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% E: (B8] REFAMERAE, BT AFRFARGAERAZH2ZES ., [7FE] P50 Nlumina HiSeq
2500 F G X400 (HX). #U (CH). %4 (ZH). K& (S, FB (XZ). B4 (CYB). ¥ M (CY)
FER (ZX) % 8 ANH AT 8~9 MU P HEATHE ALY, 38 20 41256 Je B0 e Lok, R A5 Kt 7 A M e o
RERGEE, [HER]Y 4B T 126 979 % Unigene, FIJK JE 766 bp, N5y A 1654 bp, Ngy 4 267 bp; 8 M A1 1
R A 27 274 AN FER D SRR AL ol R 0T 5 25 L R IR 0T, RILE R OK A (ST) MR AR
(CYB) ZIHAH IR RILZE FRB/N, WAL (ZH) 5HA G Fh 2 A 5L R R 22 S 8K . AR AR &
(S1) fM#En4s (CYB) ®AH—2K, SFL.L (HX). BIT (CH). FB (XZ). B (CY). & (ZX) HXK
—2k, HMFEL (ZH) SHMSFEERGE, [4R)] AMRSGRNGEEFAMAERESZE. DR E
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Transcriptome Sequencing on Eight Psidium guajava Cultivars

ZHANG Limei', CHEN Zhongdian’, ZHANG Chaokun’, WEI Xiuqing', XU Jiahui' "
(1. Fruit Research Institute, Fujian Academy of Agricultural Sciences, Fuzhou, Fujian 350013, China; 2. Agricultural Ecology
Institute, Fujian Academy of Agricultural Sciences, Fuzhou, Fujian 350013, China; 3. Zhangzhou Institute of
Agricultural Sciences of Fujian Province, Zhangzhou, Fujian 363000, China)
Abstract: [Objective]l Transcriptomes of different guava cultivars were obtained for comparison. [Methods] Transcriptome
sequencing by Illumina Hwaseq 2 500 was conducted on 8-9 mature fruit pulp from 8 varieties of Psidium guajava Linn,
namely Red Heart (HX), Rainbow (CH), Purplish Red (ZH), Crystal (SJ), Shuzhen (XZ), Colored-leaf B (CYB), Colored-leaf
(CY), and Purple Star (ZX). [Results] By comparing to the database, 126 979 Unigenes of an average length of 766 bp with a
Nso of 1654 bp and a Ng, of 267 bp were identified. There were 27274 genes co-expressed in the 8 cultivars. The PCA and
differential gene expression cluster analyses showed that the differences on the function expressions between the genes of SJ
and CYB was less than those between ZH and other cultivars. SJ and CYB were clustered in a category and HX, CH, XZ, CY,
and ZX in a different category, while ZH significantly differentiated from the other cultivars. [ Conclusion] The substantial
amount of transcription data secured from this study could be useful for the classification as well as the expression and
identification of functional genes of guava germplasms.
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(52 XY A1 ( Psidium guajava Linn. ) J5
FET R RMORRE, T R TG AR HL X, AR
T A 45 Mo AT R Ry, R A 24 IR R A
Y. FOMEFRFE, WRME, 7EKCR T 55 502
YorT Y bS A B A A, AR T X A
S R AR P K . R, B AR L
Se 25 AR AE LU0 L TR Y 45 9 FH T iR 7 iR
5. ORI R st BORP ORI . K
B MR R =R FCEIE L A AR
A Y L T UK G 0 RN 11 U521
Poigs " pos ™ v AR, IR
Sz HEGIR . LAt ARt Y Haix
TOR T T 2 E e R G R R
W2 A Y AR SR e T R P Ay
. [ARBFFRIA ST 5T A0 1A bR A B8 5%
53 B8 R 2502 T R 43 FR 2R A AL BRI R O By i 6 A
ORI F 34 5 DL . 76 S8 I ST AR R R A B
(National Center for Biotechnology Information ) % ¥ /%2
AT 132 DL 84 M E R R, Xk
KU BHAS T AW AE DB AR RS B IF I . BRI,
R I T B R R A R SR A R, AT R
HFEARGED RN et S %, [BlFk
B S n] 5 ] A% 05638 3 Tllumina HiSeq 2500 1=y 3
WPy SF- 6 X5 8 A A A i A AT e S LN )y, A
O FEERE EXTON  45 SR HEAT AR R BT, B
RFEAREIE . W ZRREEYE BLER YR
LR I & 25 Bt o R e A A 8 A T
AR o BT 9 R 2 T B R SRR O, A AR R
R SN EIR R, Y3 A5 T HLH A
KA 5 A B S BEUR
1 M5
1.1 I AH

