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(1) N3RAUANBUBNUNANYINTY (Elaeis guineensis Jacq.) AANTT N lWszaIZAUNEAN
(2) PnutstsmaiugnasuuarameiugnessulsrmnsUfudsaes hauinsusiugning e,
(3) Correlation and path analysis of palm oil yield components in oil palm (Elaeis guineensis Jacq.)
(4) Over expression and application of the B-oarboxyltransferase (EgaccD) gene in ail palm

(Elaeis guineensis Jacq.)
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LWANKAT 41 (2) 1 111-120 (2556). KHON KAEN AGR. J. 41 (2) : 111-120 (2013).

v df ¢ o @ _ _ _
NIADVAUBIVOINUGLNANVNNY (Elaeis guineensis Jacq.)
A Yy oy
aomslrriluszazauna

Response of oil palm (Elaeis guineensis Jacq.)
genotypes to irrigation regimes at seedling stage

=Y = 6'1 ={ 0'1* v J 1
I Yyezaauun', 53¢ enauniunyg” uay mduy agh

Vipawee Bunyatulanon', Theera Eksomtramage!* and Sayan Sdoodee!

v v
er = o

UVAREa: NTANMIATILANTUNIIMAREITIMINABUTIUNAN W.A. 2553 B9 ROUEELY WA, 2554 HInds
avran Taedlinglsrasdifednmnisneusuamisdising uarnstALTaTesufdnintusanis iy
Tusrazndrreatdaningiy Tmﬂlﬁ’ﬁuﬁ'ﬂﬂﬁuﬁﬁﬁugnuﬂumm'aﬁ MU 5 Wug Asvuguuauila (NP) Tnasmisu
LT (GT) 4.9.139 1.9.140 uar 1.9.81 lnganurumMmaasduuuunnmeFualuuuu CRD (Factorial Experiment
in CRD) il 3 sz@umsvhinAe Whinnds (Aauas) N 4 $u uaz 8 Fu ¥ 3 91 HudnIReURUBINNNEIAINE
saegundnduniniuseaniozenaia gaualinnsdnininly Andrasinluly LATEMTINNTAIUATISAU AT

o oo

4 } -ﬂ: % E o ar = :: N b % o li:: o !: o «cll ar =l
AUNAWLILNN 4 U uaz 8 Ju fiAandrsundndunid i ldFnimndu SasireanisneuauemngsSmen
1991 auTUi 5 WugiuegiuseAuauguLsITesnNRTamin AnnsTiufinnseiuELlamtedndu
b I b % .:"i' ni t o’ I p X v a ‘1: o ' r

laun sunslausiu Arugesi Armeavalu Auily wastiwinufesesdu wudn sundudusinidinnng s,

as ; ar & % r w o r ar =i = = -ﬂ; p 7 = T
YN 49U anansnRUFIMaIINAN IMUAILA daunnslviinn 8 du sundmhdniniuiinassofulafidnas man s
ANAVANNUETBNANE U NAFUNALARINT wudn dnmurdaulunifiaauduiuslunisuaneteiitadn g of
NNANAN P<0.05 w7a P<0.01 1Aun Srusuluvenuaslusuun Arugiamiely ANGIFIY UATTUIATAUAL
AVAIATY: AUNA ALY, AN19TUAY, NIFABLAUBINNETIINEN, ENAUNUE

ABSTRACT: This study, which was carried out from March 2010 to April 2011 in Songkhla province, aimed to
evaluate the growth, physiological responses, correlation and heritability at the seedling stage of oil palm subjected
different irrigation regimes. Five oil palm varieties (hybrid tenera) including Nongped, Golden Clonal Tenera,
PSU-139, PSU-140 and PSU-81 were used. The experiment was arranged as a factorial experiment in CRD.
The five oil palm varieties were subjected to 3 irrigation regimes: daily watering, or control; 4-day interval watering;
and 8-day interval watering. The experiment showed that there were some physiological responses of the cil
palm seedlings to water deficits in both 4-day and 8-day interval watering treatments, resulting in lower stomatal
conductance, lower leaf water potential, lower the rate of dehydration and lower net photosynthesis compared to the
control. The degrees of physiological responses of the five oil palm varieties depended on the magnitude of water stress.
The oil palm seedlings which were recorded for vegetative growth showed that those imposed with 4-day interval
watering could recover from the dry condition while those imposed with 8-day interval watering had decreased growth
rates. The correlation coefficients among the traits were positive at the significance level of P<0.05 or P<0.01. These
traits included the number of lanceolate leaves, number of pinnate leaves. plant height, width of bulb and leaf length.
Keywords: oil palm seedling, drought, physiological responses, correlation
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Department of Plant Science, Faculty of Natural Ressources, Prince of Songkla University Thailand, 90112
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Lﬂumﬁumwmﬁmﬁimﬂwﬁﬁqﬁﬂm“ﬁutﬁﬂ
uarseaulseng mmmmmmﬁuﬁmmnmau
muumnm?uumu%uwaﬂq mmmnﬂmumuu
Lfluww‘lumuuamamLuamﬂunuwmmuu
‘Buﬂ'ﬂu (‘ﬁ‘i“‘" WATATUY, 2548) uﬂnmnu Ruma
(2007) a19lme Okwuagwu et al. (2008) N&19"
1_I'mumuutﬂuwmmﬁuwummﬁ'}mmﬂumu 2
fnanaadlulaiuiouastinmu Taslulszme
TuRFas897149 ﬁuamamﬂmumuumnmq 70%
gaaRanTaMNARIN1 T In AT muﬂﬂﬁu
muw.i’luwwmmmﬂmmm’lum?mcyLmuim 34
13’1&.1‘.1uﬁqﬁ’amﬁrywmnmm?w&mLmu‘tmmz
HANAATEINT Tmﬂn'ﬁ‘mmﬁﬁﬁuaﬁiﬁﬂm@?m BILL6
wazisunnunananaalau (Dufrene et al., 1992
a19lael Kallarackal, 2004) mninranatnly
Unanagiaiiuani11in1sva w91 aug1aa
1N wasiinuilutas wag I lulduangun
HUA LHNTULHNINT99 TUE TSI AT HUARENTIL
LAUENTRY TINIR AR LN A N1TLRITULAY
NITWRIUITDINARA FEILT UN U (ﬁsmqvﬂf LWASATULY,
2547) enanidieRaannatnaw UL
wﬂﬂnw‘mﬂumalwmﬁ‘@muwmwmmnmuamm
YUNAVBITAALANAY NTTUIUNTTAIUATICT LA
AaUnd Suiinann Wisuiadiaowie nsa¥eanmns
Sl lsiiai ﬁmﬂnvi’nnm@?mtﬁuim LRSI
ﬂ?yawmwL‘nuutﬂummmun@ cuvane e
(UNNT, 2543) muuﬂrywmﬂqmquﬂuwm
wmmumum'lﬂnumﬂmwuﬁm (83A0, 2551)

o ddu

atinelsinunsfiarlngnduinuiians s
ﬂnmuﬁ”mi‘mmu‘[m'lé’ﬁﬁu Tusrasndndaniniu
Facldiuninatruiaanaiunudeanisluwsas
daaa1g nndnthdninTulduinldieaweasd
HAN AU NLAAIANHUTENITHALNR 11U

TuGEumass nanalulvsidy ngulugeuiniengu

WAUINEAT 41 (2) : 111-120 (2556).
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KHON KAEN AGR. J. 41 (2) : 111-120 (2013).
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Figure 1 Comparison of the seedlings of the five oil palm varieties under 3 irrigation regimes at 9 months after

starting the experiment.
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Table 1 Means of leaf water potential and stomatal conductance of the five oil palm varieties and three
irrigation regimes at 9 months-old seedling

—— ———— = — = == =

Leaf water potential

= — = e e e = == —_ = =

Stomatal conductance

_ (MPa) B ) (MM m™s™) ]
Varieties daily 4-day 8-day Mean daily 4-day 8-day Mean
controlr) . Interval  interval ‘ _g:ontro_l_) interval  interval

NP -1.13 -1.30 -1.68 -1.37 85.00 45.00 10.00 46.67
GT -1.00 -1.15 -1.88 -1.34 105.00 55.00 10.00 56.67
PSU-139 -0.75 -1.60 -1.93 -1.43 85.00 20.00 10.00 38.33
PSU-140 -0.60 -1.28 -1.55 -1.14 120.00 20.00 15.00 01.67

PSU_:81 , —0.%9 - -1.75 -1.75 -1.47 115.00 B 60.@* 10.00 61.67
Mean ° 088a  -142b  -1.76c  -1.35 102.00a  40.00b  11.00b 51 00

e ==

———= =

' Means with the same row followed by the d:ﬂ’erent letters are s:gmﬂcantly difference aceordlng to DMRT
(P<0.05)

Table 2 Means of transpiration rates and photosynthesis rates of the five oil palm varieties and three irrigation
regimes at 9 months-old seedling

