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Abstract ; Oil palm ( Elaeis guineensis ) belongs to palmae perennial woody oil crop, known as “oil king of the world”,

and its fruit oil content is up to 50%. Fruit of oil palm consists of exocarp, mesocarp, endocarp (shell) and seed, meso-

cap and seed is the resource of oil, and shell thicknees play an important role in fruit oil content. SHELL gene controls

the shell thickness, which is a kind of MADS-box homologous gene. Moreover, variation of SHELL between dura and

pisifera is mainly two SNP loci in the first exon. Specific markers were developed according to two SNP loci, in order to

evaluate germplasm resources of oil palm early. Four SNP markers were designed according to SHELL gene

sequence. Four pairs of SNP primers were designed with two SNP loci, which existed strong mismatch base in the second

position from 3’-end respectively. Four pairs of SNP primers were amplified in two tenera palms and two dura palms to

screen effective primers. PCR result showed that SNP marker EgSh(N)-f/EgSh(SNP ) -2r was able to identify dura and

tenera palms effectively. Verification experiment using 24 plants revealed that this marker could accurately determine the

shell thickness of oil palm. In this study, results showed that SNP marker EgSh(N)-f/EgSh( SNP) -2r might be used for

early molecular identification, which would provide technical support for high yield breeding of oil palm.

Key words: oil palm, shell thickness, SHELL gene, mismatch bases, SNP markers
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e 2R A TS 1 KR A R R T AR B PR K AR
AR AIAZ AR {0 1 A 24 50007 ¢, 7 A AR
Y1 7= 19 32% ( Murphy, 2009) . 7E 2006 4, 5
RS A Bk e R E Y . SR, Bl
& TR A T AR A PR 3 AR TR AR AR )
LR AR 45 A 25 fE AL A O B ™ B ( Wilcove &
Koh,2010; Foster et al,2011; Koh & Wilcove,2008 ;
Koh et al,2011) , 7E4BR & FHAE Y il 75 oK 4k 22 1
T, ER R AR BE AR SR KA RTER T, 32 S5
A B T R ™ I R S X S H AR B ME — IR AR
TR P 43 32 R SR S, i USRS 1 i &= 2
SR A T AR A R A B R

TEAR I AR AL 0 R B b — A OGS i =
El 2R AR I R . IAE AR Dh AR
A =R Rz H B SR (dura) , JTCFE Y ( pisifera)
TS (tenera ) , Ho A 7 52 Fh 2 JE 52 F R0 JC 7¢ Fp
HIZ 28 F ( Corley & Tinker,2007) , 72 Fili Ay 7=
RS TR SR, 2 AR m b DR A R T A
1 FZRUR . Singh et al (2013a) 38 1 )7 247 [7]
VETEAE B0 8 T 455 ) I A Ao e JBE B 1 B PR UL R
FrR T P B R Bl T & B ) MADS-box & [
STK B[Rl KL SHELL, % A>3 8 ¥ 1 25 i A i
HEMMLTEEAR, F T A w7 A A A x4

BRI A 7 Az W BE U5 R B R AR DR AP A A
MBI

TR SR S DO P 2H N AR B R R
B (Fhae) TR, IR B B VS B IS
BB~ 5C 1 21 2 2R | 3 50 Ml il A 1 2 D O A e
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PR 1 P R PR gt A%, ISR 52 b 5 TR 5e b s
B R A Se A 32 Tl AR 2 R AT AR LA Y
HE AR SR MAL SR SE N T RS HFoE AR
AL WAG BRI By AT B A, T H L A e
ify ( Mathews et al,2008) . KA FH 43+ b5 10 5l B
B T8 E SR BT R A