AR5 8 N AW ( Psidium guajava Linn. ) (i F
SRR T AR A RO B # B SRR ST T, LS 2T
O (HX) . BUL (CH) ., %41 (ZH) ., Kéh (SI) . 75
B (XZ). B (CYB), Bt (CY) AR (ZX)
o 8~9 /AR SR, Vi BT U HeR AR AR
B, AWMARAERS . WA RE S S AT
PR AW s 2R A BRS B HEA T SO R RO T -
1.2 BEAWBXEWEREFRENF

Sk Trizol ¥ 43 il 4 B &L RNA, 43 51 %
Nanodrop. Qubit 2.0, Aglient 2100 J5 32 K illl RNA £

nn\a

A LERE | W BEANSEEAMESE . A Oligo (dT) 1Y
Wik & % B A% 4 %) mRNA, il A Fragmentation Buffer
¥ mRNA FEATREHLITIG, LA mRNA 4R, FH7S 65
FEFEHL S|4 (Random hexamers ) 5 il 2 — 2% cDNA
B, JINAZZEMH . ANTPs, RNase H 1 DNA polymerase
15 55 — 2% cDNA 5%, #IJ1] AMPure XP beads 4li{t
cDNA. 4ifb iy X5 cDNA 1T RGBSR . i A
IR P33k, AMPure XP beads #E17 F BEK/hik
£, BJnilid PCR & #7155 cDNA %

i# 1 Tllumina HiSeq 2500 il ¢ 3% & 1 PE125 ] )
D7 % B A W R B S A SO e EAT I e, R AR
F 1Y bR B 15 B s £ base calling %5 1k 0 J5L bR B4

(Raw reads ), i i FastQC %4 X} 7 tf B P k47

PG . Trimmomatic 0 fF"" B i Y 11 415 Clean %1
. 55 J5 FIF Trinity 201" de novo 41 %5 i 5% k7
BET TS 3 SR A I 25 T B
1.3 FABEENEGEIRE

i FH NCBI Blast+ic 4> 5 5 53 A% 15 {3 < 45 by 43
B4 PE CDD (Conserved domain database). E 4% 4 %)
7 A i [F PR B P8 & KOG ( Karyotic ortholog groups ) .
M B A RVEBYEE COG (Cluster of orthologous
groups ). dE 70 & & F 4 & NR (Non-redundant
protein database ). #% MR /¥ %1 % ¥& FF NT (NCBI
nucleotide sequences). & [ 5T 45 14 3 £ #% 2 PFAM
(Protein family database). #& [ )it J¥° 51 20 ¥ 2 Swiss-
Prot (A manually annotated and reviewed protein sequence
database). Swiss-Prot 4 #h AX TrTEMBL 345 /% 45 £ 4~
Bl e HEAT LU XS, 19 B SEAR B IE R B . RIS
SEALE Swissprot, TrEMBL f¢ 7 B 45 SR 45 2 3 B AR 4k
W ELE i GO (Gene ontology) HIfig i B {5 2 . I H
KAAS BAFAG 25 AR e R o R S R S H AR 42
+5 B 5 E KEGG (Kyoto encyclopedia of genes and
genomes) ¥R B o HE L A 5 54 2 Blast o X)
25 JL R TransDecoder #4247 CDS il .
1.4 ZEAH RNA-seq M FREIFMHE

