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SR, FF R VD It 52 1 5l 1 A st AL AL A 1 A
A AT AU ST M 7 9 RERL, 2R A Tlumina
HiSeq i 1 P H R, 2045+ 5 kol /= A9 25
B AR BOF2E AT LB B L GO T fiE 4R A
KEGG i i & 5 , U2 4 75 Vb o+ 5 i 26 1 F
PR FRIRIE AL, it — 2 R G T S
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1 #¥57FE

1.1 ##

FEUD I A A T T E R A IR X A
W72 B S BOFERL IR (1) Fh -, 225 2 miT i iE
M7 AT R FE I 2E . DL 0.1% FHRIE I
5 min, JoEE 7K R 6 X, sUHE TR 1Y T T DR 4R
SRR (EAR 9 em) b, B TR 46 22 °CHE
R e, M k)a BRI 31 AR AL
Ak SLEE IR 25 3 A 4 it e e KRI R 7S
U B A T 5 e Ak SRR

1.2 FHix

121 FTEBBEEH

FE AR ) 5 VDI 4 v B AIL 23 RO HE 4 R T R
AR 2 2, B 3 AN F AT (n=20) o BHYS
IF )T R aa A H T LS ORI T R A A
W 5% 5 45, B - 38 B K i ok B TA) 4 K Y
75%—85% Sy Xif R, A 38 7 7K it Sy FH (] K £ 1Y)

30%—40% J T FACFRLH . XF FRZL AT SR AL FEL 4y
G AESE 3 s 4 i IR T, -80 °C R
PRAF

1.2.2 RNARBSNREF

cDNA SCJE 4 8 Fil 3 ik 55 Z& FE b i R B0
BHE B A R AR AT . 773V IT i i S RNA 42
BUS , AR 47 Oligo (dT) AY R ER & 5 mRNA K &
£E B9 mRNA Jil A fragmentation buffer T Wt , 3 LA 55
A BEAL B mRNA B, S ISEREALE 9 519,
i L 30 4% S PCR A BUMUE cDNA . XU cDNA 4lifk
J& A AT A SRAE S il poly (A) J& EL (% #2107
Bk )5, 8 i PCR 9 48 il F vk 4l £k 3K 45 cDNA 3C
. B 5 47 Hlumina HiSeq M ¥ .
1.2.3 FIIEFEMER

WP ARAS A LG I 5 371 (raw reads ) 32 18 i
1B ©,1e0<20 MBSO o 38 BB FEEL 50% Ao b v ik

U8 J5 13 2] clean reads, fff F Trinity #F 17 M 3k 21 % If:
i Corset #4722, 3545 unigene, Ry R 7H 3L
fefE 8 Bf Unigene 5 Nr(https : //www.ncbi.nlm.
nih.gov/) . Nt(https ://www.ncbi.nlm.nih.gov/) ., Pfam
(http://pfam.sanger.ac.uk/) .KOG/COG (http: //www.
ncbi.nlm.nih.gov/COG/) . Swiss-prot (http : /www.ebi.
ac.uk/uniprot/) . GO (http ://www. geneontology. org/)
1 KEGG (http://www. genome. jp/kegg/) 7 1~ 5 4 %2
HEAT X, 75 30 R R R
124 ZEFRIEEERDH

K I RSEM B A4 45 A #£ A 119 clean reads 5
Trinity DRI B A 5% LB AR R S % F LT, B
AL A A AE X 22 55 8 RPKM (Reads per kilo bases
per million reads) Jy 5315 . 5k H] DESeq J7 ¥ i it
2 5 Rk H A (B 1 padj<0.05) , FDR (false discov-
ery rate)<0.05 J- H. log, X[ X hy 3 A 22 55 13§ (Fold
Change) A9 46 XHE>1 1¥) Unigene 1A & B A Gt
PR EMNEE XN ERRBEN TR RS
BT GO = AR (Wi B A0 2H o3 #1531 2
fig) F1Z 5 1 KEGG 1R % 11 GO Y fig b 3 1k
B AR AT KEGG % i 4% 5 4R AT .

