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Transcriptome sequencing and analysis of Rhododendron fortunei
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Abstract: To enhance studies on genetic diversity and molecular assistance breeding of Rhododendron fortunei,
one of the native Rhododendron species in China with a high horticultural and ornamental value, the transcrip-
tome of R. fortunei was sequenced using Illumina technology. In addition, sequence assembly, public databases,
Gene Ontology (GO) analysis, Eukaryotic Orthologous Groups (KOG), Kyoto Encyclopedia of Genes and
Genomes (KEGG), and MADS-box transcription factor were used. Results of the sequence assembly obtained
84 633 unigenes with a mean length of 691.4 bp. Public databases were successfully searched annotating
35 526 unigenes, and GO analysis showed that 23 215 unigenes were potentially involved in 55 functional cat-
egories of biological processes, cellular components, and molecular functions. The KOG analysis indicated
11 085 unigenes classified into 26 functional groups; whereas, the KEGG analysis assigned 9 887 unigenes to
272 known pathways. Also, 24 unigenes were identified to encode MADS-box transeription factor belonging to
10 different subfamilies. In addition, 21 900 simple sequence repeat (SSR) loci were determined in the tran-
scriptome of R. fortunei. In conclusion, this study could provide an important foundation for genetic diversity
analysis, marker development, molecular assistant breeding, and functional gene isolation in R. fortunei, as well
as future SSR marker development. [Ch, 4 fig. 5 tab. 27 ref. ]
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BEE S 2 AR R AR B &R, 5 SELHINF (RNA-Seq) B BN 13 T AR BB FE, |72
N T OIREEIZSE . o Fhnic &, AQGHE B AR PLEI A SRR A AL,
R MR MEFRTE S SO, X ECE A R BT AT RNA R TIY, IF I8 52 B (reads) B9 PF
R F G P AFFAN B 5% SR AR S B R KD B8 FERS Rhododendron fortunei "Mt S AL
Ericaceae ftA%/EJE Rhododendron fHY), NP EFFARN, FEMTLE W, WL, WiTsEae, =8
FRESMIE R, R EMHER, HARSNE WS, SRR, S5 AN T8, WEfEhftagE
FRRIZSZ B RAS; IAh, ROSEA U S A 2R L ILES | R SEAROGTERSr, AT R AT,
AL, SRR RGVE A —Fh e B A 25 AN A RARAAES T, FFRE IE R, BARGHrIkik
Hist, HAT, =EFEESAIToT TR AP EE AR WAL BERSSH0Y . OEER AR . HRO )
BrisRl SEEFRRED | FAARILA M, BT BRI ER, Z%%**H'%E’Ju%gﬁ ﬁ?i‘ﬁﬂﬂﬁﬁ“
EMF R BN . AR5 E RNA-seq JEB L=l R S O I W L 2 4 £ b o L A P W 5 21 i 2
IfeERR T, FMKENTFIEE, BN HHES FARcH &, s 2rtatr, kIRekk
Rz . 2 MRIE T AL SRR SR P 2 E B

1 M5 %

1.1 EHHE

R AR S A TR = SR AL RS OUAR 2B MR, Sl 2H ARG Z AL RS TE M & ZL-01, LAzt
YU AR, PO | BEEFIR, RS VRIS P-AF T-80 “CHI T RNA 424K,
1.2 RNAREUS iz

K H Trizol {F (Invitrogen) , ¥ MIAFI UL 50 BIHE HUCALEE AR . 25 IPAYEL RNA, SR Agilent
2100 Bioanalyzer(Agilent), X5t RNA #£5LAYLERE | Wk BEFNSC R MR A TR I P4, A5 RIR G5 T %
SCPERE
1.3 MFXEEE

BOs S & #B9 RNA, A Oligo(dT) BIREZK 5 48 mRNA, K328 mRNA BENLITIRr S A BL, ]
INTRFEFENLE | W) & N —8E cDNA, SRIGIAZ W . dNTPs, DNA polymerase I fil RNase H & il 4%
cDNA, XHE cDNA Z4lifb 5 4T RumfE =, N ploy (A) HFiEHN Pk, @it PCR §7 34 K 4lifb f5 15 3
M, A Mlumina Hiseq 2500 ﬁﬁ%%éﬂlﬁ@{ﬂﬂf?, I dy b st i AR ER A W8 W) 52
1.4 FHRBAEEHST

