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Transcriptomics-proteomics conjoint analysis of differentially
expressed genes/proteins between wild type and ultraviolet
radiation-mutated Halomonas campaniensis strains

CUI Jinzi', HAN Rui’, QIAO Lijuan', LI Yongzhen', XING Jiangwa', WANG Rong',
SHEN Guoping'’, ZHU Derui'

1 Research Center of Basic Medical Science, Medical College, Qinghai University, Xining, Qinghai, China
2 Key Laboratory of Vegetable Genetics and Physiology, Academy of Agriculture and Forestry Sciences,
Qinghai University, Xining, Qinghai, China

Abstract: A mutant strain Gy-72 with a high yield of ectoine was obtained from wild type
Halomonas campaniensis after nine rounds of ultraviolet mutagenesis. The differentially expressed
genes/proteins (DEGs/DEPs) and the molecular mechanism underlying the excessive increase in
the ectoine yield remain to be explored for the mutant strain. [Objective] To explore the
DEGs/DEPs between the wild type strain XH26 and Go-72 and decipher the molecular mechanism
of efficient ectoine production by conjoint analysis. [Methods] A non-salt (NS, 0 mol/L NaCl)
group and a high-salt (HS, 1.5 mol/L NaCl) group were designed for the culture of XH26 and
Go-72. Illumina HiSeq and quantitative mass spectrometry were employed to identify the DEGs/DEPs
between the two strains by transcriptomics-proteomics conjoint analysis. Furthermore, RT-qPCR
was carried out to verify the expression of significant DEGs.[Results] The transcriptomics analysis
revealed 11 amino acid metabolic pathways (44 DEGs) associated with ectoine anabolism, and the
proteomics analysis revealed ten amino acid metabolic pathways (50 DEPs) associated with ectoine
anabolism. The transcriptomics-proteomics conjoint analysis identified 15 significant DEGs,
including seven genes (ectB, betB, betA, asd, doeD, doeC, and gabD) with up-regulated mRNA and
protein level, four genes (I/taE, gdhA, gabT, and acnB) with down-regulated mRNA and protein
levels, three genes (g/tD, atoB, and narG) with down-regulated mRNA levels and up-regulated
protein levels, and one gene narK with up-regulated mRNA level and no protein level.
Additionally, the RT-qPCR results were consistent with the transcriptomics analysis. [Conclusion]
The excessive increase in the ectoine yield of the mutant strain was associated with key genes in
the ectoine metabolic pathway (including the synthesis genes asd and ectB and the catabolism
genes doeD and doe(C) and indirectly associated with several genes (betB, betA, ItaE, gltD, gadA,
and acnB) in the upstream metabolic pathway. Notably, ectoine biosynthesis was highly associated
with the Ala/Asp/Glu/His metabolic pathway (gabD, gdhA, gabT, and atoB) and nitrogen source
metabolism (narK and narG).

Keywords: Halomonas campaniensis; ectoine; transcriptomics; proteomics; differentially expressed
genes
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HAl, %% 5%2H 2 (transcriptomics) . 5 Fi2H
2 (proteomics) K IR 73 M AR T ik SC B 1 BT
LR, TR T RN 2E m 2Rk . BRI [A] B
VE G 22 DL K5z Wi 6k PR 26 38 1Y 728 i 55 224> el
Chen U VRI F#% S22 TS 5% 18 7578 43 #7
b 118 B M B (Halomonas beimenensis) 1 £h 18 v/
BU, 45 WoREAEEL K apC. nadA. ngrd .
gdhB F Trkd 55 58 ALHEIRAL . T KHE Na At
KRG W ELRA R, MR prkd. smpB.
tatB. mtnN. spoT. acrRIl. lacA. rsbV. lon,
rfbP Fl rfbC S5 5 ANzl . FEAREDY . (S
LI R S /BRI 1 S5 AR A O . Kindzierski
Pz ) LC-MS #£ R 43 H7 4E K £k 2R i T (A
elongata) TEANRIEEE T R 1 22 5 3806, RUITE
0.17 mol/L NaCl (1.0%) % F , %1 Hda (5%
I DnaA [R5 A FIAZ 2] 4 NaCl ik BT+
32 1.0 mol/L I, FEMEFLEE 1 Sery A9 &4
Y 335 %, Li F0VR I k-2 4L R 4y
B4 78 FLIR FLEK 1 (Lactococcus lactis) it A= B
P, R BUAEAN pH (R 5 3552 ) LR LK TR A b
TR, T Ca® B R AR R W0 5 1 i 7 22 1) 5
AR

