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Mo EAEU . B0 Yh iR S22 R0 2 TR RIETE o B SRR BOR AT DA R B HE DY T R B A P
FPERT T SR ALY T-Be o

FUA, 1 B4 DA E B2 D0 R AR AT AL A B AL | RS | KBRS A A RO 28 5, HZFRf e o i R
KA AR T 4558 o Pk, 2B 3 BEHC T 2 /96 B Il 25 D0 R SRR D bR, SR T — A0 1
Hlumina % LI HAR, 73 50X 2 AMIE RSRBR B PRAF A 25l A (B I R A T 2R oA, FAE
FIEEAR 2 A R SRR A DO 2R 2 DR 30K 10 22 5 S5 R IR] L, DR 2is (8 it bt R B I R b 0 7 B Bl

1 MR5RE

1.1 SKIEMRL DGR A MOR SRR 2 22 25 O E ) “ J71E 157 F T 4 573 2 N R A
BRI AL, T 2018 4F 12 A 7 B RSB MR X AT A 3 v AR TR il R 4, 6 43% 2 M BBk 1Y
PRAEAE KB — B (il ZE AL 45 20 B, BEARFE ML RS20 i it \ IR G 5 s i AR AR E, T T
SR o

1.2 HRCEREFREREESRIE MRS RS RNA G, s 7 B 238 A YA A
e, WA Oligo (dT)BUREER & 42 mRNA, fifi F fragmentation buffer K mRNA 43 5l F B, i %
Ji 28 QiaQuick PCR IR & 2lifk [Flifr, #57 ¢DNA SC . {#iH Illumina HiSeqTMPE150 X44 & 1) /5 3¢
PEBERTINF o fdEH] Trinity X JEUAEORIEF T4 %, BEfS 1186 2] NR. KOG, KEGG. Swiss-Prot £ /%, #ildf
AL X 45 RS D e B . B blastp 5 OrthoMCL 556 FH ) 7 15 2k % 8 9 Fih a] [8) U Y

Unigene, 7E15 2|45 8] 7] 55 55 A7 3 PR G0 5 , 45 25 35K IR G5 AE T P R b 2 S0 B g 6 DR B (RS TR
FIGEVE VB0 35 geit, $R S R R I BEE R 5K, 43 5% HatH T RevE RS . KEGG & 541, GO &4
b . B MISA (http://pgre.ipk-gatersleben.de/misa/ ) ¥F 259 Fi it B4 D1 [R] YR BE R Unigene #1718
&, 17 SSR 7317

2 LRSS

21 BHREABEKREZOM (I Trinity XF 2 MMESFEARSEA TR, H R HE SRASHIFH, Ik 1 pF
7N, FEXT 185 698 SRFELHMEAT TIF . “T5ifg 157 M “J7ifg 4 572 DNEEAR R NSO KB435 4 809 bp Al
912 bp, “Ti¥E 1 57 BYE KL BE R 21 213 bp, /MR 201 bp; “TTiE 4 57 By LKk 21 867 bp,
f/INR 201 bpe “JTHE 1SRN TTIE 4570 GC EIE R, 43 01h 41.66% FiT 43.57%, 2= W1 P 24 ot
R X 2 ASFEAS A SRR R R R B H E AT e, S5 5R (L 1) 3R, “ Tl 157 R T
457 [FR A SE R SRR R FEAT 16 918 4N, “ T 1 57 R LA 92 705 4, “ T 4 57 Fefa i 5
RN A 52 799 4~

®x1 “HB1SMAE4STEREASTREST

Tab. 1 Transcriptome analysis of 2 clones derived from 2 elite individual plants of Camellia vietnamensis
FE SR NS0 GC/%GC i%_jttér}?/bp %{J\J&E&F/bp DS ey Eﬁ
Sample Genes percentage Maximum length Minimum length Proteins
LS 113 846 809 41.66 21213 201 52 549 52 549
“Tyig4s" 71 852 912 43.57 21867 201 36 930 36 930

22 HEEEASH

221 BAEEKEGG §HEM B 2 MEEAY Unigenes 78 3] KEGG £ i AT HLXF, 158 &A1Y
T 2 KEGG &8 A B, N b A JE A b B M 5 4R 1Y pathway, “TTTE 4 57557
15 I B HE A R (] 2) 3= W, “ T 4 57 LR A G AR 0 FE K 32 B B g, 2070 600 2%, R bk
IR LB IR LR AR, —# W PAEI/NTF 0.03, 7“0 4 57 rg i Rghis e, &80T RKr®
HEEAE YA R, B RN TR 0.79; HUCRMSERWAEY G BGERE, S HEHNF24H 0.73, HATERE
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Top 20 of pathway enrichment

