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Abstract: Objective In this study, the transcriptome profile of the stems from Pinellia ternata treated by 30% polyethylene glycol
simulated drought stress was analyzed, the key enzyme genes responded to the drought stress were explored, so as to explore the
molecular mechanism of P. ternata sprout tumble responded to the drought stress. Methods The stem segments of P. ternata under
drought stress were used as research materials. The Illumina Hiseq 2500 platform was applied for transcriptome sequencing, and
bioinformatics analysis was performed on the transcriptome data. Results A total of 23.00 Gb clean data was obtained, 37 467 952
and 39 903 362 clean reads were gained from the control groups and the drought stress treatment, respectively, and 100 274 uingenes
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were assembled by Trinity software. A total of 41 132 unigenes were finally obtained with functional annotations against the Nr,
eggNOG, Pfam, Swiss-Prot, KOG, GO, KEGG, and COG databases. Furthermore, 4 052 differentially expressed genes (DEGs) were
obtained, in details, 2 080 DEGs were up-regulated while 1 972 DEGs were with down-regulated expression. KEGG Pathway
enrichment analysis showed that DEGs were mostly involved in ribosome, carbon metabolism, starch and sucrose metabolism, plant
hormone signal transduction and biosynthesis of amino acids process. The expression levels of the genes encoded plant hormone
metabolism and signal transduction, redox-related enzymes, heat shock proteins and vacuolar processing enzymes were significantly
promoted after drought stress treatment, while most of the DEGs encoded aquaporins were down-regulated. Conclusion By analyzing
the transcriptome profiles of P. ternata under drought stress simulated by PEG, the candidate genes associated with water metabolism,
plant hormone and signal transduction, as well as the related responsive proteins were obtained, which could provide abundant genetic
resources and theoretical basis for understanding the mechanism of P. ternata sprout tumble caused by drought stress.

Key words: Pinellia ternata (Thunb.) Breit.; polyethylene glycol; drought stress; transcriptome analysis; differentially expressed genes; water

metabolism; hormone metabolism; signal transduction
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RNA, 1%l BN UK AL I RNA B AN et
B, KA IMPLEN #8266 T, Qubit 2.0 %2
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B J5 K H DNA 4 | Al RNase H & /& cDNA
%2 5. R cDNA KB E . ME. &
M4k e, #E4T PCR 4771 . { ] NEBNext Ultra
RNA Library Prep Kit for lllumina (NEB A+, 3
B A Bl SCEE, JERIH AM Pure XP & &t
PCR /Wit A7 44k, 133X A 50 A 5 =
Bt cDNA 3. %, KH lllumina Hiseq 2500
G AT e S BRI
14 HERBEPIRAREIRETRE

BN A5 3 1) raw reads 28 EBR 2L 1)
LR 2 BERF 5 R AR R 1) reads, 3R15 mifi &
clean reads; [AIf, TH5 Q30. GC & & . | A Tophat2
BAEXF i1 clean reads #E4T map, FIH Trinity #4F
BEAT P AR S AL . A 24531 unigenes 7))
5 Nr (Non-redundant protein sequence database )
eggNOG  ( evolutionary genealogy of genes:
Non-supervised Orthologous Groups). Pfam (Protein
family). Swiss-Prot. KOG (euKaryotic Orthologous
Groups). GO (Gene Ontology). KEGG (Kyoto
Encyclopedia of Genes and Genomes). COG (the
Clusters of Orthologous Groups databases) 5% 4
HEAT X, LLBLAST 241 E {5 <1X 10 °f1HMMER
M E E<1X10 °{EANFFESIE, #E4T unigenes
DinerERe 5AAHE & L5 0.
15 ERFTEERADH

fiH EBSeq R HfH#k47 07 Jk K 2k v 1) 43
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HEAT B0 M (T vs. Ty, LL g value<<0.005 £l |
logy(fold change) | >1 1E A0 ik % 7 K& &
DEGs (differentially expressed genes) f#jilfi FtfE, LA
FPKM {E (fragments per kilobase of transcript per
million mapped reads) 77~ DEGs HIAHX &K iEKF-.
IR, xR /52 DEGs #47 GO 402X, KEGG
TR & R .
1.6 SSR #&M

