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Rapid response of shrubbery soil archaeal communities to surface wildfire
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Abstract; This study was conducted to evaluated the immediate influence of surface wildfire on the soil archaeal community
structure in a shrubbery. Burned soils were sampled 18 hours after a shrubbery fire in Yumin county of Xinjiang, Northwest
China, and control soils were sampled from a unbured shrubbery next to the fire-impacted areas. Two archaeal 16S rDNA
gene clone libraries were generated from total genomic DNA in the two soils. Nineteen archaeal operation taxonomic units
(OTUs) were obtained from the two soils clone libraries by restriction fragment length polymorphism( RFLP) analyis, and
nine of them were only detected in the unburned soils and accounted for 5.91% of total clones, being absent in the burned
soils. Three dominant archaeal taxonomic units YMar-F25 ( GQ304791 ), YMar-F32 ( GQ304792 ) and YMar-F21
(GQ304789) fell into subgroup I of Crenarchaeota, accounting for 15.50% , 18. 18% and 41.36% of the total clones
respectively in the unburned soil library. Immediately after the fire, the three taxonomic units were still dominant in the
burned soil library, accounting for 15.59% , 22.58% and 46.24% . Shannon-Wiener index of unburned soil archaeal 16S
rDNA gene clone library was 1.87, and the burned soil library was 1.40. The results suggested when the time after high
severity shrubbery fire was at hourly scale, diversity of soil archaea was lower in burned site than the control site, groups of
archaea with low abundance were more sensitive to fire disturbance than those with high abundance. Community structure of

the groups with high abundance was not altered significantly after fire.
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KBRS HA B TR, B R W A 9 TR 4L 254, 7T 51 A8 —Fe AR A U AR T8
B ZRAR LI TR KBTI R A B AL AR PR AR, B+ LR LS K B A HUZ oL B
PREE AR S S 2 B ) R A B B A E R Wy B 2 R AL IR, IR v L
FIRETE G5 , BT R — M T DR A A2, TS & A e P AT AR A

KA Hh - A ) S S S M TEA [RI B[R] RURE R AR (AR RN R . 7E A RE B, A BT R M
KR 2 A F G 1 T A Y SR YA M BB, SR BER AN 5 3 A AU 9 - S P e UL T 1 W P AR
MR R AV BN o EERRE L, WEMAIORE | 2 NG AR SR APt 4 i
B 5 JORRRET, (EREVE S5 H 2 5 % B T B 22 0 s St bk KB 6a 1 9a J 1 M A B B REHEIR T K
BeJa 2—5 A H 1, B2 kP8 25 st M BE M S REHE R BRI ARIRE o TR A A A 1
AR TRV L PRI IO 3 R A, EL M R 45 M AT e 3 T SR S o R, BT AL
FEEEHXT KPS BRI N o PR L EESE A T T OO b S A MR B TR T, BRTE KBRIE A VAR R
TS MR RSN BTN RBE R AT T I o T AN AR D K 58 5 B4 Bk 18] RUBE , B FE Ak
O SR A W B RV RO, B N AMRAHRGE . /N RBE T BHFE A e 5 A i) A8 A, T BE— 2038 B T f#
TR KB AR, O KRR e RE (A ) T HTIE R EALER 5 MR i SF A  A R AR
R 2R (B 5 o A RV U A TR 2 T FR 56 R AR R 22K

Wi (Archaea ) 18 i T4 2 AR B, AN VE oK Kbl + 3% BAR BATIE LB SR T R IR 1
ERMERFF A SE 2782, (Bl 501 58 % BUR W B ( Crenarchaeota) 75 T HER IR IR H Al fE R EE WA A A
FUP R T WA LR M EE SN, AT K E 180 5, T APl RAE
AR M T 16S tDNA FERISCE  @id LB KB IR BE ot vl B 22 MR 1k VR S5 22 5%, e /A RUBE |
SO T B BT I O, SEE Xt K P T L3 AR S5 PR o