i 1 Bowtie 2 #1746 B A A7 RORCHE LE X 21 DF
BT ARESEAR |, 4iiT Mapping {755 . FIH RSeQC
B AR L 2 AT U AR AU AT A B
A3 A 555387 . BEDTools™ 347 45— 43 473 #6; i 3
PRI w5 R G o
1.5 EEREREERZEESH

i ] Salmon”™ il WGCNA"" 5351317 54 A 11 2%
KB AR IR GR 0 . HE T REA Y R A AR
W AT REAS L 353 BT 545 22 07 ) I G 3 43 BT AR &R
i /1l DESeq2™! HEATHEIH Feik 25 500, XKk % H
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ST A R AT AT . BT E R AR, il AR
KT fe Rk 5 B . HEARTME SR E, JF#1T
% B 43 43 #7 (Principle component analysis, PCA ).
i /1l topGO HEAT GO B 4E4M T . i J1] clusterProfiler™
AT KEGG 38 6 Fl KOG 4324 & 45T .

2 ZERE55H

2.1 FEAERNA-seq MFERESHIEHE

2.1.1 RNA-seq M 5B & iF 4 8 dh A 5L
95184950713~8029343436bp, “F17014638271bp.
Read 4] K 4 144~ 146 bp, F 3 145 bp; GC &% &
1 49.98%~51.23%, T4 50.48%; Qz0 N 95.31%~
95.96%, V-3 50.48% (£ 1), Al UL, Fr3RAT 05 5%
TR

2.1.2 RNA-seq M/ # # @ % 22 4E4575 283 853
%% Transcript. &JFF{FE A 388691331bp (0.39Gb),
SR 1369 bp, Transcript B9 N A4 2 517 bp, Ny
579 bp. Hop K BEE A 200~ 300 . 300~ 500,
500~1000, 1000~2000 . =2 000 bp 73l 23.31%.
15.92%. 16.20%. 19.73%. 24.83%. [ 3 Transcript
JF 5 PR 2H 285 e 15 3] 126 979 2% Unigene, Unigene J&
7 9 {55 B35 97 373 299 bp (97.37 Mb), F 4 K JiF
766 bp, £ EE A EANE 1 TR R 200~300,

¥ Number/x 104 4%

W
[—4
o)
5
©
=
g
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*1 HERREEWHERT

Table | Statistics on quality control data of samples

i ST

C;l:ifirs Numberﬁfaizes/bp Reads/bp Qso/% GCr%
ZL0HX 7123935342 145 95.96 49.98
FULCH 8029343436 144 95.47 50.68
R ZH 6300972075 145 95.57 50.10
K ST 7681478290 145 95.60 51.23
FHBXZ 5184950713 144 95.31 50.27
FECYB 7824848106 146 95.82 50.65
ey 7607494989 144 95.35 50.44
HRZX 6364083214 144 95.50 50.49

300~500, 500~1000 ., 1000~2000, =2000bp 537l
i 42.81%. 23.23%. 14.56%. 9.40%. 9.99%. Unigene
Y Nso A 1654 bp, Noo N 267 bp, ZH % 52 B .
Fe A0 AR 7t SR AL I I 45 R 19 isoform 43 BT % B 100 373
/™ Unigene & A 17 isoform, & H 79.05%; & FH
2 1 isoforms FYELHE IR Z, 3 8 109 4~Unigene, (4Lt
6.39%; &4 34 K ULF isoforms i) Unigene 3L 4 18
497 4>, i 14.57%.

