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Abstract

Deserts represent some of the most extreme environments on Earth, characterized by high
temperatures, water scarcity, elevated salinity, and intense solar radiation. Nevertheless, bacteria
have evolved complex mechanisms that enable them to survive and thrive under these harsh
conditions. Iran, with over 32 million hectares of desert land, is considered one of the world's
major arid ecosystems, providing an ideal setting for investigating the evolutionary adaptations of
bacteria to severe climatic challenges. This review article analyzes the survival and adaptation
strategies employed by bacteria in such environments. The study was conducted using a library-
based methodology and systematic searches of reputable scientific databases with relevant
keywords. Desiccation-resistant bacteria employ a various strategy, such as spore formation
protected by dipicolinic acid and small, acid-soluble spore proteins (SASPs); entry into a viable
but non-culturable (VBNC) state; regulation of antioxidant enzyme activities; secretion of
protective osmolytes such as ectoine and trehalose; biofilm formation; and modification of cell
membrane lipid composition. Moreover, species like Deinococcus radiodurans exhibit
exceptional resistance to desiccation and ionizing radiation due to sophisticated DNA repair
systems including extended synthesis-dependent strand annealing (ESDSA) and Rec family
proteins. Investigating these complex survival mechanisms provides valuable insights into the
evolutionary trajectories of microorganisms under extreme climatic stress. Potential applications
include the development of drought-resistant crops and the engineering of microbial strains for
industrial, agricultural, and medical purposes.
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ok o)l ;0 i (S polie lo,lisle JuSiis

550 g Slid | Jé slagsy s925 3 DNA slacewl pre

o Codganl adgs 89,00 g8

Jslo Bkl gl slagnatiy p oy (SIS & Sl jf s golie pis

ook ;0 WpA (slacey n odgi ST te o)k g ST ados

oSy wile 655 Bpan slaanl B gl 6o Cwnl sais
35 oo pll S (Sas Ll s wSUsend 9 o J
Wy P S & st laste byt slaaidl i
Wies Fpglie (S lulid 4 Loy Gl 4 Ced
(OYAN)

TLEA) oy @l Slild Jo¥se o S5le
2 @ ool Baly g sl Sl dope 50 o5 alacntiy
Lyl 05be el )ls ;S 5l (S5 )0 3500 3925 (JlalS
O 3l agice S8l 5 T g oy, U g (LS
0ol ds sl o iy 25 555 45 LEA oatis  o0lgils
ool bl lapaslE g Ko )0 Ll Solgan b g il
2 OeBgn b el Bl (i o b oe3 4 a5 ol
G T LT ushdpan g 8 uiligonioly sS3pil G
ohgomoly e sTauhs Jle plpie 4 S (o0 bl cage
Fowbes (Sis 4 Connd LEA gla iy a8l adl, g
Ll LEA 159y oolgils il dan abl oo oiog £55 )
W Canigdio 5 Gl Sl (S S e g2rplgml Sy
o Ll saile e b Jley o] Ll s ol Jlsle oS5 4o
Sl oplogdgo has phie LSl S 4 (Sis Lyl
DNA 5 (590 Joo b s8s05,S Lo calizie sla DS L i 5o
LEA odlgils cpiigy aw 5 oS3 Aav-LEAL s el
g2 o el o 8l Y aliy] g CliT 3l 53 45 sl e
9 Stk Sl L5900 VL atile Jloails oty
osdsTa e g3 S e uailon oS Ol 5o 1 Sllegd
Do go Cute pelas 2NeS Lulid 0 0 cnaiz fusly il

