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Abstract: We obtained high quantity small RNA from the mesocarp of oil palm ( Elaeis
guineensis) and screened fatty acid biosynthesis related miRNAs. The extracted method of
CTAB was improved and then employed to isolate small RNA from the mesocarp of oil palm
nuts at five development stages (G1-G5). Twelve miRNAs were screened from our previous
database of oil palm small RNA using bioinformatics analysis. Relative expression of each
mMiRNA was determined by stem-loop real-time quantitative PCR(gPCR) and further predicted
the targets of these miRNAs. The results indicated that the OD,e,/OD,g, values of the small
RNA were between 1.7 and 2.0, and the concentrations of G1 to G5 were 289 ng/uL,
364 ng/uL, 476 ng/uL, 213 ng/uL, and 390 ng/uL, respectively. Relative expression detec-
ted by gPCR showed that the twelve miRNAs exhibited significantly different expression during
the five development stages, especially high expression level in the fourth stage (G4 ) and fifth
stage (G5). Among them, miR395 and miR156 were highest in the G4 phase and miR395
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and miR528 were highest in the G5 phase. Target prediction suggested that some targets of
these differently expressed miRNAs were involved in the fatty acid metabolism pathway, such
as phosphatidate , phosphatase and phospholipase D. In this study, high quantity small RNA
was isolated by the improved CTAB method. gPCR further determined that the twelve candi-
date miRNAs were differently expressed during the five development stages, of which five
mMiRNAs may be involved in the regulatory pathway of fatty acid metabolism.

Key words: Qil palm ( Elaeis guineensis) ; Fatty acid metabolism; miRNA; Real-time quantita-

tive PCR; Target gene prediction
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eI IS | R 5 | Y. AEYHE Bt
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Table 1 Sequences of miRNAs and control (U6)

. ](5'~3’
RNA 7 Seauernces i
(5'-3") (nt)
egu-miR156 TGACAGAAGAGAGTGAGCAC 20
egu-miR159 TTTGGATTGAAGGGAGCTCTA 21
egu-miR162 TCGATAAACCTCTGCATCCGG 21
egu-miR164 TGGAGAAGCAGGGCACGTGCA 21
egu-miR166 TCGGACCAGGCTTCATTCCCC 21
egu-miR168 TCGCTTGGTGCAGGTCGGGAC 21
egu-miR395 CTGAAGTGTTTGGGGGAACTC 21
egu-miR528 TGGAAGGGGCATGCAGAGGAG 21
egu-miR529 AGAAGAGAGAGAGTACAGCCT 21
egu-miR535 TGACAACGAGAGAGAGCACGC 21
egu-miR2916 GGGGGCTCGAAGACGATCA 19
egu-miR5179 TTTTGCTCAAGACCGCGCAAC 21
egu-Ue ATCCGATAAAATTGGAACGATA- 89
CAGAGAAGATTAGCATGGCCCC-
TGCGCAAGGATGACACGCACAA-
ATCGAGAAATGGTCCAAATTTIT

1.5.2 KEEFER cDNA F—4%&

cDNA IR TIANScript cDNA #5—458k6
B E. SEMAO. 5 ug /D RNA, 0.4 ul 2536514,
0.4 uL U6 S 12| ¥, 2 uL dNTP (2.5 mmol/L).
11.2 uL 7 RNase dH,0; 70°CHIzh 5 min J5 sk
ER#H 2 ming B0 10 s 5, KKIAINT 414
4yl 5 x M-MLV Buffer. 0.5 L RNasin (40 U/uL).
1 pL TIANScript M-MLV (200 U/pL) B A RVA R
R 20 ul, HBBRHHRIRES FRRAW, ST
R 16°C 10 min, 37°C 15 min, 42°C 30 min,
85°C 5 min J5 % [k R0, B K b4 )E 2% ok,
—20°CYURfr. S0 RS mIRNA, 5 A & 7 i
B/ RNA R T — IR R e 1, 3 ARG 5%
MiRNA 7£ 5 M35 cDNA, &ANEREE 3 Ko
1.5.3 qRT-PCR

