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Comparative analysis of differential expression of
mitochondrial genes in three plants at low temperature
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(Shihezi University, Shihezi 832000, Xinjiang, China )

Abstract. As the energy metabolism center of plant cells, mitochondria play an important role in plant response to
stress. To analyze difference in expression mode of mitochdria gene from the Arabidopsis thaliana, Lycopersicon esculen-
tum and Saussurea involucrata, the differential expression genes (DEGs) wras filtered in the three low temperature tran-

scriptomes and comparison analysis was performed on the DEGs from three plants. All the mitochondria genes wrere fil-
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tered through blast against the mitochondria genomes that was downloaded from the NCB1 database. Promoter analysis
was performed through PlantCARE online wrebsite and the mega software was used to phylogenetic tree construction. The
results were as follows In total, there were 2, 24 and 15 DEGs were found in Saussurea involucrata, Arabidopsis
thaliana and Lycopersicon esculentum, and these genes were mainly focused on mitochondrial ribosomal and electron
transfer chain complex subunits A few genes were seemed to relate to the cold adaptation that the expression level was
positive to the ability of cold tolerance of the three plants, especially for the NAD] and NAD5 gene Through cluster
analysis of expression patterns, Saussurea involucrata and Arabidopsis thaliana were more similar in genes expression
mode than Lycopersicon esculentum, and the expression mode of different genes had a quite difference between different
plants Further analysis on the conserved motif sequence of these genes, the sequences of Saussurea involucrata showed
more close relationship with the alpine plants such as Climacium dendroides and Anomodon minor than the other composi-
tae plants. In general, the mitochondrial genes had a quite difference on the sequence of conserved motif and expression
mode under the cold condition between the Arabidopsis thaliana, Lycopersicon esculentum and Saussurea involucrata, It

was concluded that the mitochondria genes and its expressional regulation could be implicated in the cold adaptation of

plants.

Key words: low temperature tolerance, plants, mitochondrial gene, expression mode
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Gene name

SikNAD!
AtNAD1
LeNAD1
SikNAD3
AtNAD3
LeNAD3
SikNAD5
AtNAD5
LeNADS
SikRPS 12
AtRPS 12
LeRPS 12
SikRPL2
AtRPL2
LeRPL2
SikRPL5
AtRPL5
LeRPLS
SIkATP6
AtATP6
LeATP6
SikCCB206
AtCCB206
LeCCB206
SikCOB
AtCOB
LeCOB
SikCOXi
AtCOXI1
LeCOX!
SikCOX2
AtCOX2
LeCOX2
SikGAPDH
AtACTIN1I
LeACTIN
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Table 1  Primer sequences used in real-time fluorescence quantitative experiment

EFE5H 5-3

Forward primer

TGTACATAGCAGTTCCAGCTG
TCGAGTGAGATTGTCATGGC
GGGCTCGATCTGGTTTAGTATC
CTGACTGCTATCTACGATGCG
CTTTGATCCTACTCGGTGTTCC
CTATTTAGTGATCAGCCCGCTAG
TGGTGCTGTTGGGAAATCTG
GTTGCGTATAATGTAAATCCCGTAG
ATCGCATACTTGGTCACCTG
TCAATGTCCCCAGAAGCAAG
GATAAATGTCCCCAGAAAACAGG
TCAATGTCCCCAGAAGCAAG
TTTCTTGGCAGAGTCTTAGGC
AACCTACCACGAACACCATC
AAATCAACCACGACTACCCTC
CCAACGTTATGGAAGTTCCTGG
ATTGGCTATGGAGATTCCGC
AGTACCAAAGACAGCACCTTC
CCTCCACAGTTTACATCCTGG
CGAGAAGTGTGAGGCATTAAC
GGCCGGTCATAGTTCAGTAAAG
CATTCTATTAGGGAGCCTGGTC
CGTGTTTTCTGTGGTTTTCCC
TCGGCTCTTGGAATCACATC
AGTAGGTTGGGTAGCTTTTGC
TATTTCCTACCGATCCATGCC
TATTTCCTACCGATCCATGCC
TTCTCATTCTGCCTGGATTCG
TCTTAGGGCTTTCAGGTATGC
TGTATATTCCCATTCTGCCTGG
CTTCCTCATTCTTATTTTGGTTTTCG
ACCAGCCAAAACTCATCTACG
CTCATAGTTGGGCTGTACCTTC
TAGCAAGGATGCTCCCATGTTCGT
CCACATGCTATTCTGCGTTTGGACC
TGTCCCTATTTACGAGGGTTATGC