£R MR PR B (Halomonas) & VU & W8 BE (ectoine)
Tl bl AR bRz 1, AR
£3,45 1 K 3h BA NI T (H. elongata) ATCC 25817 Fil
WE £ AL BR (. halophila)™), 5256 % i 1 LA
HF A= AU IRA JE WL R M T [(H. campaniensis)
XH26, DPUZWENE AR 1 4(0.51£0.01) g/L]
NWFTER L, Zad 9 BEIMEIRGEAL, ki
31 BR DU S IE P oA (1.9240.01) /L Y i 7= 58
W Go-72, (HARTEEMIE, 5B AR R AR
b, RASWR Go-72 fERIVKIERS . AEYH IR
i I AU A 7 T AP AE 10 25 v o FRATTHE I
SEHMBAE T R TR L B PR G, T S e i
PR R 48, B 28 3 B D s I 1Y) 5 8 i i

EXm. I, AHFSEE A - A SRR
KBRS TS A TR Bk XH26 FIZRASFRE Go-72 YHE
SRR A RAZES, DIRITIPE AL N &
55 DU R ERE A A 0I5 B 2 B8 2 A A
P, DA 46 75 VU S0 85 G 7 i % A 1) = Wik g AL
i, S RAS R I G S Tl PR 22

1 AR

1.1 EHKRIEMESFE

B Az B IR @ 0L 5B TR (H. campaniensis)
XH26 (CCTCC 2019776™) 43 85 H 4& 15 A 73 1/
SeH, PR XH26 52845 Go-72 BURALE T
TGRS B 2 o ol o RIS 3R 3 (basal
medium, BM) (g/L): NaCl 87.8, MgSO,*7H,0
25.0, KC155.0, CaCl, 0.2, FriFmRaN 3.0, L-4%
MR 6.5, WE/KMEEEZ 19.7, pH 8.0, iR
J 37 °C. [EMAEEFEIE P NI 15.0 g/L BUARY,
1.2 FEAFIFLEE

J3#r4l NaCl, KC1, MgSO4-7H,0. Fria
B OBERERRIRY) . - EREN . KRR R R
NaOH %, bt REE R H AR A Al ;
Invitrogen TRIzol &7 & . 41 25 1 o £ HUH)
&, ThermoFisher Scientific 2 7 ; 4H & Ribo-
Zero rRNA Z[i87 A&, Ilumina /A7) ; DIA £
i3 &, Biognosys 23 ).

Q-Exactive HF 1354 . SDS-PAGE #§ /i H
kA, ThermoFisher Scientific 2\ &) ; = i 5 il
JF-5, Illumina A &) ; SEEF2EGE = PCR Y,
Roche 2\ ],

