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Identification and expression profile analysis of oleosin gene family in

Chinses hickory and pecan
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Abstract: [Objective]Lipid droplet (LD) plays an essential role in seed germination. Oil body proteins
(oleosin) are a kind of proteins localized on the surface of LD, which participates in the regulation of
LD biogenesis, morphology homeostasis, and stabilization. Chinese hickory (Carya cathayensis) is an
arbor with high oil content in its embryo. However, the molecular mechanism of high oil accumulation
in hickory embryos remains unclear. This study aimed to systematically investigate the oleosin genes in
the Chinese hickory and analyze their expression patterns. [Methods] Based on the Pfam database, the
oleosin genes in Chinese hickory (C. cathayensis) and pecan (C. illinoinensis) were identified and char-
acterized in this study. Then, gene structures and conserved motifs were analyzed by TBtools, and the
cis-acting elements of oleosin gene promoter regions were performed using the Plant CARE database,
and phylogenetic analysis of oleosin gene family from C. cathayensis, C. illinoinensis, Arabidopsis
thaliana, Glycine max, Arachis hypogaea and Brassica napuswere conducted using MEGA 7.0 software

(Bootstrap=1000). Moreover, the expression patterns during different developmental stages of the em-
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bryo were analyzed. Furthermore, subcellular localization of oleosin proteins was conducted. [Results]
The results showed that seven and eight oleosin genes containing a conserved domain “proline knot”
were identified in Chinese hickory and pecan, respectively. The oleosin protein molecular weights
ranged from 14.54 to 17.51 ku, and the isoelectric point of oleosin protein ranged from 9.33 to 10.36.
The gene structure analysis showed that all members of the oleosin genes in hickory and pecan con-
tained one exon but not intron. Four conserved motifs were found in the oleosin gene family. Based on
the analysis of the conserved motifs, CCA0791S0002, CIL0938S0150 and CIL0252S0009 might share
a similar function. The results of multiple amino acid sequence alignment showed that oleosin proteins
of hickory and pecan contained a typical and highly conserved “proline knot”-PX5SPX3P-. The “pro-
line knot” domain is a special structure in the oil body, and it is responsible for oil body localization.
Lots of cis-acting elements were found in the upstream 2000 bp of the oleosin genes, including gibberel-
lin (GA), abscisic acid (ABA), MeJA, and a variety of environmental stresses, indicating that the sig-
nals of abiotic stress and hormones might regulate oleosin genes expression. According to the phyloge-
netic analysis result, all oleosins genes were clustered into the U-Oleosin, SL-Oleosin, and SH-Oleosin
subgroups. The SL-Oleosin is the largest subgroup, accounting for about 1/2 of the oleosin gene mem-
bers of hickory and pecan. In the SL-Oleosin subgroup, the oleosin genes of hickory and pecan were
distributed in two branches. CCA0791S0002, CIL0938S0150 and CIL0252S0009 were classified into
one branch, and CCA0520S0025, CIL1494S0045, CCA0779S0183 and CIL0922S0190 were classified
into another branch. In the U-Oleosin subgroup, the oleosin genes of hickory and pecan were also dis-
tributed in two branches: CCA0674S0096 and CIL0212S0015 clusters were distributed in the same
branch, while only CIL1212S0020 distributed in another branch. In the SH-Oleosin branch, three oleo-
sin genes in hickory and two oleosin genes in pecan were clustered to one branch. Moreover, the ex-
pression patterns of the oleosin genes at different stages of embryo development in hickory (S1, S2,
S3, S4 and S5) were analyzed using the transcriptome database. The results showed that the oleosin
genes were highly expressed during the different developmental stages of the embryo.
CCA0674S0096, CCA0779S0183, CCA0514S0208 and CCA0520S0025 had the same expression
trend, which could be classified into one group. The expression trends of CCA0791S0002,
CCA0656S0072 and CCA065650074 could be clustered into one category. Compared with the S1
stage, all oleosin genes were up-regulated at different stages of embryo development. The mRNA ex-
pression levels of CCA0656S0072 and CCA0656S0074 were significantly up-regulated from S4 to S5
stage. The mRNA expression level of CCA0520S0025 and CCA0791S0002 significantly increased
from S2 to S3 stage. It was noted that the oil content continuously raised during the developing process
of the embryo and showed a sharp increase from S2 to S3. The qRT-PCR analysis results showed that
CCA0520S0025 and CCA0791S0002 were responded to ABA and low-temperature stress. Most oleo-
sin genes showed an up- regulated expression trend under the ABA treatment. Three genes
(CCA0791S0002, CCA050S0025 and CCA0779S0183) reached peak expression 2 h after the ABA
treatment, and CCA0656S0074 showed a continuous up-regulation after the ABA treatment, and two
genes (CCA0514S0208 and CCA0674S0096) showed a down-regulation 6 h after the ABA treatment,
and then reached the peak 12 h after the treatment. Under the low-temperature stress, CCA0791S0002,
CCA0520S0025 and CCA0514S0208 showed an up-regulated expression 2 h, 4 h and 6 h after the
treatment, respectively. Finally, the pBI221- UBQ10- CCA0520S0025- GFP and PBI221- UBQI10-
CCAO0791S0002- GFP expression vectors were completed. The subcellular localizations were per-

formed through transient expression using protoplasts isolated from the Arabidopsis suspension culture
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cells. And the results showed that CCA0520S0025 and CCA0791S0002 were colocalized with AtO-
LEO2-RFP, an Arabidopsis oil body gene. [Conclusion] The oleosin gene family of Chinese hickory

and pecan had similar gene structure and conserved motifs. In addition, CCA0520S0025 and

CCA0791S0002 might play an important role in the oil accumulation in hickory embryo.

