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Abstract: In the process of cultivating drought-tolerant plants by using molecular breeding technology, it is necessary to
understand the drought resistance mechanism of plants and possess a large number of candidate genes. Drought-tolerant
plants are excellent materials for understanding drought tolerance mechanisms and mining drought-tolerant genes. In this
study, Ammopiptanthus nanus was used as the material. Polyethylene glycol ( PEG-6000) was used to simulate drought
stress. The photosynthetic pigments content, superoxide dismutase (SOD) , peroxidase (POD), catalase (CAT), soluble
sugar, soluble protein, and proline (Pro) content in the leaves of A. nanus seedlings were analyzed at 0, 1, 3, 6, and 12
h after PEG treatment. Meanwhile, the gene expression changes of A. nanus under the drought were analyzed by using RNA-

Seq technology. The results indicated that the contents of soluble sugar, Pro, and photosynthetic pigments in the leaves of
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A. nanus were increased under drought stress. SOD and POD responded quickly to drought, and their activities were
increased significantly, which played an important role in eliminating excessive reactive oxygen species caused by drought.
However, CAT did not respond effectively to drought within 12 hours. Transcriptome analysis identified 15188 differentially
expressed unigenes, among which there were 805 co-differentially expressed unigenes. The number of up-regulated unigenes
was similar to that of down-regulated unigenes. In the Gene Ontology (GO) enrichment analysis, these 805 unigenes were
highly enriched in pathways such as ribulose- 1,5-bisphosphate carboxylase/oxygenase and negative regulation of abscisic
acid-activated signaling pathway. The four pathways with the smallest P-value ( chlorophyll binding, photosystem II,
photosynthesis, and light harvesting, photosystem 1) are all related to photosynthesis. Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analysis showed that the co-differentially expressed unigenes are mainly enriched in six
metabolic pathways including photosynthesis - antenna proteins and carbon fixation in photosynthetic organisms. In A. nanus
leaves , 7-hydroxymethyl chlorophyll a reductase was continuously down-regulated under drought stress, which inhibiting the
degradation of chlorophyll and effectively protecting the photosynthetic system. This study also focused on the signal
transduction pathways of plant hormones and finds that the abscisic acid signaling pathway had changed significantly. In
addition, in A. nanus leaves, the response of jasmonate ZIM-domain protein ( JAZ) to drought was significantly different
from that of other species. This study provides new insight into the adaptation mechanisms of A. nanus under drought
environment from physiological and molecular level and lays a foundation for the subsequent cloning and functional

verification of the drought-related candidate genes.

Key Words: Ammopiptanthus nanus; drought stress; physiological characteristics; transcriptome analysis
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B ( MAPKSs) U5 538 155 5 T R % UIA DG A (553 B, RIS AR Z2 7K 23 Wi, 56 P AL 7K 433k
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el R AR P ot S Pk AR TP 25 o PRI, AT S R A T 5 P05 348 A A 0 Sl R I 2 S 2R 8580 40, 7T LATR A
INRPT R A I 5r AL SZ I D0 GBI B, S o i T B AR B 22 i 80 SR .

/NP4 (Ammopiptanthus nanus) 3 J& T 5B} ( Leguminosae ) V0 475 J& ( Ammopiptanthus ) | H# SRHEA AE N
Sic BA B T EE RN B T R IR P BT R A AR 2 2% 3k HLAE TR RS R A A | 3R R 40 M AR A R
SO N A R AT E AR LR AR IR R A I (R S T R R K A R ) KT, SR AR T
D AR IR R AL VR R RO ZE R, e SR AL RE S — B BRI L WX AR g R T AR R AMTTE N
K35 1 [R) J@ L 4 Fh 52 1 YD A& (Ammopiptanthus mongolicus ) FP % 5E H AN SR 7R /NP A& Y
AnDHN AnEXPA1 AnEXPA2 %5 WUE W RES IR TAE M4 4r i 2 b AR 80 /N & 5 4 i it e ik A7
S SR I 424 /N> A 75 T SRR DR S AU %, Sy bl S5 A A B S R R R R BB i 2%

1 #R5FE
1.1 5 R R S A 2

NP AT TR A B 1A B PRIk E R AT, H 1% SR TH EE 10 min , 2R KV 5 7
P P2y S yb - BAEZ R, T 28°C 1535 68 16 h/d, SBEE 8 h/d, FR4h B K 1] 5—6 MU K K 3 e L
— BN EERIZ I, AR A thBE 2 AR, H5 21 e A 1/2 Hoagland & SR F AT 22 WAL BE, 2—3 d
J& BT 25%PEG-6000 Y 1/2 Hoagland 5 7 AL 2 rat AL BE , LITE 1/2 Hogland 7 32 H
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B SR BB Xt BR, A3 BT AR B 0.1.3.6 12 h SEFTHURE B0 B 3 R &, B S AL P BT AR K EE R I
WA BRA FFF R,
1.2 AEFRAEARINE K7 ik