- =

Transpiration rate Photosynthesis rate

(MMH.O m?s™) (MMCO, m<s™)
Varieties daily 4-day 8-day Mean daily 4-day 8-day ;A_ean
o control)  Interval interval _ (control) interval inter\fal
NP 1.11 0.64 0.18 0.64 4.04 2.52 0.79 2.45
GT 1.48 0.87 0.25 0.87 3.48 1.95 0.67 2.03
PSU-139 125 0.34 0.22 0.60 3.40 1.24 0.60 1.75
PSU-140 1.56 0.37 0.28 0.74 3.60 1.54 0.59 1.91
_ PSU-81 148 0.94 0.23 088  4.20 _2.29 0.82 243
Mean ' 1.37a 0.63b  0.23c 0.75 3.74a 191 069c 211

' Means with the same row followed by the different Ietters are significantly dafference according to DMRT

(P<0.05)
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Genotypic Variability and Heritability of Improved SUP-PSU Oil Palm
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Sitthipong Promma, Suriyakan Srithaworn and Theera Eksomtramage

Abstract

The objective of this study was to evaluate the genotypic coefficient of variation (GCV) and broad-sense
heritability (hzb) of'yield, and yield components and vegetative traits in two SUP-PSU improved populations
(D x P and T x P populations). These populations were grown at the Klong Hoi Khong Research Station,
Faculty of Natural Resources, Prince of Songkla University, Thailand, using completely randomized design
(CRD) with 6 replications. Yield, yield components and some vegetative traits were continually recorded
for seven months. Variance components, GCV and hzb were estimated using ANOVA. The results revealed
that all observed traits in D x P population showed high GCV (6.61-25.82%) and showed low to moderate
hzb (16 - 50%) where, in the T x P population, only fresh fruit bunches, bunch number and trunk diameter
revealed high GCV (29.41 19.86 and 7.82%, respectively) and revealed low - high hzb (18%, 12% and 70%,
respectively). This result indicated that interesting traits in D x P population also represented high genetic
variation, so selection in this population may be more effective.
Keywords : Oil palm, yield and yield components, vegetative trait, genotypic coefficient of variation,
broad-sense heritability
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Table 1 Analysis of variance of yield and yield components in two oil palm populations
MS*
Source of variation d.f.
FFB BN ABW
DxP population
Genotypes 6 394.88 50.76* 1.73%*
Error 35 173.55 18.72 0.49
TxP population
Genotypes 3 977.65 53.17 0.75
Error 20 421.34 29.12 1.16

* ** significant difference at p < 0.05 and 0.01 levels, respectively

*FFB : fresh fruit bunch, BN : bunch number, ABW : average bunch weight

{ y a v 9 £ a d a
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thansieiu 2 Uszvins

Table 2 Means, range, variance components and broad - sense heritability of yield and yield

components in two oil palm populations

Trait® Mean Range GCV (%) PCV (%) gzg gzp K (%)
DxP population

FFB (kg/palm/season) 24.71+£14.05 1.60-58.30 24.58 58.71 36.89 21044 18
BN (no./palm/season) 8.95+4.84 1-21 25.82 54.81 5.34 24.06 22
ABW (kg/palm) 2.77+0.82 1.15-498 16.41 30.13 0.21 0.70 30
TxP population

FFB (kg/palm/season) 32.74422.22 4.6-80.87 2941 69.25 92.72 514.06 18
BN (no./palm/season) 10.08+5.68 2-21 19.86 57.10 4.01 33.13 12
ABW (kg/palm) 3.17£1.05 1.62-5.68  0.00 32.96 -0.07 1.09 0

*FFB : fresh fruit bunch, BN : bunch number, ABW : average bunch weight
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Table 3 Analysis of variance of vegetative traits of two oil palm populations

Source of variation d.f. MS

RL FP LA LDW TD TH
DxP population
Genotypes 6 5541.12  0.71*¥*  146175020*%*  0.07 138.48**  1551.82%*
Error 21 2318.38  0.15 31943000 0.04 27.49 349.32
TxP population
Genotypes 3 536.39 0.04 18015477.6 0.37 83.5%* 137.14
Error 12 1289.94  0.09 14752154.7 0.38 8.13 139.74

RL: rachis length, FP: frond production, LA: single leafarea, LDW: single leaf dry weight, TD: trunk diameter,

TH: trunk height .

** significant difference at p<0.01 level.



http://tracker-software.com/product/pdf-xchange-editor
http://tracker-software.com/product/pdf-xchange-editor
http://tracker-software.com/product/pdf-xchange-editor
http://tracker-software.com/product/pdf-xchange-editor
http://tracker-software.com/product/pdf-xchange-editor
http://tracker-software.com/product/pdf-xchange-editor

NINITMAIHYININMS 10(1) 1.9, - 3.8, 2555
Hatyai Journal 10(1) Jan - Jun 2012

M9 4 Aunde g mmuﬂsﬂﬂmmmﬂﬂswnau OATINUENTTNOE 1INV NIV IANYAUT NG
yasvethduninhs 2 Uszsns

Table4 Means, range, variance components and broad-sense heritability of vegetative traits in two oil

palm populations

GCV

PCV

Trait Mean Range %) %) o’ o’ hzb(%)
DxP population

RL (cm) 331.80+55.10  227-467 8.55 16.85  805.69 3124.07 26
FP (frond/month) 2.71+0.53 1-3.4 13.81 19.87 0.14 0.29 48
LA (m) 2.96+0.76 1.58-5.2 18.06  26.29  28558005.00  60501005.00 47
LDW (kg) 1.31+0.22 0.82-1.78  6.61 16.64  0.01 0.05 16
TD (cm) 50.80+7.20 40-67 1037  14.63 27.75 55.24 50
TH (cm) 114.11+24.83  66-167 15.19 2234  300.63 649.95 46
TxP population

RL (cm) 326.19+33.75  286-391 0.00 10.17  -188.39 1101.55 0
FP (frond/month) 2.64+0.27 2.2-3.4 0.00 10.55  -0.01 0.08 0
LA (m) 2.76+0.39 2.16-3.51 3.27 14.27  815830.73 1556798543 5
LDW (kg) 1.56+0.55 1.00-3.28  0.00 39.39  0.00 0.38 0
TD (cm) 55.50+4.82 46-65 7.82 9.36 18.84 26.97 70
TH (cm) 119.62+11.79  100-138 0.00 9.86 -0.65 139.09 0
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Correlation and Path Analysis of Palm Oil Yield Components
in Oil Palm (Elaeis guineensis Jacq.)

Sudanai Krualee, Sayan Sdoodee”*, Theera Eksomtramage
and Vinich Sereeprasert

ABSTRACT

This research aimed to evaluate the correlation coefficients, direct effects and indirect effects
of agronomic characters on palm oil yield components for selection and improvement of next-generation
oil palm populations. The seven crosses of oil palms aged 4 yr were investigated at three locations in
southern Thailand. The experiment at each location was designed as a completely randomized design
with five replications. Data on bunch yield, yield components and bunch components were collected
from July 2009 to June 2010. Combined analysis was used to estimate the variance and covariance for
the calculation of correlation coefficient and path coefficient values. The results showed that the bunch
yield, single weight, fresh mesocarp per fruit and fruit per bunch had positive genotypic and phenotypic
correlation coefficient values with regard to palm oil yield (1.03, 0.93, 1.70, 0.13 and 0.85, 0.56, 0.32,
0.34, respectively). The path analysis indicated that the bunch yield, fresh mesocarp per fruit and fruit
per bunch had a positive direct effect on both the genotype and phenotype of palm oil yield (1.32, 0.68,
0.27 and 0.94, 0.20, 0.3 1, respectively). Although, the single weight had a positive correlation coefficient
value for both genotype and phenotype, it had a negative direct genotypic and phenotypic effect on palm
oil yield. Therefore, palm oil yield improvement should be considered especially in terms of the bunch
yield, fresh mesocarp per fruit and fruit per bunch, because these characters had high, positive direct
genotypic and phenotypic effects on palm oil yield.

Keywords: correlation, path analysis, oil yield, oil palm

INTRODUCTION

Oil palm (Elaeis guineensis Jacg.) can
produce a greater oil yield than other oil plants
(Corley and Tinker, 2003). Its oil is used by various
consumers (Eksomtramage, 2010a). In Thailand,
oil palm demand has been increasing continuously
since 2006, but the domestic production of palm
oil inside country has been balanced with palm
oil demand; however, climatic variability may
be causing the bunch yield and palm oil yield

to decline (Bureau of Agricultural Economics
Research, 2012). To avoid the risk of insufficient
palm oil, it is essential to increase palm oil yield to
correspond with consumer’s demand and storage
requirements. One of the many methods available
is oil palm breeding to augment oil yield.

Palm oil yield is involved with many
agronomic characters; moreover, environmental
influences on this phenotype are considerable
and so heritability is low (Rafii et al., 2002; Noh
et al., 2010). It is very difficult to improve palm
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oil yield directly. Consequently, palm oil yield
enhancement should consider other agronomic
characters that relate to oil yield traits.