Key words: Chinese hickory; Pecan; Oleosin gene; Bioinformatics; Subcellular localization
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2 B %% 98 7K (Lipid Droplet, LD) o A 32 B =
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sica napus) '\ K 5. (Glycine max) " F1 Z R (Sesa-
mum indicum) "S5 P TR (1) AR B 3 R AT
AR P M eh oleosin K& PR 5 A5 AH ABA ) B A6 A )5t < 2R
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*1 FHEE PCR5IFT
Table 1 primer sequence of qPCR

B K A K IEmGIH(57-37) K557 -37)

Gene name Forward Primer(5’-3") Reverse Primer(5°-3")
CCA079150002 CACTCTCGTACCCGTCTTCG GCTTTGTGTGCTCGAGTTGC
CCA051450208 ATCCTTGGGTTCTTGGCGTC CCTGTGCACCAGAGATGCTG
CCA052080025 GTCCAAAGTCCCAGAGAGGC CCGAGCTCAAAAATCCAGCG
CCA065650074 ATTCAGTCCTGTTCTCGTCCC ATTTGTGCCGCCCCAGG
CCA067450096 CGATCCTAGTCCCGGTAGGT CACAAACTGCCCGTACTCCT
CCA077980183 GGTCCAAAGTCCCAAGGAGG GAAGACCCGGGATAGCGATG
CCARF TGTGGTTGAAGCTAGGGATG GCGTTGACGGAGTGAGTG
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BamH 1 5 T4 DNA & #8535 T TaKaRa 2 ] ; it
Bl e A 5 R A AR A FRA 7] 56 B
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2 uL, 10 mmol - L'' dNTP 1 pL, #% #x cDNA 4 pL,
ddH,O 15 pL, Phanta Max Super-Fidelity DNA Poly-
merase 1 pL. PCR M. F2 % : 95 C fii 48 ¥£ 5 min,
95 ‘CAEME 155,58 CiBK 155,72 ‘CZEAH 1 min, 30
ANMEIR, 72 C EAH S mino FI FH B g B 6t fie 48 44 [
W B R B B 2R R B ) BR i Y D) g
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Tr BT A0 M 2 AR IO\ — TR EE Y SR,
pBI221- UBQ10- CCA0520S80025- GFP Al pBI221-
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(AR TT oleosin FED IL464L, # E 5~10 min, BL130 V
F11000 wF B & HLH7 /5, I 2 mL TEX Buffer # &4
i, BN 35 mmB5FRMLE T 25 CHi## 12 he FIH
34 5 £ B 1M (Leica TCS SP8) WL %2 3V 41 Jfd 5 7
TSI, BAR DM 1A% Bk oleosin FE K 5 40 5 7% oleosin
PG IE R ArOLEO2 F 40 A 36 52 A 15 Dl , S (0%l
(GFP) 2 Wi % & Vi Bl 4 488~510 nm, 41 4 % )6
(REP) 4 K A 532~588 nm. 1556 fir FH ()42,
T IF oleosin %X (AtOLEO2-RFP) J7i ki 11 2 & T £
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2.1 Oleosin Z=E KRR REE RIBUW MR

LA EE IF oleosin 5 K ™WE N2 [, 75 1L A% Bk Al
V7 LLAZ B S DR A v 4 ) 4 7 31 7 S A 8 AN LA
RAIE KR 451 oleosin R, #E — 25 F] A Prot-
Param %14 %F 15 4> oleosin 2 [ A4 A M 57 1E 47 49
Bro S5 IR GR2) LAk ATE 52 1L AZ B oleosin
FE R 9 15 139~166 N LR s B2 Al 4> 7l &N
14.54~17.51 ku: 55 B VG 4 9.33~10.36, 85 FH A EG
SE R BN T 28.71~63.13 2 [A], JIg 7 2 %N 88.86~
112,11, F 3 52K P T 0.098~0.467 2 [6) o i V. 2]
Jf € A #E AT T, 25 % B, CCA0520S0025
CCA0779S0183. CIL1212S0020. CIL0938S0150 ]
fE 5 A7 T H 4444 , CCA0514S0208 F1 CIL0009S0029
T Be AL T OB R, H 4% 9 4N 1L & Bk oleosin 2 H 7T
REEN TAM B . 28 b, IiZpk 57 sk
|A BTSN T 25 ku, B 55 025 R
JE 7 22 250, B L A BRI 9 5 1L A bk B A AR BL I B A
PR .
2.2 Oleosin EHRIRTEMIE LB TFIRNIER
TS