2 HERE5HH

2.1 HERAHIEFERE LM

38 358 F Tlumina I 75 25040 26 17 5T 52 04, 7580
VI AL (CK) M T A B4 (DT) 45 3 AR 2%
#5215 2 AYF 2 clean reads 5043 %1~ 51 979 319 Fil
49 043 718; & FEAS Q20 ¥ K T 98%, Q30 ¥ kK T
95% (R 1), FR WMy 25 2L B i o] 4 . 38 3 Trinity
PHZE A Corset 2R R 2, 6 MREARILIRAT 154 8754~

®1UEBEER

Table 1 Summary of Illumina RNA sequencing

BB

Q20/% Q30/%
CK1 47 083 896 98.43 95.71
CK2 51089 578 98.14 95.04
CK3 57 764 482 98.14 95.06
DT1 47438914 98.26 95.38
DT2 46 524 568 98.36 95.58
DT3 53 167 672 98.21 95.22
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7//'\ 7;% 42 %

unigenes , H: 1 67 006 (43.26%) /> unigenes £ & A
200—1 000 nt, 52 101 (33.64%) > unigenes 1< & &
1 000—2 000 nt, 35 768(23.09% )1~ unigenes £ & K
T2 000 nt. Unigenes 1 F- 344 B 1 N50 435l
1437 nt#11 956 nt.

2.2 EEFEIDBEER

B4 R4S 19 unigenes 5 7 B diE E L XT L 136 667
(88.24% )}~ unigenes 7& Nt £z 17215 31 1 B¢ , 136 008
(87.81%) ™ unigenes 7£ Nr £ #ii /¢ 15 2| 73 B , 1
Pfam KOG , Swiss-prot . GO #l KEGG ¥ /%2 43 ] 1F
BT 95298 (61.53%) .43 162(27.86%) . 111 119
(71.74%) . 99 810 (64.44%) F1 57 349 (38.24%) 1>

unigenes.
2.3 FADFTFEMEERREEERSHT

R FER VD IT T R A8 A A FRATTH X
HRZH AT 5 A FH 1 77 S Vb I i e 3Rk L R gk AT
7= 5 1k BE A (differentially expressed gene, DEG)
SIBT o A HRZH T 5L AL B2 2 [R] 2R 4R A5 13 8554
DEGs, }H17 1821~ DEGs 121k ,6 673 1> DEGs
TN 1), FRRIABER B T 1 KA 5L
PRI
DEG(13855)

- _EHDEG(7182)
. FHDEG(6673)

100 |-

-lg(psdj)

log,X
El1 Fb I T 50 22 R R IKFR (DEG) B FRB 4T

Fig.1 Expression analysis of differentially expressed genes

in Pugionium dolabratum under drought treatment
24 RADTFTEMEBERRIEIEFENGOEE
Ny BT AU T T R0 G 22 5 R IA R Y
it , TATTX 3R A5 B9 DEGs #E 4T GO Ty fiE & 4 0 #r
([#12) . XL DEGs & S 2 EY) I e i 4o F oy
TIIRE 3 DRI 59/ N w R B LY S

i) DEGs FZ4E rh 7F s — AR Wi 2 (3 474) R
ik a2 (1 346) B — W& BT R (1 281) 4]
SRR AR (1 144) AL R (1 144) R
PR AR 7R (1 123) ik A P ARG 72 (917) A1
B R (851) 5 & 4E 2 4 g 2H 43+ i) DEGs 3
BAE A TR (251) (MSR1K (246) (221K (204) |
RPERFR 4> (185) JEAME(177) OB RS (150) 5 &
4 5] 53 7 I g P i DEGs 3 4R b 78 i 4k 3 1
(5981) AL TG PE (1 362)

25 EFEEDPFTEHEERREEEMNKEGGE

BESE

X #4538 DEGs #E17 KEGG i % & 5 /0 i 45
RFRW, R PE/ANT 0.05 B i E X A BEE
1 KEGG i % , 4t 4 3 237 4> DEGs & 4£ 5] 38 4
KEGG i@ i%h ., H, 258 DEGs & # 2 X
TR T, 246 1 AL RN TE R FRERRAC, 218
3 TR A BRI, 159N EERDEAEY
B [ 2, 156 1™ & 4 21 H 2R | 22 20 A i 2 R X
W3,