The correlation coefficient is a parameter
that is used to evaluate the relation between
traits. The range of the correlation coefficient is
between -1 and 1. A positive correlation between
traits indicates that if one character increases, the
other character increases too. On the other hand (a
negative correlation), if one character increases,
the other character will decrease. The genotypic
correlation coefficient is another parameter that is
used by breeders and is applied to pleiotropic genes
and linkage genes. The correlation coefficient
value associated with pleiotropic genes is
important because it is the net effect of genes
controlling traits that are correlated. Furthermore,
the effect of pleiotropic genes can be obtained
every generation. This contrasts with linkage
genes which are expressed especially in early
generations (Dobholkar, 1992). To improve plants,
the correlation coefficient is essential to determine
the criteria of selection (Falconer, 1981).

Since the value of the correlation
coefficient between characters is the sum of the
effects that influence the character of interest,
this value has a combined indirect effect. It is
necessary to subtract the indirect effect from the
total effect. The remaining value is the direct effect
that describes the direct relation of one trait to the
trait of interest. These processes are analyzed by
path analysis which is essential to plant breeders
because it helps breeders to choose correctly
the important and related traits to the trait of
interest.

The objective of this research was the
evaluation of the correlation coefficients, direct
effects and indirect effects of agronomic characters
on the palm oil yield of seven oil palm crosses.
These data can be applied to select and improve
oil palm populations in future generations.

Kasetsart J. (Nat. Sci.) 47(4)

MATERIALS AND METHODS

The seven oil palm crosses were from a
single cross from Dura (D) x Pisifera (P) planted
at three locations in southern Thailand—Huea
Khlong district, Krabi province, and Ronphibon
district and Cha Uat district, Nakhon Si Thammarat
province. At each location, the experiment was set
up as a completely randomized design with five
replications (that is, five oil palm trees). The bunch
yield, yield components and bunch components
of oil palm crosses aged 4 yr were collected in
July 2009 —June 2010 by the method of Blaak et
al.(1963) as cited in Corley and Tinker (2003).
Finally, all data were analyzed by combined
analysis to estimate the variance and covariance
for calculation of the correlation coefficient value
and path coefficient value of the genotype and
phenotype.

To separate the variance and covariance
components of combined analysis (Table 1),
the variance and covariance components were
substituted in Equations | and 2 to calculate the
correlation coefficient value.

ro= GXY(Q) (1)
9 [2 2
O x@) O y()
c
= —2 (2)

N 2
O x(m) O y(p)

where 1y is the genotypic correlation coefficient
value and r, is the phenotypic correlation
coefficient value

The significance of the correlation
coefficient value can be tested by comparison
with an r table using the degrees of freedom being
n-2.

The correlation coefficient value was
used to in the path analysis to calculate the direct
and indirect effects of other traits on the trait
of interest (Arnhold et al., 2006). Singh and
Chaudhary (1979) explained path analysis method
using Equation 3 as follows:
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From the correlation coefficient value

_ S (3)
2 2
VG x(p) O y(p)

The path coefficient value can be
calculated from

rp =

a= %
Oy
Likewise
b= Ox2
Oy

and so on. Then, the path coefficient values
(a, b, c,...) can be substituted in the simultaneous
equation r (x1,Y) = a + r(x1 , x2)b + r(x1 , x3)
c...
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RESULTS AND DISCUSSION

Average agronomic characters

Tables 2 and 3 show that the crosses did
not affect the agronomic trait averages, so the
different crosses did not influence the traits. On the
other hand, location and the interaction between
locations with crosses affected the average of
agronomic traits significantly at both the P <0.05
and P <0.01 levels. Consequently, different factors
would influence the differences in traits.

Correlation
The bunch yield, single weight, fresh
mesocarp per fruit and fruit per bunch had positive

Table 1 Variance and covariance component of combined analysis.

Source of df Expected mean square
Variance X Y XY
'(-If’)cation " (e TTO%(1g) TTVOPx() Oy (e 1Oy (1g) TTVO?y () Oxy(e) TOxy(lg) TTVOxy()
_ (e 10 (1g) T T10% g) Py (e TT0%y 1gyHTIo%yg) Sxy(e) Ty (1g) T T10xy(g)
Variety (V) v-1
(e TG (1g) %y(eyTT0%y(1g) Sxy(e) Ty (Ig)
LxV (I-1)(v-1)
o2 o2 G
Error I(v-1) X© e )
Total lv-1
df = Degrees of freedom, 1=Number of locations, v = Number of varieties.
Table 2 Agronomic characters of palm oil yield components.

Cross  Oil yield Yield NB SW  DMFM FB FMF ODM OB
501 8.10 38.61 16.47 2.38 69.02 54.76 74.64 70.50 19.93
506 7.81 36.1 14.00 2.68 67.59 57.22  78.19 7391 21.87
512 12.11 55.23 16.60 3.22 68.29 56.18 76.26 73.15 21.32
514 7.78 40.19 14.00 2.85 65.36 59.17  70.56 71.86  19.61
521 6.92 33.51 13.53 2.69 65.16 57.00 71.37 75.19 19.89
523 8.08 38.63 13.07 3.11 66.34 59.15  73.11 74.16  21.09
530 5.67 27.87 13.40 2.28 66.21 53.91 72.56 75.79  19.89

Mean 8.07 38.59 14.44 2.74 66.85 56.77  73.81 7351 20.51

OY = Oil yield, NB = Number of bunch, ODM = Oil per dry mesocarp, Y = Bunch yield, FMF = Fresh mesocarp per fruit,
FB = Fruit / Bunch, SW = Single weight, DMFM = Dry mesocarp per fresh mesocarp, OB = Oil per bunch.
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genotypic and phenotypic correlation coefficient
values for palm oil yield (1.03,0.93,1.70, 0.13 and
0.85, 0.56, 0.32, 0.34, respectively) as shown in
Table 4. Clearly, if the bunch yield, single weight,
fresh mesocarp per fruit and fruit per bunch were
improved, the oil yield might be increased. In
particular, the bunch yield had a high positive
phenotypic correlation and so is an important trait
for palm oil yield. Kushairi et al. (1999) and Okoye
et al. (2009) reported that the bunch yield had a
significant correlation with palm oil yield. The
fresh mesocarp per fruit was another character that
was important; it was also positively correlated
with palm oil yield (Table 4).

Kasetsart J. (Nat. Sci.) 47(4)

Path analysis

From the genotypic path analysis of the
agronomic characters affecting palm oil yield, it
was clear that the bunch yield, fresh mesocarp per
fruit and fruit per bunch had a great direct effect on
palm oil yield (1.32, 0.68 and 0.27, respectively).
In addition, the genotypic correlation of both traits
was also high. On the other hand, single weight
had a negative genotypic path coefficient value but
it had a positive genotypic correlation coefficient
value on palm oil yield due to the single weight
character having a positive indirect effect on palm
oil yield through other traits, especially the bunch
yield (Table 5).

Table 3 Analysis of variance of agronomic characters of palm oil yield components.

SOV df Mean square
oYy BY SW NB FMF DMFM ODM FB OB
Cross (C) 6 58.99ns 1066.34" 1.81m 32.38™  111.08" 32.77m 51.29ns 60.61"  11.94n
Location (L) 2 400.95** 6731.34** 1548** 909.07** 1214.11** 1289.42** 109.28** 371.14** 251.05**
CxL 12 55.75** 972.18**  0.96*%*  40.66**  4505**  82.49** 18.93™ 38.03"  22.35*
error 84 7.26 111.38 0.30 8.28 13.82 32.37 11.38 46.74 10.98

s = No significant difference, * = Significant difference at P < 0.05, ** = Significant difference at P < 0.01.
OY = Oil yield, NB = Number of bunch, ODM = Oil per dry mesocarp, Y = Bunch yield, FMF = Fresh mesocarp per fruit,
FB = Fruit / Bunch, SW = Single weight, DMFM = Dry mesocarp per fresh mesocarp, OB = Oil per bunch.

Table 4 Genotypic correlation (upper slope) and phenotypic correlation (lower slope)

oYy Y SW NB FMF DMFM  ODM FB OB
oYy 1.03 0.93 N/A 1.70 N/A -4.05 0.13 N/A
Y 0.85™ 0.93 N/A 1.09 N/A -3.25 0.88 N/A
SW 0.56™ 071" N/A 0.25 N/A -0.52 1.12 N/A
NB 0.38"" 040" -0.27™ N/A N/A N/A N/A N/A
FMF 0.32™ 017" 0.13n  0.00M N/A -0.29 -0.70 N/A
DMFM  0.30™ 0.10" 0.07m  0.02™ 0.28™ N/A N/A N/A
ODM -0.24*  -047™ -031™ -0.22* -0.04" 0.02ns -0.38 N/A
FB 0.34™ 0.05" 0.05m™ -0.01™ -0.05" -0.25™" 0.03ms N/A
OB 0.46™ -0.02" 0.00m -0.03" 0.39™ 0.36™ 031"  0.66™

N/A = Not available because genetic variation = 0.

s = No significant difference, * = Significant difference at P < 0.05, ** = Significant difference at P < 0.01.