5 Deinococcus radiodurans
¢ Haemophilus influenza

7 Aphelenchus avena
Microcoleus vaginatu*

éb)-.“)-.‘ Be w9l.°.c
Wﬁ )..l‘).g ) g.ﬂojlsu
ol ol 3 69 Jos
Sl sloo ) o s

LLLT 35 (pSamSIsd CulS g jimgtd aS(s sba
355 b mizmed Whigo 285 (S5 @ Gl 53 PCCT120
Cliblos gu5lownnST oyl 51, Jobo yiemST Jlb cloaisS
S5lgp il )3 &5 (2B don (6551 Sy 6l S (oo
ST 5 sl SleS 1S 65 GudsSlS s i
Sladshs )5 IS jsb 4 slanS] pedlyind 5 il
G s g (e Lghbp.g.}}] ole )l ve>g é@
o a5l 9 (SHBLo 5hgis )5 0 Slinsd 590y glapns]
Jo lag) Geizmen gb o0 Wl (St Lulyh o peCisf;
Ll 5 00,0 Migallur 395 oo il 323 s g2 meed 15 5
ketoacyl-CoA thiolase a5 s ls (s sien olo fadA 5 (Sis
2755 93k oz sl cayp 0 il ol WS e W5,
Jiie dpnsl Sl 8 (55 45 2 40|, Ll il oo Je>o
Jusl o a5 TreA-TreF 4 TreBCR - sl s .0iS oo
3l 25 35518 4 o ha 5 2l St sk J50 4 5ella 5
O Jols oyl s olo G, Migalls slo Jele (o
usm‘MS‘ JL..A u|9.\.c QO Sl odutn N‘“‘Jﬁ‘l’i 9 MBJL)LY
3 Gl 00 S6l5 @y s (g ien ATP ©pz slaaul
5 95850 00l s jella 5 i Bas L SIS (Sis Ll
Slp 2elyl5 s 230 g S 4 oy dl grlags]

F 0980 oS Jeke
oas ol o oz (Ul S 5l a5 X141 55Tz
S e ooliiul (glos S S alie 5l a5 WS e oS
e A 50 528 3T (68 Sl (sl lS slaga 3

0dyd Blawgd Sl e 10 aS ks B> Cawgs S L IL

! Pontibacter

2 L. monocytogenes

3 Molecular adaptations of late embryogenesis abundant
4 Saccharomyces cerevisiae

Journal Homepage: https://ibhf.shandiz.ac.ir/



https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/

10 bl sloLomo ;0 lo 5T lo (slapucilSo o) K5 il

3 phedee JSas 0 Lo slagys Jold 098 oo Jlab (Sis
b g aiile g )0 S97se (29,50 @lex S Tptus
2 S oo L 55 T s TS sloaisS o AL
5 S s 4 HKE0 Tagg Satay Joo slasdlas
a5 0Bl (horsTody Gl 4l meaw w57 VL Gl
Hob 450l G wms o JuSiis 1y o] St (59 o y0 £O
aiile 1S oo s B Lo (95148 olapusl g e IS
5 Sis glalae ;o upilofh ostsTs e S Lgiln
el ks 9dg b apancslE g o (nl oS 0 (S5 S
3575 Ol yt 50 85 laeandlE s S plo 5 095 Ol Laa>
s g Jlad a8 o g0k slags S bl gl ge 55l
ibos phdom odgs oy lags shls 45 310 0g2y o
425 b e 5eile 5 ol skl QAL ades lagys cul 25
5o gl b gl ) plds adgi Glgs e 0ad S5 35190 &

OF12) sl S slolagmo
09,5 W)l (7S (S g ol lakae )3 lags 2Shgilews
JE8l 55,5 s, ablgige o iSbgilw 51 Y S g
@ Ol Tetuy (Sas slaeg Sl sl gladgd Sols
Slog)S 30,8 0 Lol el Spiusd 51 g SN Syt
P pgisThss Saist O s o] Spiusi s Glgie 3]
odes 3,5 o)Lal W gt Splusi 5 T apdign Sptuy
Jooti 4 by e Tplupi (S 50 9290 sladisS Cuddge
Sl 092y plle o colad o)bgs 2Lk 5 ol ogs 4 Ll
1 oot i S L35 a5 sl ol s olizel ail o
Bble ;5 9)ls (e (25 ol 3 Lags S bgilow 5| cdablone
I (i sladd 2 g ad ot andl wad b L Ses
WS oo Wl Sategh S5 e Sl B Bl s
wile o sk 5 izl s oSl dgsS! S ilo
soeiisn 9 Guglple all i slabS,
S o enilon (Kt Lyl 0 1) Lad gd aS a0
ol b a8 e Solex |y gy b g e o1 ) e s
ho 51000 0925 @51 %e w5l g ST oo (Slol ol 352

