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55% ~60%) 4t 3, F| H & & #% K A0 5 BGISEQ-500 F & , il 4 RAAT L W oh 4 £ B L £ B %k 35 2 H (DEGs,
differentially expressed genes) fff ¥, % £ & ¥ . (1) K %t 68193 % Unigene ¥, 4 5| & 34230 (50.20%) . 34170
(50.11%) ,31727(46.53%) ,27701(40.62% ) .27092(39.73% ) #1 22793 (33.42% ) I~ Unigene 45l # 4 F F| NCBI 3 7T
&% B (NR) .egeNOG (£ H #y 3t 3 % , Evolutionary genealogy of genes: Non-supervised Orthologous Groups) . 3t & A&
& ( Gene ontology,GO) ,Pfam ( Protein family) .SwissProt ( Reviewed protein sequence database) 2 KEGG ( Kyoto encyelo-
pedia of genes and genomes ) NANHEAEE, (2)DEGs 941 B &, &5 Fk R Faet & 4 Bl 10674 4~ Fa 13402 4
DEGs;GO 8 R4 R KW RAnvt d 10 DEGs i ML F W A AR — B, T H & 4 £ 2 DNA B B #| fo 8 1%
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Sequencing and analysis of transcriptome on regulating gene expression of
Sphallerocarpus gracilis in Qilian Mountains under drought stress

ZHANG Chunmei'*, QI Shiming"*, YAN Fang®®, ZHAO Gang'?,
SONG Hai*, ZHANG Xifengl’2 , CHEN Ye'?
(1. College of Agriculture and Ecological Engineering, Hexi University, Zhangye, Gansu 734000, China;
2. Key Laboratory of Hexi Corridor Resources Utilization of GanSu, Zhangye, Gansu 734000, China;
3. Ecological & Oasis Agricultural Research Institute of Hexi University, Zhangye, Gansu 734000, China)

Abstract; This study used the roots and leaves of 2—month—old S. gracilis from moderate drought stressed
group and control group (the relative water content in soil was 55% ~60% and 70% ~ 80% , respectively) as the
test material. The transcriptome sequencing analysis was carried out by using BGISEQ-500. After obtaining tran-
scriptome data, gene function annotation, and differentially expressed genes ( DEGs) screening of S. gracilis leaf
and root were performed. The results showed: (1) A total of 34230 (50.20%), 34170 (50.11%), 31727
(46.53%), 27701 (40.62%), 27092 (39.73%), and 22793 (33.42%) were annotated by non-redundant
protein sequence database (NR) , eggNOG, gene ontology (GO) , Pfam databases, SwissProt and Kyoto Encyclo-
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pedia of genes and genomes ( KEGG ) respectively. (2) There were 10674 and 13402 DEGs in roots and leaves, re-
spectively. At the same time, GO enrichment analysis showed that DEGs of root and leaf were distributed the same
in GO functional annotations, mainly focusing on biological process, regulation of transcription, DNA—templated ,
protein phosphorylation, oxidation-reduction process and defense response. Moreover, the KEGG pathway analysis
showed that DEGs in roots were significantly enriched in phenylpropanoid biosynthesis, galactose metabolism, cys-
teine and methionine metabolism, starch and sucrose metabolism, plant-pathogen interaction and plant hormone
signal transduction. The DEGs in leaves were mainly concentrated in galactose metabolism, starch and sucrose me-
tabolism, phenylpropanoid biosynthesis, pentose and glucuronate interconversions and plant hormone signal trans-
duction, indicating that drought stress mainly affected starch and sucrose metabolism, galactose metabolism, pheny-
lpropanoid biosynthesis pathways and plant hormone signal transduction in the roots and leaves of S.gracilis as well
as these biological pathways played an important role in the response under drought stress. The high-throughput
transcriptome sequencing revealed the regulatory characteristics of moderate drought stress on gene expression in
different organs of S.gracilis. In short, drought stress affected the expression of differential genes in different organs.
The study can provide a theoretical basis for analyzing the biological pathway of tolerance of S.gracilis, biosynthesis
and molecular mechanism of effective components under drought stress.