OY = Oil yield, NB = Number of bunch, ODM = Oil per dry mesocarp, Y = Bunch yield, FMF = Fresh mesocarp per fruit,
FB = Fruit / Bunch, SW = Single weight, DMFM = Dry mesocarp per fresh mesocarp, OB = Oil per bunch.
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Table 6 shows that the bunch yield, fresh
mesocarp per fruit and fruit per bunch had high
direct phenotypic effects on palm oil yield (0.94,
0.20 and 0.31, respectively). Correspondingly,
their phenotypic correlation coefficient values
were quite high. According to Eksomtramage
(2010b), the bunch yield and fresh mesocarp
per fruit had a direct phenotypic effect on
palm oil yield. Conversely, single weight had a
negative phenotypic path coefficient value but
its phenotypic correlation coefficient value was
negative due to the single weight character which
was expressed mostly through the positive indirect
effect on the bunch yield character.

CONCLUSION

The evaluation correlation coefficient of

Kasetsart J. (Nat. Sci.) 47(4)

agronomic characters of palm oil yield showed that
the bunch yield, single weight, fresh mesocarp per
fruit and fruit per bunch had positive genotypic and
phenotypic correlation coefficient values for oil
yield. The path analysis indicated that the bunch
yield, fresh mesocarp per fruit and fruit per bunch
had positive genotypic and phenotypic direct
effects on palm oil yield. Thus, the bunch yield,
fresh mesocarp per fruit and fruit per bunch should
be considered when selecting for improvement in
palm oil characters. While the single weight had
positive genotypic and phenotypic correlation
coefficient values, it had a negative genotypic
and phenotypic direct effect. However, the single
weight character had a high positive genotypic and
phenotypic indirect effect through the bunch yield
character.

Table 5 Genotypic path analysis of agronomic characters of palm oil yield.

Variable Direct and indirect effect r
Y SW FMF ODM FB

Y 1.32 -0.63 0.74 -0.64 0.24 1.03

SW 1.23 -0.67 0.17 -0.10 0.31 0.93

FMF 1.44 -0.17 0.68 -0.06 -0.19 1.70

ODM -4.30 0.35 -0.20 0.20 -0.10 -4.05

FB 1.16 -0.76 -0.47 -0.08 0.27 0.13

The underlined numbers show a direct effect while numbers not underlined show an indirect effect.

Y = Bunch yield, SW = Single weight, FMF = Fresh mesocarp per fruit, ODM = Oil per dry mesocarp, FB = Fruit per bunch.

Table 6 Phenotypic path analysis of agronomic characters of palm oil yield.

Variable Direct and indirect effect r
Y SW FMF ODM FB

Y 0.94 -0.06 0.03 -0.08 0.01 0.85

SW 0.67 -0.09 0.02 -0.05 0.02 0.56

FMF 0.16 -0.01 0.20 -0.01 -0.02 0.32

ODM -0.44 0.03 -0.01 0.17 0.01 -0.24

FB 0.04 0.00 -0.01 0.00 0.31 0.34

The underlined numbers show a direct effect while numbers not underlined show an indirect effect. Residual (Pg?) = 0.125.

Y = Bunch yield, SW = Single weight, FMF = Fresh mesocarp per fruit, ODM = Oil per dry mesocarp, , FB = Fruit per bunch.
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Abstract

O1l palm is an economic crop with its oil currently in hi
the key genes involved in fatty acid synthesis and oil producti

a— — h =

gh demand. In this work, the numbers of EgaccD copies, one of
on, were compared from two populations of oil palm, one a low

and the other a high oil content productivity cultivar. Real time PCR was employed and the copy number of the EgacceD from
the high oil yielding cultivar was much higher than from the low oi] ytelding cultivar. The EgaceD was then over expressed In

oil palm calli under the control of its promoter to establish if its overex

pression could enhance the oil content of transgenic

calli. An increase in the lipid accumulation by the modified calli was detected by Sudan black B staining. Based on this

finding, genetic manipulation of EgaceD seemed to be one promising method to try t
possible to use the level of this gene as a marker to assist selection

programes.

o increase the oil content. Also it seemed
of possible high oil yielding cultivars in breeding

Keywords: copy number, EgaccD, marker assisted selection, palm oil content

1. Introduction

Oil from the fruit of the oil palm (Elaeis guineensis
Jacq) is becoming one of the major sources for bio-diesel
production. Its annual production per hectare of planted area
can be as high as 7,250 liter/year, which is far higher than
for coconut and soybean (Majid and Parveez, 2007). The
preferred cultivation is tenera (Sh'Sh") hybrid was derived
exclusively from the dura (Sh'S") X pisifera (Sh'Sh) of E.
guineensis Jacq. Tenera produces higher yields than its
parents so its planting is recommended and widely distrib-
uted (Billotte et a/., 2010). At present, the worldwide demand
for palm oil is continuously increasing. However, production

* Corresponding author.
Email address: joy alisa@yahoo.com
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of new and better elite genotypes from breeding programs
has been extremely slow and has only increased yields
slightly (Corley and Tinker 2003). However, the use of high
ytelding planting materials is one of the most important ways
that could lead to increased oil palm productivity. This
would decrease the time necessary to quickly disseminate
these elite genotypes obtained from breeding programs (Lin
et al., 2009). Even though conventional breeding programs
have made some contributions to the production of high
yielding oil palm planting materials, progress is considered
to be slow due to a limited genetic diversity and the length of
the selection cycle for oi] palm (Wong and Bernardo, 2008).
Further improvements using molecular genetic strategies
have now been given a priority to ensure successful mani-
pulation of oil palm for years to come. Such molecular
techniques have shortened the duration of the breeding
programs irom years to months, weeks, or even eliminated
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$the need for them altogether (Mayes et al., 2008; Stuber
ta! 1999).
One of the approaches that might overcome potential
#problems is to try metabolic engineering of some of the key
'enes required for oil biosynthesis and/or for use as a
, _'I arker to select high yielding oil palm cultivars (Tester and
{ angridge 2010; Varshney ef al., 2007). Several publications
ghave shown a correlation between the activities of acetyl-
§CoA carboxylase (ACCase) and the rate of fatty acid synthe-
§is and oil accumulation (Francki et al., 2002; Klaus et al..
| ;? 004). In barley, maize and tobacco, ACCase was proven to
j:- the key enzyme in controlling triacylglycerol biosynthesis
(Page er al., 1994; Shintani ef al., 1997). The ACCase enzyme
s a multlsubumt complex of four components, a biotin
arboxyl carrier protein (BCCP), biotin carboxylase (BC), and
ihe o-subunit and the B-subunit of carboxyltransferase
ICT). These four components are encoded by four subunit
genes named accB, accC, accA, and accD, respectively, as
reviewed by Li e al. (2010). In a previous study, there was
2 strong indication that the expression level of B-carboxyl-
ransferase (EgaccD) mRNA was directly correlated with the
pil palm’s productivity (Nakkaew et al., 2008). It was of
interest, therefore, to use a plastid-encoded subunit of the
EgaccD gene as a marker to assist in the selection of high oil
producing variants. Also was it possible to determine if there
was any correlation between the copy numbers of the
EgaccD gene from the plastid genome and a high producti-
ity plant. Furthermore, a transgenic approach was used to
letermine the importance of the EgaccD from a plastid
senome for production and accumulation of oil. In this study,
ransgenic oil palm calli were produced and checked for their
ipid accumulation. This work is the first attempt to enhance
pil palm productivity by genetic modification of the EgaccD,
) subunit of ACCase in oil palm.

Materials and Methods
.1 Plant materials

| Difterent tenera cultivars of Elaeis guineensis were
ed as the source of the embryos to produce callus. The
terilised fruits were halved and the embryos were extracted.
ese embryos were cultured on MS media supplemented
ith 2.5 mg/L 2,4-D at 25°C and subcultured onto fresh
ledia every month. After one month of culture, small calli
ere observed and they were used for transgenic studies.
¢ leaves were harvested from fifteen-year old oil palm
ants for the isolation of chromosomal DNA for the detec-
on of the copy number of EgaccD in E. guineensis tenera
arieties that had been produced from low and high oil yield-
Ig plants.

