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M OE: [(Hx)1984 5, RAFHFERAFRPF LERLEAT 4B ARE A EAfEEE
a9 s%eE A A ap At K2k B3 AT H (Hal obacterium dachaidanensis)#= 4 7% # 4T # (Hal obacterium
tangguensis). 40 Fk&, AT H O KK EZRH T &, X 2 A WAL n Res#. [8
HIATZAAARE S, B AR EF 7 kA B R AFIES T, B4 Hbt. dachaidanensis F3 #= Hbt.
tangguensis F5 #95-Kds. (5] ¥3. ME 2 ANHARE 16S rRNA A E 5 rpoB' A E, AT A%
KB, My 5T EXEHW, MNELHRGERMERA, BE 2% LARAFBEARMASFF %k
Bl 2 ARG K F s, 81 KEGG A8 Ay TE2RMEZ, @R A FIEST LA
MRty 22, [4R) ZAAARAF,HEREN, B F3 & F5 o35 chit &R
(Haloarcula amylolytica) BD-3" Farif # % 747 £ & (Natrinema thermotolerans) JCM 11050" &4 — %, %
Bm 5 R 2T, Bk F3 A0 F5 69 GHC 22405 62.2%F 65.5%. IWHEARLFHAT R T, Bk
F3 5 Har. amylolytica BD-3" & - 34 4% 3 B2 — 5 % (average nucleotide identity, ANI). DNA-DNA % % [
JR M (digital DNA-DNA hybridization, dDDH)F=-F- ¥ 2 J& B — # 14 (average amino acid identity, AAT)% 5!
# 98.3%. 88.1%. 97.9%, 4k F5 5 Nnm. thermotolerans JCM 110507 493X 3 AME 5] 4 98.0%.
85.2%. 97.9%, ¥ & FRAGAM A FAGFABE. RABIELEREY, HHRFIQREAKLE. B
JE A pHAA A1 4 2.6 mol/L. 37 °CA= 7.5, @k FS W55 3.4 mol/L. 40 °CH=7.0. 2 N Erk 5404
WA B N ERAFAE LA E 5. AR ERLE R AN, BN S R 2 AR A 2 k@9 £
2Rt R, (4 BEZAA0E, RHT B F3 A FS 9Kz, £ %025 F Har. amylolytica
F= Nnm. thermotolerans, ##k F3 XA —ANFre) BAY, 2w g H M &H XKLL TA,
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Revision of the taxonomic status of Halobacterium dachaidanensis
and Halobacterium tangguensis

LI Qingdi!, ZHANG Xinru', XU Guoliang!, MAO Yaling!, HOU Jing!, CUI Henglin'",
ZHOU Yuguang?®

1 School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, Jiangsu, China
2 Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China

Abstract: [Background] In 1984, two novel halophilic archaea species, Halobacterium
dachaidanensis sp. nov. and Hbt. tangguensis sp. nov., were isolated from an inland saline lake and
a marine solar saltern in China, and first published on Acta Microbiologica Snica by Chinese
researchers. Over the past four decades, the taxonomic system of halophilic archaea has been
continuously updated, while the precise taxonomic status of these two species remains unclear.
[Objective] To clarify the taxonomic status of Hbt. dachaidanensis F3 and Hbt. tangguensis F5 by
phylogenomic and comparative genomic analyses and phenotypic characterization. [Methods] We
performed the phylogenetic analysis based on amplified and sequenced 16S rRNA and rpoB’ genes.
The draft genomes of these two strains were sequenced and the taxonomic status of them was
elucidated by phylogenomic and comparative genomic analyses. The major metabolic pathways of
both strains were identified through KEGG annotation. The key physiological and biochemical
characteristics were comparatively analyzed via phenotypic assays. [Results] Phylogenetic analyses
revealed that strains F3 and F5 formed tight clusters with Har. amylolytica BD-3" and Natrinema
thermotolerans JCM 110507, respectively. The genomic G+C content of strains F3 and F5 was
62.2% and 65.5%, respectively. Comparative genomic analysis showed that the average nucleotide
identity (ANI), digital DNA-DNA hybridization (dADDH), and average amino acid identity (AAI)
between strain F3 and Har. amylolytica BD-3T were 98.3%, 88.1%, and 97.9%, respectively, and
these three values between strain F5 and Nnm. thermotolerans JCM 11050T were 98.0%, 85.2%,
and 97.9%, respectively. These values were higher than the thresholds for species demarcation in
prokaryotes. The phenotypic characterization showed that the optimum growth salinity,
temperature, and pH for strain F3 were 2.6 mol/L, 37 °C, and 7.5, while those for strain F5 were
3.4 mol/L, 40 °C, and 7.0, respectively. Diverse differential phenotypic characteristics were found
among these two strains and their related species. Functional gene annotations identified
carbohydrate metabolism and amino acid metabolism as the predominant metabolic pathways in
both strains. [Conclusion] The taxonomic status of Hbt. dachaidanensis F3 and Hbt. tangguensis
F5 was reclarified by polyphasic taxonomic characterization as Har. amylolytica and Nnm.
thermotolerans, respectively. Strain F3 may represent a novel subspecies, for which the name,
Haloarcula amylolytica subsp. dachaidanensis subsp. nov., is proposed.