B X I A5 3 Y S G A5 (raw data) EA 742 RV BTS00 R B (reads ) SBRAFALIR RIS 5 BT 1Y
T EE (clean data) ; T EEUER T Q20 A1 Q30, GC & REAMBIILGEILER, PRALINIF Fi; FIH)F I
(S, @ Trinity BT BE A TP S0 2048, Rl e i B B iy B, JF 1S3 A
BeE4, FIH De Bruijin J775 S 255 SR (transcripts ) FEAEE R (unigene ) 41
1.5 E.Ij] EiERE

FIFH BLAST F1 HMMER #4162 #i kL AS 5BE PR 2 PP 91 5 8 SRS PR R AT Lok, AR R B PR A AR ARL 1
HEATIIRETERE, 1535 45 SO D B S P SRR PE B2 1, DTS 32 B PR 04 2 1 D e
FE, Hrp BLAST 24 E<le®, HMMER 4 E<le ™ {ENTHERME, HOXS SR FH 09 2 U RICHE P4 45 56
A= 945 B0 (NCBID AETUAYEE MU 8E 4 (Non-redundant protein database, Nr), NCBI #8250 5 ¥ &
(Non-redundant nucleotide sequences, Nt), #5751 5U#E 2 (Swiss Prot protein database, SwissProt) ,
H A H A AR L R B E (Eukaryotic orthologous groups, KOG) , & F 5t 5% % £ ¥ )& (Protein families
database, Pfam), FEFEARMAISEIEE (Gene ontology, GO) M it #5354 40 A R4 4 (Kyoto encyclo-
pedia of genes and genomes, KEGG),
1.6 SSR &#7

2R JH MISA Bz i A B SRRE P BR AT 1] B 7 S FE A (SSR) 20 Hr, 285 o 6 AP 2B fY SSR; 4%
SSR IV T YRR E Ty HHER SSR, HER=101K; B HM SSR, EEH=6K; =FEAEKH
M2 SSR, BHEH=5 K,
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2 HEREHT

21 NFER5A%E

SBEETCPE R ZL-01 A BE AR | ZERI0TAY RNA, Kl g5 5B, MR RNA BT R 362 mg-
L™, 285/18S A 1.6, RNA 5Z#VEiH%0(RNA integrity number, RIN)} 9.6; 2% RNA BBk J¥ K 515
mg-L~, 28S/18S 24 1.8, RIN fH} 9.8; N RNA M5 i ¥ & 4 485 mg -1, 28S/18S 4 1.8, RIN {H W
9.7, XEAGARIFFEEEENTEER, F, X 3 ML RNA SF IR G 5 I TIT

WP A e 22 Ab PRI 7531 94 252 430 A>T T B (clean reads), 1% T 14.14 Gb B HRIFIF
B, GC & &N 47.58% , )7 & PP 45 R B, B3E A5 IR E N 0.02%, Q20 K 96.70%, Q30 K
91.85%, iXUEFMIZ G L0 B S M BT B8R, R Ie LR 91 2H e R A 1 v ot o P D A AR

i 3 Trintiy A 26152 112 777 DN EEAR, BKE R £1 ZEHEBERARKER
91 621 682 bp, FHJKJE N 812.4 bp, N50 K 1410, HAKEE . |

Summary of transcriptome assembly

1 kb DL FRA 29 225 4%, /4 25.92%; 2 kb LA FAY 10 418 4%, 5 for R. fortunei

9.24%(F 1), XHEFAATRE AL F] 84 633 NAILHFE,  KIEWHLp  SmAr  BREHEA
SRR 58 517 298 bp, “FIJKJEN 691.4 bp, N50 4 1 177 bp; <301  35575(31.54) 32 101(37.93)
,ﬂ\:q:‘ﬁji 1 kb E/Jﬁ 16 631 %, 5 19.65%; ﬂ;ﬁﬁf 2 kb EI/J 3 760 301~500 25 511(22.62) 20 759(24.53)
%, 5 6.81%(%% 1)0 501~1 000 22 466(19.92) 15 142(17.89)