8 Nostoc flagelliforme
® Nostoc commune

10 Nostoc sphaeroides
1 Nostoc verrucosum
12 Nostoc pruniforme
13 Nostoc zetterstedtii

ale Sed slagptiyy (Sas a5 hlyd e 50
Oezed WS (o0 (5,l0505 1) DnaK 4 GroES, GroEL, Dnal
sl Jsko ;0 DNA ouisS claslre (gl pusig p oy 90,925

O FAQ) 058 o0 0090 63] ol

o sl 3l S glabae gl 0 olidsns
S jod slog S 5 o Sh (Sl lag B daSil> o
L @S )0 lepel)ls)Soe cnl Glay b g ool onnline
S s 009y i )08 periiae LLS)I oS Cosb,
o yardy Loy 5L 38T sl oy S oy, 5L L35
leu@bmgjoolomgslwdmd\ow
Ored |y oo Sl b 5 Sl Sleogas 5wz e
@ Cuglie Cpogaz sl (Sl G W, (g5ST S o
3 ke e )0 G S o0 5L phdem )0 Sas
Apiie] (AT LS il il e Sy
i bulps o i ol (b GRS el T sl
O3l 6L by a5 w8l (giST ioren 350 o0
AL ol oo 0y @ 09 e lsi Tea b L Lopilie
2l (g8l cnols ogh oo i SAS Ll b
By il T Sldg o coale e 4y wilgs o oy St
551 S o0 518 ST ol (Byme 10T ity ligagpes
593 039 plp iz &5 WS (o0 adgi SluFll Sssil L
@ 2,8l o381 Sldg ane cools ols oS5 O wilgs o0
2 g anld gleil @ln ol 0p3d g Ol gy iz
S (o0 S8 D (SVsb (Si 0 Tptusi pglie S5
zhy sl (hoiST lags pShigilew 5l 65k 00 Sk
Sraand il &y Lo 55,51 ST (65 (g5l 45 WS o
Ol ) Selidg e Cosle oS aiis Joiul 05,5 5 (o
pldon JoSCis ooy lis S gig ;Suily Slallas aps oo
UG il Mgl jifgislogio byt (K25 Joois p Losiiis
@ gl o0 &8 oy g Sl Jo30 oS i pang sl 9

! Pantoea stewartii

2 Acinetobacter calcoaceticus
3 Methanosarcina barkeri

4 Pseudomonas putida

S Chlorella spp

& Chroococcidiopsis spp

" Nostoc

Journal Homepage: https://ibhf.shandiz.ac.ir/



https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/

1FeF oo,z .) o,laii .V 0,90

Sl Vb bl b Satad g esiliih ustlsTy Koo
00,5 S8 S )3 Sotwz b jadysn adgi 5 (59500
ol dijsle eelp Slagzas ple Gl celie laoe
3y 0bel g Of 65l cud )b Gl b paizen laatug
S d G oy Csby 5 S sl b aleeliii;
el 3 Qb 0l 5 by Sialsx sl (emlie s (S1L
o 0 Vb Sesedend 9 (S Ee ol p gl S e
wad Sl b lag] )85k sasaslis 09,500 sl
Gl (5,1, Sblugs g ranl 8 Oladais o oleS aile oo

(YY)