A~ o MFR2H[DIEH ik TR 2R FRIA R
PRI 220 20 e 25 Pk ik 2 AR AN I B A RZ AR 2
A/ NP ELELN 2. FENAD - COB - COX » CCB!
ATPG RPSHIRPLEE « I pd 7RI 7= = R IR EER

KEs 5-3

Reverse primer

AAACGATCCCACTACATCAGG
GCTCGATTAGTTTCTGCTAGACG
CCGAGCTAATGATAGAGGCAAG

CACTTTGTTTTCTCGCTCCTTG

AACGACTTCTGGCATCACC
GGAAGGATCGAAACCACATTC
ATCAAAGCGGATACTGGAGTG

GCAGGAACGATCTGACTAGAAAG
ACAATCAAAGCCGTAGGTGG
CAAATTATGACCTTCGCCCG

AATTATGACCTTCGCCCGG

TTATGACCTTCGCCTGGAATG

TCTCCATTTCCTTCACCATCG
ACTACATAAGCGGCCATCAG

CTACATAAGTCGCCATCCGTC

TCGAAGCCCTTTGTGTCTG

AGAGTGCTTTGTCGTGCTAG
CTTTCCTGTTGAAGCCCTTTG
GTTGTAGACTCTCAATATAGCCCG

TTCTTGAAAGGCTTCCCCG

GCTACACCTAATTCCAGACCG

GAGGTACGAGAAAGGGTTGG

TGTGATTCCAAGAGCCGAAC

GGCAATGAAGTAGGTGAAGTGG

ATTCCGGTACAATATGAGGCG
GTCGAAAACTTGAACTACGCAC

GGGCGAAAACTTGAACTACG

GAGCCCAAACAAGAAATCCAAG
CTGCTTAAAGTGATTGTTACGACC
GAGCCCAAACAAGAAATCCAAG

CATGAACAATCCTTTGCGGG

CAGCATCACATTTGACACCTG

GTTCCACAAATCTCACTGCAC

AAAGGAGCAAGGCAGTTGGTTGTG
CATCCCTTACGATTTCACGCTCTGC
AGTTAAATCACGACCAGCAAGAT

H240 EEAENPIRGEE SR NEEE A8,
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R EEL N 81 LRk fAMRNARZAEER
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Table 2 Relative expression levels of mitochondrial genes in three plants at low temperature