R R %2 A B, R B A% Bk AT 5T
Ll #% #k oleosin & [ #8 2 A — AN # AL 1y H &y B AR 5
(IR IR 457 5 e (B 1-A) , B & 1A 22 3 IRk ik
F3 AR TR 5L , 1T AT 46 A PXGSPXGP , 145 14 A2 i
R R S5 . R A% Bk 5 52 Lk oleosin
FER 25 31 I oleosin FE R XI5 % R 35 F —
MINE T, NS T A% B 52 1 A% Bk oleosin
B AR 0T B, (PR 52 ik 15 4>
oleosin F£ X1 35)415 motif 1.motif 2. motif 3 Fl motif 4
B, HEZ 4 AN FEFAE oleosin 2K (A 7 41 v FE AR
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Table 2 Analysis of protein characterization of oleosin genes family members in Carya cathayensis and Carya illinoinensis
V=i B B N =X SFa sz AH L 2 435 K 4 2 fon
. D ﬂ%@akg SIS — ﬂum_giﬁz Hﬁﬁﬁ%\ﬁ SEESEAK V41 5 A3
Species Gene ID Amino acid ~ Molecular Pl Instability Aliphatic Grand average Subcellular
P length/aa weight/ku index index of hydropathi-city localization
LAz bk CCA067450096 147 15.675 40 9.57  29.04 112.11 0.467 2 i J5 e
Carya Plasma membrane
cathayensis 4051450208 148 15.722 50 9.51 4145 107.50 0411 iR
Vacular membrane
CCA065650072 139 14.580 11 9.83  38.59 107.41 0.422 1 5 f5
Plasma membrane
CCA065650074 139 14.592 16 9.83  37.98 110.22 0.459 2 i J5 e
Plasma membrane
CCA079150002 156 16.192 86 1027  34.76 94.55 0.263 7 f
Plasma membrane
CCA052050025 154 16.223 00 1028  55.85 105.84 0.147 -2k
Chloroplast
CCA077950183 140 14.536 04 10.13  62.88 102.50 0.224 -2tk
Chloroplast
MEEIRE  CIL121250020 156 16.948 69 933 41.54 98.91 0.408 ISk
Carya Chloroplast
illinoinensis— cy1 031250015 147 15.728 48 947 2871 105.51 0.401 7 R
Plasma membrane
CIL025250009 156 16.163 84 1036 40.16 92.12 0.204 2 o e
Plasma membrane
CIL0009S0029 140 14.646 01 9.98  36.90 106.00 0.341 I
Vacular membrane
CIL149450045 154 16.237 98 1028  50.19 102.01 0.131 2 i 5 5
Plasma membrane
CIL0940S0119 139 14.558 04 9.80  32.75 107.41 0.389 2 i o e
Plasma membrane
CIL0938S0150 166 17.505 37 9.93  40.70 88.86 0.098 ISk
Chloroplast
CIL092250190 140 14.583 18 1036 63.13 109.50 0.274 1 fed 5 A5

Plasma membrane

SF 5 M3 P 5 W) RN 2 P AL B R CIL0938S0150-
CCA0791S0002 5 CIL0252S0009 K3k A7 B AHALL
1M CIL0938S0150 £ [ ¥ 41| 47 £ %l 71 ) motif 15 %
S T = = N - 1 ) s 2 S [ 1 I
CCA065650072. CCA065650074 5 CIL094S0119 3
MNEARE SR 3, R B 45 R Th g
ATREARALCE 1-B) .

I PlantCARE 7 28 T B (Ll AZ B RN 3 52 1L A%
Bk oleosin 2 K J& 2 7 W =X A FH oo 4 3 47 Th RE 7
WMo 285 5 I A% B A 52 1L % Bk oleosin 55 IR 3
B350 A W R T LR e I e N TG A . TR LLAZ AR R
A LZ R 53 5 N F T A oleosin 3£ R A 2l 1
A MeJA T R TT R 73 Bl 5 AN FT 44N oleosin Fi
A JE 3h 7 o & A GA W ST 40 il A 5 AN 6 A4
oleosin 7 X J& 2 T & ABA W N ok BR T
CCA0520S0025. CIL0922S0190 #HI CIL0252S0009

4, HAR oleosin B &G VG AR TG RIS &
I CCA0779S0183. CIL0009S0029. CIL1212S0020-
CIL0212S0015 5 CIL0252S0009 3 ) 7 4 & & F
5 N It /F . CCA0779S0183 . CIL0009S0029 5
CIL149480045 J& 2+ 4 & A K B oo (B 1-O) .
1E 154> oleosin H: PR J& 3) 7 Hh X2 A6 ) 1) 7 % B4 35 4%
AR AT 5 A DR I =0 AE FH o, DR e ) 1L %
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