PR A R 2 A 1 (Single nucleotide polymor-
phisms, SNP) J& 4 75 56 4K P b il S B IR
MRS T 5 B DNA J¥ 4 28, SNP K £ 2
WA FE A, e 8 PR L ( Krawezak, 1999 ; Xing et
al, 2005) . HHETEC &M NH—NR 0 Tiric, 1
Oy T g A% 2E ST v R A AR AT (Liu et al,
2012) . TEMEYGrFHEW 2= 0E 5T SNP frid 2 &
2B 4% [ 25 0 v BE AL, H T KRE L AL b
SRR SRR SE IR E AT EY PO R T
SNP W58 (#] [ 45,2014 ; Hayashi et al, 2004 ; Ik
BLF- %5, 20155 Sattarzadeh et al, 2006; 5k &K 4§ 55,
2012 FhWFWF 45, 20155 A %5, 2016) , & T
PCR £ SNP SRICIH A BA FRRA FE S 1
i, FI ] SNP FRic XAy 2547 48 BY B A 8 B T
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W A, R CTAB /N4 B (R I &5 45,
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2000 MU 7 DNA By B2, 5 4 A 4 R DNA
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1.2.3 314pi% 3t A Primer primer 5 FIZEZE 5|9
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VL SHELL S F 91 TE T 4 X SNP 514, AR 5L 56
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T-C ¥ Ab i 1F 17 51 49 ; EgSh (K) -f Fl EgSh(N) -f
i A-T Eiids 2k 9 1E ) 51 9, EgSh (SNP ) -2r X 4
S E R 51,
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K 455,72 CIEH 30 5,35 MEFHF; 72 C T 7
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Table 1 SNP primers designed by softwares
SIPRE  HWRE
A= /]
Ssss 3RS frs R
. . Primer Fragment
Primer name Primer sequence . >
site size
(bp) (bp)
EgSh(L)-f 5" AACGCCGAAATG- 67 351
GACTGTT3’
EgSh(P)-f 5" AACGCCGAAATG- 67 351
GACTGTC3'
EgSh(K) -f 5" CCGAAATGGACT- 71 347
GCTGAAGAGA3’
EgSh(N)f 5" CCGAAATGGACT- 71 347
GCTGAAGAGT3'
EgSh(SNP)-2r 5" GGATCAGGGATA- 418
AAAGGGAAGC3'’

ok SRR R ST I
2 BR52M

2.1 HEEMFEREE SHELL BEAL R

ARSI 3 R RS T Mot
ARG R FH AR 21 1) JEE 58 Pl 55 T8 58 v A o i
PRI A S E 51 Y, SHELL 5 H € 20 )5
(Singh et al, 2013a) , 73 AT R WITE SHELL 5 25—
AP 86 bp 1 93 bp 4k 457 — 4~ SNP i s,
Horr 86 bp Ab C/T fFE 4,93 bp AbH A/T Bk
R (K1),
2.2 L EE PCR 3|t 5iF ik

R T PSR S R o BAE 4 AR IE
)5 140 3" Sty O 50— B 3 57 B 5 | A e 4 Tl 3
FJERIMEATRY IS, 25 LA B B2 H4
HS Rk EAT 51 P i 1 , 38 2 0 98 o i 2 31X 4 X
SRS N EMERNRER 51, 519 EgSh(L) -
f Fl EgSh( P) -f A% %} 86 bp Ab SNP {3 5 & 1A 1E
519, EgSh( L) -f 2y 5 JRE 7 H PR 78 4 DG B 1) 1F o]
19, EgSh( P ) -f Jhy 5 i 76 K& PR AR DC I 14 1F ) 5
Yy, R 7E EgSh( L) -f #1 EgSh( P ) -f f) 3" 3 55 i
BIgIA C/T L 45 B ; 519 EgSh (K)-f A1 EgSh
(N) -f J9%E%F 93 bp &b SNP £ S % HIIE M 514,
EgSh (K) -f 5 J& 5% 3 X 78 A1 DT 0 1F 17 51 9,
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70 80
JE5EFR Dura

FLEFh Pisifera [

90 100 110

GCCGAAATGGACTGCTGAAGAAAGCTTATGAGTTGTCTGTCCTTTGTGAT
GCCGAAATGGACTGCTGAAGAATGCTTATGAGTTGTCTGTCCTTTGTGAT
GCCGAAATGGACTGCCGAAGAAAGCTTATGAGTTGTCTGTCCTTTGTGAT

GCCGAAATGGACTGCTGAAGAAWGCTTATGAGTTGTCTGTCCTTTGTGAT
H5EF Tenera [GCCGAAATGGACTGCYGAAGAAAGCTTATGAGTTGTCTGTCCTTTGTGAT
GCCGAAATGGACTGCYGAAGAAWGCTTATGAGTTGTCTGTCCTTTGTGAT

TE: bR A ESe R TOsE M AT A Y JE =R B AR 2 & SHELL KR WA~ 58 28 i s Y DNA J¥ 51,
HrbBer FOR TR P AL . Y. C BT 0L, W A BT i,

Note: DNA sequences including two SNP sites of SHELL are markerd with dura, pisifera, and tenera, number

represent base sites in gene sequence. Y. C or T base; W. A or T base.