HM A MicroSAtellite 4% e 5% 21 e P 45
unigenes (K:J¥>1000 bp) = [ fa] ¥ 8 & 7 41| SSR
(simple sequences repeat) £z s #4741, Seit A A
HE YRR L E.
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21 FEBRFUANFERSHIEAE

T8I0 s 52K B o AL R BN i AT Ab B
F£3k43 23.00 Gb Clean Data, %[ 4H 1 PEG Ab#
H AR ¥R /NN 11.50 Gho KT R 2 A Ak #E 2H
(1% % 3% 20 B9 v 43 73l 3145 37 467 95239 903 362
AN reads B LSy 11 135 259 328, 11 860 558 224
MEHBRT A Ll hT, Q30 ikt
HENE 90.53%. 91.00%, GC &E4rHIN 57.76%.
56.17%. EIIXTANEAEHZH clean reads AT P41 LA,
43745 3] 22 029 563 21 26 507 578 % mapped
reads, mapped ratio 43 7l ik £ 58.80%F1 66.43%
(£ D,

FIH Trinity B A5 s P20k T Hf 4, L3958
177 715 4™ transcript, P A 835.5 bp, N50 K
1 338 bp. X PR R AR — AR, G
100 274 /> uingenes, “F-¥J4 & 649.1 bp, N50 24 996,
X245 2 (1) unigenes Fr BAK FEEAT o0 AT, S5 SRR
2) K, unigenes KJEFEZ - AH7E 200~300 bp,
HEA7 36 758 4%, 1 EA I 36.66%; & 7E 300~500
bp ) unigenes A 28 303 %, iR 28.23%;
unigenes K 7E 1 000~2 000 bp #1410 962 %, 4
SR 10.93%; KT 2 000 bp £ unigenes 4 5
768 %%, i EL 5.75%.

x1 TEPMELERF B RAMNFHIRELE

Table 1 Transcriptome sequencing data comparison of P. ternata under drought stress

o3 Clean Reads AT 5 Q30/%  GC &&/% Mapped Reads Mapped Ratio/%
To 37 467 952 11 135 259 328 90.53 57.76 22 029 563 58.80
T, 39 903 362 11 860 558 224 91.00 56.17 26 507 578 66.43
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Table 2 Assembly results of transcriptome data from P. ternata under drought stress
FEKZH 200~300 bp 300~500bp 500~1000bp 1000~2000bp >>2 000 bp B K N50
Transcripts 44 997 43 267 41207 32 650 15594 177715 8355 1338
Unigenes 36 758 28 303 18 483 10 962 5768 100 274 649.1 996
2.2 Unigene THRE 72 % unigenes, & EEH 16.34%; AEMSTERER] COG
BT 2SR unigene 7514055 Nr. s E ) unigenes /b, HEN 11203 4%, HEH

eggNOG. Swiss-Prot. Pfam. KOG. KEGG. GO.
COG “5#t# FE k47 LU, 7931 unigene X 5L A] |
EHBERA S RE L, AR 41132 M F1E
(5 51 unigenes, 7 FTZH%E unigenes 1) 41.02%.
Nr 388 FEVERE S unigenes BB &%, A 39 365
%, 54% unigenes ) 39.26%; i 4 379 %
unigenes /741 SEZHIRHEY) AR Elaeis guineensis
Jacq. MR FAmERIE, &EE 11.14% (&
1), KOG ##f FE B9 21 24 466 % unigenes, 4 Ft
A unigenes 1] 24.40%, ARy REE]— M Th e T
(general function prediction only), #%/5#546. &
HFHTE. 2> 718 (posttranslational modification,
protein turnover, chaperones) fll{ 5 %% S 4L il (signal
transduction mechanisms) [f] unigenes & &%, 4
W 6821 4% (25.34%). 2635 % (9.79%). 2204
% (8.19%) (K 2). KEGG #i#i F:# %] 16 381