1.3 EHEKENESRANSELE
HPLC 734

FET BM KigRIE, W E 6 1 NaCl B 557
25 4H(0.5-3.0 mol/L, ¥RFE[AIFG 0.5), I fLEFP
XH26 Fl Go-72, F#% 1% Hef im0 5 AP T Eh B
JF R FE K5 (50 mL), 35 °C. 120 r/min £ JK 5 3%
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48 ho FFIEFRA AT, W 6% EEH ODsoo
(n=3), 4°C, 4000xg &.0> 5 min WWERFIE . %
HE SCHR (8100 J7 1504 7 U8 V0 A M e F $2 L, I
K H = 30 AH 8 4% (high performance liquid
chromatography, HPLC) £ il Jitg P PO & W W 114 #
Rat . HPLC f il & 4 I 3h A & /4t K
(8020, FRBUL), AW P K 210 nm, i #
1.0 mL/min, #£JE 3.48-4.76 MPa, #Eif 30 °C,
AR 10 pLB,
14 FHRANFSHEESH

FT BM i FREL, % E T4 (no salt group,
NS, 0 mol/L NaCl)Fl5 %k 4H (high salt group, HS,
1.5 mol/L NaCl), 43l #:555 3% 57 AE B bk XH26
(wild type, WT) F1 %€ 2% B #£ Go-72 (ultraviolet
type, UV), 7r@ %5~ WT(NS)., WT(HS). UV
(NS UV(HS), Hdlix 3 MEYS¥EE . RH
Invitrogen TRIzol &7 & & B ik 12 AL 1Y
A RNA (230 pL/#), FIH 4T Ribo-zero rRNA
FBRIRF & 28R (RNA, FfiJ5 2517 mRNA A B
b0 7% 500 ffi Bl NanoDrop Fil Qubit 2.0 46
I RNA B2l Fk BE, SR H Agilent 2100 5 {
RNA ¥y se 8Pk, G481 mRNA #£ 4 RNA
integrity number (RIN)4¢{E>8, T RT-PCR ¥~
W, #y % cDNA P34 e MY BT Illumina
HiSeq 300PE V-5 #4T cDNA SCHEE 04T,
TN A ER AR A R A R S . R A
Bel2fastq (v2.17.1.14) A RBUS AR I 5k, fiff
FH Fast QC (vO.10. 1)K/ EA TR i PPl Bl
J5t 15 {H (quality score, O-score) L —1g P 118, fi%
HER P AE-N 0.001 (030)". I Cutadapt (v1.9.1)
BOE FEAT IR IR B T4 B gl DL AR
XH26 = 2% B [H 4 WK 35, K H Rockhopper
(v2.0.3) 8- 727 s AR T 434
1.5 EBRAMNFSHES T

R FH 200 B B 1 0 R B ) B IR A 1
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HmEBT2 MREA/M4 H), RS E A L AEE
(bicinchoninic acid, BCA)I & 8 AW E . A HEE
AT 12.5% SDS-PAGE & it . [ifj fift 71 HPLC
g, HAR Tk 2 % SOk [14-16]. R H
Q-Exactive HF BUig{CGHATHE L 204, A6 2544«
HERERR N 3 YRR, ArHTIE K 60 min, IE 2 FAR
=9 4575 B (300 - 1 800 m/z), J&i 3% 4 Pk R
60 000 (200 m/z), AGC target & 3x107°, Hx KE
T 7F A B A (maximum IT) & 200 ms!'”, ¥
LC-MS/MS J5ilf SC4F 5 A Spectronaut(v15)4K {4,
VAR data-independent acquisition (DIA)%&T}%’ =
X IRBOMEE USRI T RR AL B . R RSB
retention time prediction type & PN b5 £ 1F Bk Bt
(dynamic iRT), interference on MS2 level correction
& enabled. cross run normalization 4 enabled,
WE i IE 280 P {H A 0.01 [false discovery rate
(FDR)<1%]. %1 SIMCA-P (v14.11)% {53 ¥4
FEAS B3] 1) 32 1% 57 (principle component analysis,
PCA). 20 N 728 5 Z& %W (coefficient of variation,
CV) RIS R EEE,
1.6 ¥R-BAHEFXKIH