& Number/x10* 4%

1 Transcript (A) #1 Unigene (B) KE 27
Fig. | Distributions of transcript length (A) and Unigene length (B)

2.1.3 SSR 5 SNP 2 #7  8 & A& A & A SSR
¥ A5 B9 Unigene 3t 30265 4>, Hh &4 gt & &
(pl) ZEAYAY Unigene fiz 2, 154324, .84
50.99 %; WHEFEEZ (p2) ZEA [ Unigene 3t 7614
A, =R EE (p3) FKEAAY Unigene f1 3846 1>,
PR E L (pd) Z5MAY Unigene 3t 314 4>, Tff
A (p5) 25 MY Unigene 3t 104 4, 7 B 3t 8 4

(p6) FEAIHY) Unigene 3 68 1. & FH F /b 24 SSR
37 5 #9 Unigene 3L 2887 4, &4 /D 24 5 HAF
FEIL R AL 172 4

8 AT A AR R i AR A H TR B S 1 R TR K
TE 42 941~77 098, K4 R Bl Aol Bl 2k 1 SE A
AELAE 13 780~ 18 435, Hovp HX A48 S B i B
%, SI RAZ S
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2.2 FEAME Unigene HEEF

22.1 NR#48 Erbxtiz 8 L4 82 283 /> Unigene

B REE NR & (B 2), i HEEE M

64.8%. NR DJRETE R VL EL ) Fh H 26 007 4~ Unigene
(31.63% ) 5 B #¢ ( Eucalyptus grandis ) 153 %) JC i ,

5% AR AL WRFE (Myrtaceae Juss. ) H

EA{& /N F 1E-150 Y Unigene & 9 066 1~ (11.03% ),

E 54T 1E-100 %] 1E-150 2 [A] ) Unigene 45 5 516 4~

(6.71% ), E{H/-T 1E-50%] 1E-100[% Unigene £ 12782
A~ (15.54%), E{HA T 1E-5 #] 1E-50 ) Unigene A
54 905 1~ (66.77% ). VCHC Y 51 AH AL EE 80% Lk | iy
Unigene A 50 798 1~ (61.78% ), HHENE 40%~80% Y
Unigene A5 30 860 > (37.53% ), #HMLUEALT 40% Ay
Unigene A 625 1~ (0.76% ) .

% Eucalyptus grandis (26 007 4Y)
mm ' A\ Homo sapiens (8 450 1)
e EZ )R E SRCIIsM3a
Stagonospora sp.SRC1IsM3a (5 934 %)
. 25TE AR SNIS
Parastagonospora nodorum SN15 (2 735 /)

e BERUETIE 7 600
Fusarium verticillioides 7600 (2 280 /™)

e WSEAUJR R DS3sAY3a
Pyrenochaeta sp. DS3sAY3a (2 054 1)

mm 2R Pan troglodytes (1 633 )

mm  KRREER R Fusarium fujikuroi (1 313 4)
mm  HELE AR Alternaria alternata (909 /)
wn FTREJBE Cercocebus atys (705 4N)
AR Other (29 633 )

&2 ZFHFAH Unigene NR BIBEFRFE S

Fig. 2 Annotation of NR database on guava Unigenes

222 GO Ffesn £ GO INEEARKIERZER (K3).:
21 414 4~ Unigene 43 4 3 AR 71 A Theg4dl, 3t

11 787 311 4~ GO 4 H . H: 1 222 806 1~ GO %% H #
RPN MM A0 22 N ThEEAL F, 40 (55 714

LRI 1652 Gene function classification (Go)