- 1.001~2 000 18 807(16.68) 10 871(12.84)
2.2 ERANEEER
>2000 10418(9.24) 5 760(6.81)

WEEA LB F 5 5 Nr, Nt, SwissProt, GO, KOG, KEGG Fl - 112 777 %4 633

*%, 5$%%§E@ 41-97%(%% 2)0 ,ﬂ\:':fj , 30700 %ﬁ%%’%ﬁﬁ% N50 K& 1410 1177
Nr BRI RS, N 36.27%; 23 215 RSN RAT GO BURE  rayks 812.4 691.4

R, 5 27.43%; 22 882 ZBAKLNFEAAS Plam IR FEIERE, 5 B 55 B R o S T (%)
27.03%; 22 202 ZREAILRIFEARAT Swiss-prot EHEFEIERE, (5 26.23%; 18 046 FREAILRIFEIRTT Nt Fidli
TR, 1 21.32%; 11 085 5L LSS KOG Bl EvERE, 5 13.09%; 9 887 sAHLELHE 5K 1H KEGG
BAE R R 5 11.68% (£ 2)

x2 nIBMBSBEREIRETR

Table 2 Annotation of unigenes in transcriptome of R. fortunet

Bl paE BRI TN %) Bl BOERRRILDNREIR T H% | | B SRR SIEINRR A O %
Nr 30 700 36.27 ||SwissProt 22 202 2623 || KOG 11 085 13.09
KEGG 9 887 11.68 | Pfam 22 882 27.03 || Hit 35526 41.97
Nt 18 046 2132 ||GO 23215 27.43

TE Nr PE 2= B A S 2 ) 2 TR 30 HC Al A o 1) Bk PR L PR 91 3 30 700 2%, Herp 538140 Vs
vinifera 2N FFII MBI T 22, BT o Foil oy 24.39% 5 HR OB R ME Coffea canephora, BT o5 He A5 K
7.39%; %% 3 NI Al Theobroma cacao, i 6.77%; HAWARRIMEF IR KT 3% WA M H Nicotiana
tomentosiformis (6.19%) , BS54 Populus trichocarpa(4.09%) , #H¥E Citrus sinensis (3.82%) , R Jat-
ropha curcas (3.76% ) FIFFAE Prunus mume (3.16%), HABPIFI 5 40.43% (K 1),

2.3 BERFEKR GO hEENZE

i GO BEERYTERE, AT 23 215 SRBEENFRARE RS R, 195 119 389 4> GO Ihfgi:RE, thor
HKLE AT, A ¥)2F i #2 (biological process )22 55 692 4%, i 46.65%, H: &40 i 4H 53 (cellular
component) , 35 577 7%, 5 29.80%, /43T YifiE (molecular function), £ 28 120 4%, i 23.55%;
X RINBETR AT Gy 55 AW, Hop A Ypead 2 23 W2k, diiEdisr 18 MR, 7r7IIfE 14 4
WK 2), AWy, WA RS Bap —GIUASH RN pENERZ, o
A 12 698, 12 376 F19 581 7% ; AUMIA /il KA Z I 24NN . AR AR TR, 05A
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24.39% i & Vitis vinifera
7.39% RN Coffea canephora
6.77% 8] a] Theobroma cacao
6.19% 1 ¥ Nicotiana tomentosiformis
4.09% E R ¥ Populus trichocarpa
3.82% F S Citrus sinensis
3.76% R JM W Jatropha curcas
3.16% Hf{£Prunus mume

40.43% Hih

B 1 =43AER5 38 K W 5 Nr 238 & L s AR 4¢ o B

Figure 1  Similarity of unigenes of R. fortunei with those of other species in Nr database
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— (55)5 4% I 4% 5 MEmolecular transducer activity

B2 =4 ERAREEN GO Ttk

Figure 2 GO functional categories of R. fortunei unigenes

2.4 BEMFEZEM KOG IheeiE

W KOG Bdi e xf =ik B Sk R FE AT 1R RS, 25 B R A 11 085 SR 9IakAs 12 475 MR
B, A5 R 26 MUIRET IR (K ), WEERDIRES 2K E, W R — IR mi v sl &%, £k 1970
% WABIRRE M, A . ST HMBIIRRMIT IR, A 1527 & b KL . AN F N
s PSR UG 37, 34 F1 5 26(1& 3),

23t FEbiological process

EX/]

41 L 4 43 cellular compose

T ] u”uu .