Keywords: Halobacterium dachaidanensis; Halobacterium tangguensis; halophilic archaea;
polyphasic characterization; Haloarcula amylolytica subsp. dachaidanensis subsp. nov.; draft
genome
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W& £h 11 7§ (halophilic archaea) J& F iy 14 Jak
(Archaea) H ¢ #1 I '] (Methanobacteriota) IFg £
T 44 (Halobacteria), KZf7F7E TEh . ha™ .
iR R dh e i rh, s E R 15%
(2.5 mol/L)EhWKEEA RBIA B i A, T2
FIREMEEMRNER A T AN g R TR Y 240 i
EARZHE, W 2ER . HRAZIEE, 55k,
MNP ER 3750 3 85 1 BL IR 77 JE 18 (Hal oquadratum
wal sbyi )& 5 5 UL i DU 5 TE mg Ry e . mg R
IR LR T 1880 4F, H.E 1980 4, L)
AR T 75 £ /N I & (Hal obacterium) 145 3k
& (Halococcus) ity 8 M Flh, X BLrg
PR TE— ok A HR EDL, 3 [ 0 g R Y
1T 20 4 80 AR, WFFEE XL . B
N SETT | T 16 5 b DX %)k () 1A B T vl 1) 6 FH
BT KB LR v IR A, 7F 1984 4,
WHRIE T 43 85 B 7 R S8 BRI A R HE I I £
TR T F3 R FS, A dilan 4 b K4 H,
£h ¥ i (Halobacterium dachaidanensis) 1 3
£h#T  (Hal obacterium tangguensis)®®, ix —JT4]
P TAE R G R EESR LR RENED K
JRBEE T BB, 40 3k, mEEN TR 4
KK R AWrsgs%, {H Hbt. dachaidanensis F3
Al Hbt. tangguensis F5 114432 ML A5 A B . 38
T AHrIX 2 ANHERRAY 16S tRNA JEH, ATk
PRk F3 1 F5 43 )5 3k & 1 & (Haloarcul a)
T T 4T 4k 7 J8 (Natrinema) 1 1) #h 32 4 % &
L Sline

Haloarcula f1 Torreblanca Z5F 1986 4F 7
S, IR NBUE YIRS E TR R, FolA:
KRR 35-42 °C, [Al—PFhEER A 16S
rRNA JEF HA FEPE 584 & i (Hal oarcula
vallismortis) ATCC 29715" i% @ RS,
IIEA SRR, fiE NaCl¥REEH 2.5 mol/L,
FEPIZH K /NR 3 923 205 bp, G+C & 1M 61.8%.
2007 4, FREZE /KM A T Haloarcula i fif
Ve £ £ (Haloarcula amylolytica) BD-3™81,
Foo e 2 AFAR, AR TR RIE NaCl #KEh

3.1 molV/L, JEHHK/INA 4225424 bp, G+C &
=N 62.1%.,

Natrinemal™ s 7. F 1998 4F, J& N K354
T fe3dE pH (E R (pH 6.5-7.5), /L Esh
HAF R R PR (FROE pH B 8.0), dnvE R
T 9 FT 4 1 (Natrinema halophilum) YPL8™ 1
JE 15 BT 954 TR 14 (Natrinema zhouii) YPL30™!,
21 1 T 7547 £k % (Natrinema pellirubrum) DSM
15624" iz @ pyRE A0, AU S 2 AR
eI AR K PINT NaCl ko 3.4-4.3 mol/L, & [H]
HK/NH 4354100 bp, GHC F N 64.0%.

A EE R 21 2 A i 1 I AR A ) 53 S 1)
KU BT AL &R g AL N AL A b
(phylogenomic analysis) Fl Fb % 5t [H 41 2%
(comparative genomics) ] DL B ME A Hb 5 o g h
T A oy S BT P ARG I R 4 )2
il & G WF 5% Hbt. dachaidanensis F3 #l Hbt.
tangguensis F5 S5MIEYMINRFE LT R R, L
B2 AR SRR R AR, B
FHZ M 53 252507 1 B0 2 AN BRI 43 b fos .

i R

1.1 F#R
itk F3 (=CGMCC 1.2071)#1 F5 (=CGMCC

1.2065) %45k F H [ K- 38 i A= 0 o b DR S B v h
s>(China General Microbiological Culture Collection
Center, CGMCC),
1.2 ERHE