100

4 71745

FE R ¥ & Number of genes

FL IR LA Percent of genes
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z

#
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73 ¥ T BE Molecular function

LEW) I FE Biological process

345 Cellular component

& 3 ZEA# Unigene Go 733

Fig. 3 GO functional classification of guava Unigenes
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A, 18.62% ). AHMIFR ST (556364, 18.59% ). 4
g (44023 4>, 14.71%) FIE (31509 4>, 10.53% )
UyRe 41 ¥ I 1 Unigene 3£ ; 185 476 1~ GO %< H
SYRE| 2240 FUIREAL, Hh g AN (44 261
A, 40.00% ) FEACTEE (342924, 30.99% ) TfE
2H ¥ ) Unigene 322 ; 374 139 4~ GO 4% H #{43
K3 27 Yt BEIhRed, A0 ERE (51 000
A, 1351%) . — Wi (416164, 11.03%)
DL R AR I R AR (40 8824, 10.83%) LIfiedl i &
Y Unigene 3% .
223 KOG #en £ #4341 Unigene 5 KOG £idiE
JESEAT X (B 4), X A5 Rt 1T R oy K Ge it
HiES il gsne, Hit55774, St
15.72%; HYTE—MIIRET 3 726 4>, (51 10.50%;
LRI E M. A &M HE 30724, &
It 8.66%.
224 KEGG#its £  FHFAM 72361 Unigene 7F
KEGG %5 A v 9 ot 25 S an e 5 firs . 306 4~ 1%
Wikm R E R, Hoh KRR (ko03010,
Ribosome ) #% 1 FEF| 500 4~ Unigene, & IEMREYH
1% %2 (ko01230, Biosynthesis of amino acids ) 7 B
F| 264 4~ Unigene, % 1 1% % (ko01200, Carbon
metabolism ) £ FE2] 260 > Unigene.
23 EAWPCAERSSHEMRELESH

) R AL vegan 4 @ 7 A1 M 8 A b Bl E] (1
PCA 7 Hra5 R anf&l 6 fir7n . SI A1 CYB 7E PCA 3D
B Y f e, R WIH R AR M B s
i Al CH I CY ZE WA 3D & R R B 38 4, R 3
F T Z RIS & 5 7E PCoA 3D H A 22 ] 4
S A4AIXI, ZX. HX. XZ. fl CH 2[R ¥ B 5

IYAGTE— A X8R, ST AN CYB 43 A 76—, i & Fif
CY M1 ZH BE B a7 2 A KIS i it B 4, gl &l 43
FIA ] XI5

i 148 315432 bray curtis TR FEARRIEE, K5
YEAT )2 K 3B 28 (Hierarchical cluatering) 43 81, 4 FHE A
REEH, 13 BNIRARERIE X T Al 9 Ak 40t o 38 it
R 4 gplots 14/ F A MAAEA A IR B H ] (&1 7)), 84
FE S EE B 43 AR 7E 0.21~0.52; Hoh STHI CYB H Ky
—J, WEREEN03; H4 6 MFaN—2,
H 5Bl ZH 5 B AT i R BE S AE 0.37~0.49, MH B R
e 0 HX. CH. XZ. ZX il CY % 5 4 b Fl () 1 15
1£0.21~0.29, FEEEGE, MLEER.
24 EABRMEERXRIESH

fi# 1 R 4 VennDiagram X} 8 4~ % A1 1 i Fp My
[ FN A £k (TPM > 0) W8 H 17
VENN FE 24 (E8), EW AR AR i Rk
FEDVBCH AU AR B B O . 8 AT A AR
H 27274 AN EEE R AT KRR, WAEE S X R
INANFEIREAR Z A RE A 1Y F R FE A, 8 AN R Rl AR
FEIRFEH BN 1197 (ST) ~5128 (CH),
25 EAWBI N mMEREEREIESRIT M

8 A T A1 1R i Bh R AT 3 R 22 S R KA M A5 R
(£2) XMW EIHRIKEEFB N 1994 (CYB vs
CY) ~13355 (CHvs HX ), “FIHHECH 4451; TiHE
SKHEL %0 1896 (CH vs HX) ~11 471 (SJ vs ZH)
Z I, SEEECR 6 898; dE 25 AR 109 549
(SIvsZH) ~118012 (CYBvsCY ), Fi%k 115629,
KEGG & iR/ Hr R W . L HX vs ST K & R % b
higte, HAeARNYEE£ZigR; (LHX vs CH £H
AR ; X ZH vs ZX J HX vs CH K 5 £ &

A: RNA I RNA processing and modification
B: Y0 i 45 A1 50 77%F Chromatin structure and dynamics
C: fig 7 5 #546 Energy production and conversion
x10? D: A a1, 4np o4, Getafh /%4 Cell cycle control, cell division, chromosome partitioning

E: Z LR II2 4 FIAR 4 Amino acid transport and metabolism
F: H I Hi A4 Nucleotide transport and metabolism