4% F Ty §Emolecular function
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(A)RNAJIN T. 5 £ 1fiRNA processing and modification
(B)Ye 44 45 #4 15 7)) Aschromatin structure and dynamics
(C)fE & 4 7 15 #% {kenergy production and conversion
(D)2 M JE S il 40 M 2. G 44 43 Bicell cycle control. cell division, chromosome partitioning
(E)%& #: i % iz 5 18 #famino acid transport and metabolism
(F)#% # % iz 5 {Q #iinulcleotide transport and metabolism
(G K AL & W 38 55 4K fcarbohydrate transport and metabolism
2000F (H)4li i #% iz 55 1 Wifcoenzyme transport and metabolism
, (DIg 2 %4 32 5 4% #llipid transport and metabolism
2& (J)ﬁ%ﬁ%\ W 1 44 25 #y 5 4 Pitranslation, ribosomal structure and biogenesis
1500F (K)¥% Fttranscription
o (LYE #. #4515 Kreplication, recombination and repair
& (M)fm;g%éﬂ]}i@ﬂ%/ﬂ 45 B8 A licell wall/membrane/envelope biogenesis
1000k (N)4i Jf2 12 3 Thcell motility
oy

2500

(OB R G &4 . & (% . 4 F fF {8posttranslational modification, protein turnover, chaperon
(PYE ML F ¥ iz 5 /4 iffInorganic ion transport and metabolism
(QRAA Y& % #3138 5 fbsecondary metabolites biosynthesis, transport and catabolism
500 (R)— i 2 B FiMllgeneral function prediction only
(S) it K Hfunction unknown
()& 5 % T L Hilsignal transduction mechanisms
0 (UM 32 %0 43k 5 #E 7 % iZIntracellular trafficking, secretion, and vesicular transport
VWXYZ V) 7 # ML fildefense mechanisms
ABCDEFGHI JKLMNOP QRS TU z (W)ie 41 45 Kjextracellular structures
I fig 2K R o = (X) % & Flunamed protein
(Y)#% 45 ¥inuclear structure
(Z)4M i Hicytoskeleton

A3 =4fARs £ KOG Fhaka &

Figure 3 KOG functional categories of R. fortunei unigenes

2.5 KEGG @it

FIFH KEGG IEB RGN = 8 A BY S BE P 75 o8 S W AR R 70 i, S5 RN, 9 887 SRIpBLIA %
155 15 455 MR, HJET 272 S0, ORI R RN AR I THEY , BGET 20 Nigte, RMSA
200 SREELFELL B RYIEESA 10 1, WA R NG 2, A 377 45 HUOR SRR O
FSLRE, A 364 % 5 3 MR SEILR G AN R IL AR, A 348 5% W AR A N & H
NT(319) . BYUIMA(256)  HEYIHGRIE T5 T (244) . TERFIREREAE(240) . RNA %15 (227) | 4Lk
Rk (224) FIAE D JE AR ELAEF (210) 5 HoAthad 26 i S EE R B RE I 7E 200 LT (£ 3).
2.6 MADS-boxEE R ik4#r

MADS-box K FIETEAHYIAL A HLUE R, LA E LT S i A OCHE N, St skdih
B MADS-box &K A B T iE— 05 sl 812 =8 AL RS A #E . 18325 Nr, Nt Fl Swiss-prot = K& %