Keywords : Sphallerocarpus gracilis; drought stress; transcriptomics sequencing; differentially expressed genes
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1.1 RIewF R 4bE8

T 2023 4F 4 A 5 HAEH R K A 2%
Ly R AL B A ¥ 2 ( Sphallerocarpus gracilis ) Ff:
H M, B IR B SRR K B I A R A
FEWNHAT ILE R TR RS REBERERIKE
24 18.0 em , B EA%E 30.0 cm 751K 38.0 cm HU4E
R A BR, AR AR 2/3 A KT
B PHEERARK 2 DA E EIRK S-S
BEDL T 2 20, FZRREEM AR T RO, B4
TS IR BE DG IRAE) D4 — B, X B Ak 3
(CK) Y A0 & 7K S 42 Sy FH T) 55 /K 119 70%
~80% , R AR E LI HHEE K&, FAREH 18 £ 00
FREEAMK IS B TR b 38 AR T 5, B H 2R
FHAR B VR0 5 L3RR B K, 7Kk BRI A
FH ()7 7K B Y 559% ~ 60% L eI 7K 75 k>R FH 4L
TAREE(105°C+2°C) Mg . A3 15 d )5, 70 ik
OGS HERT T 5 i Ab PR B S AR A 4% 3 IRE A
ZEIRKIBUE T, oK 400 oK o0, IR R, B
T =80°C UK AT H o
1.2 FERFIRALEE

FEALLS R 1L (Shaker, Thermo, Z2 [ ) ; 434
K- (BSA224S , Sartorius, {5 5] ) ; Bio—Rad #E5 BU%
Z55 ( ChemiDoc™XRS+, Bio—Rad /A #] , 26 [# ) ; Nan-
oDrop 2000 73 43 4% £ 11 ( Thermo Scientific, 3
) ,ﬁi%ﬁ*ﬁﬁ(( Agilent2100 Bioanalyzer, TEEE N
A LR

F 84K 5 : TRIzol® Reagent ( Invitrogen 23 7, 56
) A0 N EE CEE A GR (o bk, R
T KA 2EIR ) ) s BGISEQ-500v1.5 5] & (1lu-
mina 2\ 7) ,73%) o
1.3 REHFERSE
1.3.1 wAA RN E R RS R
S8 AN [ A B R ARG | R 5 T KORE H E FD R
AT I T 105C 2275 30 min, BT HLE
80°C 4t 22 1H 5 J5 FREUR At T i i, I AR b,
1.3.2 3k AAE v RNA IR EZ 4 Fmn 5 4T
Xof FRZEURN T AL PRI 20, B A0 2T 3 AW
R BRIFIRAT- T —-80°C vKAH H, AARUE RNA 4 #H
SORFFENIR I RS, MR ZEFE A 1.5 mL
BT A 1 mL Trizol 3857, 1R4), EiREHE S

min; A 0.2 mL & 45, #&3% 15 s, B E 2 min;4°C
12 000 g 5.0 15 min, XfFH 5 2 K ARG HLAH
BBV A5 mL S VB B A8 TR A R R TR
A7, ZEIRFEE 10 min;4°C 12 000 g B5.0> 10 min, 5 |-
T KRS A 1 mL 75% S, YeisUTTE .
4°C 7500 g 5.0 5 min, W F5R B WAA , 7 I
F 3 ~5 min; K K15 A9 RNA YLIERE T 30 wl Y
DEPC (fERIR — L) K,