AHYT #2245 & log2FC
Relative expression log, FC

FRRIAPR
Gene name BT+ il T
Arabidopsis Lycopersicon Saussurea
thaliana esculentum involucrata
NADH R & B4 1 (NAD1, NADH dehydrogenase subunit 1) 1.45 -1.79 0
NADH Rt &7 5 9( NAD9, NADH dehydrogenase subunit 9) 0.93 0 0
NADH Rt & 5 6( NAD6, NADH dehydrogenase subunit 6) -0.26 0 0
NADH B & B4 7 (NAD7 , NADH dehydrogenase subunit 7) 1.19 0 0
NADH Rt &7 5 4( NAD4, NADH dehydrogenase subunit 4) 0.53 0 0
NADH Rt & 5 4L( NADAL, NADH dehydrogenase subunit 4L) -0.13 0 0
NADH Rt &7 5 3 (NAD3, NADH dehydrogenase subunit 3) 1.19 0 0
NADH Rt &7 5 5( NADS, NADH dehydrogenase subunit 5) 1.32 -1.3 0
MBI (/NI 12( RPS12, 40S ribosomal protein S12) 1.19 1.35 0
FkE (R (/NI 5L 4( RPS4, 40S ribosomal protein S4) 1.45 1.56 0
TR TR (/NI EE 10( RPS10, Ribosomal protein S10) 0.93 (chr3) 1.66 0.00 ( cpdna)
TR (9 KI5 2( RPL2, 60S Ribosomal protein L2) 0.79 1.36 0
FkE(RZE (9 A% 5(RPL5, 60S Ribosomal protein L5) -1.32 1.28 0
KZWEIRZE [ /NI % 1 (RPS1, Ribosomal protein S1) 0.66 (chrs) 1.27 0
WA 4 ATTE: 16( RPL16, Ribosomal protein L16) 1.19 1.2 0
K hEREE 3 /NI E: 3( RPS3, Ribosomal protein S3) -0.53 1.52 0
R H /NITEE 7( RPS7, Ribosomal protein S7) 1.32 1.69 (cpdna) 0
K hEREE (3 ATTE: 7(RPLY7, Ribosomal protein L7) 0 1.44 0
SERZMHATE (/NI EE 12( Putative similar to ribosomal protein S12) -1.59 0 0
SBT3/ 13( RPS13, Ribosomal protein S13) 0.66 (chrl) 1.81 0
MR (/NI AL 19( RPS19, Ribosomal protein S19) 1.19 (chr5) 1.26 0.00 ( cpdna)
KW 4 ATTA: 10( RPL10, Ribosomal protein L10) 0.93 (chr1/5) 1.45 0
LKk mRNA B8 R(MATR, Maturase R) 1.19 0 0
ATP &klis 6 (ATP6, ATP synthase 6) 0 0 -4.91
2 g% C & kA4 (CCB, Cytochrome C biogenesis protein precursor) -0.79 0 0
AR a2 C & EAi{4(CCB206, Cytochrome C biogenesis orf206) 0.4 0 -4.26
Atz C & RkAiE C Iii( CCB452, Cytochrome C biogenesis orf452) 0.4 0 0
diRE ez C &Rk N I 1( CCB382, Cytochrome C biogenesis orf382) 0.26 0 0
ARtz C &RAIA N I 2( CCB203, Cytochrome C biogenesis orf203 protein) 0.79 0 0
#iHE a2 b( COB, Apocytochrome b) 0 -1.08 0
MRt 2 ¢ ELEGTE: 2( COX2, Cytochrome ¢ oxidase subunit 2) -0.13 0 0
Mtz ¢ S(REFTES 1 (COX1, Cytochrome ¢ oxidase subunit 1) 1.72 0 0

JFE FCFINMEIRSRM FAVHENRAR , AHRRFIA R / ZIRFIAE  chrFom iz BN S R Jnfd s cpdnaem % 2L R - £ae (Ao Bk
EEEE ]

NoLe: FC indicaLes Lhe relaLive expression level Linder low LemperaLure conditions, chr indicaLes LhaL Lhe gene is encoded by Lhe nuclear
chromosome, and cpdna indicaLes LhaL Lhe gene is encoded by Lhe chloroplasL genome.
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Fig. 1 Low temperature differential expression heat map of three plant mitochondrial genes
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Fig. 2 Three plant mitochondrial respiratory chain-related gene's promoter analysis
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Table 3 Results statistics of real-time fluorescence
guantitative PCR in three plants mitochondrial
genes at low temperature

HRAR AT 5t =
Gene name Arabidopsis Lycopersicon Saussurea
thaliana esculentum involucrata
NAD1 + o4+
NAD3 + + + R +
NAD5 “+++ —
RPS12 T+ —
RPL2 ++ T+
RPL5 . T+
ATP6 + P _
COB 4+
CCB206 T+ ) I
COX1 . + +
COX2 4+ + +

M+ PRONIZER EERAREEREE + +For BER
KEERE +Fon EMRAREEREE - - -FoR TERE
REREE - -Fon TERAEE RS -FoR NERES
B

NoLe: +++ indicates LhaL Lhe up-regulaLed expression of Lhe gene

is very significant, ++ indicates LhaL Lhe up-regulaLed expression of'
Lhe gene is significant, + indicates LhaL up-regulaLed expression of'

Lhe gene is noL significant ------ indicates LhaL Lhe down-regulaLed
expression of Lhe gene is very significant,----indicates LhaL Lhe
down-regulaLed expression of Lhe gene is significant, - indicates
LhaL Lhe down-regulaLed expression of Lhe gene is noL significant.