Sesquiterpenoid and triterpenoid biosynthesis -
Zeatin biosynthesis -

Brassinosteroid biosynthesis |
Photosynthesis-antenna proteins -

Lysine degradation |

Photosynthesis |

Steroid biosynthesis -

Nitrogen metabolism -

Ether lipid metabolism -

Phagosome |

Pathway

ABC transporters -

Alanine, aspartate and glutamate metabolism |
Carbon metabolism -

Pyruvate metabolism |

Monoterpenoid biosynthesis |

Carbone fixation in photosynthetic organisms |
Glyoxylate and dicarboxylate metabolism -
Starch and sucrose metabolism |

Oxidative phosphorylation |

Ribosome |
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2“5 4 SRS KEGG w8 Ui
Fig. 2 Dotplot of KEGG enrichment analysis results of specific genes of Clone ‘Wanhai4’
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Top 20 of pathway enrichment
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. @® 300
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Ether lipid metabolism | @
Pyruvate metabolism - [ ]
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Fig. 3 Dotplot of KEGG enrichment analysis results of specific genes of Clone ‘Wanhail’

XF 2 A S E SR R S R A 2 1) KEGG 8 B T 4e i, P g SR B — & i AR RIE, 2 ASFE i
L [E] py LA v IR WL 20 Horb, A 2 RSO IR SR A Z R A G G 4 /5
R F EAL AR RIR AR, 432 BT I A AR BN T A% . RNA Fs FIBTEAE; i 1 S 1E
FHEAE, W S A0 FRAE G . 5 A B S b [ i A% i S RN T A B Y A 4 4r LE () A B B PT e e ) 1
— B B TER
222 HAEE GO FHEAM XTG4SR TG | SR 2 R FIGAIEH VT GO FAEST, 45
(& 5)FRM, “T1itg E'”E%Tﬁ%.?ﬁ%%ﬂi%kﬁ AR AL 53T EhRe 3 KRS, FEAE W Rk
o AR R AR N AR SR U R R AR B 2 BIRNTEA M i KRR E 21 3 Mgy
”U%Eﬁ\ YL AN ZE 535 W AE T DD RE RSP, LIRSS & 2 M B RN ERIEFKZ . ik

ST 4557 GO BAESHTA AL 6) .

2.3 Ka/Ks &3t ZWtHIEHE T Ka 55 Ks B9 FLfE 0] DUFDRAG TFEERE R ). Ka/Ks (R FE/NF 1 LA
PR FE 0 3 32 B FHPE s A ve 5 . AR 01 4 SIS 0 1 57 AS A 8 835 X A
unigene XJ Y Ka fl Ks {8, iT5 P A unigene Xf ) Ka/Ks UIH, 455 (K 7) &, Ka fl Ks {822 8] B & 1EAH
7, A 1 980 4~ unigenes 1) Ka/Ks HLERKT 1, HAY 6 855 4> unigenes ) Ka/Ks HAE/NFE%ET 1,

XTI 1575 T 4 57 BAdE D[RR R h a2 35 B [a) 2 4 ) L A (Strong Positive Select, SP)

TUIREE 4R 31, GO TR 45 SRR W], LB & R RN AW 2 . /rFIhRefan sl s 3 SR8, ik
%ﬂﬁjﬁ%*, FRHe LR A 2 S HT AL RE JIAHSER) GO 25 H, 40 “G0:0006801-# E ALYt 2", H
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Fig. 4 Gene expression profile of shared genes

A. Brassinosteroid biosynthesis; B. Monoterpenoid biosynthesis; C. Sesquiterpenoid and triterpenoid biosynthesis; D. Steroid
biosynthesis; E. Interaction of plant pathogens; F. Degradation of fatty acids; G. Biosynthesis of fatty acids.