2 The copy number of EgaccD in chromosomal DNA

To measure the copy number of EgaccD, chromo-
mal DNA was isolated from 16 samples of E. guineensis

A. Nakkaew et al. / Songklanakarin J. Sci. Technol. 36 (1), 57-64, 2014

leaves (tenera variety types) including 8 samples of low and
8 samples of high oil content oil palms and treated with the
RNaseH (Invitrogen) according to the manufacturer’s
instructions. The real-time PCR was conducted by amplify-

ing 0.1 ug of DNA with the iQ™ SYBR® Green Super Mix
(BioRad) on the MX3000P™. The efficiency of the real-time
PCR reactions was determined by performmg the reaction
using a DNA standard in the range of a 10°- 10° copy numbers
and the cycle-threshold (Ct) values were plotted against the
logl0 concentration of the template. To estimate the copy
number of the target gene (EgaccD) in the oil palm genome,

the real-time PCR technique was used to quantitate relative to
a single-copy endogenous gene, (the defensin gene, EgADI,

GenBank accession no. AF322914) (Weng et al. ,2004). The
genome of the 16 leaf samples was extracted and analyzed
for the estimated number of copies of EgaccD. The PCR
reaction was performed to amplify a 394-bp of EgacceD using
the gene-specific primers set (EgaccD F and EgaccD R, Table
|) and EgAD] was used as the control by using the EgAD]
gene-specific primer set (EgADF and EgADR, Table [). The
specificity of the amplification products was determined by
the use of dissociation curves and then the genomic copy
number of the samples was calculated from the Ct by inter-
polation from the standard curve by MaxPro QPCR Software
Version 4.01 (Stratagene) (Nakkaew et al., 2008: Weng et al.,
2004).

2.3 Cloning of EgaceD and an Eg rbel-aceD promoter for
plant transformation

Total RNA was isolated from 100 mg of young E.
guineensis leaves using the RNeasy extraction Kit (Qiagen).
Fragments of EgaccD were amplified using an RT-PCR
reaction, according to the manufacturer’s instructions
(Qiagen). The specific primers were designed from the
EgaccD (GenBank accession no. DQ004687). The specific
primers used were as follows; the EgaccD forward and
EgaccD reverse primer were used to amplify the full length of
EgaccD. The RT-PCR products with the expected sizes were
puritied and inserted into the pGEM-T Easy Vector
(Promega). Subsequently, the recombinant DNA plasmid was
sequenced and used as the template for construction of the
EgaccD for plant transformation. The forward and reverse
PCR primer corresponding to the beginning of the ORF with
the addition of an upstream in-frame Nco I restriction site
(EgaccD Ncol F and EgaccD Ncol R, Table 1) were used to
amplify EgaccD. The PCR products were ligated to a similarly
digested pCAMBIA 1303 (www.cambia.com.au), carrying
the gus and mgfp5 reporter gene controlled by a CaMV35S
promoter. The recombinant plasmid DNA fragments were
sequenced using the 3730 DNA sequencer to ensure the
authenticity of the cloned nucleotide sequence and it was
named p3EgD plasmid.

For amplification of the Eg rbci-accD, a promoter
sequence of the £. guineensis chloroplast genome was used
to design the primer sets. The forward PCR primer cor-
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Table 1. Sequences of the primers that were used in this study.

Primer name

Sequences (5' — 3"

EgaccD F
EgaccD R

EgADF

EgADR

EgaccD forward
EgaccDreverse
EgaccD Nco I F
EgaccD Nco IR
rbcl-aceD BamH 1
rbcl-accD Hind 111
CaMV35S promoter
Egrbcl-accD F
Egrbcl-accD R

CTATAGCAATTGGAGTTATGAATT
CYGCTTGTGAACCTTCR GGYAC
ATGGAGCACTCTCGGCGAATGCTT
TTAACACTTGATCTCCTTCAGCC
ATGGAAAAATGGTGGTTCAATTCGATGTT
CICGAATCAAAACTCAAAAAATTTATAA
CCATGGAAAAAT GGTGGTTCAATTCGAT
CCATGGATATTTTTGAGTTTT GATT
GGATCCGTGATCTTGCTCGTGAAG GTAATGAA
AAGCTTTTATAAATTTTTTGAGTTTTGATT
ATGCCATCATTGCGATAAAGGAAAGG
GGATCCGTGATCTTGCTCGTGAAG GTAATGAA
ACTTAAATGTAACTGTCACTGTAATTGTC

GUSF ATGGTAGATCTGACTAGTTTACGT
GUSR GCATACGCTGGCCTGCCCAACCTT
18SF CAAAGCAAGCCTACGCTCTG

18SR

CGCTCCACCAACTAAGAACG

responded to the chloroplast partial rbcL gene (AJ404830.1)
with the addition of an upstream BamH 1 restriction site; the
rbcl-accD BamHI primer and the reverse primer correspond-
ing to the 3" end of the EgaccD was flanked by a Hind 111
restriction site; the rbcl-accD Hindlll primer, were used to
amplify Eg rbcl-accD. The oil palm chromosomal DNA was
1solated by DNeasy kit (Qiagen) and was amplified by using
Platinum Pfx DNA polymerase according to the manufac-
turer’s instructions (Invitrogen). The PCR product was puri-
fied and cloned into the pGEM-Teasy vector (Promega)
followed by sequencing to ensure that the cloned nucleotide
sequence was correct. The inserted plasmids were double
digested with BamHI and Hindlll before being ligated into
the p3EgD to create the prbc/-D3EgD. Subsequently, the
recombinant DNA plasmid, prbcl-D3EgD, was verified by
sequencing and used for transformation of oil palm calli.

2.4 Plant transformation

The calli, approximately 3 mm in size were selected
from the same callus line and bombarded using the PDS-
1000/He particle delivery system (BioRad). The conditions
for biolistic-mediated gene transfer for oil palm were opti-
mised using callus and the pressure of 1100 psi that was
found to be the best for bombardment and the frequency of
transient transformants. Bombardments without DNA and
with an empty vector were used as experimental controls.
After bombardment, the calli were selected for transformants
in media containing hygromycin (50 mg/mL). The expression
of the reporter protein, mgfp5 gene (green fluorescence
protein; GFP) in one-month transgenic calli were visualized
with a confocal laser scanning microscope (FV300, Olympus)

fitted with a GFP filter set for excitation between 455 nm =~
490 nm and emission above 543 nm (Nakkaewer al.,2010).

2.5 DNA analysis of transgenic calli

To analyse for the integration of the EgaccD gene
into the transgenic oil palm calli, genomic DNA was isolated
from one-month old transformants and was used for PCR
analysis. The PCR reaction was performed using the primer
sets with the specific site, CaM V35S promoter and EgaccD R
as the primer set were used for PCR amplification of a
CaMV355-EgaccD fragment. The gus primer set, GUSF
forward and GUSR reverse primer, was used as a positive
control to ensure a complete transgenic callus at a 298 bp of
gus amplicon size. An /8S rDNA primer set of 540 bp frag-
ment size (18SF and 18SR) was used for an internal positive
control in the PCR reactions.

2.6 Histological analysis

The control and bombarded calli at the same develop-
ment stages (2 months after transformation) were fixed in a
Navashin solution containing 90 mL of 70% ethyl alcohol, 5
mL of glacial acetic acid and S mL of formalin solution. These
tissues were dehydrated through an ethanol-tertiary butanol
series for 48 h and embedded in paraplast. The specimens
were sectioned at 6 um and stained in a saturated solution
of Sudan black B in 70% ethanol for 1 h, washed in 70%
ethanol, and rinsed in water (O2Brien and McCully, 1981).
All the sections were mounted with gelatin permount and
were viewed with bright-field illumination and an Olympus
MI1Croscope.
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3. Results and Discussion

3.1 Estimating the gene copy number of EgaccD by real time
§ quantitative PCR assay

The quantitative PCR of the EgaccD copies was
fperformed with specific oligonucleotide primers using the
chromosomal DNA samples collected from the leaves of low
and high oil content productivity oil palm cultivars (Table 2).
The specificity of the amplified PCR products was determined
by melting curve analysis, directly following the real-time
quantitative PCR analysis. Sequencing of the amplified
fragments confirmed the identity of the sequences to the
previously assembled EgaccD (GenBank accession no.
DQ004687) from oil palm. DNA standards for EgaccD and
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EgADI in the range of 10°- 10° copy numbers was used to
calculate the gene copy number of both genes in individual
samples. Each sample was performed in triplicate and all
reactions were independently repeated twice to ensure the
reproducibility of the results. The observed gene copy
numbers of EgaccD by real-time PCR assay was estimated
relative to the PCR product of the single-copy of the endo-
genous, £EgAD] in the same sample. There was a significantly
higher genomic copy number of EgaccD in the high oil
content compared to the low oil content plants (Figure 1). The
average ol content of the high and low oil content producti-
vity plants over a 6 year period are shown in Table 2. Our
previous study had shown a correlation between the expres-
sion of EgaccD from mature oil palm leaves and the yield of

the plant (Nakkaew ef al., 2008) but we did not know if the

........

R

Ak

fFigure I. Quantitation of the EgaccD copy number in the chromosomal DNA samples collected from low and high productivity oil palm
leaves (n=8) by using real time PCR. Each sample was analyzed in triplicate (p = 0.05).

