector (Promega) for sequencing.

24. Semi-quantitative RT-PCR analysis

... ‘Samples of 15-year-old oil paim leaves and thesacarp of fruits -
" 1-4'months after anthesis {with kernel inside) were used for the

semi-quantitative RT-PCR analysis. Total RNA was treated with
RQt RNase-free DNase (Promega) according to the manufac-
turer's instruction. Reverse transcription was carried out o 2-pg
total RNA as template in a 25 pl reaction volume using the M-
MLV reverse transcriptase (Promega) with a random primer. The
synthesized cHNA was diluted in water at 500 ngfpl before
proceeding to the semi-quantitative RT-PCR second-strand cDNA
amplifications. To amplify a 394 base pair (bp) fragment of acch,
both accD sense and accD antisense primers were used. On the
other hand, 185 rRNA primers were used fo amplify a PCR
product of 530bp in the RT-PCR experiments as an internal
control of gene expression. Conditions for the PCR reaction were
as follows: { cycle at 94 °C for 5 min, 28 cycles at 94 °C for 1 min,
48 °Cfor 1 min and 72 °C for 1 min. The program was terminated
by a 10-min incubation step at 72 °C. The PCR products from the
various experiments confirmed that it was in the linear range.
Agarose gel electrophoresis and the intensity of bands were
measured by densitometric analysis of the separated PCR
products. Expressions of accl) and accC transcripts at various
stages of oil palm leaf life were anatyzed and compared by using
the intensity ratio of the accl) and 18s rDNA bands with the Scion
image program.

2.5. €DNA standards and real-time PCR

External controls consisted of cDNA standards for the accD
gene, cDNA fragments were generated by RT-PCR using the same
peimers as given in the semi-quantitative RT-PCR analysis. These
amplicans were purified using the QlAquick PCR purification kit
{Qiagen} and cDNA fragment concentrations were measured with
an optical density spectrophotometer, The corresponding copy
number was calculated using the following equation: capy

Cuscuta reflexa (P31562). Pisum sativum (P18823 ), Oenothera ehata(NP_084700). Carpobromss duiomes (AAG32307}. Vibirio alginolyticus 12001 (20, 01 258871 } and Flavobacteria
bacterium BAL3I8 (2P _01733429) Positions where the amino acid residue is consecved in 100%, 80% and 60% of sequences are highlighted in black, dark gray and light gray,

respectivety. Number 1-V represeats each conserve domain,
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number=9.1 x 10'" « (g of cDNA standard)/size of cDNA in kb), 2.6. Sequencing and sequence analysis
Serial dilutions from the cDNA standard were used to generate a

standard curve in the range of 10'-10'"°copy number. Real-time The ¢DNA insert in the pGEM-TEasy vector was bidirectionat -
PCR was conducted by amplifying 0.5 g of cDNA with the iQ™  sequenced by the dideoxynucleotide chain-termination methad
SYBR*® Green Super Mix (BIO RAD) on the MX3000P™ real-time  of Sanger et al. using the automated DNA sequencer (ABI Prism
detection system { STRATAGENE®), Amplification conditions were 377 DNA Sequencer) according to the manufacturer's instruc-
94 °C for 5 min, followed by 40 cycles of 94 °C for 30s, 48 °C tions. Nucleotide and amino acid sequences were compared with
(depending on gene) for 30s, and 72 °C for 30s. Melting curve the database using the BLAST network service at the National
analysis of amplification products was performed at the end of Center for Biotechnology Information (NCBI) (htep:/f
each PCR reaction to confirm that one single PCR praduct was www.ncbinlm.oih.gov/BLAST/). Protein alignments were per-
detected by the SYBR Green dye. Quantities of specific mRNA in the formed using the using ClustalX 1.81 software [16] and the
samples were measured according to the correspanding gene atignment was used as an input file to the PHYLIP 3.57¢ paclkage
specific standard curve. Quantification of the samples by the [17]. The phylogenetic analysis was performed by maximum
software MaxPro QPCR Software (STRATAGENE®) was calculated parsimony using the PROTPARS program of the PHYLIP package.
from the cycle-threshold (Ct) by interpolation from the standard Support for the inferred groups was obtained by boatstrap
curve, to yield a copy number of the target sample. In every PCR analysis from 1000 replications of the data set using the SEQBOQT
run, negative (no template) samples were processed as a routine and CONSENSE pregrams. Phylogenetic tree was displayed using
quality contral of the assay. TreeView version 1.0 [18].
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V. alginolyticus 12G01 (£P_01258871) aad F. bacterium BAL3S (ZF _01733429).
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3. Results
3.1. Cloning and sequencing of cDNA encoding oil palm acch