P<0.01, 24 25 A OC, T AE 70 F YIRe K, 3 I & 4L 21 “ GO:0016655-4 1k i i Jg 1% P, 4E 4
NAD(P)H, BRI AP ZR7 45 H , iR s 1 5508 bR 1A (3 3) o KEGG &4 Hr 4 R
(¢ 4) W, B DL [R] V5L PR v 37 21 i Z 0 1) e 6 110 32 PR 2 s 4 31 5 3R & A R AR G 1 25 B,
AR . IR, LS A A IR DGR 25 H A R e . WRIE FIILIE A=)
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*2 “AE15"HE45"KEGG B EERRESIT
Tab. 2 Statistics of KEGG enrichment pathway of 2 elite clones of Camellia oleifera

B HEILAEY) Enriched genes

KEGG_A class

KEGG B _class

fRG$E % Pathway

uﬁ\‘@l%n

A‘ﬁ‘?@4%”

3 metabolism 2R FIH%iL Global and Overview  ##%/Xif Carbon metabolism 519 422
S PR I H 4 2 1 B T
L5 BAL P Genetic &, AR . .
. . . Protein processing in 416 291
Information Processing  Folding, sorting and degradation . .
endoplasmic reticulum
. 4 42 JRy FIRE A BIERRAH)5
R metabolism : . ; o 401 280
Global and Overview Biosynthesis of amino acids
WAE (5 S AL Genetic PR M A
. . 393 729
Information Processing Translation Ribosome
i e ik A A LA 378 230
Cellular Processes Transport and catabolism Endocytosis
AE(E B AL PR Genetic B RNA#%iz
. 415 242
Informatlon Processing Translation RNA transport
Wt {5 B AL Genetic 5 BBk
. . 347 220
Information Processing Transcription Spliceosome
4165F
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Fig. 5 GO gene classification of specific genes in Clone ‘Wanhai4’
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Fig. 6 GO gene classification of specific genes in Clone ‘Wanhail’
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PEY/INT 0.05, s 53 B A e '

24 EBEFENRELEEERE SSR 7#r f“ﬁ/’@l 2 H 0.15} . Ty.pesP

“TTUE 4572 ANRE S IR B DL [ VL PR o 2t ﬁ oo . WP
A0r o NG

F| 11 949 4~ SSR LS (K 5) . “HilE 1 5%
HIl EK/INK 18 736 662 bp, IEKEZRF 6 746 4~ SSR
fLsL, B 5% SSR WP HIECh 4 93745, H A 136 4
2P 1 AL SSR, LB YIERLPAFAERY SSR
0 848; “T1ifE 4 57 P AN K/INA 16 440 557 bp,
AR E 5203 4 SSR i 4, fL 7 SSR Y 7 41 L
jy 3990 %%, Hi A7 956 55750 1 4-Lh L SSR,
WAL B AEAERT SSR 2 604,

o NO
0.05

0.025

0.050
Ks

K7 “O7ifE 4575 T7iE 157 U Ka 15 Ks &
Fig. 7 Scatter plots of Ka and Ks in Clones ‘Wanhai4’ and
‘Wanhail’
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#z3 “AB1S'MAE4S"HSPEEN GO BE
Tab.3 GO enrichment for SP genes in Clones ‘Wanhail’ and ‘Wanghai4’
GOYIRgsr 2k GOID ik TR (L 1) Poval |
GO classification Function description Gene Number(Ratio) ‘o u¢ Q-value
AR R
. 0
Ky GO0:0006801 Superoxide metabolic process 3 (1.06%) 0.001 007 0.521 483
Biological Process JEh 54k
g G0:0000338 E.F‘ BRI . 2 (0.71%) 0.005 381 0.521483
Protein deneddylation
LRI S .
G0:0004457 lactate dehydrogenase activity 2 (0.74%) 0.001 579 0.290 456
AN RSV, 1FUNAD(P)H,
Vil MR G 032 1A
. V)
Molecular Function GO:0016655 Oxidoreductase activity, acting on NAD(P)H, 3 (111%) 0.005 501 0.327 781
quinone or similar compound as acceptor
L8N BRI 4 Tl
GO0:0070546 . e .. 2 (0.74%) 0.007 537 0.327 781
L-phenylalanine aminotransferase activity
GO0:0044435 JEfA R 53 Plastid part 27 (10.63%) 0.000 816 0.074 252
G0:0009526 AR I Plastid envelope 16 (6.3%) 0.001 150 0.074 252
AR Ry
G0:0031967 ANl 4%t Organelle envelope 20 (7.87%) 0.002 151 0.074 252
Cellular Component
GO0:0031975 f1f%Envelope 20 (7.87%) 0.002 216 0.074 252
G0:0009536 JifAPlastid 38 (14.96%) 0.009 439 0.217 881
*4 “HB1SMAE4S"H SPEHEKN KEGG EE
Tab.4 KEGG enrichment for SP gene in Clones ‘Wanhail’ and ‘Wanhai 4’
4% Pathway ERFERECE L) P-value Q-value  Pathway ID
T . RE FINHEIE A T A= )
0
Tropane, piperidine and pyridine alkaloid biosynthesis > (1.58%) 0.018213 0.623 606 k00960
K& RN 2 R Arginine and proline metabolism 8 (2.53%) 0.02231  0.623 606  ko00330
LBV 15 2 Base excision repair 7 (2.22%) 0.023 441 0.623 606 ko03410
RNAZ AT RNA polymerase 7 (2.22%) 0.02778  0.623606  ko03020
128144 %15f Purine metabolism 17 (5.38%) 0.039 612 0.623 606  ko00230
S A MU = )5 B Tsoquinoline alkaloid biosynthesis 4 (1.27%) 0.048 535 0.623 606  ko00950