6 000-

4000~

Frequency

2000~

ABCDEFGHI JKLMNOPQRSTUVWYZ
Thiesrdk

&2

1 11.17% (£ 3),

kR (4379, 11.14%)

m e (4172, 10.61%)
A (3608, 9.18%)
FHMCH (3390, 8.62%)
W (2646, 6.73%)
fifE (1899, 4.83%)
INREFEE (1457, 3.71%)
AFL (1282, 3.26%)
1AM (1115, 2.84%)
H£E (1102, 2.80%)
HAh (14271, 36.29%)

1 EF Nr BIRES B B4R unigenes R
SE

Fig. 1 Homologous species distribution of unigenes from P.
ternata transcriptome against non-redundant protein
sequence database

| :ARNA processing and modification [887, 3.3%]
I B Chromatin structure and dynamics [299, 1.11%)]
.C Energy production and conversion [1 156, 4.29%)]
[ D Cell cycle control, cell division, chromosome partitioning [521, 1.94%)]
. E Amino acid transport and metabolism [996, 3.7%]
. F Nucleotide transport and metabolism [255, 0.95%]
.G Carbohydrate transport and metabolism [1 335, 4.96%]
[ H Coenzyme transport and metabolism [215, 0.8%)]
.I Lipid transport and metabolism [991, 3.68%]
.J Translation, ribosomal structure and biogenesis [1 574, 5.85%)]
| K Transcription [1 083, 4.02%]
. L Replication, recombination and repair [546, 2.03%)]
. M Cell wall/membrane/envelope biogenesis [325, 1.21%]
N Cell motility [11, 0.04%]
[ O Posttranslational modification, protein turnover, chaperones [2 635, 9.79%]
I P Inorganic ion transport and metabolism [635, 2.36%]
.Q Secondary metabolites biosynthesis, transport and catabolism [842, 3.13%]
L R General function prediction only [6 821, 25.34%)]

S Function unknown [1 132, 4.21%)]

T Signal transduction mechanisms [2 204, 8.19%]

U Intracellular trafficking, secretion, and vesicular transport [1 320, 4.9%)]

IV Defense mechanisms [170, 0.63%)]

W Extracellular structures [86, 0.32%)]

|Y Nuclear structure [111, 0.41%]

Z Cytoskeleton [766, 2.85%]

FE#F4H unigenes B9 KOG 733

Fig. 2 KOG classification of unigenes from P. ternata transcriptome
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Table 3 Unigenes annotated results of P. ternata

transcriptome against different databases
VER S unigenes i H /%
Nr 39 365 39.26
eggNOG 37 476 37.37
Swiss-Prot 26 485 26.41
Pfam 27 268 27.19
KOG 24 466 24.40
KEGG 16 381 16.34
GO 15942 15.90
COG 11 203 11.17
All_Annotated 41132 41.02

2.3 SSR 4R

FIH MISA B AExf B #5541 unigenes 4T
SSR Zp#r, FLAHZEF| 7 954 4> SSR 7 fi. Hr,
DLt A SSR MmN E, H 27414,
S 34.46%; BRI EE SSR HiE k2, St

2521, HAKH 31.69%; AL, PUBH I
A B L R R i R 2 134 52, 8 N5 ANBE
FEHE T SSR HE /D, H 54, U H 0.06%
(R 4), T b SSR i bras B}, AT IF
JE P E R R IRM SSR 4> T hRid Je st Ak 2 R
T
24 ERFEEESH

T T R ZH S R e A 3 o B 2R B
HEAR AT, REARBERKEN
unigenes. Tovs. Ty A EL M 45 R B, XA E+
BB Ab B 2 (A i) 2 e R R FE R S B0k B 4 052
A, Hihkik BRI DEGs &4 2 080, 1972 4
DEGs FiA/K TV RA T, 20 073 4™ unigenes 1)
AP R K AEAR . FIR, RATFEPE TR
B unigenes 49 K& LA DEGs £t H & =T3R4
K DEGs #i& (K 3).
241 ERFIEFENN GO /Hr GO HEFERE—
MR IPRHELE ) R R G, TS ia b B