Ll cDNA AR, @it qRT-PCR {4
Z (20 pL): 10 uL SYBR Premix Ex Tag™ I,
0.7 uL miRNA E[51%, 0. 7 uL miRNA & 514,
0. 4 uL ROX Reference DyeIl ( x50), 1.0 uL I
R cDNA 45—4%%, 7.2 uL ¢ RNase dH,0, K%
U6 [ W& & JH 1, WA 3 IE AR 5] H.
S ¢ Ot i B PCRAY ; ABI 7500 Real - Time PCR
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Table 2 Sequences of primers for gRT-PCR
miRNA & # Elk/EAS FHI(5'~3") K (IR
miRNA name Primer name Sequences(5'-3") Length(nt)
N %3554  GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGTGCTC 50
g EfE%  CGAGGTGACAGAAGAGAGTG 20
o150 %3Ka4  GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTAGAGC 50
g EfE%  GGTGGTTTGGATTGAAGGGA 20
R %3KE%  GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCCGGAT 50
9 EfE%  TGGTGTCGATAAACCTCTGC 20
coLmii6a %3Ka4  GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTGCACG 50
g EFBY  GGTAGTGGAGAAGCAGGGCA 20
L6 %3Ka4  GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGGGGAA 50
9 EfE%  GACTATCGGACCAGGCTTCA 20
R %3Ka4  GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGTCCCG 50
9 EfFI%  CATGATCGCTTGGTGCAGGT 20
J— %3Ka4  GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGAGTTC 50
g Ef3%  GGTIGCTGAAGTGTTTGGGG 20
N %3KE4  GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCTCCTC 50
9 EfE%  GTTATTGGAAGGGGCATGCA 20
o620 %3Ka4  GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGGCTG 50
g NAGEIE) GGCTGAGAAGAGAGAGAGTA 20
J— %3Ka4  GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGCGTGC 50
g EFBY  GGAGGTGACAACGAGAGAGA 20
oo %3KE4  GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTGATCG 50
9 EfE%  ATTTAGGGGGCTCGAAGACG 20
oS 70 %3KE4  GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGTTGCG 50
9 EfE%  TAGGCTTTTGCTCAAGACCG 20
REEMAEY TCCGAGGTATTCGCAC 16
" EfE%  ATTGGAACGATACAGAGAAGATTAG 25
9 KiE%  AATTTGGACCATTTCTCGATTTGTG o5

System, FRWELFR : 95°CHIAsP: 30 s; 95°CAsH:
5s, 60CiH .41 s, G340 K, F 22 Hikif
AR miIRNA (AN T NS R E &, BOA B
i) QRT-PCR 45 R4 il h iy B v X L, 5k
BEHE 3 K,
1.6 miRNA £ F i 43 #7

FIH blastx i 4 B AL ARAG M1 5 v 5 b %%
41 Unigene A& N L % 8 2 1 8040 . Swiss-
Prot, KEGG fll COG( evalue <0.00001), Ffimst
blastn ¥ Unigene Lt X} 2 #% B8 S #% % (evalue <
0.00001), 3854 % Unigene JA7 fe i ¥ 51 4H
R E, MRS Unigene 12 H D BT
BfE B

FIFH miRNA 5#3:H mRNA3’ UTR ¥iiE 52
SHAMURRE, M5 AR R BN B AR SR R
Bk gL Bdt. P EST BF ¥ A & psRNATarget
(http: #plantgrn. noble. org/psRNATarget/ )25k
PRI L3R 25 5 3R K K miIRNA FREIE