$39ls glao g8

2y S e slas L ohusar bl (sopr el )l s
$59S anwgi (slp waed)) lan laylnl Glpiear olS
oo 25T ol o aslis bl ame Luls ol
g aiS o0 (S5 bl GLLS hwsld 5 jhugail g 5o
()3 oS aiile o i b b 5l Jdo o
OLS al;y dsue ;0 oYL SUlss (gdse olge ,28 5 YU sleo
Lol lags 55 ol e (slop3ilSio 5l Lyl ol 5o
Slr 99 e S eally g Dlind Sl g o
ol 23 g 3l ol (LS laggeyen wela 5 ol Qi
5 Lyl ady b ekt Ojpon dapenils s S
Ol ol 35 (Sl bS5 g Bas ol s
ot S (oo cadlre lgile Jalse pln po 1) plalSs
aile laplle (oog GlalS ;0 oy Hebar bapacilS)lg S
Sl 5 wilodds il Eodglls lalS o Leys L «ugiSIS
Lo 35ut0 9 (Sl (695 4 Cenglie co3gitana ) 3Bl L
P13 g pasd wile ol); GlalS o Ses (S (229,500
o Sy ool e bl s JB jsbar Bl Lulid
395 S ) Olyie 4 apanslE)lg o onl 5l 457 Cesl oa ey
5 lek Bl plpe 4SS bl o e Jele
5 $5,9laS SYgazme adgi Rl ln Sy Lo jlatags
Sp5 B o 4y 090 Sl e Cuel ol b ablis
KAAD)

YL Cann j 9 (Fxo ($59) S g
Sly saiad)l mls Gleie 4 borbly )5 5290 sl xSt
SleS 5 ade obly ble coen Ll b g )55k s 4

2 Cryptobiotic crusts

) Jslome (game (0,5 5 (350 Slge o S 53 (1051 s &,
S Sguzee |y wdy Wilgh e Az 40 g A8 o ialS
e S (510 yasly Sl sy 45a5 s alS sl oz
w\L;‘a‘;ngmecboLwab le.@‘ OULS yuntd 45 S
T oeSan ol by pllovial 5 Joko o)l s
@ a5 SbLS mres 9pF e el by Ojpod Jobo
b Syl e, Blo ol oSople )l ules
3 1y blannST T logase (25 slacaiyn 5 6 ko
Gl g n yatie yob 4 b cpl b S cllol o
) )la L)"Jﬁ‘ 6‘)4 \(WSpA) 6"\““‘" o._;l oS el IXVELY
axil ol a0 WSpA ol coslive awelS Saiwsd
lham g anboe gead Jobw jo (St s 5 SRl sle
i wghoe iy gulehsS Sl o (o]
Lol oS g0 ot 1) 0y )51 L9381 o ,Slas WSPA aS 065 oo
90 b sy g eelat pl Conle g olidgn Joo
Sl laie a4y o e SIS Spiwgd (6 2S Lgilw .ol aLisl
Pl DB Spigi 59) 2 oS lasdllas )3 05 (oo Joou
50 a5 Sl slag eSS, G WSpA ol lis bl o
5 28 5 Loy ST sl sl Sl (S b gl o Ll
Lt o o g 1y 530 S sy 351 o il il
S R Ay Ceeglie Cely ul ptes g Slahd | s
B o yile plSoninl 5 6y Bllasil Sales (pl 0ed o0
ol 0, slan ol 43 el Sas 2l 55T il sl
AV -VY) wS SaS xeric slalasre jo (s 4y Caaglio g

UL SLpwils 519 S S0 41
Oble 5o SiglgST i
G 5 Smaz Spoltys ogad 555k 3l (S dag bl o