AR BAYRA AE PO E B IE Th B T 28 b
TAEEAKR HEE LG TR LB —B0(#
SRR R — 4 SR E TR &P E—
TERFRIR RS HAA AT RE R T e S AR 2T
B EHRIAR LR B3E 7y A DL TSR
M o HEAF E=FEYI R Z R RIAERN S 5
TSR — B0 D EERAVEN FIA B AN AT BE
AR A BRAEZ(LEHLF L
2.4 =R LR SR RS 5T 04T
A =B 7R SRR e Horp
SR A SR HY BN £ Z A5 NADL NAD2 NAD4
NAD5 - NAD6 + NAD7 ~ NAD9 - ATP6 - CCB382
CCB206:CCB256CCB452:COBCOXI il COX2,
SRR BT BalT R E T
K FFAIEMRLITTAR BREE S REE SMNITTA

SR FH BRI N TR FRER R M N TR AR 2R
LT A4 Bit S B e L T T4 7K A B e N T A4 » B3
5 A N TR B N T4 - 20 B R H 1) T e
NLTTAE BB RIS 587 X H LAY N TR
CAAT-box  GC-motif £,y E BT TATA-box,
Z 5 BIEPER T circadian®: B AR [E] ThAEAY I
FAEHEMA: o B 251 H T WP fEAH S 2R A B N
TR SEE

FHZ2 AT A1 IR N TT AR L TREFRIFG % B2 e
R TCHABRER RS R 7 S EIE S8t
fF - FEEEF B TN IAATPGRICCB206 4 A
S H & L P-ABREFOMLTRE T,
WiHHIZABAN N LA AT BE S HA R i S5 =
AR T RCE B LRSS R R vl & B
BT a4 LTRESZABRE 40 NAD 1:NADS#
NADOZE - (HAELIFETFHNAD 7/E N (B ZHE0E
FN HER B &) XA R & BILTRER
ABRE, HFHIZERINORIFE ST RS HMIBESE
Sk o T HYNADLAINADS AR ZE DL 52
SERJATP6FICCB206EL A ¥ 1] & P ABRE {4
AT © BEAR b RERE_HEFRIAAVERS A
{E AR IR AL BILTREECABRE, i HH £ i
HERINFR A ZR(E S EE SRR E SV
F2 AL XS AR EE Y R A R R ZE S
2 SAEDREEN MEY SR EER TS
Y3tk

HINCBIFRIEAR [EZENDEE N ERL7HR
(S5 26 N AR ) SRR R dmbS 25 1 P51, 37T 2%
FEF o3t FEAGEE 2 e A B L o HH T A4
AR RI2H T B g b B o3 I A 2 SR 1 -WITL
FRLA X SR BRI LS R
S HAREE EEAAHE] o DAY
LR AR gm b ES R A1) 12 ZE FHNADL - NAD3
NAD5 NAD7 :NAD9 COB:CCB:COX1:RPS3 RPS5
FIRPL S5 ELA B8 PR ST S5 s B R 5 A
HESAT A FE 5S4 Ef A HZR aFE E—RLE
HFPFIHELDEERIA S SHEPYIELIEE ST
AT A ag g Ea HIERMWON L, - 55
SECRSFRR S AR IR & 1Y, BRI 7T S HiE N, 5
g RS R Ak, BE B AR %
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Table 4 Main function of the promoter element and statistics
SR TE I R R
Responsive element function and quantity statistics
HEEF {ESRIRINLTE 1 B4R L T
Gene name Low temperature responsive element Abscisic acid responsive element
E NP Fht I NP gl
Saussurea Arabidopsis Lycopersicon Saussurea Arabidopsis Lycopersicon
involucrata thaliana esculentum nvolucrata thaliana esculentum

NAD! 1 2 0 2 0 1

NAD2 0 2 0 1 2 2

NAD3 0 0 1 1 1 0

NAD4 0 0 1 5 1 0

NADS 0 1 0 0 3 1

NADS6 0 1 2 2 1 1

NAD7 0 0 1 2 0 0

NAD9 3 1 1 1 1 1

ATP6 0 0 1 1 6 0

CCB382 0 0 0 0 0 1

CCB206 0 2 1 1 0 0

CCB256 0 0 0 1 1 2

CCB452 1 1 0 0 3 0

CcoB 0 1 0 2 0 2

COX! 1 2 0 1 0 1

COX2 0 1 3 0 1 1
BHESE S HAMAE IR e iR 5 72 H AN (R BRAE AR T NADHEY PR 2 HI AR R ki T
MRS A SGHA KRB RASY - SRS BRI iR 2 HE R RERITL
HIE B FYZ [EfFAEREZR —ERE ESHEHFT i E S E 1ArEHE E6F LR T ERRA
ANRIE TR SR » BT TE F40 [ HZEE[EE 1550, W HARS R <2 1475 85 Z24E F (Daniela et al.,