S 3CHR[11], R FASTA B3 LU L
MIRNA 5% 4L 88 b SR I DG Ri R, E
W {E B 200, &/ & E HBE( minimum folding
free energy, MFE) i i Y Bt A [A) B3 82 3k )% 5
(four-base gap linker sequence ), = /3K #|
MIiRNA 5% 2 VL Bt 1 73% . HEEH )P 55 mi
RNAs 35 AR HUBRAE 0N T 4, SORIE, &
KIGEE BORBERSFEAL. BRI G-U £23)5
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Yo ORI A R AR FL 4043528 3 3. 1. 6 Fi 3
1.7 SitaH

t R AR R T AR R 41 Z ) R 3k K
FRESE, GRLED 3 WL LR T ME 45
WERIR, ZALZME, RABHEFERE
(one-way analysis of variance, ANOVA) Jyik ik
178, p <0. 05 1k & 25 5 Mifits

2 #R

2.1 ERgHERRAEKER
AR IR B AN /D RNA B2, 283
2R R € R AR NN B IR ot B AN
RNA £ 5l 34 E L5 2] LU B85 I 1R B — 2% o
G1 G2 G3

G4 G5

G1 ~G5: MRS MRIHEE N o
G1 -G5: Five different development stages of oil paim
nuts. The same below.

1 ERPRES M AR AR/ RNA BikE
Fig. 1 Small RNA isolated from the mesocarp of
oil palm nuts at five different development stages

2.2 /NRNAREf4E
RETRAE S 2 DA 5 ANAIR) & B I ST H SR B
/NRNA, 3 OD e/ OD,e HAEAM I 1. 88 1. 87
1.72.2.02.1.76, #4E1.7~2.0 2}, LI
dijEs . AT, /N RNA 4 43 2 289
364. 476, 213, 390 ng/uL(% 3),
£ 3 HMIRHRE/D RNA RIS R

Table 3 Results of small RNA isolation from
the mesocarp of oil palm nuts

ZHENH

Development OD360/ODgg WREE( ng/u_l_)
Concentration
stage

G 1. 88 289

G2 1. 87 364

G3 1.72 476

G4 2.02 213

G5 1.76 390

2.3 FWhEEPCRER

B P  PCR ik T 12 4~ miRNA 7&
Mk R pE 5 M R FIN bR, 455K
W]: 12 A~ miRNA SR8 25 5eakik, i, 104

MIRNA RIUF AL 4 i 3 3R 3K =ik 9 de g 0,
2y W 2 miR164., miR159, miR166., miR168.
miR529., miR535, mMiR162, mMiR2916., mMiR156
A miR395, BA14E G4 i3 M RIK B4 G
I3 B 15.03, 3.95, 10.48, 46.85, 51.98,
13.09. 42.52., 58.08. 344.89. 25180.16 ¥,
¥, miR395 Rk LIS, FLUkE miR156,
£E G5 i, Rk R m i AE miR395, Lk
miR528, Zr#Ih G1 A% 982. 29 Fi 560. 28 %,
A&, miR5179 78 G1 WA D ERK, MG
SRR, 75 G2 = G5 WL PRI AR, 34
DEHEER(E2), 12/ mRNA g G2 & G5 1
BIHRLL G S, PTG Ea0 T, SiRILE2,
2.4 #srERFIZR MRNA FIUFEER

Xof 25 5 2R 3K 1K MIRNA 75 I A7 56 5% 4100 7 3
P (HE R 05 3 as) R P e AL B T, s T0 30
MIREEE R 3 5 4 NCBI 47 Lo Xy, s 5 v I8
BRWFEEE RS, T EETRE, WA
Yr'# ot