) ledieg LSS dpslE g e év)alsf‘
P IRVESPRRCH P UCES S BEP USRI B W FOTCOUI 3

ooy 5 LS IS dags 5L dag 5 dacSls o 2Sbgilw

e | (SO gy (2L ibg Ol o wisgd oo ol

wile olaySlsibas 5yls ol 5 ool Ghalo 5l 6 nSslr

! Acidic water stress protein

Journal Homepage: https://ibhf.shandiz.ac.ir/



https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/

v bl sloLomo ;0 lo 5T lo (slapucilSo o) K5 il

SO ) G 8 559k 4 w09 Ol 5 55,3 'RBF6
(YY) Wages Bi> V4 cdale (o 1) olaS 5 oy

bad wlidad g (owlsds Com ) i
sl ldl 5 Sble gblse 3l a5 cangs Sis sl 2SU
Co shee bl b (g5 Juds 4 aigd oo lar S25
S9eeS 5 plod Dllug wyals ianlg Gl ((Sas
oobediiin sy Slalllas gl Jlowl pladow plpieds (ilie
b Sl el 5l 45 Sz wslasllhas )5 aiins )k
M Sl Lz yiglle N gghydlan sl ol

e 0 s lile 5 uslewlsls 5\ Ulidy b Blge s

Gl gles Sllug ol fuje (gondigjluancs Lul,s
S S mbs axd S 18 b jled g sas Sas iail 3

3 S by 2 Sl el e Gainl b g sl ol
(YA csls lagy!

S 25 45

e blie o el s, Se 15 6,55l sbpansilSe
dl Dglite sl Wil oo (codldl Ll5 4 4z g3 b sy 08
i) o Sble gy glao S Goglle L ol
» Sl (LlSS slag )55l anlllae sl 034 parmie
ol Gl Slapuille (quyp WS oo oalp Sis bld
e B acudgonl adgs 5 jgml JSCa5 51 el 1y Se
oryeS] slalame jo ol 51 L o Lasas DNA wal s
Loablie lp o)l slo)Sal) ol il SGees
Al gyslidiuny 1o Golopose 9 hreiun) ol
3 Slaghy) axwsi sledie) Wlgh oo IS Gl wed e
> 9 bl Copse (SiS 4 pglie (55 laS
5 aties S ol wbobly ST asl olad cbless)
ol axlllas 5 Sixie (gloeansilS g Koo Lol

Olpl oSt bos Groe clil @) Wil (o0 08 4 parmie
Ol sk Semga SiS slags S adlllas ((izren 08T S

® Lichtheimia

10 Talaromyces pinophilus

11 Aspergillus elsenburgensis

12 Sulfolobus solfataricus

13 Haloterrigena hispanica

14 Thermotoga neapolitana

15 Geobacillus thermantarcticus

eaigs ((SKip 059> ,0 . ylo 1) (69,8 4 pamie Jd Cuns
(s3 S 2 Sl 5T e, Bl 5 eeasy i) wiile
5 T GemblaSly il usng w2 5 gses w2
cleoisl b ablie ;o a5 WS oo wdsi Ty mslsai 60
Lalyd b (JolSS )55k s 4 bl slag St 5l (>
ol S e ) YL ey o galdS s is
3¢5 3,8 4y yastio (BpmnilSe I oolaiwl b bpudlS 19 ,So
oS s o slroan YT il 5 b 4 4 08
DSl 4y ol S wuS e ady Yy o ¢ bajlals]
o i edl i slogy Sy 0 aube oz JI GlS 5
Slyie 4 aties Sinio oliasd Sla s a5 il
5 silelaz G e Sble 51080 L sleas Sl
2l 1y Jys STty 9o oy 5 a5

(YO)
5 i bl | 7 RBB7 o,/ (wslewl (b slastlas o

o SlaS 5 Bds Sl a5 ol gililas ol Sisdes
sl 1 ohly s o J81 ey o wle gl
SleS 5 onl oaisS 3o slag) 9l 6L cnl Geizeen
) o w5 o) A jeaa jo ad; Uy 5L cnl g
5o bz )B YL Jeily goaimslas oldlas (V7)) cuils
el ok Jeli S Sleg)l GluS S ey Bl
9 @holbrw Cools b plaeat¥l Glyes b 5 o500
Gblis 51 a5 ganlllas 5y o ki sl (gl ot Copans
Sl 5 4 009l G 5l ()l paiged Stz g 0 onldl
sloguir 5l B age cde 85 pldl o
0,8 giluhaz M lattd 5 N ushin] Y ey, Vi
8 (S Sgleg)S I pSone b a8 50 50 sl
B gbase Y @b Sl e el
oS pociaad| sl ] ' RBFL uglisty pamsos, Y&