2.6 FROFTEHBERREZRETFHN

MW 225 THEY T REIEEYE
WA . LT Swiss-Prot 71 BE, S50 RZHAH EE
FARYDIT T S0 J5 A 47 A ST KR 459
A~ DEGs # ik & 4F B 1 fk, Hob 277 4> DEGs
ERIE, 1824~ DEGs FiERiL, FHEFRKIA
DEGs fix 2 1 10 ™% 5 A+ 58 1% 537 4 HSF \ERF
WRKY .MYB. bHLH . NF-Y . DIVARICATA . Trihe-
lix TCP AP2/ERF(%2), T 52435, DEGs i
FEIREH I 2 00 I S5 IR R 2 I 0 B SR TRl
KR ZF T 404 U0 I R IA K P i 2 HiF
T T R IR R (R 2 K 4) , R
BFERFATRES S T F MU IT T 5 a1 A 5
PR ik i A

3 WitE4Hit

VO IT I AE ) B B 28 B 0T R A S AR AP
DIRE, WAl 11D B T 5 | b 25 ] FH AR, 3R]
VR R 2 B B T B XU 70 K PR FE T AR
o, LIS LR B TSR O L R B AR
FORWIBEE & R . CA PRI, Y ITiE i
EZ 5 AR MR 55 Sl
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1) CH-OH ££ 11 ; 51« S AL R I e , 1 1 T b 19 CH-OH 5L 141, NAD 8 NADP 15 32 14 5 52 S AL 70 SR 2 , VE ] TR OS5 53 . H1 48
ALTEVE 3 54 B AL RGP L V5 FH T LA RO I 5L NAD 85 NADP /5 524K 3 55« Bk S0 BT M 5 56 PURLIG 4545 5 57 WAL IR EE 45 5 58 4%,
AR SR EEIG A , VR TSI A R4 G40 1500 59 R 2 TG 4

1: oxidation-reduction process; 2: single-organism metabolic process; 3: lipid metabolic process; 4: monocarboxylic acid metabolic process;

5: photosynthesis; 6: monocarboxylic acid biosynthetic process; 7: fatty acid metabolic process; 8: single-organism biosynthetic process; 9: lipid
biosynthetic process; 10: fatty acid biosynthetic process; 11: oxoacid metabolic process; 12: organic acid metabolic process; 13: carboxylic acid
metabolic process; 14: organic acid biosynthetic process; 15: carboxylic acid biosynthetic process; 16: cellular aldehyde metabolic process;
17: carbohydrate metabolic process; 18: glyceraldehyde-3-phosphate metabolic process; 19: cellular lipid metabolic process; 20: response to
chemical; 21: thylakoid; 22: photosynthetic membrane; 23: thylakoid part; 24: photosystem II oxygen evolving complex; 25: thylakoid mem-
brane; 26: photosystem; 27: photosystem I; 28: apoplast; 29: photosystem II; 30: plastid; 31: chloroplast; 32: external encapsulating struc-
ture; 33: chloroplast part; 34: cell wall; 35: oxidoreductase complex; 36: plastid part; 37: chloroplast envelope; 38: plastid envelope; 39: pho-
tosystem I reaction center; 40: oxidoreductase activity; 41: cofactor binding; 42: catalytic activity; 43: coenzyme binding; 44: pyridoxal phos-
phate binding; 45: lyase activity; 46: monooxygenase activity; 47: oxidoreductase activity, acting on paired donors, with incorporation or reduc-
tion of molecular oxygen; 48: transaminase activity; 49: transferase activity, transferring nitrogenous groups; 50: oxidoreductase activity, acting
on CH-OH group of donors; 51: oxidoreductase activity, acting on the CH-OH group of donors, NAD or NADP as acceptor; 52: oxidoreductase
activity, acting on the aldehyde group of donors; 53: antioxidant activity; 54: oxidoreductase activity, acting on the aldehyde group of donors,
NAD or NADP as acceptor; 55: carbon-carbon lyase activity; 56: tetrapyrrole binding; 57: heme binding; 58: oxidoreductase activity, acting on
single donors with incorporation of molecular oxygen; 59: carboxy-lyase activity
K2 ZvbIr 1 0 22 5 R IR RN 9 GO W 4R Hr

