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Analysis of differentially expressed genes in transcriptomes of two
pear genotypes under drought stress

WANG Hua', WANG Wangwei', LIU Chunyi', WANG Qiaoqiao', ZHU Liwu', XU Xiaoniu®
(1 Key Laboratory of Pomology, Anhui Agricultural University, Hefei 230036, China;
2 School of Forestry and Landscape Architecture, Anhui Agricultural University, Hefei 230036, China)

Abstract: [Object] To discover key genes related to drought resistance of pear plants based on transcriptome
data, and provide a theoretical foundation for the breeding of drought resistant pear varieties. [ Method] High
through-put transcriptome sequencing by illumina Hi Seq TM 2000 was performed using leaves of ‘Huangguan’
pear (Pyrus bretschneideri ‘Xuehuali’xP. pyrifolia ‘Shinsseiki’) and ‘Hwangkumbae’ pear (P. pyrifolia
‘Niitaka’xP. pyrifolia ‘Nijisseiki’) under normal irrigation and drought stress treatments. Gene ontology (GO) and
Kyoto encyclopedia of genes and genomes (KEGG) databases were used to analyze the differentially expressed
genes (DEGs) in two pear genotypes. [Result] There were 4 377 and 3 841 DEGs comparing two pear
genotypes under control irrigation and drought stress, respectively. Among these DEGs, 1 340 DEGs were only

found under drought stress. There were 1 387, 922 and 1 235 DEGs in three ontologies including biological
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process, molecular function and cellular component, respectively. There were 349, 139 and 151 DEGs enriched

in terms related to drought response of plant including metabolic process, stress response and biomembrane,

respectively. The 1 340 DEGs only found under drought stress were matched to 102 KEGG pathways, and three

of the pathways were related to phytohormone biosynthesis. Furthermore, among the 1 340 DEGs, 37 genes

were annotated as transcription factors which belonged to 17 transcription factor families, and the ethylene

responsive factor (ERF) family had 11 DEGs. [ Conclusion] In this study, some genes related to endogenous

hormone metabolism and transcription factors are found to express differentially in two pear genotypes under

drought stress. These genes are probably closely related to the genotypic differences in drought resistance. Our

results provide a basis for future study of the molecular mechanism of drought resistance of pear plant.

Key words: pear; drought; transcriptome; differentially expressed gene; metabolic pathway; transcription factor
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(FEELUNREAR) AL, 75N TAMEE NS TIER R
BEAHER, LIRS IKE (w) A 70%+5%] AT R A #
[HIESIKE (w) N 20%+£5%], FFNALFR (8 @ ALt