e S ZH N P 3 0 Ak PR AR 1S mapped data f5
K H HTSeq(v2.0.5) 8453 B £5 FF il 1 56 [R 3R 38
K-, B 22 57 ek JE ] (differential expression
genes, DEGs). fifi /] fragments per kilobase of
exon per million fragments mapped (FPKM)iE 47
HOXE 43 BT, 0 32 80H logafold change>1 H
FDR<0.05, 4iil DEGs Y255 &, 3T
KEGG %% #8 J% (http://www. kegg. jp) F1 KOBAS
(V2.0) B, SRR LT R 568 7%, L KEGG
pathway b 5007, HEATREPR 2H T 5OCHA B 5k
pathway & 570 1 (P<0.05)2%, 4 (40 I 7 3545
DIA $4 % , A &£ ] Spectronaut™ (v15) %k
PF, Ry REFEEM P AT 2257 A E 75
i, 22 5 K 3K H M (differential expression
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proteins, DEPs) Y35 - /M54 {H>1.5 (P<0.05),
BIR 8 ek L ek 3 A B <0.67
(P<0.05), RIAEEFIFRIAT . F DEPs Xf Ly Y
DEGs #A7 A Y15 B4t (3 A THRA R34 5
IR S Ay T T IR AR . BB A BT A TR AR
ARG B SR AR I LB, e oGk
7 DEPs/DEGs %1z, iz SPSS (27.0)3k {411
A SEME R (), HOBCER S R SR AR 11
Tkt BT KEGG B 5 Hr DU R s e
AR A 5 1 2 i i i % 2 S R PR 1) I
i BE i DEGs/DEPs 437 MU & W e A= ) 5 1l
S ] i
1.7 %%t F E 2 PCR ¥iF X DEGs
HYFRIE

% H Invitrogen TRIzol i ] & #& B & £
XH26 FIFEkE Go-72 i E RNA (NS 5 HS 4H/3 4>
#H), {4 NanoDrop FI Qubit 2.0 Kiil] RNA 4fi
FEFIRIE . RNA FEFF A ODso/ODogp=1.8-2.2,
A RCH E>500 ng/mL. R b % Sl ] G b AT
cDNA SERN, NS 3k BB IR H 2 1 Ui
(GAPDH), ¥ 34514 A= T A4 T RE (i) ey
AWRAFG R, RNAKZRS % CHk[23]. ffH
SPSS (v27.0) G R A A TR . A /4L ]
53 B R T 22 5745 % (fold change, FC) 3R 45
R B8 e A . DEGs/DEPs (1)
RSB R AR s (E, LR EL R ST
FEA K50, P<0.05 BEASIM#E X . RH
Origin (v8.6) X {4 #1 13 4= 1% “F 15 (https://www.
bioinformatics.com.cn/) ] €l , > ] SPSS (v27.0)
KA AT 2H ) 22 5% ANOVA J5 2253 H71(P<0.05).,

2 EREH

2.1 FHHEE% XH260 5XRTEF Go-72
RIBUYMREERBES ST
WPAE Bk XH26 528 Hikk Go-72 ¥l Hi 24

ICBHPER o fEARIAIREE . pH. KR AR SR
HF, FRMBEGEEIEESEZ2RATR, &
h, WNEENE, JCHIE. IR XH26 FURERR
/IR (1.64-5.98) umx(0.54-0.85) um (& 1A), itk
Go-72 BRI /IN K (1.87-5.27) umx(0.63-0.88) um
(FE 1B).  He A8 43 M & B0 2 1 Bk R 58 A8 BT A
(19 4= 4 i ODgoo 1EL 5 VU 50 15 Wt PR 3R o 241 17 A B
225 FAR XH26 P 0 DY S RE i KRR
oM (0.5120.01) g/L, 1 Bk Go-72 Y DU & &
W fe KA B 4 (1.92+0.01) g/L (&l 1C), H.—
HhR G W E Y R 1.5 mol/L NaCl, I, J&
SE I B Sk A 2 MR A AL A oY il O e R
(0 mol/L NaCl)F1 4 £5 (1.5 mol/L NaCl) 2 /M4 Ji
aA