*T 4 FEHFE unigenes SSR ST
Table 4 Simple sequences repeat analysis of unigenes from P. ternata transcriptome

B R uiE
HE M s
5 6 7 8 9 10 11 12 13 14 15 =16
HTgE SR 0 0 0 0 0 1253 513 276 146 102 93 138 2521
A ES 0 547 399 500 719 483 89 4 0 0 0 0 2741
A ES 1317 599 201 17 0 0 0 0 0 0 0 0 2134
VB B S 45 5 1 0 0 0 0 0 1 0 0 0 52
TR EE 6 1 1 0 0 0 0 0 0 0 0 0 8
NI EE 0 4 0 0 0 1 0 0 0 0 0 0 5
SEHEMER 493 493
MA plot
15
10
- Significant
10 Significant 5 _up:2 080
@ 'gg\:/%nqsol 972 o dOV\ﬁn: 13-7 2
% ~unchanged:20 073 ",_i,"', 0 unchanged: 20 073
— o
| 5 -
-5
0 -10

-10 5 0 5 10
logz(FC)

0 5 10 15
logz(FPKM)

E3 FTEMEAEHNFERREERFEERY

Fig. 3 Differentially expressed genes in P. ternata transcriptome under drought stress treatment



* 5584 «

¢ %% Chinese Traditional and Herbal Drugs % 51 % %5 21 % 20204 11 A

PE SR HABIRZ GO K, S 1477 %

DEGs {: 8 2|4E¥)id 2 (biological process), 44l
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596) 257 (K 4D,

mmm DEG Unigene
All Unigene

1477
15942

147
1594 &
<_

14
159

Q'a'n'n R O NN CE C N C VN C O Ve XECC SR X0 CSE >0 > =
2L $cogg‘gogoggocmazcaéamoogg-saoa.‘:cgﬂ?.‘:g%‘e
8083 S=E 382587 C0E=Co 28O cCESE o> 222828
SO E O CO 00080 LBEOOT =500c0S02BEccScoeEEESESH
g = SEZIEEESECSSEX EME_ E=ScEEEQE”S58=0098503
agas S o5 8aPESTgS50 32ET SR =2>922 2O ITTESZ
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E 9% S g9 297F S 2% 2 3 SESEE3
3, &8 g 38 5 8% § g SEZEcg
=) = == £ e 5 S = 585 =
f= = 3 £ o o % = aR=1 >
= D £ £ s £ =Y co& O
* 2 E @ @ 2 8 2
= £ = 8 o
£

| I | ||
b - i Y
Wi AL AR or¥Uiiig

4 FEREHBAIERIH FF R DEGs B GO 733

Fig. 4 Go classification of differentially expressed genes in P. ternata transcriptome under drought stress treatment
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YMIE AL Ccellular processes, 57 4%). (s B AL
#E (environmental information processing, 52 4%)-

Wifh(s S ALFE (genetic information processing, 189
% ). AR (metabolism, 969 %) FI4#) & %
(organismal systems, 29 2%) 5 K353t 106 4~ KEGG
PRAEARUTE R, (KR SRAS VR DEGs #E 44 M1
50 MRUIEE (S a1l 5 fin: 3k75 DEGs FEREE
B2 1T 5 M3 KR TR ZPEE (ribosome,
96 %%). HACHH (carbon metabolism, 61 %%). VE¥
FIFEREAR M (starch and sucrose metabolism, 45 £5).
MY ¥ EAE S %S (plant hormone signal
transduction, 40 2%) A IR 4 )& Jik (biosynthesis
of amino acids, 40 %%). #t—2XI3R15 1) DEGs i3t
17 KEGG M EHEAHT (Tovs. Ty, S5HREH: T
Bipakb s, FEZEBRPERE EH DEGs LR
T B AR Cribosome ), o- 7 R B2 1K 4
(alpha-linolenic acid metabolism ) A1 &4 f fig 1K 15}
(sphingolipid metabolism) i&4%; FKiX T DEGs
FEEPEREGIEHRLEA (photosynthesis-
antenna proteins). Jt&YEA (photosynthesis). Hi

Wk 5 M %% & A% ( porphyrin and chlorophyll
metabolism) &4% (& 6).