NHM K555 % Bao S5 7 ki il .
1.3 EZRFIFLF

BERER MY, LB R A BR 2 w5
H U PIEHAREN . KC1, KoHPO4 , CaCly . NH.CI
MgSO,-7H,0, MgCl-6H,O ., NaCl, Bifigks,
AL A BRA R 5197 BUIEHE . DNA
oy F- 5 bR marker, 4 TAEY) TR )R A
FR/NF]; 2xEs Taq MasterMix, JCH R IRIG%E4E
YIRHAIRA ] s SRR YR, e 5t B J]
FHCA PR
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BT R, bR R A BRA
Al BENIBERERR . BREETT . BUAY, KOEXASL
AR AR A Fl; @B TAES, N4
gL S RHE IRA R Kiedh, Big—mEE
AR PR ] 5 sl AR AL, R LA E
ST PR F] . M2 B s, JEREA ]l PCR
PR, A SRA B (B AR A E; H
WAL, A AN—ERHE A BR A
1.4 ET 16S rRNA EE 1 rpoB’EFE #Y
FRNTE 53 47

PR — IR TH R8T 30 uL ddH,O0 H, %
7 PCR {¥ A9 incubate #3(100 °C, 10 min,
105 °C)ZfRANM, VAL AN, 514°8 20F
(5'-ATTCCGGTTGATCCTGCCGG-3")F1 1452R
(5'-AGGAGGTGATCCAGCCGCAG-3"), %
% Cui FEWJFEY I 16S rRNA EH; &%
Minegishi U J5 4738 rpoB 3L, 5140
B2-1420F (5-TGTGGGCTNGTGAAGAACTT-3')
F1 A-153R (5-GGGTCCATCAGCCCCATGTC-3").

PCR #3858 B , 10 1%300 B8 e v Dk 1] W
FERY 5 R PCR ¥ 38 Wk A T TR (L
) ey A B2 Wl 58 ¥ o {8 EzBioCloud
1E 28 ) 38 131 (https://www.ezbiocloud.net/tools/
pairAlign)} 5 B #k F3 55 F5 K H AT Y Fp 2 8]
Y 16S rRNA F:[X il rpoB & K /7 4 #H Ll . 1k
H¢ Haloarcula #1 Natrinema iX 2 /~J& N4 55
F3 Fl F5 AL ECE MR8, i/ MEGA 7
AF A ClustalW B2 7 X0 X 26 7 5117 e
Xf, Jfis R PSR EME 16S rRNA S
Fl rpoB K RS K B .
1.5 EEABNFESSH

FRRAAL S NHM WA 5 5 5w A 1
7%, F 37 °C. 180 r/min FERIEFRAG 9% 7 d,
4 °C. 8500 r/min 0> 10 min J5 WC4E B 1A% E
i BAEYREARA A, RA llumina &
D72 TR F3 RN FS Y SE R AT REAR [0 eT BT 0
4 43 25 B 5 JF (genome taxonomy database,
GTDB)!" " "*Ify 122 ARy B85 DLty T 2 1 2 AL

PR R R G A ER, DI EEh LT
I (Halorutilus salinus) F3-133T 1 R 4%,

i F JSpeciesWS TEZE - ¥4 4% 4 R — Bk
(average nucleotide identity, ANI)iT48.#%(http:/enve-
omics.ce.gatech.edu/ani/index) 1% ANI!, >k
H  genome-to-genome distance calculator 3.0
(https://ggdc.dsmz.de/distcalc2.php)if4d DNA-DNA
% 3¢ [a] Y6 1 (digital DNA-DNA hybridization,
dDDH)PY | 3R ¥ 3% & 5 e — BT (average
amino acid identity, AAI) i} % %% (http://enve-
omics.ce.gatech.edu/aai/)i 15 AAIRPY,ANI Fl AAI
53 R TE A% R AR 115t /K- b 43 A R 4 )
AR 85 11 B L gm s S R ) — kP2, dDDH
S DNA [RIEAE A9 A 20T B, BRAS 2 00 s
2 AR AR . #HCh ANLEET
95%-96%*1. dDDH ik T 70%!. AAI fit T
95% "> I A2 A W A X 43 1) R4

¥EHL Haloarcula F1 Natrinema P/~ & N 4>
B F3 A FS AR BBtk R 2 7 41, il
MTELFE R A L5573 052 (IPGA v1.09)
(https://nmdc.cn/ipga/) ATz FE RN - Hr o £+
BA W EAS BRI S PanOCT . OrthoFinder .
OrthoMCL ., PanX ., Roary ., Panaroo Al
PPanGGOLIN , & PR % 11 51 1) [] — 2 18 {8y
70%, O HCREIEER 0.95, HHRSE
B 1 SCHRHE -1
1.6 REFHES

W TER F3 FF5 5538 245 80H (ODsoo 29 4
0.3), MEZAINIEL, L NHM B FR AL db 1T i
PRAGAER NaCl, JREE . pH {EA Mg™ il 5545
PR B2 o ARPE Cui SFPIEE H (9 <R A 7 20 o
FKHICHEAR W B AARPRUE”, $E17 8 IR R KA A
RIVRFE 53T
1.7 EEDhEEER