SRHEDY) (AR5 % FEERIERIL 5 7 4
AR WML S5 S LI I LB RS R

A5 L A R EEFR SR T Bl
REZFF B SEPRLE L 5 E AR
ERRFER

HHE S

ZMEYHEROR NS RAENAN EHES
TE T2 55 B SV AFIROE A 8 B AR
o HTHEPIRIEO RN R LR B E 2% A
B S IFER BEAR SR B RO R F iR 22 5 SO T =2 1
ZIRIHI SR By o BB NIAR AR SIS M A BE
Herp 2 HOAHE R T NADH S i AR N 22 57
Fikix% B R S3Eh04 WMaays2nn £ 2

2007) - A7+ S B AL TR T-NADHEYH
TR AR WINADL NADSHIEE 7 \E
= B mE s REE N MR S e
e ERVINSZ MR o PIMTTE YR BT (L 6%
EERID IVAER N 2 IE N AR ERY
TR ZE SREIN A RENE T B A
EEEH HFRA REAE BTk A R
Bt HEIT 8 B HEAVHEFE B DTEM:ENT A
B {55 (Verrier et al., 2008; Rayapuram et al.,
2008; Gaudet et al., 2011) - I FEFFFIH ML E S
AT EL BRI R 7 S AR U EIR A XA 1
M iIZE G RIIEERAKZ BF LEFRR &
HiiH N EFRIAR AL 4[1CCB COXERLAIEFFH
YRR ERRFR A ZE S X pRAZE R [ERE R
{EORIT 2 M= F I R A o SBIE AP FEAH S 2R
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#W Ammopiptanthus mongolicus(NC_039660.1)

(S M H%E Helianthus annuus (MG770607.2)

49 %4t Chrysanthemum boreale (MH004292.1)

_______ A2 Panaxginseng (KF735063.1)

__ £58f Bupleurumfalcatum (NC 035962.1)
43 i %Y Viciafaba (KC189947.1)

78

----F}% Salvia miltiorrhiza (NC 023209.1)

"MAE Nicotiana attenuate (NC 036467.1)

97 99

Bf# Capsicum annuum (NC_024624.1)

-KAlIF Hyoscyamus niger (NC_026515.1)

5 06 - &fil Lycopersicon esculentum (NC_035963.1)

------- Ef% Eucalyptus grandis (NC 040010.1)

66

—H % Brassica oleracea (KJ820683.1)
B LA, Populus tremula (NC_028329.1)

74
100
|-ZB¥%E Saussurea involucrata

100

Climacium americanum (NC_024515.1)

100

Anomodon attenuates (NC_021931.1)

----$IEE7+ Arabidopsis thaliana (NC_037304.1)

________ #j%&j Botryococcus braunii (LT545992.1)
HLERSE Trebouxiophyceae sp. (NC_018568.1)

3B A RRIRZ R RIAFRATI BT

Fig. 3 Evolutionary analysis of differentially expressed genes in mitochondria at low temperature

HY 72 53 AT A [F] T HA AR L H T HL
SRR Z M & S 1 - WY R 7 LA A
HRZERERGE, AFE &fw v CCBHI
ATPO IR M, 2 M E E 2Ny & H A
LB HEH RS B 7y Al P pE B A I R (K
HAAgE BV H AR SR, SR N B R 28
(Jacoby et al., 2011) - =FHEYHEEIRMIE TR
AT LHIRY 225, B BE R P RO
AR PR o NP AR SR AL A R
HEFI s, |mARERE -G [ HEFFEE
RHEY) (BRI ER 2 BRI, 5 5 F8F
P EE WO S & B S b EE B BT, &
2 S HAAE I LR P Y 2= R A (URBAER 8
5 A S HARMEARAR

DL ESS =AY St A = R AR N

AN FRIAR IS, S SR T
Nof T2 HAERE N R F A AEAT A%
i =Z MEFE Y S 2 [l Y S (R R~ PP 51 AT s
e BARTSERIAAE - (5 H 252 [E R 4 FHEY) 3
B E BRI, A5 F8F - B AIER
M ZF s L EH B R BT, X — PR [FE
FRAEE T — B o AL R E N R 2 R R IA S H
B & 2 2 PR R — 4518
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