12 /4~ miRNA 37 Rl 00 290 JF 488 1 M L R (3R
4), 1 egu-miR159 7 i i L P Unigene40034 _
OILP_ 1, 1B N8 Rs v /e s % ( Phosphatidate
Phosphatase), [&] #i#: 69. 41% ; egu-miR156 f¥
WAL Y Unigene32511_ OILP_ 1, 5 H:Ja ¥ ¢k
(72% ) 5% v Wy 2 SPL9 ( promoter-binding protein
SPL9), —fhB sl 7456 % M, Unigenel0447 _
OILP_1, & MADS box # KN+ (MADS box tran-
scription factor) & B [al 8 (el Pk 77. 5% ), B
Wk egu-miR5179 Py HEEL PR, 38 e o) 3 4 T Y]
FH ORI REHE 0T, RAEMIZE5ARMN
ApE AR, BERR IR, ATP . P
eV, b, 5 AT O A fitiE e
RS SRR R A miR159 11 1
5 DR YT P P A PR B8 i TR 8% FR IR 1 ( Phos-
phatidate Phosphatase) "2 #i miR528 11 i i i 5
P#kREE D( phospholipase D) vl i B #2 5 iR i
FRARINRARTS ™ s miIR156 IRTEIHLE: PR 3 45 A
FE [ SPLY ( promoter-binding protein SPL9)s-11
iR 162 (¥ T 00 8 5k PR 4R L (A B IR R 2 11 S T
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Fig. 2 Different expression of twelve miRNAs in oil palm mesocarp at five different stages
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B& ( mitochondrial substrate carrier family pro-
tein) 17+ "8) 1 miR529 % T 3 P4 H8 B 1 ( Zine
finger protein) "' W BB S S A IR IR AR
F(K4A),

3 it

— R8N RNA 2 BU5 35, BB RS R
R33N % | 27 R e VA B, 7/ < i A 11
FERBLARY . FEMASR I P A RE Mg, R
KUK, AR RNA SEIBGE AR Y X,
Fealid/h RNA, Joa B, 2956 RNA Y
1710, Wik, ¥ B ik A A A ol 2 4> T A W2
% RNA B MER . AR CTAB 3L 7%

B, AU ARG i, ARonr B E N
FRERRINE Y, [RINST A RNAiso 5] il I3
HPlHE, TR/ RNA IFT o X2 H A MR/
RNA SRIBUE I HGE, Ko aliks/h RNA A 05
A BeAH R R/ RNA (Rl 24 IR 92 50

FIAT, MIRNA X PR TE B 3 42 ALl e 8
AR AR P2 R L 2 50 W B TR 22
—P O RBRGE, SR 12 M miRNA, £
HURM R FI S MNHRBIN 2 Rk . RN
W, FEX—id R B N R RAL A
WALRAEAEA, R, KIMAMEERE mIRNA £
RELEFGH, WG4 M GE W, Rk BH
T o Hirt, miR395 . miR528 FiimiR 156 iy 33k /K

&4 ZRRIEK mRNA BEERRNLE R
Table 4 Predicting of the targets of differentially expressed miRNAs

[T
SR il il
miRNA 47 o (v 0 e R 1 ™ Degree of YredRE Relevance to the
miRNA name Predicted target Homologous gene homology Potential bl_ologlcal metabolism of fatty
processes involved ; )
acid synthesis
=) =)
egu-miR159  Unigene40034_ OILP_ 1 ?ﬁfffffgfg phosphatase) 69.41%  gibishdmi? A2
=)
egu-miR528  Unigene30286_ OILP_ 1 ‘ff,ﬂﬁoﬁfpﬁonpase D) 60.85%  BEgfligrdmle! b S
- . JHBI & &8 SPL 9 [15] 1161
egu-miR156 Unigene32511_ OILP_ 1 ( Promoter-binding protein SPL9) 72% HRET A
SRR SRR R R
egu-miR162 Unigene20329_ OILP_ 1 (Mitochondrial substrate carrier 62.16% &5 ATP &))" 18]
family protein)
- . HHEER 9 p:[19]
egu-miR529 Unigene7853_ OILP_ 1 (Zinc finger protein) 71.23% xR T ARk
- . AEIR- A RBEE 9 Iy
egu-miR166 Unigenes0813_ OILP_ 1 ( Homeobox-leucine zipper protein) 72.05% HRET HILHETE
SBP 5% 1
egu-miR395 Unigene50301_ OILP_ 1 ( Squamosa promoter-binding-lke  85. 01% R T2 R IRAHE
proteini)
) i mRNA §i i T 7 40 9 i
egu-miR2916 Unigene22879_ OILP_ 1 ( pre-mRNA-processing factor 40) 75.3% RNA i1 FR W
- . ¥ kT NAC35 9 [21] i
egu-miR164 Unigene7855_ OILP_ 1 (Transcriptional factor NAC35) 58% HRET HILHETE
appr-1-p BEEEEA
egu-miR168 Unigene135_ OILP_ 1 ( appr-1-p processing enzyme fam-  63.58%  ZEp4RiH 2] A WAE
ily protein)
egu-miR535 Unigene26865_ OILP_ 1 RH:B
egu-miR5179 Unigene10447_ OILP_ 1 MADS box st 5 77.5%  MmEEREE R