B AR XH26 Fl Go-72 1) 4= 3 A 7 51 43 Hr 1
e FERZ DNA YLIIRIRIE AR, P85
Wk 4.11 Mb 1 4.06 Mb; G+C & & 73 5 N
52.62% Fl 52.55%; TN 1% e 5 35 DXl oy
3927 N1 3 882 A5 W LN Y tRNA (36 1)
FI rRNA 05 (18 1Y) —E, Hikk XH26 Fl Go-72
(155 K43 0 FE COG Bt PE v i B3 3 252 A~ F1
3217 N ERH; 7E KEGG B¥i FETEBF) 2 305 4~
12272 I 7E GO H i) (Gene Ontology)
A BRERER] 2 618 M1 2 592 N HEH . DIEFAE
IR XH26 HZ&ZFEH A, FH Mummer 4.0 %%
PFIEAT 278 B AR 3 DR AL B9 L X438, 45 SR R
95 R T bR Go-72 BY L AX T R £ A& 1k (single
nucleotide polymorphisms, SNP)¥(H & 18 4>, /)
Fr B 514 A (insertion) 5 i B (deletion) 3% H &
17 4> SRR /3 R 32255 A A A i 21 4 Fn 4
M AR R, U0 20 9 iR (membrane) . 41 Jifg 2H 43
(cellular part), 2 fifd i< 21 43 (membrane part) 55,
TP S TonB FGE G 9815 K (LA tonB G
). 30S #Z Wi 1K & 1 (0r/00550), i€ & H
(orf01398. orf02033). o WKV FE (ureC) . 15|
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Figure 1 Comparative analysis of strain morphological characteristics and salt gradient growth characteristics.
A: Wild strain XH26; B: Mutant strain Gg-72; C: Comparison of the growth characteristics of strains XH26 and

Go-72.

PR R S A R il 15 B (ford) . ABC iz
& M (mntd) . £ Z 0 M (lipA) . GntR ik
SV I F (phnR) %5 o R RE W B DU & W e A
BAE G BRI o AR B, AN -2 T Wi
FEWE(FE N davT HA%) . BE FHR - W8I 2 i (3%
gabD i i) LL K 4% 2 12 W2 il (2% N gadA
).
2.2 FFAEEN XH26 5RTE K Go-72
L EEE REF S DEGs 73#f

FH Cutadapt (v4.0) 542 bwt 75 4L FIL T
WP S )G, ¥ clean reads 52 % SL K 41 LU XT .
S5 L W R REAC Y B — DL it 2 1 >83%, Qs H>
92.39%, WM P& T 58 HLICT5 44 . WFo 4k
Wi 55 AL X255 A7, T e s 2251
AL M 2K . #E WT(HS) vs. WT(NS)FI
UV(HS) vs. UV(NS) P41 o535 4t i1 51 DEGs &
1141 A~F1 597 4~ PR4LAE[R] I8 ) DEGs A
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117 4>, L[E F 819 DEGs N 207 4>, 4k
16 DNEERIR I AH S i b, BLFELE WT
FLac 2 rp BRI 7E UV LR P IR A LA S
A, UUEAE UV A b B mAE WT R4
BRI 11 N (F 24),

DEGs ) KEGG &£/ #r 27~ (&l 2C. 2D),
WT HLEZH AT UV b3 g ) b I8/ 8 DEGs 3
PR AETE 75 25 KEGG M. B EHEMNELE
PRA 38 I B0 5 A R R (Ar) LB W) B s AR
(Ala), KR (Asp) I Z (Gl HEAE
MR(Gly). 223 1R (Ser) 7R 2R (Thr) AL 5 40
R (Val), SRR (Lew) FI 2 2 R (e) R4t ;
AR (Lys) EW0 6 LS 43 fif R 1 1 e fre i 6 4
ARSI, 58] 11 &5 mg e L
AH G I 2 B R A Q3 % M2 44 > DEGs, Hrhg
& F R 510 DEGs 13 4~ FIl R 8 #3511 DEGs
311 ER 1)
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@ WT(HS) vs. WT(NS)-Up
@ WT(HS) vs. WT(NS)-Down
@ UVHS) vs. UV(NS)-Up
@ WT(HS) vs. WT(NS)-Down