JE R A DD REVE B A FHAE L M ik (https://rast.
nmpdr.org/rast.cgi) RAST Iz 55 #%2f1 KEGG!"
(https://www.kegg.jp/kegg/)5¢ il XF Bk F3 | F5
SRR I A i S R A A T S e AR AR i
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B, AHERIE f Origin X2 58 1% . AT, I RRR S A T s NI PRI 16S rRNA
SR FEFIFUTE A 90.8%-99.4%. R G A H 44T

S+ H B/ _
2 HEREH RO 1), BFRE3 0 A [ R, SR
21 BRGEAESHNER FHiEh £ (Hal oarcula mannanilytica) MD130-17
Hikk F3 &5 2 AR 168 rRNA o (rrnC)ARLEE N 97.8%, 1T F3 rrnB W] 58 E:

AT EEERMMN 16S rRNA FFE S FEMY & (Haloarcula marismortui) ATCC 43049"

1 E#F3.F5 SR EREBMFEFTEEREILMIMET 16S rRNA EEFIINARG L BER  Bootstrap
BB EL: 1000 0 55 FEFS . XK 16S rRNA JEHFH1H) GenBank B5%5 5 4034 HAY%L
T BEE%); R B 0.03 I,

Figure 1 Phylogenetic tree based on 16S rRNA genes sequence showing the relationships between strains
F3, F5 and the related species of the genera Haloarcula and Natrinema. The number of bootstrap tests is set
to 1 000; GenBank accession numbers of 16S rRNA gene sequences are given in parentheses; Bootstrap
values are shown in branching points (%); The bar represents 0.03 substitutions per site.
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(rrnC)A1 Har. vallismortis CGMCC 1.2048" (rrnB)
R4, (H5FH £ (Haloarcula terrestris)
S1AR25-5A" (rrnB) AR LIPE 2 155(99.4%) » TR kK F5
5 Natrinema B4 #1F11 16S tRNA JEH JFHIAHL
PR 94.5%-99.7%. TERGRKER E(K 1), TEkk
F5 5t #if 7F T4 1 (Natrinema thermotolerans)
JCM 110507 1 3% % K & i il (99.7%) . R4
98.65%I1 16S TRNA FEPUARLH: AT LIE Ry JA% A=
Yy IX 3 b S i S, AEXE T30 2k A A S U5
16S rRNA FE A IEER =, 2295 D1 A rpoB’
JE R RENS HU A SO A Fp g el

Bk F3 1 F5 8 rpoB'%E K 4351 4 1 827 bp
11 830 bp. &tk F3 5 Haloarcula ¥L4 ¥

2 EMFFS5REERBMESITELERNBEDMET rpoB' EEFIIN ARG L N

) rpoB 5 K F 4 A RIS 88.5%-95.1%, #H
WIPE R E RS2 Har. amylolytica As 1 Har.
mannanilytica MD130-17 (95.1%), .k J& Har.
amylolytica BD-3" (95.0%), TEZFHLBTW 5
Har. mannanilytica MD130-1" il Har. vallismortis
JCM 8877" R4 KMk F3 SAEF X — RS
KB XRZRE B B/ ARG LTI RAERL, 1
7~ renB AT RE R FAR F3 A B R RIPRIL , Fbk
F5 5 Natrinema ¥ Ff 2 [6] 19 rpoB'3E [ 1 51l 4
PIYEH 89.5%-99.3%, 5 Nnm. thermotolerans
JCM 110507 iR 4 C R fcils, e 90 A I
% F5(99.3%) (Kl 2). M 16S rRNA KK A
rpoB' I A (AR PE T R Gk B 40 45 5, Hbt.

Bootstrap

SHE: 1000 U FES IS XFIE PR rpoB N S GenBank 85855 2330t ERYECT: A

25 (%); R B 0.03 YRBE LR

Figure 2 Phylogenetic tree based on rpoB’ genes sequence showing the relationships between strains F3, F5
and the related species of the genera Haloarcula and Natrinema. The number of bootstrap tests is set to 1 000;
GenBank accession numbers of rpoB’ gene sequences are given in parentheses; Bootstrap values are shown in
branching points (%); The bar represents 0.03 substitutions per site.
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tangguensis F5 i J& T Nnm. thermotolerans., H
F Hbt. dachaidanensis F3 5 ¥4 Haloarcula 4
P rpoB’ sk K A {4 (88.5%—95.1%) Ak T Fli 1]
7 [l (87.6%96.6%) , Ty B iE4T if— 2 i 3L [A]
273 B R s He o 2 AL
22 ARGERFBAZFHMLESR

Pk F3 R F5 (YLD 4 ¥ 44 B2 430l oy
4 146 258 bp 13 833 548 bp, SEEEJE/IK
99.93%%1 99.95%, 5 4L FE 43 511 h 0.80% A1 0%,
P 2 PR A B BE DR 2H B8 ] DA SR I g 4 ik