Table2. Yield of oil content from oil palm fruit that were determined by the value of fresh
| palm oil (kg/plant/year) that were collected from each tree over a period of 6 years

| Oil yie_]d conaent (kg/ps.l_lm/y-ear)

Sum Average

e

Year5 Year6 Oilcontent Oil content

10.04

Sample

Year] Year2 Year3 Year4
Ll ND 726  24.71 4
12 2 2036 11.75 1.48
L3 2.7 546 621 435
[4 1.95 1028  9.14 6.33
L5 9.8 0.94 1959 10.34
L6 ND ND ND 17.27
L7 ND 5.62 ND ND
L8 ND 1.48 ND 3.04
HlI 8.2 41.1 2573  18.32
H2 1864 475 4039 28.3]
H3 1586 4462 8275 41.69
H4 7.8 31.82 3931 2436
H5 217 4868 3485 5722
H6 2269 4848 2854 2547
H7 2786 3248 4462 4979
H8 2563  27.68 13.8

ND: Not determined.

40.04

ND 4.18 40.15

0.52 33 41.42 0.90
[13.87  15.66 48.25 8.04
1027 452 42.49 7.08
ND ND 49.67 12.42
2.23 ND 22D 11.25
ND ND J.62 J.62
1.43 ND 5.95 1.98
2829  36.28 157.92 26.32
2373 347 193.27 32.21
41.65 3548 262.05 43.68
24.15  37.06 164.5 2742
23.09  57.69 223.7 37.28
4221  50.75 218.14 36.36
4533  55.17 255.25 42.54
40.02  34.28 181.45 30.24
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expression of EgaccD from leaves from younger plants
would provide a similar correlation. We now know that the
relative copy numbers of EgaccD obtained from the plastid
genomes of leaves from either young or old plants reflected
their potential for a low or high productivity phenotype. As
tgaceD gene is the plastid gene so the copy number of the
gene also reflexes the chloroplast number as wellas the
productivity of plant. Therefore, determining the genomic
copy number of EgaccD from the younger plant is perhaps a
much better method to use to select for a high oil content
yielding plant. This occurrence of a high EaceD genomic
copy number was positively correlated to the high oil content
and productivity of oil palm groups and supported the use
of EgaccD for MAS selection of high oil yielding palm
plants produced by breeding (Francki er al., 2002; Madoka
et al., 2002). In a similar way, Gaines et al. (2010) have
reported that the genomic copy number of EPSPS (5-
enolpyruvylshikimate-3-phosphate synthase) in resistant
plants (Amaranthus palmeri) was higher than in sensitive

plants by 5-160 fold.

3.2 Isolation and sequence analysis of the Eg rbcl-aceD
franking region

An Eg rbel-accD (GenBank accession no. JQ616774)
fragment of 2308 bp was cloned and subjected to DNA
sequence analysis for determination of sequences with
known binding motives. The 2308 bp fragment contained 829
bp of the putative 5' UTR region of EgaccD (called the accD

61

promoter) and a 1479 bp including an open reading frame
(ORF) that encodes a putative protein of 492 amino acid
residues of the beta-carboxyltransferase from oil palm (Elaeis
guineensis Jacq). The accD promoter region (Figure 2)
analysis performed with the aid of the Proscan (Version 1.7)
detected the putative transcription start site at position -484
and a putative TATA box position at -528/-532. Plantcare also
predicted the presence of some cis-regulatory elements
related to its metabolic expression and light induction or
stress responses, such as a putative GATA-motif, Spl and a
putative CAAT box at —741/-737, that was relatively close to
the transcriptional start site (Figure 2). In addition, a pro-
moter motif search of the EgaccD was carried out to define
putative transcriptional elements using the MatInspector
7.7.3 software programs on the Genomatix server (Cartharius
et al., 2005). A number of potential regulatory motifs cor-
responding to known cis-regulatory signals of plant genes
were found to be present in the sequence. In addition, several
core fragments of importance for transcription factors such as
MYB proteins (orange line), MADS box proteins (blue line),
DNA binding with one finger (DOF) (red line), WRKY
domains (green line) and a motif conserved among the
sucrose box (yellow bar) as shown in Figure 2.

3.3 Confirmation of transgenic calli by laser-scanning
microscope and polymerase chain reaction analysis

The Eg rbcl-accD promoters were cloned to 3EgD at
the BamHI and Hindlll sites to produce prbcl-D3EgD. Then

Sucrese box

-829 AAGAGATAA AT AAGC O TECATAATTCAGTA
SAn -bex
~769 ATTCCTGTTITGTTCCTCTAATTGAT TEERRT I AN A CTCGGCCCARCCTTITCCTAARLAA
DOF motif WRKY domain
-709 AAAGGATTGAGCCGAACCGAATAAAATAAAGAATGAGCATCCTATACTATGTATTTGGTA

-84 %9

TTTCCATATATCTCTCATATGTACAGRCCTTACT T AT T TACT TAT PTACTTACT TATTTYT

=989 CCTATACATAAGATCTAAATACAAGATAAGATCGAAGACTARACARCTERASACTTCT
CANT-box TSS
~529 AARCTERRSACTTCTAT TG T I TAT TGT TGAATCCATAAT TAATCCTATGGATCTTGGGGTT
|
“489 GTTGEATCATTITATATCCCOTAGTTTCAGGCTATAGATEBRGOCEAAGGAGGGECTCTT
MYB
~409 TCTACCCATCCTGTATATTGICTTTTCT T TCCGTGTCGGAATAGAAACT TATTATTTGAT

~349

-Box

~289

~2249 TTGAGARARAGATTCTAT
Sucrose box

-~1€69

-109

TC-11ch repeats

CAATbox

TEACTATTCATCTATTCTATTTTCACEARRATIAGGGGGCAAGARGACTCT ATGCAAAAARTG

MADS -
TATACGATACAAGRTTATACGAGAACGAATTC TT TAT T TATAGGAAGRAACAACTATTTT
O -site
TCTITTCGATGAGRAT TTGTACT AR Rl A GAAACCTGTCT T TATATTTTT TAA

ATATATTCAAGTGATACTTTGGACT IR

MYB

AR T TR TACTCACTTGT TACGTITAT TG TTATC T TATTAGT TARCAATCTTAATGA

WRKY domain

TGO AT TR AT GC T T AR T T O T GA T AG G AL A T A A A A T AG T A A RATGAT AT TCATGGAA

Figure 2. The nucleotide sequence of the 5° prime region of EgaccD gene showing the 829 bp DNA fragment that represents the promoter
region of EgaccD and has the start codon at position +1 (ATG) and the Transcription start site (TSS) at position -484.
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the prbcl-D3EgD was transformed into oil palm calli and
selected using a growth medium supplemented with 50 ng/L
hygromycin. Tissue sections obtained from these transgenic
calli were examined directly for GFP fluorescence with a
confocal laser scanning microscope. Callus bombarded with
an empty vector (Figure 3B) and recombinant prbel-D3EgD
(Figure 3C) showed many bright green spots from the GFP
fluorescence spots inside the cells compared with no fluores-
cence after bombardment with only gold particles (Figure
3A). Surviving transformed calli were selected for checking
the insertion of recombinant DNA (prbcl-D3EgD) into the
plant genome, using specific primer sites: CaMVF and accDR
to amplify a 1624 bp of the prbcl D3EgD (Figure 4A).
Confirmed transformed callus was also tested for gus expres-
sion, using the specific primers set for gus (298 bp) and for
185 rDNA (540 bp) a housekeeping region, as internal posi-
tive controls in the PCR reactions (Figure 4A). The target
sites of procl-D3EgD were identified in the callus to clearly
demonstrate the presence of the recombinant DNA. Hence,
GFP and PCR analysis demonstrated the successful trans-
cription of EgaccD genes in the transformed oil palm calli
and confirmed the efficiency of the biolistic delivery of the
DNA. The mRNA expression level of Egacc D was measured
by real time PCR and revealed a high copy number in the
EgaccD transformed calli (prbel-D3 EgD 1-5) compared with
the control calli as shown in Fi gure 4B, in which each sample

igure 3. Expression of the GFP (bright green spots at white arrow)
L in the transformed oil palm calli; prbcl-D3EgD (C),
i compared with the control empty vector (B) and gold
! particle (A) transgenic calli, the prbc/-D3EgD transgenic
calli shown many bright green spots using an Olympus
confocal laser scanning microscope.
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prbcl-D3EgD1
pricl-D3EgD?
pricl-D3EgD3
prbcl-D3IFgD 4
pricl-DIEgDS

Control2
Vectorl
Vector?
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(1624 bp (Cadrlt” EgaceD)

298 bp (gus)

540 bp (18SrDNA)

Figure 4A.PCR analysis of transgenic calli using specific primers
to amplity the chromosomal DNA from bombarded call;
and identify the CaMV promoter and EgaccD fragment;

CaMV-_EgaccD (1624 bp), gus (298 bp) and /8S rDNA
(340 bp) on prbcl-D3EgD bombarded transgenic calli
and compare with the gold particle (Control [-2) and
eémpty vector (Vector 1-2) transgenic calli i to confirm of
integrated of T-DNA in transgenic.
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Figure 4B. Observed of the EgaccD gene expression level by real-

time PCR in the samples of the EgaccD transgenic calli
(procl-D3EgD 1-5) compared with the control.

was tested 1n triplicate and all reactions were independently
repeated twice to ensure the reproducibility of the results.