(MADS box transcription factor)

H: o« FORMERERAWFFIG; w FORMRGE AT P NCBI vt LU A YR s 5500 PR 1

Notes: * Sequence number of oil palm transcriptome sequencing; *x Highest homology gene annotation of oil palm transcriptome

sequencing sequence alignment in the NCBI.
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VAR B ETE, X HPREARERBRIIR Y &
MUY B 2 BOEADCH:, KA T X 8 miRNA
W62 5 TR AR A MY, JE R
PEAMEH; M miRS179 fy 3R W S A AH G, W)
B LA A

TOSLH TR R T RB /0T 45 2R 3R W], 40k
MIRNA ) H I 5L N 22 5 g 07 1R B A
FAGEREE DY, R T X miRNA W e P e
TP R DR S 5 DA IR R AR, *TB
HURBR M B AR R EE P WA 4
i, miR528 FEHUIR KA EH R 5 M (G5) Rk
%, AL R BEIE R D (phospholipase D),
FACE SRR G D A2 A W 4n i D 7 AR U B R
B, T RN, ZEr R RS, miRs28
Ak, VB EEREIREE D, Mg L
T IR iR AERL, A B TR 2 IR 2SY B TR L
B, BASCIRIGE™, Bigme D Mt T
YU L IBEIRES A AN IR R, RS WEJRR
% (linolenic acid) , HAE N IKYIG IR F 1 (jas-
monic acid) F1 5% #ij iR /' li§ ( methyl jasmonate ),
"L, miR528 W BT AR HIBkNREE D, IR
FRARI, AT 55 0y 4 I PAY 5 2 PR RS PR I,
FE:2 SANBEERA R, EYTRG RS,

AR LB, miR156 (¥ 150 FE 5 4 8 )5 3l
F-4546 7% M ( promoter-binding protein SPL) % &%
IR SPLO, EATHRIET™, SPLO #i Liii# N
¥, WREME S miR172, JH# AP2 #E3L N (AP2-like
gene) ML, X T miR156 fK ] fEE 1 P45
SPLO 2 5 gl AR, sk, miR162 115
HUSE R A BL AR R 1 2 R A ( mitochondrial
substrate carrier family protein), DA Az miR529 ¥
T A P — Fh P AR BE45 B B (zinc
finger protein) , JXW & %8 A HE 5 Ba i R A 1
R AR X B LR] R T FE AR g
iR R R, A B miIRNA W] B g
BHES SRUIIRABRARMWIIEERE; ELi
J&, MIRNA EAEH T RL W s 7, [lHH
FEIRITRAH R . BT, SRR
FEIRARUN—RE, NRTFR O LA A G N — 2R A
RIIRAS, AR WA i AL KRR & DL Sk iy i

RIDERARPERA WP BRI . S YL YRRIE
AR AL, miRNA 45 AR ] 16 2 2 g
B, JEARMRDRRI A EARS, S S5
WHIH. B FWER. SURSG i,

M R AR O MR E R 22—,
SCRRNT FR A= W06 R PR 2 1R i, KA
Sl R R I PR B A 1 SRR 2 TN T O S e
TR RN R AT T 2 — o ADITEER
Bl R B/ RNA 175735, it J5 884 128
YW s g bR £, oo i A nlosHAE /1 RNA i
RETIEIE RS S Besh, 12 > mIRNA 22
SEABBA HE— L UEAH ¢ mIRNA ¥ 2 il 245
TR
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