R 240 b 6T 122 N AR ST bR ic 2
R RGE K BRI (& 3)Es, #ikk F3 Al
F5 4355 Har. amylolytica As. Har. amylolytica
BD-3" il Nnm. thermotolerans JCM 11050" &}
2NNEEWAT S WPR F5 1 RS R 4 20 4
55 16S rRNA JE R Fl rpoB L K () R 45 & & # Ja)
—F, MEHK F3MAZLEEKHEREK, X
2% F Al REVE T Haloarcula 251 16S rRNA
DR S R N RT RE AE AE 3 A 47 48 R TR A R )
R,

3 AT 122 MRTFEENHEEARBDRICERMENEN F3. FS 5SRaREEBMETITELEREN
I RELER  Bootstrap KIRKEL: 1 000 K ; &5 H TS X0 k43 417 51 Y
GenBank #3555 40308 FRECT . HAME%); bR B A 0.06 IRBEFEE e,

Figure 3 Phylogenetic tree reconstructions based on 122 concatenated conserved archaeal marker genes
(GTDB tree) showing the relationships between strains F3, F5 and the related species of the genera
Haloarcula and Natrinema. The number of bootstrap tests is set to 1 000; GenBank accession numbers of
total gene sequences are given in parentheses; Bootstrap values are shown in branching points (%); The bar
represents 0.06 substitutions per site.
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23 HKEREEAZFSNER

SR L TR 4 A K F8 2 (overall genome
relatedness index, OGRI) 7] A F X /7 5 4% 9
AN (R R B0, AN ] 4 A 5 DR 28 22 [ g AR
FEexTas R 4 pron . REER T ARFAZ
(] A AR, BRI 100% A9 X Ik R 2 A4~
HHEHAZHEHEMERS. Wk F3 5
Haloarcula BLAT #1Fh ) ANI {58 75.8%-98.7%
(%l 4A). dDDH 1H} 21.6%-90.0% (&l 4B). AAI
8N 70.3%—98.5% (/& 4C), 5 Har. amylolytica As
F1 Har. amylolytica BD-3" AL i o IR FS 5
Natrinema #JF1'1) ANT{E 4 78.0%—98.0% (/& 4D) .,
dDDH i} 23.8%—85.2% (&l 4E). AAI{H N
76.2%-97.9% (I& 4F), 75 Nnm. thermotolerans
JCM 11050 e Bl . 3X 2 N ERES 25 B A A
i) OGRI {H 3 i T I A% A= Wy Wy #4150 (AN
95%-96%, dDDH 70%, AAI 95%)21231 ) [A )it

Hbt. dachaidanensis F3 )i/ X A Har. amylolytica,
1] Hbt. tangguensis F5 13 Nnm. thermotolerans
) TR A o
24 ZEREABAZFDHER

IR A e R LW, WPk F3 FF5
5 & AR YR Z B A7 AE D BEAH R 4% 0 2 A
W25 BRI LRI . BEAE B 0 AT R R )
Hafn, Haloarcula fiZz ZERZH Y R 5] 10 003 43
DRI 762, T A% 0 5 DR 2 0 il 2 3] 2 562 SRR A%
TERFE F3 #1 Haloarcula BLA #fp it +
FasE (1 5A). 7E Natrinema P, Bifi 5 43 BT # bk
B pg3sm, ZIERAY R 12 916 ML,
FoOIE R A8/ 05 1966 FENF% , ZERERE FS Al
Natrinema i) BILA P Fh v i 87 48 T F20E (B 5B).
XARLEHAREY, Haloarcula Fl Natrinema A9 72 J&
PRI 2 2 FE TR 1), EL AT IR rh R A5 3 i st %
HERET] .

AT LR

ANI (%)

1. Haloarcula regularis SYNS111!

2. Haloarcula halobia XH51" 95
3. Haloarcula ordinaria ZS-22-S1"
4. Haloarcula salina YGHS 18" 90

5. Haloarcula rubra F13!

6. Haloareula pellucida CECT 75377| [ 85
7. Haloarcula marina DT1"

8. Haloarcula litorea GDY20' 80
9. Haloarcula nitrativeducens F27! 75
10. Haloarcula limicola YGHS32'

11. Haloarcula amylovorans LR217

12. Haloarcula salinisoli F24A"

13. Haloarcula rara SHR3'

14. Haloareula onubensis S3CR25-11"

15. Haloarcula sediminis CK38'

16. Haloarcula laminariae LY G-108"

17. Haloareula saliterrac SICR25-12"

18. Haloarcula montana GH36"

19. Haloarcula halophila DFY 41!

20. Haloarcula pelagica Y1-61-S'

21. Haloarcula taiwanensis

22. Haloarcula rubripromontorii SL3'

= 23. Haloarcula vallismortis ATCC 29715

B 24. Haloarcula sebkhae JCM 19018'
i 25. Haloarcula argentinensis DSM 12282"
= 26. Haloarcula japonica DSM 61317
& 27. Haloarcula marismortui ATCC 43049"