1.3.3 cDNA X EMBERIEFAFIIMAE P—F
Y RNA BE5 1l oligo (dT) fEBRE i 2 fe 4k
XL PolyA (22 R BRHFHR) B9 mRNA SEATHF
SEHER . KPR B0 mRNA 7E &R A1 T R
PR T ITWR & kT A Bedk,94°C 5~7 min, #4
FrBUAE Y RNA 38 3o 53 5 S i 9 7 F 5 A eDNA
i E. coli DNA polymerase 1 ( NEB, cat.m0209, 3¢
)5 RNase H (NEB, cat.m0297, £ [{) #4114k
B, FUHRERRXS FE R BOR/N#EAT i e Fi2lid . Xf
PCR SR K™ Wyt Ay e 9348, 73 3 S0, &4
B PYELAIT A= W) B} 5 A7 BR 23 Wl A NanoDrop ND -
1000 ( NanoDrop, Wilmington, DE,3[E) XJ & RNA
1) i 5 4l R AT o £ 45 | O i Bioanalyzer 2100
(Agilent,CA, 5[ ) X} RNA H 588 P gEA 7460, 46
W4 48 5 % F BGISEQ—-500 M) . 1 F Trinity %544
Xt reads HEATREHIL1%E, i F BUSCO #1447 o i
Pl

134 HieEBREFARAKE  FAEYREL
FANIRISE S B Unigene , hFESARSENIEER
YL , 0 0 TR AR s AL A5 B nT LA 2% (] 400 L
XK F DIAMOND 347 Unigene (T REHRE , 11 REAE
H1 6 FIBUR IR , £ 4% NCBI_NR (NCBI non re-
dundant protein sequences ) . GO ( gene ontolog ) .
KEGG ( kyoto encyelopedia of genes and genomes) .
Pfam ( protein family ) , SwissProt ( reviewed protein se-
quence database ) Fll eggNOG ( evolutionary genealogy
of genes: non — supervised orthologous groups ),
eggNOG X B 4 [T Y ) o A1 B R #2811 1 9 B AT 03
2 YR A A R A0 B B R H T AR I SR 2T
b7, NCBI_NR  Pfam  SwissProt Fl eggNOG
B RO B B R DT BL 2 2R, GO KEGG %Hia JE
BRI AT Wl U B I RS R, 22 AR IR AR A
108 B M2 S ORI S 3 K - 7 T ) B of s A 3
Pk .

135 Z2FRBZARAGAREFSRMER G R
5 il BLAST (http://blast. nchi. nlm. nih. gov/
Blast.cgi ) B3 2 i AE TUAR H S AR P51 5 GO ( Gene
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Ontology ) il KEGG {4 J72 L X, 3J A5 5 A 1 1 1
IEISNE By =3 3v S N i =X B s ) I =P VA
FH LRSS, % H 538> Unigene 1 GO F1 KEGG
TERLE AL, 75 B 5 M 22 5 83K Unigene i35 H
19 GO % H A KEGG @ %, f# ] KEGG 54 72 xf
22 SRR P g I A T S M R T

2 HR5
2.1 FEEEMESHEERNHM

M2 1 Al 5XTREAH b, T A0 HE A AR+ AN
B R % 20.78% F1 23.04% ( P<0.05) , M1 5
S FIAR T 40 1) 8 35 T R 69.23% F11 33.33% ( P<
0.01) , ML FUFRAIR 27.08% , 156 1A 5% B & 52 i AR A
A= e AR R JH R X I 14 A ) e S ) o A A
2.2 BEBEENFEF de novo HIE

MR YT S A GENS LA, B U
HWZTCS H 5 S 03 Ft . R Trinity 8004 %
WA 2N reads #E1T de novo M 412 AR
020 5 Q30 23517 T 97% F1 93% , GC SR H T
42.55% (W 2) . f#i ] BUSCO #i#kAT 2 P-4l
WD T R4 92.19% M ES I N, £HKRE T
TR R, A A B A3 AT IR AT LR O b R R
R sl AR MK B A G oL, L 1l K AT
200~ 300 bp f Unigene f% 2, ik #| 21840 4%, (5

32.03% , K JEA T 300 ~ 600 bp 1 Unigene A 19021
2:(27.89%) , £ N 600 ~ 2000 bp Y Unigene #
17147 45 (25.14%) , 10185 %% Unigene ( 14.94%) 1)
K REERTF 2000 bp, 5540, RIFRHZE TR AY Unigene
N50 4 2044 bp, ¥ 5EAHN Unigene 21 2% 45 1145 5
W 3, AT A A FE T 1Y S s
AR A e e B PR v, B WA AT DL A T 5 4 ) A