The partial sequence of cDNA was obtained from an RT-PCR
reaction of RNA isolated from oil palm teaves and mesocarp using
accD sease and accD antisense primers, Sequence analysis shows
that che PCR products from leaves and mesocarp ace the same, that
it s a 395 bp fragment encoding for proteins with a deduced
peptide sequence of 130 amine acids. This sequence has the
highest similarity (97%) to the accD sequence from Spinacia
oleracea (NP_054945). Based on the sequence of the 395 bp
fragment, a set of gene specific primers was designed to obtain the
5" and 3’ ends followed by a 5' and 3' RACE protacet as described in
Section 2. The full-length cDNA of aceD gene in oil palm was found
to be 1529 bp {DQO04687). This sequence had an open reading
frame of 1479 bp starting with an initiation codon ATG at the
position 51 and ending with a termination codon TAG at position
1529 and a 50 bp 5 terminal. The encoded protein has 492 amino
acid residues (AAY86362) with a predicted molecular mass of
55.47 kDa.

3.2. Amino acid sequence alignment of accD

The amino acid sequences of plant accD's were aligned with the
deduced amino acid sequence of the aceD from oil palm. There
were no significant regions of homolagy evident in the N-terminal
region ‘of various accDs. There was-a highly conserved region
between amino acid 370 of plant accDs and the zinc-binding
domain (CX2CX15CX2C) is located at the central part of plant acen}
gene products (Fig. 1). The amino acid sequence from oil palm had
the highest similarity (83%) to the sequence of accD from Drimys
granadensis (YP_784395) and Liriodendron tulipifera (YP_740211}.
Five-conserved motif sequences present in all plant accD's were
also found in oil palm: (G/ASMGSICVIANG, (VILXI/L)(I/M/

L)V(C/S) (A/SISGGARM QE, QM(A/GIKI(S/AXS/AYA/VYL/S), PT(T]

AJGGVTAS(FILYGIAYMITILGDHIA/T)EP, and FACGKR(V/DIE(Q/
EXT/LIL (Fig. 1). The multiple alignment and PHYLIP analysis of
oil palm accD with plastid accDs from plants and bacteria
demonstrated that the oil palm acch sequence in this work is
highly related to the plastid accDs {Fig. 2.

3.3. Semi-quantitative RT-PCR analysis

Six samples of il pafm leaves from individual plants were used
for a semi-quantitative RT-PCR method with specific primers to
aceD, and 18S fDNA primers were used as an internal control to
ensure that the RT-PCR for each sample contained the same
amount of tota! RNA in all samgples tested. Table 1 shows the
productivity of the leaves of the individual palm trees used in this
study. The productivity was determined from the average amount

Tabte 1

the productivity of palm trees used in this study determined by the value of ffb/
palm collected from each tree over a period of 6 years
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Fig. 3.(A) Semi-quantitative RT-PCR analysis of accD expression in six samples of oil
palm leaves. The RT-PCR cycle number was selected to allow for linear ampiification
af the cBNA under study. 185 rDNA was amplified as 2 ¢cDNA loading control and ac
ethidium bromide-stained rDNA gef is shown to canficm the integrity of the RNA
sample. (B) The relative level of accll compared to 185 cONA was calculated fremthe
mmage using Scion {mage software, The data represents the average values from
three samples in each sample set.

of fresh fruit bunch (kg/palm, abbreviation ffb {palm) collected aver
4 period of 6 years. Samples were divided into twa groups: Group 1
are the samples with low production { <40 ffh/ palm) and Group 2,
the samples with high production {>150 ffb/palm). The results of
RT-PCR (Fig. 3A and B) demonstrated that che expression level of
accD was high in high-productivity plants and fow in low-
productivity plants.

3.4. Reel-time quantitative PCR to analyze the exprression levels of
acch

The real-time quantitative PCR amplification of accD was
petformed with specific oligonucleotide primers using the first
strand cDNAs prepared from RNA samples collected from ol palm
leaves. The specificity of the aaplified PCR products was
determined by melting curve analysis, directly following real-
time expression analysis. Sequencing of rthe amplified fragments
confirmed the identity of the sequences to the previeusly
asserbled accD from oil palm. Fig. 4A shows the standard curve
generated by serial dilutions from the cDNA of aceD in the range of
10°-10%opy numbers. The standard curve was used ta reveal the
expression of accD levels of individual samples. Each sample had
three replicates and all reactions were independently repeated
twice to ensure the reproducibility of the results. The observed
expression of accD by quantitative teal-time PCR, as shown in
Fig. 4B and C, demonstrated the high capy nuinbers of aceD in high
productivity plants and low copy numbers in low productivity
plants. The expression level of acch at different stages of fruit
development is compared by using RT PCR and real-time PCR,
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palm leaves.

which also demonstrates that there is a variation of the accD
tomponent mRNAS over the growth period of embryogenesis
consistent with the oil production, i.e., il content is higher in 4
menth fruit than in 1-3-month-old fruit (Fig. 5).