5 4 3 ARSI 2 NS R AR A LA SR AL 2 o 433

#*5 SSR EHGit
Tab. 5 Statistics of SSR types

Tji H Statistical item “TTYE1E “Trig4E”

PEAR 5] 2

ERTHITERLE . 17 377 16 405
Total number of sequences examined

VAR 91 S A

P LA 18 736 662 16 440 557
Total size of examined sequences/bp

PRI SSRs 4K

Total number of identified SSRs 6 746 5203

T SSRIYIFHI%

ELRSSRAGFAMHE 4937 3990
Number of SSR containing sequences

{351 AL L SSR T 514 A | 364 056
Number of sequences containing more than 1 SSR

LU G WAEAE ) SSR % H 248 604
Number of SSRs present in compound formation

THHR
Di-nucleotide 3 855 23882
— R
Tri-nucleotide 2134 171
VUL TR
Tetra-nucleotide 253 195
TAZH TR
Penta-nucleotide 158 131
o } Lo 7
el 346 284

Hexa-nucleotide

FE SSR A AS A Bl B A B0 D, 2 AR R o R/ IV, o R R R R A (il 1 SR
i 56.9%, “ T 4457l 552%), HOkOE S EELE (T 157 31.8%, T 457 d
33%). 5T 17 M, T 457 S Bk EE A SRRV RO T, B L Sk
R PRI TTRA 58— ANRIZATEF T 157 1 iR JL F 2 P I e AN AAAG/
CTTT 1 AAAT/ATTT, i “ J3 ¥ 457 (%) DU o 26 5 &2 O 5 BE e 2 8o AAAC/GTTT Hil AAAG/CTTT
(K18,9).

54} 186 agl 417
By 40t
&Q S
X 36+ IS
§ \3‘32-
2 27¢ 5 24}
g &
o 18} 516-
9t st
0 0 0.7 lo.
SASS88 KL e&ee&&e SASEE KRR KBS BOK8 S o
¢ &&&e &o&e&«e} O R N R TR A
Q\e\&\\eo\ eo \QQ\?*\CQ&?‘S\ S N S S s o) &ij
NS zove &Qooe Qe oe@\&\ O e O 69@%"66009%@ ol 0
I
Motif Motif
&8 “Tiifg 157 EpdE D[R ALK SSR 435 & K9 “JTIg 457 5upE D [EFEFEE SSR 43 K

Fig. 8 SSR distribution of single copy orthologs of Clone Fig.9 SSR distribution of single copy orthologs of Clone
‘Wanhail® ‘Wanhai4’
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e ST L P AR 0 Ao A A B R K S A TGN, BERS VR S b AR A S A e A (]S J e Ay 4TI 1Y)
ARG B o MENEYE B ROk, C R AR S REE S SR . BRI/ N R
AL AR SR, FLAE S A P e 22 . ARPEAED ) WIRAE T AT PR solexa MNP H AR AT 43
BE, W125 R TSP & & o B2 op SE DR 21 7 2238 TR i, I B B 7735 40 G A 2 1 ) Al B . VI
SEOT D SE 2R 0RO ADRE, R SEE T R RIZ IR 12 AR B A R R o- R A L
SCHERGIED . BB ASAENS St X 3 AR R ISR SEA TG SRALIN Y, WFSE T S5 B e A H- i = et
AR JCRY 4 D CHERGIED . R HE I8 4500 3l 1T RNA-Seq £ ARXMIZS H WRKY %% 5% 7 A Mk 4 o
BT T AT, TELAERY SR F il & Tllumina Hiseq I 7 3 BEXT £1 AL 1M 2% ( Camellia reticulata) 1675 ]
T2 vo W A 2 R A T SZEL DN e, 45 38 T S AR Ak 2 A s i R A DG 22 S R B A