! Streptomyces

2 Saccharothrix

3 chaxamycins

4 Dithiolopyrrolones
> Janibacter sp.

& Paenibacillus antr
" Talaromyces

8 Aspergillus

Journal Homepage: https://ibhf.shandiz.ac.ir/



https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/

1FeF oo,z .) o,laii .V 0,90

ol G s plasl anld o a8 wbe el pBa s
L b ol SeS L b Colox diSmen 1ty
cailoais aieo o (Sei>

Refrances

1.Modarres R, Sadeghi S. Spatial and temporal trends of
dust storms across desert regions of Iran. Natural Hazards.
2018;90:101-14. doi: 10.1007/s11069-017-3035-8.

2. Heulin T, De Luca G, Barakat M, Gommeaux M,
de Groot A, Blanchard L, et al. Bacterial adaptation to hot
and dry deserts. Springer; 2017. doi: 10.1007/978-3-319-
48327-6 4.

3. Lebre PH, De Maayer P, Cowan DA.
Xerotolerant bacteria: surviving through a dry spell.

Nature Reviews Microbiology. 2017;15(5):285-96.
doi:10.1038/nrmicro.2017.16.
4, Wani AK, Akhtar N, Sher F, Navarrete AA,

Américo-Pinheiro JHP. Microbial adaptation to different
environmental conditions: molecular perspective of
evolved genetic and cellular systems. Archives of
Microbiology. 2022;204(2):144. doi: 10.1007/s00203-
022-02757-5.

5. Martin W, Baross J, Kelley D, Russell MJ.
Hydrothermal vents and the origin of life. Nature Reviews

Microbiology. 2008;6(11):805-14.
d0i:10.1038/nrmicro1991.
6. Marin J, Battistuzzi FU, Brown AC, Hedges SB.

The timetree of prokaryotes: new insights into their
evolution and speciation. Molecular biology and

evolution. 2016;34(2):437-46.
d0i:10.1093/molbev/msw245.
7. Breeuwer P. Adaptation of pathogenic

microorganisms to  dry conditions. In:  The
microbiological safety of low water activity foods and
spices. Springer; 2014. p. 37-48. doi:10.1007/978-1-
4939-2062-4_3.

8. Seufferheld MJ, Alvarez HM, Farias ME. Role
of polyphosphates in microbial adaptation to extreme
environments. Applied and Environmental Microbiology.
2008;74(19):5867—74. doi:10.1128/AEM.00501-08.

9. Sarma J, Sengupta A, Laskar MK, Sengupta S,
Tenguria S, Kumar A. Microbial adaptations in extreme
environmental conditions. In: Bacterial survival in the
hostile environment. Elsevier; 2023. p. 193-206.
d0i:10.1016/B978-0-323-91806-0.00007-2.

10. Azua-Bustos A, Gonzéalez-Silva C, Arenas-
Fajardo C, Vicufia R. Extreme environments as potential
drivers of convergent evolution by exaptation: the
Atacama Desert Coastal Range case. Frontiers in
microbiology. 2012;3:426.
doi:10.3389/fmich.2012.00426.

11. Engler AC, Wiradharma N, Ong ZY, Coady DJ,
Hedrick JL, Yang YY. Emerging trends in
macromolecular antimicrobials to fight multi-drug-
resistant infections. Nano Today. 2012;7(3):201-22. doi:
10.1016/j.nantod.2012.04.003.

Wssdsébu)s)a)iexﬂéboﬁ)lquli Sladss

S g P

12. Stan-Lotter H, Fendrihan S. Adaption of
microbial life to environmental extremes. Springer.
2012;10:973-8. doi: 10.1007/978-3-319-48327-6.