335, Semi-quantitative PCR to analyze the expression levels of accC

The full-length cDNA of accC (DQS531848) was obtained by the
same method that acch was cloned. Sequence analysis shows the
highest hamotogy of 93%, 91%, 90% and 57% to the accC sequence
with BC protein from Clycine max (AAC23573), Medicago truncatula

(ABE79204), Arabidopsis thaliana {AAK25989) and Chioroflexus
auraritiacus f-10-fl {ZP_00766319). The comparative amount of
aceC transcript in H1-3 and £1-3, measured by semi-quantitative
RT-PCR, carresponds to that observed in the acch transcript (Fig, 61,

4_ Discussion

Acetyl CoA carboxylase is the enzyme found in all kingdoms of
life except for the Archea, Chiamydomonas and several bacteria do
not have acetyl-CoA carboxylases. It catalyzes the fortuacon of
inatonyl-CoA from acetyl-coenzyme A {acetyl-CoA) and bicarbo-
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nate in the first committed step of de novo fatty acid synthesis [19].
Two distinct types of ACCase enzymes are found in nature; an £,
coli-type and an animai-type. in plants, there are two forms of
ACCase: a heterormeric form in plastids that is similar to the £, coli-
type [20} and a homomeric form in the cytasal that is similar to the
animal-type. In plastids, the heteromeric ACCase plays an
exclusive role in the biosynthesis of malonyl-CoA that provides
the essential substrate for fatty acid synthesis containing up to 18
carbons {21,22]. This enzyme is composed of four suburits: the
beta-carboxyltransferase (accD) subunit is encoded in the plastid
genome while the biotin carboxy-carrier (accB), biotin carboxylase
{accC) and alpha-carboxyltransferase (accA) subunits are eacoded
by the nuclear DNA [23,24]. The four genes of heteromeric ACCase
are thought to be coordinately expressed [25]. Turaham and
Northcote {26] reported that the ACCase is probably a rate-limiting
step in fatty acid biosynthesis in embryogenic tissue cultures of ail
palm. In a study of maize cell lines, ACCase was shown to have a
tole in regulating seed oil deposition [27,28|. Madoka et al. {15]
demonstrated that the accD gene is essential for oil production. [n
Madoka's wark, over-expression of the acch gene resulted in an
increase in the ACCase levels in tobacco. The level of the gcch
subunit is a determinant of final ACCase levels, and this final
enzyme level is in part controlled post-transcriptionally at the
level of subunit assembly. The resultant transformants grew
normally and the fatty acid content was significantly increased in
leaves. The transformants displayed extended leaf longevity and
had a twofold increase in seed vield over the control value,
eventually almost doubling the fatty acid production per
transformed plant relative to the control and wild-type plants.
These findings offer a potential method for raising plant
productivity and ol preduction,

Studies by quantitative trait loci (QTE) linkage analysis have
indicated that the ACCase gene is linked toa QTL linkage group that
has a major influence on the total lipid content of oat groars and
maize [2.29-31L In wheat plastids the ACCase genes are
transcriptionally active in seedling leaves [32]. These reports
bolster the hypothesis that ACCase has amajor role in determining
the oil content in crop ptants and allelic variants at known genetic
toci may be responsible for quantitative effects [28,33].

Our work here provides a report on the cloning and expression
of the plastid-encoded accD gene and nuclear-encoded aceC fens in
oil palm. A 1479 bp and a 2399 bp fragment of aceD and accC with
an open reading frame of a putative protein of 492 and 619 amino
acid residues, respectively were obtained. A multiple alignment
and PHYLIP analysis of this oil palm accD allows us to conclude that
our acel is like a plastid accD and is not like a homomeric ACCase.
The RT-PCR analysis indicated appareat coordination in the accD
expression levels during development of the 1-4 month fruit
componernts. Samples used in this analysis were obtained from
both low production plants (<40 ffb/paim} and high production
plants (> 150 ffb/palm). The amounc of fresh fruit bunch/palm (ffh/
palm) is the number that can be used to define the amount of oil
production. By using the sermi-quantitative RT-PCR technique, we
demonstrated for the first time that a higher level of acch
expression is correlated with the higher productivity and in turn to
the oil content. The reliability of this data was confirmed by using
real-time PCR analysis and the result sirongly indicates that the .
expression level of accD is directly correlated to the plant's
productivity. This is in accordance with several other wotls, ie.
over expression of the ACCase enzyme in tobacco leaves and in
Arabidopsis seeds resulted in an increased amount of triacyigly-
cerol [34,35]. When compared with the expression of nuclear-
encoded ACCase subunits, the expression profile of the aceC
transcript is very similar to that of the acch. This finding suggests
that subunit genes of heteromeric ACCase are coordinately
expressed. It is interesting to see if we can use the ACCase gene
and its allelic variants as one of the markers to assist with the
breeding and selection of elite oil praduciag variants.
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