3.4 Histological analysis

Light microscopy (LM) was conducted to visualize
any lipid oil bodies that occurred in the three month trans-
genic oil palm calli (Figure 5C1-C2) and control (untrans-
formed and empty vector transformed calli, Figure 5A and
5B, respectively). Intracellular oil droplets in callus tissue
were observed after histological staining with Sudan black B
as dark brown areas from several sections of tissue isolated
from prbcl-D3EgD calli (Figure S5C1-C2) when compared
with the transformed control calli. The section of transgenic
oil palm showed oil droplets within cells and showed dark
brown stained oil droplets on the periphery of the cell
surfaces of the callus. In addition, Lipid staining is one of the
screening methods used. However, determination of the
amount of lipid is a further requirement for future work
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Figure 5. Histochemical analysis of lipid and oil droplets in sudan
black B stained sections of procl-D3EgD transformed
calli (C1-2), empty vector transformed calli (B) and non
transformed calli (A), Bar = | im.

(Francki et al., 2002). Over expression of EgaccD might
Increase fatty acid production and oil accumulation in calli.
We expressed EgaccD with a 5'-untranslated region (UTR)
because the 5' UTR acts as a translational enhancer or a
stabilizer of the transcripts that require a specific nuclear-
encoded RNA polymerase (NEP) (Hirata et al., 2004) for
expression. We found that the level of EgaccD expression
correlated with the copy number and accumulation of lipid in
the transformed callus cells. The over expression ofthe aceD
gene in tobacco showed a significant increase of the oil
content in their leaves together with an increased leaf
longevity compared to the wild type tobacco plant. It is also
possible that the storage oil might enhance the growth of a
transgenic plant because fatty acids are important regulators
of plant growth and differentiation (Madoka et al.. 2002;
Ohlrogge and Browse, 1995; Topfer et al., 1995).

In conclusion, the results of this work provide
evidence that the level of EgaccD supports the level of oil
synthesis in transgenic oil palm calli and this could result in
an Increase in the overall level of oil produced by commercial
oil crops. In addition, this study showed that a high copy
number of EgaccD genes was correlated with a high oil
content productivity of the oil palm in field trials. It will be
easy and practical to determine the genotype number of this
gene at an early stage for selection of varieties with the
potential for improved oil yields and plantation. This could
significantly reduce the time now required to detect and grow
high yielding oil palm commercial cultivars and eventually
could more efficiently increase further the productivity of oil
palm plants to provide larger amounts of industrial oil.

Acknowledgements

We thank the Program Strategic Scholarships for
Frontier Research Network for the Ph.D. Program Thai
Doctoral degree from the Office of the Higher Education

Commission Thailand, for support to Alisa Nakkaew and also
supported by the Thailand Research Fund: TRF (RDG
0420022), the National Research University Project of
Thailand’s Office of the Higher Education Commission
(SCI540561S). Furthermore, this work was financially
supported by Prince of Songkla University Fund (SCI
5401138) and the Center for Genomics and Bioinformatics
Research, the Faculty of Science, Prince of Songkla Univer-
sity. We thank Dr. Brian Hodgson for assistance with the -
English and valuable comments.

References

Billotte, N., Jourjon, M.F., Marseillac, N., Berger, A., Flori, A.,
Asmady, H., Adon, B., Singh, R., Nouy, B., Potier, F.,
Cheah, S.C., Rohde, W., Ritter, E., Courtois, B.,
Charrier, A. and Mangin, B. 2010. QTL detection by
multi-parent linkage mapping in oil palm (FElaeis
guineensis Jacq.). Theoretical and Applied Genetics.
120, 1673-1687.

Cartharius, K., Frech, K., Grote, K., Klocke, B., Haltmeier, M.,
Klingenhoff, A., Frisch, M., Bayerlein, M. and Werner,
1.2005. MatInspector and beyond: promoter analysis
based on transcription factor binding sites. Bio-
nformatics. 21, 2933-2942.

Corley, R.H.V. and Tinker, P.B., 2003. The Oil Palm,. 4" ed,
Blackwell Science Ltd, Oxford, U.K.

Francki, M.G,, Whitaker, P., Smith, PM. and Atkins, C.A. 2002,
Difterential expression of a novel gene during seed
triacylglycerol accumulation in lupin species (Lupinus
angustifolius L. and L. mutabilis L.). Functional and
Integrative Genomics. 2, 292-300.

Gaines, T.A., Zhang, W., Wang, D., Bukun, B., Chisholm,
S.T., Shaner, D.L., Nissen, S.J., Patzoldt, W.L., Tranel,
P.J., Culpepper, A.S., Grey, T.L., Webster, T.M., Vencill,
W.K., Sammons, R.D., Jiang, J., Preston, C., Leach,
J.E. and Westra, P. 2010. Gene amplification confers
glyphosate resistance in Amaranthus palmeri. Pro-
ceedings of the National Academy of Sciences U.S.A.
107, 1029-1034.

Hirata, N., Yonekura, D., Yanagisawa, S. and Iba, K. 2004.
Possible involvement of the 5'-flanking region and
the 5"UTR of plastid accD gene in NEP-dependent
transcription. Plant and Cell Physiology. 45, 176-186.

Klaus, D., Ohlrogge, J.B., Neuhaus, HE. and Dormann, P. 2004.
Increased fatty acid production in potato by engi-
neering of acetyl-CoA carboxylase. Planta. 219, 389-
396.

Li,M,, Xia, H., Zhao, C.,Li,A., Li,C., Bi, Y., Wan, S. and Wang,
X. 2010. Isolation and characterization of putative
acetyl-CoA carboxylases in Arachis hypogaea L. Plant
Molecular Biology Reporter. 28, 56-58.

Lin, H.C., Morcillo, F., Dussert, S., Tranchant-Dubreuil, C.,
Tregear, J.W. and Tranbarger, T.J. 2009. Transcriptome
analysis during somatic embryogenesis of the tropical
monocot Elaeis guineensis: evidence for conserved



http://tracker-software.com/product/pdf-xchange-editor
http://tracker-software.com/product/pdf-xchange-editor
http://tracker-software.com/product/pdf-xchange-editor
http://tracker-software.com/product/pdf-xchange-editor
http://tracker-software.com/product/pdf-xchange-editor
http://tracker-software.com/product/pdf-xchange-editor

64 A. Nakkaew ef al. / Songklanakarin J. Sci. Technol. 36 (1), 57-64, 2014

gene functions in early development. Plant Molecular

Biology. 70, 173-192.

‘Madoka, Y., Tomizawa, K., Mizoi, J., Nishida, I., Nagano, Y.
and Sasaki, Y. 2002. Chloroplast transformation with
modified accD operon increases acetyl-CoA carboxy-
lase and causes extension of leaf longevity and
increase in seed yield in tobacco. Plant and Cell Phy-
siology. 43, 1518-1525.

Majid, N.A. and Parveez, GK.A. 2007. Evaluation of green
fluorescence protein (GFP) as a selectable marker for
oil palm transformation via transient expression. Asia-
Pacific Journal of Molecular Biology and Biotechno-
logy. 15, 1-8.

Mayes, S., Hafeez, F., Price, Z., MacDonald, D., Billotte, N.
and Roberts, J. 2008. Molecular research in oil palm,
the key oil crop for the future. In: Epigenetic floral
variant of clonal oil palm. Moore PH, Ming R., editors.
Genomics of Tropical Crop Plants, Springer, New York.
U.S.A,, pp 371-404.

‘Nakkaew, A., Chotigeat, W., Eksomtramage, T. and Phong-

| dara, A. 2008. Cloning and expression of a plastid-

encoded subunit, B-carboxyltransferase gene (accD)
and a nuclear-encoded subunit, biotin carboxylase of
acetyl-CoA carboxylase from oil palm (Elaeis

' guineensis Jacq.). Plant Science. 175, 497-504.

Nakkaew, A., Chotigeat, W. and Phongdara, A. 2010. Mole-
cular cloning and expression of EgTCTP, encoding
a calcium binding protein, enhances the growth of
callus in oil palm (Elaeis guineensis, Jacq). Songkla-
nakarin Journal of Science and Technology. 32, 561-
569.

O’Brien, T.P. and McCully, M.E. 1981. The study of plant
structure. Principles and selected methods, Termar-
carphi Pty. Ltd., Melbourne, Australia.