13. Brown JR, Doolittle WF. Archaea and the
prokaryote-to-eukaryote transition. Microbiology and
Molecular Biology Reviews. 1997;61(4):456-502.
doi:10.1128/mmbr.61.4.456-502.1997.

14, Cavicchioli R. Extremophiles and the search for
extraterrestrial life. Astrobiology. 2002;2(3):281-92. doi:
10.1089/153110702762027862.

15. Billi D, Potts M. Life and death of dried
prokaryotes. Research in microbiology. 2002;153(1):7—
12. doi: 10.1016/S0923-2508(01)01279-7.

16. Lopes T, Santos J, Matos D, Sa C, Pina D, Pinto
R, et al. Soil Bacteria from the Namib Desert: Insights into
Plant Growth Promotion and Osmotolerance in a Hyper-
Arid  Environment. Land. 2024;13(10):1678. doi:
10.3390/1and13101678.

17. Liu W, Cui L, Xu H, Zhu Z, Gao X. Flexibility-
rigidity coordination of the dense exopolysaccharide
matrix in terrestrial cyanobacteria acclimated to periodic
desiccation. Applied and Environmental Microbiology.
2017;83(22):¢01619-17. doi: 10.1128/AEM.01619-17.
18. Zahran HH. Diversity, adaptation and activity of
the bacterial flora in saline environments. Biology and
Fertility of Soils. 1997;25:211-23. doi:
10.1007/s003740050306.

19. Torsvik V, @vreds L. Microbial diversity, life
strategies, and adaptation to life in extreme soils. In:
Microbiology of extreme soils. Springer; 2008. p. 15-43.
doi: 10.1007/978-3-540-74231-9.

20. Dadheech N. Desiccation tolerance in
cyanobacteria. Afr J Microbiol Res. 2010;4:1584-93.
http://lwww.academicjournals.org/ajmr.

21. Potts M. Mechanisms of desiccation tolerance in
cyanobacteria. European Journal of Phycology.
1999;34(4):319-28.
d0i:10.1080/09670269910001736382.

22. Singh H. Desiccation and radiation stress
tolerance in cyanobacteria. Journal of basic microbiology.
2018;58(10):813-26. doi: 10.1002/jobm.201800216.

23. Bhatnagar A, Bhatnagar M. Microbial diversity
in desert ecosystems. Current science. 2005;91-100.
http://www.jstor.org/stable/24110435.

24. Alsharif W, Saad MM, Hirt H. Desert microbes
for boosting sustainable agriculture in extreme
environments. Frontiers in Microbiology. 2020;11:1666.
doi: 10.3389/fmich.2020.01666.

25. Xie F, Pathom-Aree W. Actinobacteria from
desert: diversity and biotechnological applications.
Frontiers in microbiology. 2021;12:765531. doi:
10.3389/fmich.2021.765531.

Journal Homepage: https://ibhf.shandiz.ac.ir/



https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/

4 bl sloLomo ;0 lo 5T lo (slapucilSo o) K5 il

26. Shekari R, Mohammadi P, Zarrini G. BTEX
biodegradation by Paenibacillus antri RBB7 isolated from
the persian gulf coast. International Journal of
Environmental Science and Technology [Internet]. 2024.
doi: 10.1007/s13762-024-06120-7.

27. Shekari R, Mohammadi P, Zarrini G. Isolation
and characterization of native fungal strains for the
bioremediation of BTEX pollutants. Fungal Biology.
2025;129(1):101534. doi: 10.1016/j.funbio.2024.101534.
28. Mastascusa V, Romano |, Di Donato P, Poli A,
Della Corte V, Rotundi A, et al. Extremophiles survival to
simulated space conditions: an astrobiology model study.
Origins of Life and Evolution of Biospheres.
2014;44:231-7. doi: 10.1007/s11084-014-9397-y.

Journal Homepage: https://ibhf.shandiz.ac.ir/



https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/