Fig.2 Gene Ontology Enrichment Analysis of differentially expressed genes in Pugionium dolabratum under drought treatment
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A 5T R FH Tlumina 057 457 A 55 18 7 58 755
U Ov T R a2 I, 463K 48 13 855 4> DEGs,

S3 AT B X 48 DEGs 3% & 4 B & LW ek
A LA A R (5 55 R AR /R X 2
Ty e F13E [ AE 75 VD I T 538 1 22 rp & R
ER LR S5 U007+ 2038 DEGs M E , 753V I
2 5 3E M FOBEAR I 45 1Y DEGs 1 351 £ |, 3 7] fiks
198 37 R T RN A8 B AR 1 D) RE AR (i 7R v
HLA T 4 R A i 22 56 .

T SR TRl S A 0 i 5 U R RIS TR 7 A%
MRS A N A L N A Y AR R
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Fig.3 KEGG enrichment analysis of differentially expressed genes in Pugionium dolabratum under drought treatment

x2 FTEBMETERREIHZETFHE
Table 2 Numbers of differentially expressed transcription

factors under drought stress treatment

e N TR IR Fw R
Heat stress transcription factor 40 7
Ethylene-responsive transcription factor 38 17
WRKY transcription factor 36 21
MYB family transcription factor 33 15
bHLH transcription factor 30 27
Nuclear transcription factor Y 17 6
DIVARICATA transcription factor 13 8
Trihelix transcription factor 10 6
TCP transcription factor 6 10
AP2-like ethylene-responsive transcription factor 4 12

ERF ,AP2/ERF \WRKY .bHLH .MYB % it ¥4 5% K T
B UL B R R A K B R I N Y SR
F FWMYITE T REMNA S , 4% ERF \WRKY .
bHLH .MYB % % % 5% K 11 DEGs K 251 I 53
ik, 1M 4 i AP2/ERF 0 % 5% A -F 1) DEGs K 2%k
TER, A, 5o T Ra G 2 R R IR
SR T AN A B 2 ASHIFSY e 0K 1 A 3
SENFTET R a5 LS, I s
I AT BEAEAEAS [F] ) T S Jilp i R P ML

AT 5T FH 7 5% 28 53 A7 B R 6 T 5 4 B0 45 A
T B FE VS IT B R BT e 5, T
PR3 K I 3w AR B AR | AU A A T
PESFDIRE A S 5 MR AT Ve K RO A LA KA
Vi &5 55 S &40 DEGs, I Tl iES 5
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Transcriptiomic analysis of drought response genes
in Pugionium dolabratum

Wang Wei, Wang Yue, Li Wanrong, Wang Haopeng, Yang Ning
(College of Life Science, Northwest Normal University, Lanzhou 730070, China)

Abstract: Pugionium dolabratum is a xerophytic plant species mainly distributed in fixed or semi-fixed desert
in northwest China, which possess strong adaptability to arid environment. However, the molecular mechanism
of drought stress tolerance in P. dolabratum was known much less. In this study, we used Illumina sequencing to
screen drought responsive genes in P. dolabratum, 154 875 unigenes with an average length of 1 437 nt were ob-
tained by De novo transcriptome assembly. After drought stress, a total of 13 855 unigenes was significantly and
differentially expressed, of which 7 182 genes were up-regulated and 6 673 genes were down regulated. GO en-
richment analysis showed that the differentially expressed genes were significantly enriched in material metabo-
lism, oxidoreductase and catalytic activity. KEGG enrichment analysis showed that the differentially expressed
genes were significantly enriched in amino acid metabolism, starch and sucrose metabolism and plant hormone
signal transduction. In addition, we identified 47 drought induced transcription factor families, mainly including
HSF, ERF, WRKY, MYB, and bHLH. Compared with P. cornutum, the starch and sucrose metabolism and the
up-regulated expression of heat stress transcription factors may be an alternative pathway to enhance tolerance ca-
pacity in P. dolabratum in response to drought stress. The results preliminarily revealed the regulatory characteris-
tics of P. dolabratum in response to drought stress, and provided important clues for further insight into the mo-
lecular mechanism of drought environment adaptation in P. dolabratum.
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