Bl 1 Whikg SHELL JEH 5 — A 1 SNP v 15,

Fig. 1

L P

SNP site in the first exon of SHELL

K N

M Bl B2 H4 HS Bl B2 H4 H5 Bl B2 H4 HS5

Bl B2 H4 HS5

W M. 2 FRFRUE; L. 510 EgSh(L) -f/EgSh(SNP) -2r; P. #RiC EgSh(P) -{/EgSh(SNP) -2r;
K. #5i EgSh(K) -f/EgSh( SNP)-2r; N. #5it EgSh(N)-f/EgSh( SNP)-2r,
Note: M. DNA ladder; L. EgSh(L)-{/EgSh(SNP)-2r; P. EgSh(P)-f{/EgSh(SNP)-2r;
K. EgSh(K)-f/EgSh(SNP)-2r; N. EgSh(N)-f/EgSh(SNP)-2r.

Kl 2 SNP Hrichifi 4 H
Fig. 2 Screening SNP markers by PCR
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WEEE B b A7 VKA I, 45 2R R, A7 10 EgSh
(N)-£/EgSh( SNP ) -2r 7E i 55 Ff v 25707 5, T 7E )&
FeR B K E] PCR 7=, U iZbRiC 8 X

SHIFIESER R R (B 2) o e =R AR IC
ANBE X 43 8 7 Bl R1 R 52, BT LU A5 2 EgSh
(N) -f/EgSh( SNP) -2r A] LA Tk — 56 41F
2.3 SNP #Ri2 3 iE

YEUHE 1 = VT 0 A L Hb 24 R 3 b B0 0k 1Y 0
[Fi] B X6) 3 6 BRI (%) B AR SIE R AT b 7 R B T
IRl sk, ZJE R EH  DNA, HI%E 5 51 4 EgSh
(N)-f Fil EgSh ( SNP) -2r i PCR ¥4 7 B JI5 b
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M1234 56789101112

Y LY 1A

14 16 18 20

22 24

xR
. - -

T DRSS N DM VEORORSORSSE T T T T T T

T M. Faabpife; BFRRPHRAS; D B T. Wi,
Note: M. DNA ladder; Number represent individuals code; D. Dura; T. Tenera.

K 3 SNP #ric EgSh(N)-f/EgSh( SNP) -2r 7E i1z H 86 E 45 51
Fig. 3  Amplification result of EgSh(N)-f/EgSh(SNP)-2r in oil palm individuals

BRI b AL Uk, 25 2R s B A R Sk e ol A Y
Bk, RERE Y Hh 5w sl T B H AR AR, T2 R
JEESERI AR (9 B U IG5 2l el (181 3) &%
REY, EgSh(N) -f Fl EgSh(SNP) -2r by i He A ]
VAR T A fh e R B AT o0 7285

3 W5 &%

HRAE S A 1Y) SHELL %55 Jy 31 fl SNP 7% 53 v/
SN B Y 3 v 5 A A LB T T 4 X
SNP tRic, 760 HIFh IR R 4 frififs it 7 DNA
HiE AT 0 1€, #0240 & B FR id EgSh (N)-f/EgSh
(SNP) -2r A] LAIX 43 JEEFE R R 7e Rl . Bl S FH s
ICAE 24 (AR BT IR th 18, R B bR iC 4
G55 5 52 B 7 R B R A — B, A9 EgSh
(N)-f/EgSh( SNP ) -2r A] LA FH Ty A% il 52 J&= 3
W1 %,

WA R SRR RE Y, Z
ARFERAIPE R, TR A R v, an 2R e
XA S ACHEAT R A K SR I R F
PRI () T A s B e, A 485 i A A
TR EPIN SSR AT bR, (H 2 HER B A R .
[SER=RT11 I o S = LU0 2 A 0 L I L ) = ]
SHELL R ¥ 5 Bl A A | i 45 TF & SERS i 19 SNP

PRGN T RE . ABFE 454 T AWFIE R, 725
W 3%t | ik O A3 14 O 3%, AR AR B A Y A S
PEYIGZE R IS b, g1 37 oK v B ik 5 AR AR H
WA S HETE A WA E T & AR AE A {H 2 FE SE PR
PCR 3" 38 58 B v, 372K o B A Bl ik 119 6 i S e BHL
IR G GE A PR AR R S5 37 A A g A
Be A 3L T DL = 5 1 9 R S 1 (Ye et al, 2001
TR S, 2012 EACHTAF,2005) , SRAE LA ALK
RIS C/T Ml G/A; A B RS L2 AL Ry A/A  C/
C.G/G.T/T; $ B FL A5 L AN C/A FI G/ T,
U, SR o T AR A B Y R S T R, 7R B
Wy 305 A EBIAT C/T Ml A/G a4l B ik