D
Styrene degradtion- *-3 Styrene degradtion - e 3
. . Count
Caprolctam degradation ® 5 Benzoate degradation - ® 4 .
Aminobenzoate degradtion- o 5 Fatty acid elongation . 3 @6
Fatty acid elongation{ ° 4 Propanoate metabolism - . 9 : 8
Caprolctam degradation - . 10
Propanoate metabolism- . 11 aplosiaegracaten 3
Aminobenzoate degradtion . 4
Tyrosine metabolism- ) 6 ~lg P
Tyrosine metabolism - ' 4
Beta-alanine metaboism{ @ . 8
Carbon fixation pathways{ @ 5 7
Lysine degradation{ @ 7 Uysinedeomdation) @ ’ 6
: : 5
Falfy a0id degradation —ig) 9 Butanoate metabolism{ (@ 10 4
Valine, leucine and L s
isoleucine degradation'P 12/ Oxidative phosphorylation { « 3

04 06 08 1.0
WT(HS) vs. WT(NS) eich factor
&2
D: UV,

0.3 0.6 0.9
UV(HS) vs. UV(NS) rich factor

=S EFEEREFMDEGSHKEGGEE SHT. A: DEGsTEE; B: DEPsTFREE,; C: WTHKY;

Figure 2 Venn diagram and KEGG enrichment analysis of DEGs. A: Venn diagram of DEGs; B: Venn diagram
of DEPs; C: WT comparison group; D: UV comparison group.

2.3 BFHEEHR XH26 5REE R Go-72
ML RERFS DEPs 7747

2RI PP RO s, IR LR R I i) A
BEAAE . QC HEAF L4353 Hr (principal component
analysis, PCA) & 7~ 21 N FEAS SR AE M 55 (I 3A),
Ap B,%ﬁz(cr/)ﬁ 12.9% (I 3B), HHXHEL R {H>

. RUIARWI SR AEbR I E e 4 R ] 5 HAE

R E, MHITEET. 4 MHEAH
[WT(NS), WT(HS). UV(NS). UV(HS)]% 5%
EF) 2468, 2376, 2443 F12397 NEMA. TE
WT A UV A A, dh BRI
DEPs } 76 />, H:[a] T iZRIAH) DEPs by 97 1~
6 WT L B, M7E UV IR T
FIKMY DEPs K 4 4~(& 2B),
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*1 FERAF RS EERHEEXNRER KIS EES EZDEGs

Table 1 Transcriptomic analysis of ectoine metabolism related amino acid metabolism pathways and DEGs
KEGGID Name Up DEGs Down DEGs
map00220  Arginine biosynthesis ectB, argE, argG argD, gdhA
map00250  Alanine, aspartate, and SSADH, ansA, argG, purB  gdhA

glutamate metabolism
map00260  Alanine, aspartate, and glutamate metabolism  ectB, betB ItaE, garK, ilvA, kbl
map00270 Cysteine and methionine metH metE, mdh, spE

metabolism
map00280  Valine, leucine, and isoleucine degradation None bkdA/B, atoB, ECHSI, fabM, ivd, mmsA
map00340 Histidine metabolism None hutG, hisC
map00350 Tyrosine metabolism None hmgA, faaH, maid, frmA
map00360 Phenylalanine metabolism None paaH, hisC
map00380 Tryptophan metabolism None atoB, ECHS1, GCDH, HADHA
map00910  Nitrogen metabolism can, narkK gdhA
map00020  Citrate cycle (TCA cycle) IDH3 mdh