SRR,
23 EHSERAEERBEEREBER
i Unigene IReER R ENER 4, SRER,

ESTER R4 68193 5% Unigene, HREMIIM
Unigene 0 H it Z )& NR(34230 2%) , i 5. Unigene
1 50. 20% ; H ¥k K egeNOG, K 34170 %4, 5 &
Unigene [ 50.11% ; GO N 31727 4¢, {5 H 46.53%;
Pfam &y 27701 4%, /5 b 40.62% ; SwissProt A 27092
%, 15 1 39.73% ; KEGG iy 22793 %%, 15 1 33.42% .,
2.3.1 NR ZhatE# 5 NR BURESET O, il
JE [P 5 I J@ YA, 25 R (& 2, UL 74 00,
R0 i 45 Unigene 5838 N ( Daucus carota) AR
oz, Gk Unigene Y 72.6% ; HJE MR A bl
M ( Gossypium  hirsutum ) | 57 5% G 1M # ( Gossypium
raimondii ) KA ( Gossypium arboretum) ¥ 5y 5 ( Gos-
sypium barbadense) F& ¥R ( Quercu suber) FIHARYFh
(14.47%)

x1 TEBPEXNESHHERKNZIM
Table 1  Effects of drought stress on seedlings growth of Sphallerocarpus gracilis

pisil £/ em T/ em WT R/ (g ) MTHREE/(g- K" R
Treatment Root length Stem height Root dry mass Leaf dry mass Root-shoot ratio

XfHRZH

6.35+0.20aA 6.64+0.29aA 0.12+0.002aA 0.13+£0.012aA 0.48+0.03aA
Control group
L4k

s 5.03+0.27bA 5.11+0.03bB 0.08+0.017hB 0.04+0.013bB 0.35+0.04abA

Drought treatment

AR NG TR 3R TE P<0.01 ,P<0.05 K24 5 %

Note ; Different uppercase and lowercase letters indicate significant differences at P<0.01 and P<0.05, respectively.

®2 BRAVFFESIT

Table 2 Statistical analysis of sequencing yields of Sphallerocarpus gracilis

i i aE i JEAFF/(10° bp)  ARIFFN/(10° bp)  WILHERE/ % 020/%  Q30/% GC &=/ %
Sample Sequencing site Raw reads Valid reads Base efficiency ’ GC content
popiiHi] M Leaf 6.58 6.33 97.54 97.95 93.72 42.94

Control group R Root 6.40 6.18 97.88 97.77 93.26 43.11
TRabm M Leaf 6.46 6.24 97.71 97.86 93.49 42.91
Drought treatment 2 Root 5.70 5.46 97.32 98.13 94.10 42.55

1::Q20,Q30 A B EAH K F45ET 20 58 30 BIBRIL AT (5 H 43 b (F 45 1R % /T 0.01 3% 0.001)

Note: Q20 and Q30 are the percentage of bases with mass values greater than or equal to 20 or 30 ( sequencing error rate is less than 0.01or 0.001).
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B 1 #EZZ Unigene WKES
Fig.1 Length distribution of Unigene of Sphallerocarpus gracilis

#3 ESNFEHFERAM Unigene HESIT
Table 3  Data assembly for transcript and Unigene in the

transcriptome of Sphallerocarpus gracilis

PrEK B FORARURE PRI IR
Splicing length range/bp Transcript No. Gene No.
B Al 316140 68193
2125 KR IEEL Total assembled bases 593857686 66311516
BRKE Max. length 15723 15723
Fe/MEFE Min. length 183 201
SRR JE Median length 1597 439
N50 2650 2044

x4 HSBEFRARRIRERGT
Table 4 Unigene annotation result of Sphallerocarpus

gracilis transcriptome

RS A 5L Unigene

" . S
Db i g wi B4
Ratio/ %
NR 34230 50.20
SwissProt 27092 39.73
KEGG 22793 33.42
eggNOG 34170 50.11
Pfam 27701 40.62
GO 31727 46.53