IR S 00 45 SR AR R i ARG RE I A T
TMEEESE ST R o % . BHEl, 2 745
TCAH B R PR O e A FE AR I AR B 55 S ME U 15
BN L Z T AR o> T AR ic s B i B R 1
o FH I b A T I (RS HeAE 55 2013 5 Ji T A8 i ST
A,2016) . ZAMEFEE, B2 E &1 SNP iR
AR =0 Fhrid, 8 0 8 PCR A
HEATAS I, 7 0 55 R 2RV B v 7 FH S L
FE] SR Ll A7 T A e R 4 o S B SHELL (A
RTS8 BT F) 2013 4E, B & i AE 4 5L 21
B FE 52 1%, SHELL 3 [H] {4235 1 51 A 15 DL 2y
A3, AABESE o SNP AR id FF & B9 T il ( Singh



200 OO0 M W

38 &

et al,2013b) , A 5% F H 5 2 A (19 SHELL &
H P FI 53 FAnic, Br JF & 19 SNP fric A —
FE B RS T RN T A K A T A e R B s o
SL SHELL 19 43 14 ic 4l B & Fh $2 46 20 T
B N2 O T e R AR B R, BT AR R A
Y38 TC A Tl JEE A B AL 56 Bl T A B9 SNP 4 T
FRic,

SE k.

CORLEY RHV, TINKER PB, 2007. The oil palm [ M]. Hobo-
ken: Blackwell Science Lid, 4. 27-30.

CORNELIUS JA, 1977. Palm oil and palm kernel oil [ J]. Progr
Chem Fats Other Lipids, 15(1); 5-27.

FOSTER WA, SNADDON JL, TURNER EC, et al, 2011. Es-
tablishing the evidence base for maintaining biodiversity and
ecosystem function in the oil palm landscapes of South East
Asia [ J]. Philosoph Trans Royal Soc B Biol Sci, 366
(1582) . 3277-91.

HAYASHI K, HASHIMOTO N, DAIGEN M, et al, 2004. De-
velopment of PCR-based SNP markers for rice blast
resistance genes at the Piz locus [ J]. Theoret Appl Gene,
108(7) ; 1212-1220.

HUANG DX, YANG QE, ZHAO GS, 2005. A simple and rapid
modified—new method for SNP typing by fragment length
discrepant allele specific PCR [J]. J Forens Med, 21(1):
1-14. [#AUR, R, BI, 2005 B ERESR
S B TR R S M PCR—— 0 B 19 SNP 3 B3 U5 ¥
[J]. BeEARE, 21(1) :11-14.]

KOH LP, MIETTINEN J, LIEW SC, et al, 2011. Remotely
sensed evidence of tropical peatland conversion to oil palm
[J]. Proc Nat Acad Sci USA, 108(12): 5127-5132.

KOH LP, WILCOVE DS, 2008. Is oil palm agriculture really
destroying tropical biodiversity? [J]. Conserv Lett, 1(2):
60-64.

KRAWCZAK M, 1999. Informativity assessment for biallelic
single nucleotide polymorphisms [ J]. Electrophoresis, 20
(8): 1676-1681.

KUANG M, WANG YQ, ZHOU DY, et al, 2016. High-
throughput genotyping assay technology for cotton hybrid
purity based on single-copy SNP markers [ J]. Cott Sci, 28
(3):227-233. [ Bk, FHER:, K=, 2016, 25T H
P51 SNP A iC 1 A AL 2% 28 B 4l B2 15 38 B A I 4R
[J]. MRAE2A, 28(3) :227-233.]

LI R, XIA QY, ZHAO SL, et al, 2009. Functional properties
and application of palm oil [ J]. Chin Trop Agric,(2): 31—
34, [ Znm, ERKH, BOUASAK, 55, 2009. A5 i D) AEE

BB (], T ESAO, (2): 31-34.]

LIU J, HUANG S, SUN M, et al, 2012. An improved allele-
specific PCR primer design method for SNP marker analysis
and its application [J]. Plant Meth, 8(1); 34.

MURPHY DJ, 2009. Oil palm: future prospects for yield and
quality improvements [ J]. Lipid Technol, 21 (11 -12);
257-260.

MATHEWS J, TEO KW, IP WM, 2008. Breeding for high oil
yielding tenera palms [J]. Planter: 87-112.

SATTARZADEH A, ACHENBACH U, LUBECK J, et al,
2006. Single nucleotide polymorphism ( SNP) genotyping as
basis for developing a PCR-based marker highly diagnostic
for potato varieties with high resistance to Globodera pallida
pathotype Pa2/3 [J]. Molec Breed, 18(4) :301-312.