28. Haloarcula amylolytica A,
29.F3

30. Haloarcula amylolytica BD-3'
' 31. Haloarcula hispanica ATCC 33960'
m 32. Haloarcula terrestris S1AR25-5AT

34. Haloarcula brevis DT43"

— T e ) ———)

2

i 33, Haloarcula mannanilytica MD130-1"
(o]
o
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\. Haloarcula terrestris SIAR25-5A"

2. Haloarcula mannanifytica MD130-1"
3. Haloarcula brevis DT43"

4. Haloarcula taiwanensis

5. Haloarcula rubripromontorii SL3"

6. Haloarcula vallismortis ATCC 29715"
7. Haloarcula sebkhae JCM 19018"

8. Haloarcula argentinensis DSM 12282
9. Haloarcula japonica DSM 61317

10. Haloarcula marismoriui ATCC 43049
V1. Haloarcula amylolytica BD-37
12.F3

13. Hafoarcula amylolytica A,

14. Haloarcula hispanica ATCC 33960"
15. Haloarcula rubra F13"

16. Halearcula pellucida CECT 7537*
17. Haloarcula marina DT1T

18. Haloarcula pelagica Y1-61-8'
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Figure 4 The heatmap of the overall genome relatedness index (OGRI) demonstrates the phylogenetic
relationships between strain F3 and members of the genus Haloarcula, as well as between strain F5 and
members of the genus Natrinema. A: The ANI values among strains within the genus Haloarcula; B: The
dDDH values among strains within the genus Haloarcula; C: The AAI values among strains within the genus

Haloarcula; D: The ANI values among strains within the genus Natrinema; E: The dDDH values among
strains within the genus Natrinema; F: The AAI values among strains within the genus Natrinema.
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Figure 5 Pan-genome analyses of strains F3, F5, and related species. A: Number of gene clusters in
pan-genome and core genome among strain F3 and related species of Haloarcula; B: Number of gene clusters
in pan-genome and core genome among strain F5 and related species of Natrinema; C: Pan-genome map

based on COG annotation among strain F3 and related species of Haloarcula; D: Pan-genome map based on
COG annotation among strain F5 and related species of Natrinema.
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Figure 6 Cellular morphology of strains F3 (A) and F5 (B). Scale bar: 2 um.
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Table 1 Differential characteristics of strain F3 and closely relatives of the genus Haloarcula

cﬁcﬂ 1 2 3[8] 4031] 50321 61331 7134]
Characteristic
B K P ARG ARG a1 o ARG AR A0 B
Colony color Red Red Red Orange Red Red-orange Pink
ML ESIZ ZE R ZIES ESIZ 2 FEAR
Cell morphology Pleomorphic  Pleomorphic  Rod Pleomorphic Pleomorphic Pleomorphic Rod
feiti NaCl 2.6 1.7 3.1 2.5-3.0 43 3.4 3.6
Optimum NaCl (mol/L)
RO i 37 42 41 40 35-40 42 40
Optimum temperature (°C)
i pH 7.5 7.5 7.0-75 7.0 7.0 7.0-7.5 7.0
Optimum pH
PEAAUR FH Bk R + - + + + + +
Anaerobic growth with nitrate
iR R R L + - + + + + +
Reduction of nitrate to nitrite
i I A1
Utilization of carbon sources
H &k + + + + + - +
D-mannose
Bk + + + + + + +
D-galactose
SLpk - - - + + + +
D-fructose
A - - - + + + +
D-xylose
Z ik - + + + + + +
Maltose
RERE + + + + + + +
Sucrose
FLopE + + - - + - +
Lactose
W5 TE 1 - - + - + + -
Indole formation
TE K3 7K fift + - + + + - -
Starch hydrolysis
B I K fit + - - + + - -
Gelatin hydrolysis
7= HaS - - + + + + -

H:>S production

+r BAME; - BAMEL 1. BERR F3; 2. MRIEMER ST As (FCGMCC 1.6347); 3. f#iEMEh & BD-3T; 4. PIAREIL &
JCM 973775 5. VHBEFER AT JCM 891175 6: HAERLTR JCM 7785 7. ff 1 & W &4 MD130-17,

+: Positive; —: Negative. 1: F3; 2: Haloarcula amylolytica As (=CGMCC 1.6347); 3: Haloarcula amylolytica BD-3T; 4:
Haloarcula argentinensis JCM 9737T; 5: Haloarcula hispanica JCM 8911T; 6: Haloarcula japonica JCM 7785T; 7:
Haloarcula mannanilytica MD130-17.
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Table 2 Differential characteristics of strain F5 and closely related members of the genus Natrinema