®3 mWMHBBRAERZN KEGG 57

Table 3 Summary KEGG pathway of R. fortunei transcriptome

KEGG i % % 1D FILIARRIZR
i carbon metabolism ko01200 377
R ribosome k003010 364
FE LR G I biosynthesis of amino acids ko01230 348
B E& FUIN T protein processing in endoplasmic reticulum ko04141 319
BIYIA spliceosome ko03040 256
YR F 57 S plant hormone signal transduction ko04075 244
TENFIERELC I8 starch and sucrose metabolism ko00500 240
RNA %3z RNA transport ko03013 227
A AR L oxidative phosphorylation ko00190 224
FHAIR ) HAE plant—pathogen interaction ko04626 210
PWEAEA endocytosis ko04144 194
24 L8 purine metabolism ko00230 193
PHBEARIE T elycolysis / gluconeogenesis ko00010 184
1Z RN FHE AR ubiquitin mediated proteolysis ko04120 174
mRNA Wi 5% mRNA surveillance pathway ko03015 171
RN ZE A Y)4 B phenylpropanoid biosynthesis ko00940 169
AN JEIH cell cycle ko04110 168
FIEEAZAT B0 amino sugar and nucleotide sugar metabolism ko00520 160
WEBE G pyrimidine metabolism k000240 148
RNA [4f# RNA degradation ko03018 146

VLB . TR BECH 15 455
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Fext, a3 i i% MADS-box J&[H () AL R 7 51 24 2%, 43 3lJE T 10 SRR 0% (% 4) . Horp
AGL17 WHIGE N B 5%, 48 c41091_g4, ¢39737_gl, ¢36841_gl, ¢38538_gl Fl c40334_g4; SQUA Fl
SVP WK N &4 4 S, 2098 ¢50592_gl, ¢10093_gl, <9572 gl, ¢2583_gl 5 ¢37773_gl,
c31351_gl, c30064_gl, ¢33061_g2; TM3 W5MA 3 Muibt, HAT KA 2 A 1 Ml (% 4),
DO BRI FR ) IR SE R A B S AR HEUR R | AEaE | BB RE . RUK B EHE/EY) i i

i ESS

®4 ZIBHESAMIEEX MADS-box EE£E

Table 4  Identification of Floral related MADS-box genes of R. fortunet

h2dIR53 TR Yitie WG
¢18022_gl Agamous-like MADS-box protein AGL15 MEEE, M, MERFRLRT; WAL AG
¢70492_g1 Agamous-like MADS-box protein AGL12 AL AR AGLI2
¢12164_gl  Agamous-like MADS-box protein AGL15 iy A AGL15
¢41091_g4 MADS-box transcription factor 27 TEFETTAE AGL17
¢39737_gl MADS-box transcription factor 27 et 16 AGL17
¢36841_gl Agamous-like MADS-box protein AGL21 et 16 AGL17
¢38538_gl MADS-box transcription factor 27 TEFETTAE AGL17
c40334_g4 MADS-box transcription factor 27 et 16 AGL17
c18716_gl Agamous-like MADS-box protein AGL3 W ER,; W EdARkE AGL2
¢33061_gl Agamous-like MADS-box protein AGL9 homolog ~ fEW{ A F ; M HEHANKT AGL2
¢29354_gl  Floral homeotic protein DEFICIENS AR EET DEF
¢32438 gl Agamous-like MADS-box protein AGL31 TEHH TS ;. AE FLC
¢37758_gl MADS-box protein FLOWERING LOCUS C AEIAE  AE I FLC
¢50592_gl  Agamous-like MADS-box protein AGL8 homolog R FIEMMA R ; M EHLURT; RELKTF; HPFAE SQUA
c10093_gl Agamous-like MADS-box protein AGL8 homolog R FIEMMA R ; EEHLURT; RELKF; HPFAE SQUA
¢9572_gl  Agamous-like MADS-box protein AGL8 homolog 5 F FIEMA T ; WAAEHLKE,; RELKET; HHIHE SQUA
¢2583_¢gl  Agamous-like MADS-box protein AGL8 homolog 5 FAIEMA T ; WAEHLKE,; RELKET; HHIHE SQUA
¢37773_gl MADS-box protein SVP AEIREEE BB TR SVP
¢31351_gl MADS-box protein SVP AEHATRAE 5 AN ARG Svp
¢30064_gl MADS-box protein JOINTLESS ACHAVEAE s AR AN SvVP
¢33061_g2 MADS-box protein SVP AEIREEE BB RS SVP
¢73448_gl MADS-box transcription factor 56 WA, AT T™M3
¢20770_gl MADS-box transcription factor 50 AR ;. BAE ST T™3
¢5966_gl  MADS-box protein SOC1 AEIATRTE s ARG T™3
2.7 SSR&th