5t G: KA A PIE 5 A Carbohydrate transport and metabolism

H: 4z i f11X i Coenzyme transport and metabolism
I: Jlg 7 i % 51t Lipid transport and metabolism

4t I BB, RBEIRSE MR AE YR A Translation, ribosomal structure and biogenesis

K: #%3% Transcription
L: &, E4HAMEE Replication, recombination and repair

3t i M: 4B R/ IS A P2 YR Cell wall/membrane/envelope biogenesis

N: 4iZ 3 Cell motility

2L O: #liE)5 &M . WAFEEH. 115 Posttranslational modification, protein turnover, chaperones

(1A A A LT 1
NIRRT

ABCDEFGHI JKLMNOPQRSTUVWYZ
IhfES Function class

P: TEHLES T 1f%% 12 F1AX I Inorganic ion transport and metabolism
Q: IRFARH =AW & R T84 F1 3 iR Secondary metabolites biosynthesis, transport and catabolism
R: il A ZhE T General function prediction only
S: AR AT fiE Function unknown
T: {7 5% S L Signal transduction mechanisms
| U: 2 N igHi . 7 il A EHIE % Intracellular trafficking, secretion, and vesicular transport
V: B L Defense mechanisms
W: 4 i 7} 4544 Extracellular structures
Y: #%45#) Nuclear structure

Z: ML 4 Cytoskeleton

&l 4 ZE A Unigene B KOG HIREH %
Fig. 4 KOG classification of guava Unigenes
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Fig. 5 KEGG classification of guava Unigenes
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Fig. 7 Heat map of distance analysis on guava samples

Fig. 6 PCA on guava
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B8 EABMEEXREFE
Fig. 8 TPM Venn diagram of guava cultivars

*k2 HAMES T RMEEEREESRGIT SN
Table 2 Statistical analysis on gene expressions of 8 guava cul-
tivars

AR A
WA EWIREC Fupgmy  SEOORIEE
""" Experimental Up-regulatory Down-regulatory pathway

K cultivars genes genes 1 2 3 4
SJ zX 2601 8289 Y Y Y N
SJ ZH 5959 11471 Y Y Y N
SJ CH 1996 7354 Y Y Y N
N XZ 1994 7178 Y Y Y N
CYB CY 2640 6327 Y Y Y N
N HX 2187 8443 N Y Y Y
X ZH 4876 4232 Y Y N Y

CH HX 13355 1896 Y N N N

W KEGGEHSEEL: A0, 2. B 3. RHERAEMEH: 4. W
IFIREREAC . YRR E E£RIZNEHER, NERREEINZNERE.
Note: KEGG pathway 1: ribosome; 2: carbon metabolism; 3: amino
acid biosynthesis; 4: starch and sucrose metabolisms; Y: enriched;

N: non-enriched.

3 kbR

TS RRF SAAREY, AN
RPN AP RGEHFTR T AW
(LS4, /A3 T KR IY Clean data, i Qyy Fil GC
TR RBFAER . /A, £ Nr. KOG, GO,
KEGG %85 E ', Kig Unigene 58| H %R, 4
BEI Nso A1 Nog Z 50439124 2 517 bp #1579 bp. IEAH,
WS T KE T4 SSR Fl SNP ARric., ik b, &
HF 5 T R S 1) 5 S 20 SC 35l T S RN, AT 3R
BB EME, "N IR RS

o SR L A3 AT R A 48 7 AE 0 R ] R AR 25 0B

AL B B AR B, BT, F A M sk
ZHAR 5607 T BT e AP AR B b, i A 4L
BT EBUK Y (ST) FMEMAE (CYB) BA—2K, 4
L (HX). #ir (CH). ¥ (XZ). Eit (CY).
SR (ZX) Fh—2, HEMEa (ZH) 5HAb S,
Fofr [0 B 2 45 0 o 5 R 2T ol G 40 T R E 4 Ok
Bk, OMK SRRCE AR SR O RABLE, HAR LD
(HX). BT (CH). F8 (XZ). i (CY) #l
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