L 1 2135] 3110] 41361 5037 691 7038] gL10] 91391
Characteristic

[ a1 JRe g EAN R/ SN REL AL EANEN &AL
Colony color Red Greyred Red Red Darkred Lightred Lightred Red Light red
ML UIR/NIE S RN EZIZ FRIR - FRIR FRIR RN 2 2

Cell morphology Rod Rod Pleomorphic  Rod Rod Rod Rod Pleomorphic  Pleomorphic
il NaCl 3.4 3.0-3.5 26 3.1 35-50 34-43 3.0-34 39 34-43
Optimum NaCl

(mol/L)

ol iR 40 50 37 41-45 45-55 30-37 42-45 37 37-46
Optimum

temperature (°C)

fid pH 7.0 7.0-7.5 7.0 7.0-75 65-82 72-78 15 7.5 6.5-7.0
Optimum pH

PEMRSE - - ¥ - ; _ ; . .

Anaerobic growth

with nitrate

SRR L N B . . . . .

Reduction of nitrate

to nitrite

B U5

Utilization of

carbon sources
B p-glucose
WL D-fructose
4 D-ribose - - - - -
FLB¥ Lactose + - - _ _

G| L7SiAn

Indole formation

VEMI KA - — + - - - - + -

Starch hydrolysis

HH B K S - + - - - + _ _ _

Gelatin hydrolysis

75-80 KA - + - - + - + . +

Tween-80

+
|

+
+
|

+ o+ o+ o+

|
|
+
+
+
|
|
+
+

hydrolysis

7= HaS - - + + + - + + +

H>S production

+: BHPE; - BAMEC 1. BERR FS; 2. WHEATEIRITERTE JCM 110507; 3. MRIEMTIRITE SR LT61T; 4. KT HITAR
ABH32T; 5. FRFGIRFTLE HI3T; 6: L0R T IRFTLR A JCM 1047675 7. ZEFMT IRFT4 4 JCM 1288975 8. #h+7F
TRFTERI SLNS6T; 9: 2R /T4 JICM 104787,

+: Positive; —: Negative. 1: F5; 2: Natrinema thermotolerans JCM 11050T; 3: Natrinema amylolyticum LT617T; 4: Natrinema
longum ABH32T; 5: Natrinema mahii H13T; 6: Natrinema pellirubrum JCM 104767; 7: Natrinema saccharevitans JCM 12889T;
8: Natrinema salinisoli SLN56T; 9: Natrinema versiforme JCM 10478T.
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MR R e AP0 75 KI5, Haloarcula #Y
KEGG &2 B 5% L HE N 36.1%-40.0% ,
Natrinema ) KEGG & 7 1 B %8 X N
32.0%-36.5%. Natrinema fit V- 241 1 B 280 {15,
FE I JE N AT BEAF7E B 2 % 45 0 s R 1 S 1A

XTF R F3, S5m0k 6A RS &3
MR S RECH e 2, o ) B R RECH 1)
7.2%F0 6.7%; HUTEH 7 A4 A4 KRS
RER AT, 23905 HE 4.1%F0 4.0%; PR H i
DR R AR FIET, Y 0.3%. DIRESRH
RS IR BN RE F3 & H &, k7l i
B ek . Hm A H AR E 2 FAER R, 4
A RAVERESE R, DL R AR AT LA 40 i A
M AR, BRBEAG SRR . TERK
FIRBERMERE, 75 5E Lyl R BEF
M F¥REAE K

XFHEE FS, 2 5mAKEE 9 RI(7.3%)
SR IR (6.8%)FE K i) Ee Bl o7 JE i 41, 4l
7 A 4 A & A (4.0%) 5 e A (3.7%)
Kz, bR ME51(0.2%) . 454
RURRIEZE R, BRICTEKSRVER A1, Rk FS 7ERK
KGR TR S E vk F3 BA Mz Ak,
REMS A HEg bt . ZUpE . BEME . Hah A H =
M5, ERINHREAERTER. BER
KA ERMIER, HHEAESA LU EPAERD
B A LA, TIRR F3 R FS 58 A
i W) R opg oh BB i& 42 25 oL, Haloarcula 5
Natrinema 7 J& M 2 5k K 1k & 1 AR5 A2 3t
R R 2, HARHETMmY4Ed KR
WS RE R RE R LR B R . 2 BRI
AT Y0P ) £ B D) RE IR R N B ECH 1Y
EE A1 DL A (] 7)