232 GO &L 4% XF1HHY Unigene #£47 GO
DR RE, il 3 B, 345 31727 2% Unigene #% A%
DR R A= W) #2 ( Biological process, BP) 4 ffl4H
43 ( Cellular component, CC) Fl43F I E ( Molecular
function, MF) = K09 50 NIIRESR H A, Hidp A W)
MRERSR HiZ o 25 4, A4 53534 15 4~
REZH , 7> OB 10 S IUREAH , TERRIE B H B
id 3000 259 7 A IREAS H 20 o - A Wi A (3506
) AL 7 PR 2R MO AZ (9432 2% ) | 4R L 5
(5466 %) B (5318 2% ) | BEL BA) 2 1A 1 7 (3832

) R T (3725 5%) oy TR A G AR
(5498 %%) .
2.3.3 eggNOG Zh#t 4k XFH S Unigene 1] AE
DIREdEAT b T, 3645 34170 2% Unigene # RS 23 4~
DIReZ, il 4 s, oKD BELL 2 B 5 181
B R 0 TR (2639 45,7.72%) , Holk 215
SEESHLHN (1954 55,5.72%) , 5 5% (1896 55,5.55% ),
FHIE AL R AEPIRIR (1235 2%,3.61%) .
2.3.4 KEGG KRi#ti@z ot MRS Al AL F R
SHZ 5 KEGG FdiE T 6 A~28510F 19 20 Fhik 2%
FRGHE TR, R A 28 i L I $le £ (7020 4%)
HAS ARG R E, SAEVLRSGHX
P38 R 665 TR, 8L (5 B AL (5 B A
PRI i 3k 78 1 R 43 391 02 4369 A~ 1139 /> Fil 932
A NP TE R D (60 1) o i —20 4150
20 PRI, BRI RRZ, N 1842
A HUCH AR F 3T & | 4r SR A, 53 51 R
1775 A~ F1 1410 DR 15 5 5 S BRI 40
973 MR, X A 2 IE BRI A R ihis 2 1
HETRAARDE
24 TEBETESZERERERIE(DEGs) 5

H & 6A 7T A1, MR 745 2] 10674 > DEGs, R 19
L IRFEE(6258) KT T L& (4416) , Tt
F 1538 13402 4~ DEGs, M F 1 4 56 %0 (5957 ) /)N
TR (7445) , ESTER R M ANFEGEE
s R FIRESEENA 4532 (B 6B) . SR ERHH
L, B S % T R R T R URK
25 TFTEMETHESEREEGOEESE

XF GO g B 1) 22 5 3R a8 FE IR AT & 4R 4%
B, B 7A B A5 BR TR THSIR A A
1 DEGs 75 GO 47 ;S e REEE SR . Ml 7 AT,
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WSRA T R H Y DEGs e Y1t 72 A1 4y |
T IRER A — B A E S RN H A H iR
MR Aiig sy, Al RE2E DEGs F2 AR T4 W)
AR DNA (SR E R IR 7 Rl RO AR L
R AL B N ; 2014 7328 DEGs ¥y F 2 4L
T UMM AR BB B R R ST A
T UIRESR DEGs EEE R T 0 T IREN LS &
.
26 TEMETEZSEZRERM KECC §HE K

BRSNS

NHE 22 S A N S 5 1 2 A A& AR A
RS @, 7 M SR A A 7 DEGs
AT KEGG A & 404, anfal 8 nl il s SR A
BEFEDINN KEGG 2R 2 K, 5B 1 K NES
e SR LT AR Y e I B AR AR YR (5
SR 2 SRR AR N EE R AW 5 R ST
W DA AR A ek R RE MR A =
SRR R UltE e, MR P DEGs W R

10000
7500
5000

£ W) 1 72 Biological process

2500

$L X %1 = Number of genes

SEAETER MERE Ol MY R 55 5 5 R FL b
AR IR 1) 25 W T PR A EL e Ak R I e 2R A )
AR, W R W 2 B+ R
i, JEHAE MR R R o [ i Rk i R 5
Fe T CEFUREACIE VA FRERE A R B A
BT REAE B S 52+ 5 AR BRI 3 rh k4
ZAEHL,