SRR SEREARFR () /N A B B E I 0 A B AR I A2, e A (3 R AR U, AT PR
2 OR FH R L (8 5 I |, Pro BB R R M BT — F7A 0 5 , SOD 15 4 I 7 SR FH NBT Y63l J5vk , CAT 5P i il
TE SRR  POD i 1 B4 7 SR P A A ik >
1.3 RNA $2HC SCFEM 5 sk Ay

FEEURE S RNA J5 , H Nanodrop 28 6GEEH M2 Aglient2100 A= 41 430 A {UK ) RNA 235 Vi i R e e P 45
RNA F iy BTt A I S 4% J5 , 54T cDNA SCERYEE i Agilent2100 610 SCPEAG RN HREE

FH BGISEQ-500 - & %F LiRF A A% 1 cDNA SCUESEATINF . 745 219 IS A B0, 40 FastQC #4144
PEAT R PR, 2R trimmomatic F0F ) i pE R B 323K 75 YL LA R R FIT8IE N &8 KT 5% reads, f#
FH Bowtie2 4 clean reads HuXF 52 % 3R FF 1, 2 J5 P4 A RSEM 1836 R R #% AR 9 Rk K,
Trinitym] Xt clean reads #4772 %% | 1 Tgicl[zﬂ AT 2 TUAR45 2] Unigenes, FH BUSCO"™ 5 {457 3 R kA7 e
B X4 R AT IEAG KX 42815 2 Y Unigenes #47 KEGG GO NR NT, SwissProt , Pfam Il KOG I fig%
WIETERE A HERG R, 2RI N P-adjust<0.05& 1 Tog, FC |1 =1, R R(HA :4.2.2) X 22 70t
K17 KEGG F1 GO & 4E4rHT, P<0.05 Witk KEGG i@ 5% GO TIREfFAE i & 4R .
1.4 ZRHH qRT-PCR BIIE

Phik 6 2 FRIRIENPEAT qRT-PCR BAIE , HEPIAE S RNA SRS TR 7 R, B9 (£ 1),
IR RAR S R0 AT cDNA MM 2, FH TS 22 qRT-PCR 35, DL Actin ZEPR NSl 2724 T ki)
IR AR ek i

*1 IMEEPCRERERRHESY
Table 1 Genes and their primers for qRT-PCR

HEH

Unigene

EmG 4751

Forward primer sequence

B 1651 13

Reverse primer sequence

Unigene878_All
CL.2228.Contigl4_All
CLAT06.Contig2_All
CL8804.Contig2_All
CLA964. Contigl _All
CL1237.Contig3_All
CLA854.Contigl _All
CL2854.Contig6_All
CL9080. Contig3_All
Unigene30166_All

Actin

CCGTCCGTCCAAGAGCCAAA
ATGCCGAATGCCCGTGAAGT
GATGACGTCGATGCCGGGTT
CCGCAGGAAAGTAAGAGTGGCA
ATGCCGAATGCCCGTGAAGT
TGTGGTGGCTGTGCATGATGA
ACAAAGGAAGAAGCAGCTCGGT
CACCATGGGTGGGATTGGCA
CGTGGCAGAACTGCGGCATA
TGGCATTGCTTGCACCTGGA
CCAGGCTGTCCTCTCCCTGT

AAGCCGTCGTTGCTGGAACT
GCAATAGTGGTCGGGACCAAGAAA
CGGTGTCGCGAATCACATCG
GGTGGAAAGCCCAGAAGGAACA
GCAATAGTGGTCGGGACCAAGAAA
GCTGGGCCACAAAGCAGGTA
GCTTGCAATAGCTGCTCGCT
CACCACCACCACCAGCTGAA
CGTGGCAGAACTGCGGCATA
CGGCAACATGGTGTGGACCT
GATGGCATGAGGGAGCGCAT

2 ZHRESH

21 FERNA F/NSZTT G R AR R R R R
BE 530 B E] A8, NUD AT A A SRR a MW RS R T R LT R
LR b RS LMY TR I T 12 h WA B (e ; vl PR & R B2 BT S Pro SR BT
#4;S0D POD {EMSEHENNGAERAERE , JF T 3 h kBN ; CAT WM R A RE . TRAM TRE/NIAH T
Folta R ST RS PEAS BRI, b Pro 5 SOD I & i MG PESR THECA R (181 1)
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Fig.1 Content of photosynthetic pigments and osmoregulatory substances, antioxidant enzyme activity in leaves of A. nanus seedlings