FIIH MISA FAEXT = kL RS A sk AP A 704, 22 B 21 900 A~ SSR i s, A3 ARTE 17 414 F5 5
B, KA EA 1AL SSR AR IEREA 3 606 45(3K5), 7EHTA SSR i, XKL
B OSSR %, A 122944, 8801 56.14%; U AT L SSR, A 6 448 4, 7 S5 29.44%;
“HHAEER SSR A 2 970 1>, 5 13.56%; PUBKEE R SSR A 140 1>, 4 0.63%; FAHFEHISHEIEEHE
SSR 43 HA 25 4N F1 23 AN (F 5), dE— ikt SSR ALY, n LUK B, FERBILSSR , AT
KSR B AL SSR W, K AR MR B B SR AG/CT, HIUE AC/GT; = BlAE i 4 vh & AR i R f
& AAG/CTT, HKJE: AGG/CCT(E 4) .

3 Gkt

TS AL RS AR R AR B D E M E S, O IR AL RS AEF MECE T ECOR SRR, (H R [ AR
TR R SRS TROKCFEIRSE . AASFEJVE RN, SHROT AR KR, BRI, =
ARGV T R R SRS, WSO E R . PivELF, BPERTIRMECNEE, BA RERITRE S, 2
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®5 RIFHEYHERA SSRANER

Table 5 Summary of SSR in R. fortunei transcriptome

R Bt
SHTFSIEBCE total number of sequences examined 84 633
SHTFSIKFE total size of examined sequences (bp) 58 517 298
SSR {37 5. B EX total number of identified SSRs 21 900
F5 SSR 7 A5 515 number of SSR containing sequences 17 414
8 1 ALL L SSR A3 4.7 514X number of sequences containing more than 1 SSR 3 606
B AT IFLER) SSR 7 555X number of SSRs present in compound formation 1437
FARFILE & mono-nucleotide 6 448
T E S di-nucleotide 12 294
ZHHLE S tri-nucleotide 2970
VUBH L E & tetra-nucleotide 140
LT K penta-nucleotide 25
FNHEFEE E hexa-nucleotide 23

HFBRS AL A B B, S B SR 15000
AT REEMILS N S e TRt — s |

B2, ARk, BRI RO R, Ry I
B AR A M 7Y ST B TR fedminsrg . @ 5000 ]
SRS . DU REREB Ay TR R ARE T 2000
ORI Mlumina TJF B A 2 80 M BOALES S 1056 R aLite AT 1500
MFERGT, LSS H AU oI5 B, mmktpsstsg 0%

500

(PR Tt R 32 . Bi A Q30 {24 91.85%, PH% 0

JF AT 84 633 A ML, KN 691.4 bp, N50 23EUZ055E555E02E5 ]
N Y N RN N = Q OIS~ XY Ay

fH} 1 177 bp, —fBIAK Q30 7 80% LA _LmiiA Al i f2: <<= uggg 99 58858

AIEE; NSO KRR RK A B2, HA/NT 800 bp i <ﬂ;E£;;;<‘ “

PR R I LS oy S e U e LT N T el B 4 Z4hALES SSR R A K5 o5 A
J7R5CHE 1) JoT e A2 B TR B 1 L SR A A AT B AR ) Figure 4 Distribution of SSR motif number of R. fortunei
Syie— o BRI B E T A

FEKIDRETE B sk o i BN 7Y, R T HE DI RR A IZ IR 0y AT . B, ABF5ERH Nr
1 Swiss-prot 25 KB FEXT = B AL RS S A P S HEA T DN RETE RS, SR RI] . Hf 35 526 SRRk
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