WT Fil UV HE 41 KEGG & % 5 #r = 1
(Kl 3C. 3D), MZ3EIRN DEPs 25 % T W
oy Z G0, ValLeuwlle 43 . TNIR 5 AR N %t
W B2 LS OR W R R A A E I ; UV
oA 2l .2 3K 1 DEPs A7 AE T 20 H KA it
AT IR . 258G 0 Bk 2), TUEm
WEACIE %5 10 SR 20 SR A el AUt P& A
X, W Gly, Ser, Thr, Ala, Asp & Glu f{ii#n
FACIEEE, HatW & 50 4> DEPs (045 23 4~ [
DEPs).

24 FFHEE XH26 5T E R Go-72
HR-EREFRESH

L k- AR A AR R AT, TR R L
SEACE(mRNA) S 8 A BRI B 322 R Rk
M) —8tk . REILIT 4 s (1) mRNA
S5EAMAFREES, HEEHMFE (same trend,
[ST], r=0.84); (2) mRNA H5E¥ARILLER,
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Figure 3 Proteomics data quality control and KEGG enrichment analysis of DEPs. A: PCA analysis; B: QC
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*2 EHRFOMENSEEAHEE XN EERKIHEES EEDEPs

Table 2 Proteomic analysis of ectoine metabolism related amino acid metabolism pathways and major DEPs

KEGG ID Name Up DEPs Down DEPs

map00220 Arginine biosynthesis GlsA, ArgE ArgD, AlaA

map00250 Alanine, aspartate and glutamate GItD, GabD, GabT CarA, AlaA
metabolism

map00260 Alanine, aspartate and glutamate EctB, BetB, BetA, Asd, DoeD, DoeC, HprA, SerA
metabolism GhrA, GpmB

map00280 Valine, leucine and isoleucine GabT BkdA, BkdB, LiuC, Ivd,
degradation MmsA

map00330 Arginine and proline metabolism AguB AstA, AstD

map00350 Tyrosine metabolism AdhP, FrmA, GabD HPD, FaaH

map00360 Phenylalanine metabolism None HipO, PaaA/B/C/D/G/H/Z,

DadA

map00380 Tryptophan metabolism GabT HAAO

map00910 Nitrogen metabolism GItD, NarH, NarG None

map00020 Citrate cycle (TCA cycle) ACO AcnB

®"3 HR-BHAFRKSITHILRIADEGSs

Table 3 Transcriptional-proteomic association analysis of co-expressed DEGs

WT(HS) vs. WI(NS)  UV(HS) vs. UV(NS) [ST]

UV(HS) vs. UV(NS) [OT]

UV(HS) vs. UV(NS) [NDEGs-DEPs]

[ST] 30 0
[0T] 0 4
[NDEGs-DEPs] 9 4

30
14
85

2.5 % DEGs RIRIAWIES

X IR TRE Y 15 A5 P g e A s
F ) DEGs #4794 RT-qPCR ik 22 756
(K 4), 538 875, 15 /> DEGs i RT-gPCR
SRS RNA-seq Ml 45 A —2, R I
PR T A AR —E, (HERM Rk 2
¢ A BE PR S BURRE A T AN ]

3 it

3.0 hREFREFSTEBLARETFER

Pk XH26 SRETEHE Go-72 BIRTEH
HAT, ZH%50HART T 2 M T80

P T 11 D e R T 0 4

PEWETT, 48R ER B AR AL R 2 B 14 43 T

o7 L) AR 250 T P PR R AL . TR L
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T4 HR-EFERAF KK EZEDEGS/DEPs TR
Table 4 Annotation of significant DEGs/DEPs across transcription-proteomic associations