N3 G AL R A HKSD) 15 #RA 1, BUELR A
513 3~6 Fr AT REM 1#E47 5 RNA IR EK.
1.2 HmAE R RARIRES

AL sl RNA HEG SR H Li SR 77 ikt
1T o B S P B E Ao i 228 Li 17
15, PRAF I8 S5 141340 (Clean reads) J5 5343
R HEAT EEN SR1F EE R P 91 o £ BRI B, X5
i 18 b B RS 2 S BB R b 2 e R Ak R
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WEFL A, JATTHERE JT reads Hk B T 33 K& 155
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per million mapped reads, RPKM) {H K 4t i1 5 K] 1)
RKiLg, HA iR K E (False discovery rate,
FDR)<0.01, Log,Ratio 4 X]{E =1(Ratio JF& K
12 2 NMECBFEA T RIS ER UE) KRR N ZE 7R
IRHE DR o )T 22 S R DR VR R AN Dy B 4 A, )2 At
BT 5 5 5 /£ NCBI AR TU & 8 B 7 91 1
(NCBI non-redundant protein sequences, Nr 4 J&).
HFAARE (Gene ontology, GO) Fl 5T R HE (K 5 5
K20 H #1412 (Kyoto encyclopedia of genes and
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Table 1 Primers for qRT-PCR verification of differentially expressed genes in pear leaves
B E RS IE 51 4(5'—3") R 51H(5'—3")
Pbr016940.1 TGTGGTATGCGGGAACTGC; TTCCTCCTGAAAGAGCAACCT
Pbr018626.1 TGTGGTATGCGGGAACTGC TTCCTCCTGAAAGAGCAACCT
Pbr004876.1 GCAACCACGCTTTCACCAT AAGGCAGTCCAGTTTCCATTC
Pbr031796.1 AGGCATTCCAAGCGACCCA CAACTCCGATGGGAATGAA
Pbr005929.1 TCTAACCACCTCATTCCTCCG CACCCGTCGTCATCACCAG
Pbr006516.1 CGTCCCTGCCAACTCAAAC GGCTCTTCCACCTCATTCC
Pbr006463.1 GTGATGATGCTGCTGCTTA CGTTGCTGCTCTTGCTCAT
Pbr002127.1 ATGGAACGCACATAACAAC CAATCTGTTTGATGCGTAAT
Pbr002776.1 GTGTCGTACCTCGTCAATG TTTGGAATGCACGGCTATT
Pbr011316.1 GGGGTCCCAATGGATGTCA TTCCGCTTCCGACAAATGC
Pbr023254.1 AGGTTTCTTTGGGTGCTGA CTCCTTCCCTCTTTCATCG
Pbr024943.2 TCCCAAAGAGTTTAGCCC TCATCCACTCGCCAGAAA

GAPDHJ Bk GTGCCCACTGTTGATGTTTCC

CCTTCTGACTCCTCCTTGATAGC

2 RS0

21 MFER

TP 25 8 (3 2) B, 2 AFUR A w8 4
WAFE]T 4787 Ji (HGC) M1 4 788 Ji (HKC) it
JEJS BT 1 2 SRR IR T 4777 H
(HGSD) F1 4 778 Jj (HKSD) ff13 8 J& i 15 15 54,
XK e — B o he it TR I BEE . 4
FE i HGC. HKC. HGSD 1 HKSD K#% St 20 504 5
FUFE R 1 HE X R 50 51N 64.52%- 65.08%. 64.01%
M 63.59%. fERIEFEF P HE F, 4 MERFBRT
HGSD A& 2.6 J3 LAAh, HABRE 5 304 B K 78 7E
2.6 JILA Lo [, FEEEAL 2 AN FE S (HGC H
HGSD) HF#FME] 7 1 900 A7 s A, 18
WAL 2 AR (HKC T HKSD) H g i 3 1
1700 Z A5 A . RIS, 4 NFER A S 2] T
4 J3ZAn] A8 21 75 A L) SNPs.

®2 HMRERADNER

Table 2 Transcriptome analysis result of pear leaves

A i%li% %‘h%i EBZE@ SNP
F#HE AHE UHE  HE
EHFK WER 26711 1741 40079 214162
WAL 26540 1949 42685 223 805
+ 5 W& 26221 1721 41613 211005
BOEA 25935 1870 41754 214067

22 ERFTEEEGITS SR

AN TR R AR ) 2 TR 22 e 3R IA 1 0 B & SR tn 18] 1
http://xuebao.scau.edu.cn

FT7m, ANEGEKARER R 2 A Sl Bl B 0 22 5 3R ik J
Rl dE— DOt AR B, IR Bk AR 2 N EL R Fh
H 4377 4 DEGs, TR 4bH 5 2 MM TG 3 841
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Fig. 1 Statistics of differentially expressed genes in two
pear genotypes under different treatments
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Table 3 Gene ontology analysis of 1 340 differentially expressed genes under drought stress