Ohlrogge, J. and Browse, J., 1995. Lipid biosynthesis. Plant
Cell. 7,957-970.

i e e o e — - —
ey T < | S MR 3

Page, R.A., Okada, S. and Harwood, J.L. 1994, Acetyl-CoA
carboxylase exerts strong flux control over lipid

synthesis in plants. Biochimica et Biophysica Acta.
1210,369-372.

Ruenwai, R., Cheevadhanarak, S. and Laoteng, K. 2009.
Overexpression of acetyl-CoA carboxylase gene of
Mucor rouxii enhanced fatty acid content in Hanse-
nula polymorpha. Molecular Biotechnology. 42, 327-
32,

Shintani, D., Roesler, K., Shorrosh, B., Savage, L. and
Ohlrogge, J. 1997. Antisense expression and over-

expression of biotin carboxylase in tobacco leaves.
Plant Physiology. 114, 881-886.

Stuber, C.W., Polacco, M. and Senior, M.L. 1999. Synergy of
empirical breeding, marker-assisted selection, and
genomics to increase crop yield potential. Crop Sci-
ence. 39, 1571-1583.

Tester, M. and Langridge, P. 2010. Breeding technologies to
Increase crop production in a changing world. Science.
327,818-822.

Topfer, R., Martini, N. and Schell, J. 1995. Modification of
plant lipid synthesis. Science. 268, 681-686.

Varshney, R.K., Mahender, T., Aggarwal, R.K. and Bémer, A.
2007. Genetic molecular markers in plants: develop-
ment and applications. In: Genomic assisted crop
improvement: genomics approaches and platforms.
Varshney RK, Tuberosa R, editors, Springer, The
Netherlands, pp 13-30.

Weng, H., Pan, A., Yang, L., Zhang, C., Liu, Z. and Zhang, D.
2004. Estimating number oftransgene copies in trans-
genic rapeseed by Real-Time PCR assay with HMG I/Y
as an endogenous reference Gene. Plant Molecular
Biology Reporter. 22, 289-300.

Wong, C.K. and Bernardo, R., 2008. Genomewide selection in
oil palm: increasing selection gain per unit time and
cost with small populations. Theoretical and Applied
Genetics. 116, 815-824.



http://tracker-software.com/product/pdf-xchange-editor
http://tracker-software.com/product/pdf-xchange-editor
http://tracker-software.com/product/pdf-xchange-editor
http://tracker-software.com/product/pdf-xchange-editor
http://tracker-software.com/product/pdf-xchange-editor
http://tracker-software.com/product/pdf-xchange-editor

a d v o du a
mﬁ’sm‘nzﬁmmauwuﬁanymmmun‘nﬂammmmaz

L (] J : v o d
emmugmmmmﬂmumuuwuqms%

Biplot Analysis of Trait Relations and Heritability

of Commercial Oil Palm Varieties
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Abstract

The objectives of this study were to compare the performance of commercial oil palm varieties and to
evaluate trait relations and broad-sense heritability (hzb) of yield and yield components and some vegetative
traits in oil palm. The eight commercial and one promising - PSU oil palm varieties were grown at the Klong
Hoi Khong Research Station, Faculty of Natural Resources, Prince of Songkla University, Thailand. The
Completely randomized design (CRD) with four replications was used in this experiment. Yield and yield
components and some vegetative traits were observed at seventh month. The GT biplot and correlation
coefficients were used to evaluate multiple trait relations and variance components and hzb were calculated
using ANOVA. The results showed that PSU132 gave the best yield and yield components, while most
vegetative traits were the best in SR3. Frond production, trunk height and trunk diameter were important
vegetative traits, which positively correlated with bunch number and average bunch weight, respectively (r =
0.71, 0.80 and 0.70). hzb of observed traits were ranged from low to medium (0.11-0.64), which trunk diameter
showed the highest hzb . The GT biplot was a useful statistical tool to genotype evaluation and comparison
based on multiple traits, which graphically revealed more information than classical methods such as
correlation coefficients.

Keywords: Oil palm, yield and yield components, heritability, GT biplot
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Okoye, M.N. and Okwuagwu, C.O. 2008. Variability of bunch yield among the DXT interpopulation
progenies of the NIFOR second cycle oil palm (Elaeis guineensis Jacq.) breeding programme. ARPN
J. Agric. Biol. Sci. 3: 38-45.
Yan, W. and Rajcan, I. 2002. Biplot analysis of test sites and trait relations of soybean in Ontario. Crop

Sci. 42: 11-20.

Table 1 Mean comparisons of yield and yield components and some vegetative traits of oil palm genotypes

Traits '
Genotypes FFB BN ABW TH TR RL LA LDW FP
(kg/palm)  (no./palm) (kg) (cm) (cm) (cm) (mz) (kg) (frond/month)
SR1 36.87 10.75 3.45 136.13 53.25 322.25 2.81 1.28 2.85
SR2 25.25 9.75 2.81 129.75 57.50 366.50 3.56 1.36 2.75
SR3 35.21 8.67 4.19 158.83 61.67 440.00 4.54 1.73 3.07
SR4 22.36 7.00 2.34 133.50 53.50 336.75 3.28 1.35 2.80
SR5 27.38 10.00 2.73 135.63 57.50 362.00 3.16 1.33 2.70
SR6 25.88 7.50 3.68 154.00 61.50 419.25 3.73 1.86 2.65
NP 30.80 7.25 4.28 145.38 68.50 369.50 3.00 1.51 2.75
GCT 9.02 4.00 231 125.17 58.00 338.00 3.30 1.61 2.07
PSU132 41.94 16.25 2.65 141.75 48.25 356.00 3.04 1.39 3.05
F-test * * ns ns wox wox * * ns
LSD, 2036 6.59 - - - - 0.96 0.40 -
LSD - - - - 9.72 84.01 - - -

0.01

* FFB: fresh fruit bunch, BN: bunch number, ABW: average bunch weight, TH: trunk height , TR: trunk diameter,
RL: rachis length, LA: single leaf area, LDW: single leaf dry weight, FP: frond production

* ** significant difference at P<0.05 and 0.01 level, respectively.
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Table 2 Means, range, variance components and broad-sense heritability of several observed traits in test oil

palm

Traits * meansd range o’G o’p hzb (%)
FFB (kg/palm) 29.44+13.54 0-54.45 51.56 207.49 25
BN (no./palm) 9.27+4.80 0-21 7.3625 23.6925 31
ABW (kg) 3.25+1.17 0.9-6.05 0.195 1.33 15
TH (cm) 140.20+18.20 100.50-186.00 31.645 325.25 10
TR (cm) 57.64+6.84 46.00-79.00 29.52 46.29 64
RL (cm) 369.24+45.40 293.00-536.00 989.77 2243.70 44
LA (m) 3.38+0.67 2.31-5.81 0.1375 0.49 28
LDW (kg) 1.49+0.29 1.07-2.18 0.0225 0.08 27
FP (frond/month)  2.83+0.25 2.20-3.40 0.0075 0.07 11

* FFB: fresh fruit bunch, BN: bunch number, ABW: average bunch weight, TH: trunk height , TR: trunk diameter,

RL: rachis length, LA: single leaf area, LDW: single leaf dry weight, FP: frond production

Table 3 Correlation coefficients of yield and yield components and some vegetative traits of oil palm genotypes

Traits * FFB BN ABW TH TR RL LA LDW FP
FFB 1.00

BN 0.83** 1.00

ABW 0.46 -0.05 1.00

TH 0.54 0.14 0.80** 1.00

TR -0.22 -0.60 0.70%* 0.40 1.00

RL 0.20 -0.06 0.63 0.85%* 0.51 1.00

LA -0.03 -0.22 0.35 0.58 0.32 0.85%* 1.00

LDW -0.21 -0.42 0.47 0.64 0.54 0.78%* 0.67* 1.00

FP 0.90%** 0.71* 0.40 0.57 -0.20 0.32 0.19 -0.19 1.00

* FFB: fresh fruit bunch, BN: bunch number, ABW: average bunch weight, TH: trunk height , TR: trunk diameter,
RL: rachis length, LA: single leaf area, LDW: single leaf dry weight, FP: frond production

* ** significant difference at P<0.05 and 0.01 level, respectively.
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2 - PCA=47.22%, PC2=34.77%, Total=51.98%
1.5 1 PSU132
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Fig. 1 GT biplot with polygon view, showing which genotypes perform the best in which traits.

Note: FFB: fresh fruit bunch, BN: bunch number, ABW: average bunch weight, TH: trunk height, TR: trunk diameter,

RL: rachis length, LA: single leaf area, LDW: single leaf dry weight, FP: frond production
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2 - PC1=47.22%, PC2=34.77%, Total=81.99%
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Fig. 2 GT biplot with vector view, showing the trait relations in oil palm

Note: FFB: fresh fruit bunch, BN: bunch number, ABW: average bunch weight, TH: trunk height, TR: trunk diameter,

RL: rachis length, LA: single leaf area, LDW: single leaf dry weight, FP: frond production
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