ARG XS T 15T 4572 AR A H A G R SRR T SRR AT, EE T
WAL TR . X TTE 157 T 49575 H IR R R R IR L 1T GO M KEGG & 4£40#T, 255 4%
B, “O7iE 4 57 R SER B AR LS SR rh, B T R A S A A R ISR R 2R E e YA A R EE )
A ORGSR ) A S S A A AR A S AR S . ITAE “ T 157 1 SRS SR R U H B T T R
A=W B g D R AT A5 55 BR T RR AH DG 193 4%, X SIS M 2K . ST BB B A OG . Ja b, 78 1 it
1571 KEGG &SR, SHEENEURZ M | 5550 SO R AR BAEIRIE, R TG 1 57 Rk
SEDR SIS U Y OCIR, 2 AR L [R5 IR (9 3R T A0 AT IR UE T A5 L o X 2 AR Sl e AR R
S Z 1 KEGG #FF 7o, g il e — 3 A s 4 ae, 2o, A 2 2 5 DC R 12 ik
AR AN LR A A W s I8 4 25 58515 BAC TR S A A2, 43 02 P8 5 0 HP A 2 P B hn T A
A RNA $eiz FsyEA; A 1 M EHRRE, S0 FEAHSE

FEICEERT I, 285 i Ka/Ks ik 2 M 5l B4 DL ] P L DR rh 32 B9 2 0E 1) e B SR 1A, i3k — 20
#4T GO il KEGG B, 45 R R WY, Hh ot s b D1 [w] 5 58 PR 9l wg 4R 3 S P Ak BB J1AHOCHY GO 45 B, 1
“G0:0006801-# F ALY LI TR . “GO:0016655-5A 4k i Sl M, 7 NAD(P)H, B ALl fk & i)
ZAR A, Bon B SPUAALRE ) B AR BUR A DG E . KEGG &£ HT iR R 24w £ 5 54
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Comparative Transcriptome Analysis of Two Clones of

Camellia vietnamensis in Hainan

DAI Jiani', YU Jing'?, ZHENG Wei', WANG Jian'?, WU Yougen'?, HU Xinwen'?, LAI Hanggui'?
(1. Institute of Horticulture, Hainan University, Haikou, Hainan 570228; 2. Engineering and Technology Research Center of Ministry of Education for
Selection and Breeding of New Tropical Crop Varieties, Hainan University, Haikou, Hainan 570228)

Abstract: In order to further explore the physiological characteristics and metabolic process and also to provide
scientific basis for the selection of excellent clones of Camellia vietnamensis in Hainan, mature leaves of two
years old plants from two clones (Camellia vietnamensis “Wanghail’ and ‘Wanhai4’ derived from two elite
individuals of Camellia vietnamensis plants from Hainan were selected for transcriptome sequencing and
analysis by using next-generation high-throughput Illumina transcriptome sequencing technology, and their
differences in gene expression were compared. The results showed that among the specific genes of ‘Wanhail’
there were 651 annotated to the path related to plant disease resistance, accounting for about 5.26%, and 510
annotated to the pathway related to fatty acid metabolism, accounting for about 4.12 %, and that among the
specific genes in ‘Wanhai2’ there were 169 annotated to pathways such as sesquiterpenoid and triterpenoid
biosynthesis, brassinosteroid biosynthesis, steroid biosynthesis and monoterpenoid biosynthesis, which are
related to plant secondary metabolism. The single-copy homologous genes of the two samples were mostly
enriched to GO entries related to antioxidant capacity and KEGG entries related to amino acid anabolic
metabolism, and their P levels were less than 0.05, showing a significant correlation between their genes and
antioxidant capacity or amino acid anabolic metabolism. This might indicate that Clone ‘Wanhail’ has higher

stress resistance while Clone ‘Wanhai4’ accumulates more secondary metabolites.
Keywords: Camellia vietnamensis ; comparative transcriptome; gene expression
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