3 Wik
AWFIE LRI, WPk F3 9 16S rRNA KL F1
rpoB RN R G L T S RNAE RN RS

KB REBFEBEKRES ., 16S rRNA FEFH ) R4
REMWFBZEAREK F3 5040 MHEEYR2Z R

B2 o T2 T rpoB 3 PR A% TR Ak ) AH RUE 43 #r 3R
B, Rtk F3 5 Har. amylolytica BD-3" #il Har.
amylolytica As FAHL 1 (95.0%—95.1%)4b F Fi
) FR) 78 1 (87.6%—96.6%) , B LAIAE Hovi J& F A
[F PR, rpoB S [N I Rk T X RS HFH
PR F3 RARER—DHT I Fh o (0 b B DR 41 4 4
Mrigsn, Wtk F3 5 2 MAHIE R P ANL dDDH
I AAT {5351 98.3%—98.7% . 88.1%—90.0%FI
97.9%-98.5%, #i i T A% AR Wy i b S IR
XA —BURREER R R, R
TE S A3 S L DR A g 6 7 T A B 2 A
B 1] K5 B S B SRR RE e T rpoBY Kk A
RN EOMES R L), X—HG%
E— LU, 7 S e R T TR SR U R R
— R R R B RmIRTE, TR
S0 L R 21 22 R LB SR TR A 24 55 2 Y B R R T B
RAL[E P YR g e . BRIk, ZRE bk
WFE#%, Hbt. dachaidanensis F3 Ji %] A Har.
amylolytica, 7] PATAE R — 48 BEFT o X1
Pk FS, HRHE 16S rRNA FE[H | rpoB'Jk [ DL A 5
IR R G R B 45 SR —3, Rk F5 4R
Nnm. thermotolerans JCM 11050" & h—3, W
# i ANI.dDDH il AAT{E 4351 4 98.0% .85.2%
F197.9%, = FIAZAEDRNE A E BE, Kk,
Hbt. tangguensis F5 )i &7 Nnm. thermotolerans i
— M. AMPEN ARG AT RRASE .
AL R 2 2 A L R A 2 T 2 A8 BRI B o T 1 T
TR R, R RIRAR GE 43 )y 1 e e
WX oy py I R L T R AT AR, ST HE S g R
R RAR R AR 835

HARABE F3 F1 FS JR FO MR, H5)E
AH I R 2 B EE R AR, DR T R AR
M, BEARRERZ AR ER, 525
KA ot SRAHW & o AR F3 R FS 30 & A
366 NH 184 ANMURFEERRE, A3 TR . 4
1k R R A% T DL SR BAAE A A B4 24
Rutigts, ROUIEHREA R IEPEF IR RIS
P BB G RAVKFIE P 45 2R, TRIPE F3
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Figure 7 The heat maps of the abundance of genes encoding KEGG pathways in strain F3 and related
species of Haloarcula (A), and in strain F5 and related species of Natrinema (B). The colors represent the
abundance (%).
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Description of Haloarcula amylolytica subsp.
dachaidanensis subsp. nov.

Haloarcula amylolytica subsp. dachaidanensis
(da.chai.dan.en’sis. N.L. fem. adj. dachaidanensis,
from Dachaidan Salt Lake, China).

Cells are Gram-stain-negative under optimal
growth conditions. Colonies are red, round, and
grew at 1.4-5.1 mol/L NaCl (optimum 2.6 mol/L),
0-1.0 mol/L Mg*" (optimum 0.005 mol/L),
25-50 °C (optimum 37 °C), and pH 5.5-8.5
(optimum pH 7.5). Cells lysed in distilled water
and the minimum NaCl concentration to prevent
cell lysis was 0.68 mol/L. Anaerobic growth was
observed in nitrate and DMSO, but not in the
presence of L-arginine. Nitrate reduction to nitrite
was observed with gas production. Catalase
activity is positive but oxidase activity and urease
activity are negative. Both H,S production and
indole formation are negative. It could not
hydrolyze casein and Tween-80 but can hydrolyze
starch and gelatin. It can use D-glucose, D-mannose,
D-galactose, sucrose, lactose, starch, glycerol,
D-mannitol, D-sorbitol, acetate, pyruvate, DL-lactate,
L-malate, glycine, L-alanine, L-glutamate and
L-ornithine as sole carbon and energy sources for
growth. Acid was produced during growth in
D-glucose, D-mannose, D-galactose, sucrose,
lactose, starch, glycerol, D-mannitol and
D-sorbitol. It cannot utilize D-fructose, L-sorbose,
D-ribose, D-xylose, maltose, succinate, fumarate,
citrate, L-arginine, L-aspartate or L-lysine. The
major polar lipids are phosphatidylglycerol (PG),

phosphatidylglycerol phosphate methyl ester
(PGP-Me), and phosphatidylglycerol sulfate
(PGS), glucosyl mannosyl glucosyl diether
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(TGD-2) and an unknown diglycosyl diether
(DGD-2).

The type strain of the subspecies is F3T (=
CGMCC 1.2071'=JCM 36676") isolated from
Dachaidan Salt Lake, Qinghai, China. The DNA
G+C content is 62.2% (genome). The
GenBank/EMBL/DDBJ accession numbers for
the 16S rRNA gene, rpoB’ gene, and whole
genome sequences of strain F3' are PP065916

(rrnA), PP065937 (rrnB), PP070409 and
JAYMGY 000000000, respectively.
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