Protein Gene Description DEGs Gene DEPs Protein
(fold change) (fold change)
orf01883  ectB Diaminobutyrate-2-oxoglutarate transaminase ~ Up 2.410 Up 2229
orf02074  betB Dependent betaine aldehyde dehydrogenase Up 5.570 Up 1.753
orf02075  betA Choline dehydrogenase Up 4.456 Up 1.507
orf01624  asd Aspartate-semialdehyde dehydrogenase Up 0.521 Up 0.113
orf02975 doeD Diaminobutyrate-2-oxoglutarate transaminase ~ Up 0.299 Up 1.264
orf02976  doeC Aspartate-semialdehyde dehydrogenase Up 1.124 Up 2.537
orf00898  ItaE L-threonine aldolase Down 1.970 Down 0.203
orf00776  gltD Glutamate synthase Down 0.534 Up 1.212
orf02005  gabD Glutarate-semialdehyde dehydrogenase Up 0.013 Up 0.909
orf02411  gdhA Glutamate dehydrogenase Down 1.875 Down 0.946
orf03515  gabT 4-aminobutyrate aminotransferase Down 4.250 Down 3.539
orf00396  atoB Acetyl-CoA acetyltransferase Down 2.498 Up 0.944
orf00937  narK Nitrite transporter Up 2.383 None None
orf02054  narG Respiratory nitrate reductase Down 1.945 Up 0.633
orf01682  acnB Aconitate hydratase B Down 1.097 Down 0.898

PR 2 R CRE IR I, A AR A = 0y i —
Lo H
32 WBEREFSMBERRTER
¥k XH26 55T EHk Go-72 B DEGs

WFFE R, g Ek B I P 1 s e (kLA 2
Y1 5-HE)WM A YA &R R . O IR— RAE
M2 (Asp)—L- K& R BEITR — K4 &R 45 % —
AR BB T IR HN-y-Ol 5T
iR — DU S g —S5-HEPS, o, jiH i i 2 ik
LR (BX Asp/Asn) 5 DU WEWE 1Y & Bl A QT [ B
FAEOC, TMi/AACH . —RIRIGIF(ANBEIAR |
MEARIR . SERER), YUK iF Glu/Gln/Ala 54
SRR X 24 5 10 11 5 A 5 3 [ 4
S B o Jadhav ZEPOVTE %1 R ER M B (L
sambharensis) 3R 4 Hh 55 ) 22T il i AH 5¢
FEB, W R A RS B (W0 gadA . argJ.
argG . gdhA) F i 1 5% 12 He K (U kdpA . trkA
nhaD),

EARF R R A N nEREE . . pHE

), I it Sl = M i e A e FE v Y
SRR A R A Y R ARG A R AR
AR, T 4B 7 A1 B B P S 3 8 AR 2
PP, Hobmeier 252 Fi] RNA-seq £ AR 4347
SRR PA TR (H. elongata DSM 2581716 A [A) Bk
TR (L TR TR % 05) 5% 7 1 DEGs, 258 R,
A 2 AR g i Y ST Tl 2 80 19 38 128 1) A O 3 1A
(4 zwf. pgl. edd. eda)f5cRik, T bR
i AR A0 LN (AN pgil . pgi2. pykAl F adh2)
AR . BT A FEPUR R S AL Y AL R AT
FE B W8 S T TR R BLUP T G TR (Salmonella
enterica)) DEGs, & B4 o 2 AN FERR 1T
HE P 21 A~ 3 LIE K DEGs, 1B iz
Z i (sugar transport system, STS) . MHEZfFE T E
fEAHSCTE A 38 A3 T E% DEGs, £
FB ISR T M N T EAEAE RS, W
MLAMIE Z R A . FEARBFZE T, i E T
HNS)MEER(HS) &M, XEFAE R XH26 1%
AR RE Go-72 PEAT LU G SR AL 220, WIHA T
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Figure 4 Validation results of the RT-qPCR. A: WT comparison group; B: UV comparison group.
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Figure 5 Related pathways and key DEGs of ectoine biosynthesis.
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