# R T A BRATE R —WHY R 50 B2 25 5 .45 (P<0.05)

2.2 S A A 2
g 11 BGISEQ—SOO -G X%t 15 AREARBEATIN T, L3545 T 94.83 Gb ¥, Q30 Bl L 4 A 7E 89.23%—
90.78% ,GC & HHAE 42.23%—42.74% , Ui Wi 5 SR AEAf B 8 i, T L TR 2200, 48 Trinity 2034 )5 23k
% 122053 7% Unigenes, -2 FE 1707 bp,N50 £k 2453 bp, GC &8 39.43%, K434 7E 200—1000
bp i) Unigenes £ 44475 7%, 7 5S40 36.43% , K B 4341 7 1000—2000 bp 1Y Unigenes 7 36165 4%, [ 29.63%,
1 2000—3000 bp 4 Unigenes 4 23465 2%, (5 19.23% , £ 3000 bp DL FHIAG 17948 45,15 14.70% , 45 FF W/
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KU TCS e S 3 B AN DFHESE R R AT, ol LA T 5 S 00 S 225 53 HT
2.3 Unigenes [HJIIREIERE

KNS FMFAFEN T Unigenes 435 5 NR NT  SwissProt \ KEGG KOG ,GO Hl Pfam ¥(#z JE #E17 L1
X}, 45 P 1S B Unigenes A7 100869 2%, 15 B Unigenes [ 82.64% , H:rp | 71 B 3] NR $d 4 A9 50
5% 47 94523 & Unigenes, 5 77.44% 3] GO Bl B/ A 67918 4, 15 55.65% , HLIE GO $udf A
FEREMY Unigenes SREEH AN RS BB (32 2,81 2) o ¥4 Unigenes J7 51 5 NR AE TR FIEEE 2 EAT 1L
Xt 7 SRR v DG JE A AN () 4 22 [0 194 () 1 2 7R 76 T Unigenes "1 35.20% 5 8% 38 3 . ( Lupinus
angustifolius ) VEHL , HOEARIEF (Abrus precatorius) AR5 Cajanus cajan) (Kl 3)

% 2 Unigene IhfEiTRE

Table 2 Function annotation of Unigene

el e T4 2]l RS R B e Y = D N A = ) ¥ ] FER Ak
Database HwHE PGS HERHA /I;OG 5 EE e Kl e Bl
8 NR NT HR4 1 KEGG Swissprot Pfam GO
H:F ¥ Unigene number 94523 93621 76171 74089 70688 69720 67918
i Lt Percentage/ % 77.44 76.71 62.41 60.70 57.92 57.12 55.65
NR . B4 % Non-redundant protein sequence database ; NT : #% 2 )7 51 8045 £ Nucleotide sequence database ; KEGG ; I AR KL R 5 KL R 4 B

o] Kyoto encyclopedia of genes and genomes ; KOG : [F] 526 174 Clusters of orthologous groups of proteins;Swissprnt;ﬁuﬁiE 1 5 7 5 B R JE Swiss-
prot protein sequence database ; Pfam ; 75 [1 5 K& E 8 5 Protein family analysis and modeling;GO;Ezliﬁiﬁlii’E‘Jﬁ Gene ontology

2.4 ERENIIH

241 % SRR LG =
L P-adjust<0.05& | log, FC | =1 Jg§i %6 55 1 , ¥ % 1058
Pf:
MR (0 h) AT 54075 1 h 3 h 6 h 12 h B)/hMDAH " 308 5529 "

W 7 e SR 2L L Xt e A B, B Ak B (] F) 384 0, 22 S
BRI 4) , fERTAXTH A 15188 M2

R 25 HIE[E A0 DEGs 1A 805 41~ (K 5) 38924
2.4.2 éj\:i%ﬁ ,%%E(J%%ﬁj\*}? Swissprot 1 0 GO

DA P<0.05 WFRE &M, 3 gk 22 R R RN AT GO
WA, TE 805 MLR K EREFPH 117 1M E

51146 4> GO SEES -, 3By 45 AR B Y - 1, 5- . >
R A | FLUCR BT RS 152 i koG KEGG
BSR4 (RNA R IE” . P i/ I
S C IR A LR AT g2 Fower plot of sngene annoiton

W OGRS 17 ) i’g'ﬁﬁ‘fg/ﬁﬁzﬁmﬁa‘é( 6), IR B R N A AN B R TR S Y Unigenes $0EL; NR: AETUAY
ESI LA PRI ENBGL RSy G O S
QRIS 1 1926 5 RSB RARAATERERY 23 D25 45 Kyoto encyclopedia of genes and. genomes; KOG [ 2 F1 7
FEIR RIS F I (E 7). (?lusters of'orlhologous g.roups of proteins;swissprol;ﬁ“,r}iﬁél)}:{?‘ﬁﬂ
L P<0.05 HI, X6 2 RIS KEGG g g o e e
B, ILEEF 6 4 KEGG i %, 703 HEE Gene ontology
H-REHEA” OCEEY TP RIREE” . CBEmR &
R FH O AR MABZRI” mFR” R = A& (K 6)
2.4.3 MY EAG T A B S A S FE A i
X2 A T /NP AT SHERG S SR ILE R R R I NI T8, EE KR MR
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9466
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Fig.8 Plant hormone signal transduction pathway and related unigenes expression
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Fig.9 Valiadation of differentially expressed genes by qRT-PCR
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