ZrIER HEYY

ZrIER HEYY

BE R A A FEF AL H _— BE R A A LR AAR % H _—
e % e %
PSR R RGTRE 8 0.60 HTINRE A SRR 17 1.27
ik SSA 139 10.37 R TIEE. EAYS 1 0.07
I E 1 0.07 Gy T IhRE T 8% 7 0.52
RELC SN i 2 0.15 BTSN 46 3.43
59 37 2.76 P E 3 0.22
B LR 214 15.97 dih 350 26.12
I Ll 2R 2R B A PR R 46 3.43 S0y s 7 0.52
R 2 349 26.04 difIH > PRAMXES 3 0.22
EZ ) atecty apuw i 41 3.06 AR 151 11.27
Rt 65 485 JRRERL T 1 0.07
Ay 1 0.07 2 A0 B 5T R o3 1 0.07
Ak 4 0.30 A BRERL T X 35 1 0.07
£HH 31 231 JIEE R 53 71 5.30
- Yhonis 30 2.24 2 A0 B 5T R o3 1 0.07
EZEYiIRySowss 10 0.75 JaAMX 10 0.75
AL 72 5.37 & 4 P s 6 0.45
il obew 292 21.79 4 o 2% 239 17.84
AR 45 3.36 S 2554 65 4.85
ST IhRE HEAENE 464 34.63 i) 325 24.25
KRR e 1 0.07 2 5 53 325 24.25
S THeRe AR s 10 0.75 @ TEAY 36 2.69

WEBR &5 A5 S DR P i 1 16 1.19

DERAELER ZFARKZEMBEADFIREZFARKE FA & oy s

H 3544 A~ DEGs 2 /> & H —F GO LhREERE (P<
0.05), H AR B A V)it #2437 O B A 40 a4y
3N DEGs 430 1 387,922 Al 1253 4.
Horp, AV RR I LR E R AE 18 > GO A% H,
FoA AR R A R B — AR A R RN B
SN T E #1¥) DEGs 208 & T 71 4 47, Fr &7 LAz 45
1E 10% LA b 20 FDhRe 2R IR £ & 4R 7E 11 4> GO
sk H, K AR & s RN R £,
315 DEGs &30 60% LA b5 40 oy #2538 14
A GO ARk H, HAram i, 4 s 4 40 o5 f1 4
VI & S R 5 £, 5 DEGs S50 75% UL L.
232 KEGG RiftzzaEod 181340 MUTE
TR AL H T ) DEGs H AT 239 ANHER AT DL O
BF] 102 28 KEGG B Qsha g, Hr, 10 MR
R E IR ZE R T E (P<0.05)(% 4). Hrb, ER
FIRNEM A A B W &2 1 DEGs £, N
114 Hoik, R RIEY) N IR I 5 R (Abscisic
acid, ABA) HHRIIRHHE N RAEVE IR

8 > DEGs, 5K FFRZEY))i (Jasmonic acid, JA) A4
Y& BRAH R o— TR ER AR B 21 9 A
DEGs LA K 540f4> %4 & (Cytokinine, CTK) ¥4
AR KR A RiEEH 3 4 DEGs. Hik, 5
PEARU AR SIS AR 2 5%, 202 B i 4 b g
fig 4% 45 (9 1~ DEGs) FE 7B (8 4> DEGs). 7
A, VERE B AR g 5 R A 4 A RN g i R A A 1)
#H 7 > DEGs, VERNEMAUHIAE 3 1> DEGs.

233 HZRATHHN NETRLETH2 MR
i PR 1340 /> DEGs g Blast 75 Nr & 51 Hx)
13224, Hdfy 37 MR N S R 7, X
BT me 17 AMEFE TR g
Bl 2 1) 72 LI N Z 5% 5 R F (Ethylene responsive
factor, ERF) %, 5 11 4~ DEGs(2 > L. 9 N F
WY. F4h, TR 4 AL C2H2L(2 A .
2 AR ), NACR2 A B 1 /4N R i) A1 DOF(1 A
FEL2 AT ), HARKIE, Br 7 COL, MYB 434l
A EFIFEZERS 14, WRKY #i6 2 AN FREER
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T4 TRELET 1340 MERFEERN KEGG BERDHT
Table 4 Summary of KEGG pathway for 1 340 differentially expressed genes under drought stress