3 % w®

FE A BT e A B K £ L 2 )2
WK, R S 200 B AR 5 A 38 o T R 1 & 2
FEEENLE G B T8 7 A4 1 5 0 A HLER, X b
SR DR 4 S R 9 I 4 (R A e L TR R U AR
AFF 5T >R FH e a2 7 S 4 Y BGISEQ—-500 - 5 22
SFIRIL (DEGs ) X T 5 e T #& SR A i
mRNA A7 )F , 3873 T Kt 1) Unigene, #5371 F
A B S 0 SR BRI IR KRR L& T
WS ARG BRI

2 i % Nucleus

4 ffg Jii Cytoplasm
Jii JIif Plasma membrane
IR ) R A RS 43
Integral component of membrane
2 B 9% )i Cytosol

4l & % [ Protein binding

1

0 IIIIIIIIIIII------------
234567 891011121314151617181920212223242526272829303132333435363738394041424344454647 484950

AR 1 £ Metabolic process

21 B 4. 53 Cellular component 4> 1 I i€ Molecular function

1)) §E % H Function item
V1R B 52 DNA BSR4 3 . 56 3 \DNA S0 4. 6 (R BRIR AL ;S SUILSE TRV 3 6.« B 000107 57 . B 58 . X
LR (R R 39 o Xt RBE T TR 14 S 5 10 KRS I BN 5 11 2K UK R 3 12 5 5 55 55 13 BOK WA Y 5 14 BERR 1k 15 A TREZ R
1516 2 AR R 5 17 - ANABELT ST 18 . ZANMIAE Y & 5 19 6 AN BB S 5 20 - 5 MR 432 5 21 - MM 434k 5 22 . b PR BR300 ) b
R B 1L ;23  FI Y ;24 - 3R 1 BT B 5 25 S SR IETE%  DNA &8 ;26 A0 MAZ ;27 - A0 B 5T 5 28 ¢ S5 I 5 29 . JIE 4 4% Ak 1 43 5 30
SRR 31 MM I 5 32 SR 1A 33 MUAN X ;34 [ 35 . R AR AR ; 36 . MU AT 34 22 5 37 . W30 5 38 AWMU BE ;39 . PN I 5 40 , S (AL o
4153 F I8 ;42 456 11 ;43 . DNA 25 G55 5 FI6 7 ;44 . DNA 456545 ATP 456546 & BB 45647 R L E R/ 7h AR

VBT 548 - ST 1 5 49 . TS 574 DNA 2545550 RNA 4545,

Note: 1. Biological process;2: Regulation of transcription, DNA—-templated; 3. Transcription, DNA-templated; 4: Protein phospho-

rylation; 5. Oxidation—reduction process; 6: Defense response; 7. Translation; 8: Response to salt stress; 9: Response to abscisic acid;

10: Response to cadmium ion; 11; Proteolysis; 12; Signal transduction; 13; Response to water deprivation; 14 Phosphorylation; 15 Pro-

tein ubiquitination; 16: Response to cold; 17 Cell wall organization; 18: Multicellular organism development; 19. Defense response to

bacterium; 20; Transmembrane transport; 21: Cell differentiation; 22; Embryo development ending in seed dormancy; 23: Response to

heat; 24 Protein folding; 25 Positive regulation of transcription, DNA—templated; 26: Nucleus; 27 Cytoplasm; 28 Plasma membrane;

29 Integral component of membrane; 30: Chloroplast; 31: Cytosol; 32. Mitochondrion; 33. Extracellular region; 34. Membrane; 35:

Golgi apparatus; 36: Plasmodesma; 37 Vacuole; 38 Cell wall; 39: Endoplasmic reticulum; 40 Chloroplast stroma; 41; Molecular_func-
tion; 42; Protein binding; 43: DNA binding transcription factor activity; 44: DNA binding; 45: ATP binding; 46: Metal ion binding; 47

Protein serine/threonine kinase activity; 48 Kinase activity; 49: Sequence—specific DNA binding; 50: RNA binding.
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Fig.3 GO function classification of Unigene
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