SINGH R, LOW ET, OOI LC, et al, 2013a. The oil palm
SHELL gene controls oil yield and encodes a homologue of
SEEDSTICK. [J]. Nature, 500(7462) ;340-344.

SINGH R, ONG-ABDULLAH M, LOW ET, et al, 2013h. Oil
palm genome sequence reveals divergence of interfertile spe-
cies in old and new worlds [ J]. Nature, 500( 7462) :335
-339.

SUN YY, QU GP, HUANG QX, et al, 2015. SNP markers for
acetolactate synthase genes fromtribenuron-methyl resistant
mutants in Brassica napus L. [ J]. Chin J Oil Crop Sci, 37
(5):589-595. [ FMUFWT, M-, B, 45, 2015, HlE
UV S DU R B R 28 AR IR ALS FE 3 BT 5 SNP Arid
[J]. R, 37(5) :589-595. ]

WILCOVE DS, KOH LP, 2010. Addressing the threats to biodi-
versity from oil-palm agriculture [ J]. Biodivers Conserv, 19
(4) :999-1007.

XING C, SCHUMACHER FR, XING G, et al, 2005. Gompari-
son of microsatellites, single-nucleotide polymorphisms
(SNPs) and composite markers derived from SNPs in linkage
analysis [ J]. Bmc Gene, 6(S1): S29.

YANG GK,CHEN ZQ,CHEN ZJ, et al, 2014. Developing rice
SNP-dCAPS markers based on next generation resequencing
data of 93—11 as parental line, a case study [ J]. Mol Plant
Breed, 12(6) : 1288-1295. [#5) [, k73, BRAEA , 55,
2014, T AT 7 Bods I & L 93— 11 SR AR Y 7K A
SNP-dCAPS #Ric KB5S L B [J]. r FHIYIE A, 12
(6):1288-1295.]

YAO ZP, YE QJ, WANG RQ, et al, 2015. SNP marker devel-
opment of tomato yellow leaf crulvirus resistance gene Ty-5
CAPS in tomato [ J]. Acta Agric Zhejiang, 27(5): 787 -
9L [WRRLF-, MR, R4, 2015, BT HRAPIE
AL B L R Ty-5CAPS 19 SNP A1 & [1]. #iiT
A4, 27(5) :787-791.]

YE S, DHILLON S, KE X, et al, 2001. An efficient procedure

for genotyping single nucleotide polymorphisms. [ J]. Nucleic



2 £ S A . kR RS R R i BL N SHELL 1Y) SNP 4y Fhric F & 201

Acids Res, 29(17) :88-88.

YUE SJ, LIU PF, ZENG MH, et al, 2012. Protomer region of
super sweet corn b2 gene and development of molecular
marker-assisted selection [J]. ] NW A & F Univ(Nat Sci
Ed), 40(11): 73-78. [RE %, XM &, B 564, 5,
2012, HEETEK b2 FEPH SNP 745 (19 5387 B 43 F b i el
BGAEE (1], PHACRMBHE R 24 ( A ARBRAR) , 40
(11):73-78.]

ZHANG YY, LI JF, XIE LB, et al, 2012. Development of
SNPs for leaf mould resistance gene Cf-5 in tomato [J]. J
NE Agric Univ, 43(4): 93-97. [ k& 3, 25, W7
P, %, 2012 P Cf-5 2 A SNP 2 T AR 32 I &
[T AAEAR R A2, 43(4) :93-98. ]

ZHENG YM, WU CZ, LIU YQ,et al, 2013. Improvement of

bacterial blight resistance of 1I-32 B by molecular marker-as-

sisted selection [ J]. Chin J Trop Crops, 34 (12). 2458-
2462. [ FRMeMy, SARLR, XU KT, 5, 2013, r FARiCH
B kel RI-32B Rl bite [1]. SRR A, 34
(12) :2458-2462. ]

ZHOU LX, XIAO Y, YANG YD, et al, 2013. Comparison of
three extract methods for genomic DNA of Elaeis guineensis
[J]. Acta Agric Jiangxi,25(8): 9-11. [ W&, 4 5, %
WRZR, 55, 2013, JlAZHE R 4 DNA3 FhEHC Bk 1 LU
g (1], TEPgl a4 ,25(8) : 9-11. ]

ZHOU LH, JIANG LX, 2016. SNP molecular marker and
research progress of its application in Brassica napus [J]. ]
Agric Biotechnol, 24(10) : 1608-1616. [ ¥4, i 4,
2016. SNP 73FFric K HAE T 05 503 3¢ v o A 0t 5
J& (1] RAEYEARZE®R, 24(10) :1608-1616. ]