AR5 3 Z RN R P bl Rss
KHE S RAEVE R 8 0.000 467 k000906
JRHE . i PR R 4 9 0.003 048 k000040
oMV JRER A58 9 0.003 334 k000592
LA 8 0.003 666 k000052
ANV R 07 R 1) A= B 7 0.004 746 k001040
JIR 77 TR P 2 i 7 0.015 496 ko00071
FRE I EYE L 3 0.020 015 k000908
AFEA 5 0.022 543 k000910
EHERREE 11 0.024 799 k000940
AR FRRA A TRE R 6 0.027 159 k000280

Ab, HAFEA RERR 1 A2 RER, H% T HD
Ah, # T IHERE (E 2).

—
S

?Oé = Likis

?}gs- N ik

M-

%

i
(L] P
ST AN

Y

2 FEREAET 1340 MEFREEFEDEREFH A
Fig. 2 Classification of transcription factors among 1 340
differentially expressed genes under drought stress

24 ABA £¥I&RMEXERBI ST

B = SHEYPLR KR — H & RHF I
B, BN “IMHEEE” 1 ABA A2 . AR
FoA, 8 2 SRR R SRR R IA ) DEGs 528

W N ERAEWE AR (ko00906) HLXT A I,
5 ABA V& BEEVIM R A -1 bRk
{L.1 (Carotene hydroxylase, CtrZ, Pbr002245.1). &
K F A E A (Zeaxanthin epoxidase, ZEP,
Pbr025145.1). 9 AL b 2 XU A AL Al
(9-cis-epoxycarotenoid dioxygenase, NCED,
Pbr002245.1)s ABA2(SDR JE5: [, ghth— A5 8% i
2B, Pbr022971.1) M i ¥ B I A AL (Indole-3-
acetaldehyde oxidase, 4403, Pbr029589.1.
Pbr005981.1- Pbr005979.1 F1 Pbr005978.1), ixX L&t
BRI RIB B IR 5.
25 WREEDH

AR B K AL B 1 2 A ALl A B B A o
73 BEALIE B 2 A LA R KA 4 AR R,
qRT-PCR 75 ¥ 56 UE U Fr B4 19 A &k, &5 2R
K3 s IXEEEE R G H A R —20 W
—ANJFTIESE T 2 H e 7 7 R IA S R 1 Bt
ARk

x5 TRAET ABA £WMEMBAXERRIEEENRES IR

Table 5 Gene expression and annotation of differentially expressed genes related to ABA biosynthesis under drought stress

S RPKM{H » %E%%@iﬁ‘%?ﬁ SR
e Fll et AL (log,Ratio HIZEXT{H)
Pbr002245.1 0.001 14.675 2.05x10™ 13.84 CtrZ
Pbr025145.1 8.385 17.933 1.27x107¢ 1.10 ZEP
Pbr039596.1 0.684 1.974 2.65x10™7 1.53 NCEDS5
Pbr022971.1 7.085 20.580 4.55x107 1.54 ABA2
Pbr029589.1 4.532 10.632 2.33x107" 1.23 AAO3
Pbr005981.1 0.562 3.272 2.53x10™" 2.54 AAO3
Pbr005979.1 2.271 7.489 8.27x107” 1.72 AAO3
Pbr005978.1 2.200 7.256 3.37x107* 1.72 AAO3
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Fig. 3 qRT-PCR validation of differentially expressed genes in two pear genotypes under different treatments
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AHIE 5T LA IE 8 BK R 5 8 R i 5 A Al
TR A A I 5224 5t B i e AL ) i SRR A R
B SR TR T IR PR A R £ R
RIEER, HpEEE£E8E R BED 10 MU
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IR, AREF SR 11 AN ERF #BH -, T
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