25 ERFEEENINGEEE

251 HEYEERNWS5ESH MK DEGs 7
T EPia SRR 735 B, FTRE S| EE4H N I
FHKF G55 T AR 28 2 AR & B AR AL . il
I 2RISR KEGG B = 0, daHHEE
BRI (FPKM B LR AT, 5 A B A
BB ABET, 3 MEKENEEREAMX
DEGs Fik/K-¥ LTt ZHAERK R NEHEE (12 ).
AKRmH/NEEAES (34 MY AK RN
R SAUR (1 4M) AHZK DEGs HIFRIAKF T .
IR -4 M (3. RERZHREA (1),
MR EZZFKERE (1) A REZRE
F (1) %% DEGs WMRIAKFAET R a5
IR 4 AN R R AR EE L 1R
FMEBEA 1 N R FRAEAH ¢ DEGs ik
i gmiSAEFTER R ZIM 2583k (3 4N) FIEH]
Rl O-F LR (34) () DEGs 7ET Fria
PR G Ar BIRBN EFAR R AR, 1 ANEER
W R AL ERAHOC DEG [FERIA /K RIE (R 5). &
B B2 BT R 5, DA FEYESE
B BB ISR R 22 R R B I R IA T
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Phagosome 12 (1.55%

Endocytosis —— ] 18 (2.33%
Perox%ome:] 2(3 (2.908)%)

Plant hormone signal transduction g 40 (5.18%)

RNA transport 10 (1.30%)
Spliceosome 12 (1.55%;
Protein processing in endoplasmic';egculum 29 )(3.76%)
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196 (12.44%)

Tyrosine metabolis 10 (1.30%)

. . .~ Steroid biosynthes
Valine, leucine and isoleucine degradatiol 10
2-oxocarboxvlic acid metabolism 12
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14

Tryptophan metabolis| § i
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1.55%;
1.55%,
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1.55%,
.81%,
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_“Purine meta
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Pentose and glucoronate interconversionse [ 19
m 19
m ] 21
acid metal
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Carbon fixation in Pholosymhetlc organisms [ 22
alpha-linolenic acid metabolism [
Amino sugar and nucleotide sugar metabolism [
Photosynthesis antenna proteins [—
GI&/chyss / Gluconeogenesis
Glyoxylate and dicarboxylate metabolisn
Phenylpropanoid biosynthes
Photosynthes
Biosynthesis of amino acids [—
Starch and sucrose metabo
. arbon meta
Inositol phosphate meta
Phenylalanine metal

0

0|

0|

0l

0|

0|

Glutathione meta
Glycerophoépholipid metal
al

0l

]

olism

0l

B 0 (11/%
9 (1.1702)
9 (1.17%)

ol

Linoleic acid meta
Plant-pathogen interaction [N 23 (2.98%)
T

0|

™ I 45 (5.83%)

40 (5.18%)
61 (7.90%)

0

J

10 20

Annotated genes

E5 TEMELIEREELRE DEGs KEGG 73

Fig. 5 KEGG classification of differentially expressed genes in P. ternata transcriptome under drought stress treatment

£ statistics of pathway enrichment
Ubiquinone and other terpenoid-quinone biosynthesis .
Tyrosine metabolism .
Stibenoid, diarylheptanoid and gingerol biosynthesis A
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Table 5 Analysis of DEGs related to plant hormone metabolism and signal transduction
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Table 6 Analysis of DEGs related to water metabolism
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Table 7 Analysis of DEGs related to oxidation and reduction
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Table 8 Analysis of DEGs related to responsive proteins
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