1 #RF7 %
1.1 FEEGRIAE

EHEE K (Sigma) ,PMD18-T vector ( TaKaRa) ,PCR loading dye mix ( TaKaRa) , ¢ [FIWGEF & (£ T) &
B A FRTE K77 ( BIO BASIC INC. BBI) ,PCR ¥ ( Eppendorf AG22331 Hamburg) , %% il 21X ( United-Bio Gk-
330C) , 519 & AT F I E B i AR T AE IR PR R 58 o
1.2 R4

IR SR AR M SR SRR SR R B A (45°56733N, 82°30°46K) B AR HEARAR LY, ZIXJE TR R
Rt TR T RSB, PSR S. 3T, P Bk & 600 mm, 24ETFEH K 107—130d, KA
TR ILBEES £ o AR R AT 2008 4E7 H 23 HEY 23:00, KBl b A AR R O 2B 5esk (B 1), %
BEPTSRAE Y : JCOPSTE AR A R Pt UMK HEL , B9 2 AH4R , B A IR (240 1012 m) BEBEFI T 7. KBE
Hhast Ak 2 B R SR 58 b B AR R A B A, R S 2Bk M4 £k 34 ( Spiraea hypericifolia L. ) | B /NEE
( Berberis heteropoda Schrenk ) \¥k#HZ. 4 ( Lonicera tatarica L. ) .
1.3 TR SRE NI AL I E

1t k%918 h J5 , FEHIR M A R KPS E BENL I B4 180 m FYAEAT , 5 FR 20 m BB —4~ 45, 3L 10 4
Fo BRERB KBRS, A RERE 0—S em )14 100 g; AR FEMR A FIFE R I 2R 4 1 kg 14 ,4°C
. RENTHAMREEHS,20.2 mm fLEMLTHE , WE 1 IEH A SHOM DNA RIF/5 4L T1E, 1%
HLSHON E S DB/6500 B11 {51k : HIEE&/KE M ERHERZ R pH R 1:2 10K, BALRETE;
AL E P E 58 IR SR s B AR PR - BRI 28 5 A AR R IR S MR R -4R B HT LU BRI AE

hitp : //www. ecologica. cn
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B1 AWM (Z) fxd Bk (H)
Fig. 1 Burned areas(L)and unburned areas(R) of the shrubbery

AR E R AR AR S - KL
1.4 4R 55 DNA SREUAZifL

R FSCER 9 AR BGH  FRE 5. 00 g +AEE T 5 mL O, 1 13. 5 mL DNA $2E(3 (100 mmol/
L Tris-HC1, 100 mmol/L EDTA, 100 mmol/L #§#&%%, 1.5 mol/L NaCl, 1% CTAB, pH 8.0)B&¥5)E, T
AR 65°C K VA4 3 7 3 Bl FEANA 10 pL % 1§ K(10 mg/mL) ,37°C/K¥E 1 h; RS /A 1.5 mL 20% SDS,
65°C 7K 2 h, 5 15—20 min 22E2EEJLF ;4°C 5000 r/min B.0» 10 min, 4 BIE, BB RN — LR EOF
Hh s 1] - HETIIEFANA 4.5 mL 2BURA 0.5 mL 20% SDS, 1€ 10 5,65°C 7K ¥ 10 min; 2 5000 r/min 2.0
10 min, (£ B3 . BEE LiREAE, IE LB SATHKR EEAIE. MAS B EERE R \E 05\ 55
(25:24:1 f&FHLL) 1BA,4°C 9000 r/min B> 10 min, RBOKAHFE 275 — LW L& 5, A 0. 6 5K
FAEERRIIE ; ZIR T 12000 r/min 8.0 20 min, WEZBRTTIE ; BRI 70% L BRUESRTTIE 2 K5 B AR X
T, EE&T TE Zrhil , 285 AR UB ARG B 57 ( BBI) 24K BT 52 ) DNA,
1.5 77§ 16S rDNA JF51] 4™ 385 707 Hy 1 [l

FHAEEEAS Y ABF(5'-TTCCGGTTGATCCTGCCGGA-3") F11 AOR(5’-CCCGCCAATTCCTTTAAGTTTC-
3) YA LR T 16 tDNA SBT3 46 H B BEA 900 bp Zidi o HHEIRR g SO AR, Hob 1R
5|#4 0.5 pL (10 wmol/L) ,TaKaRa PCR loading dye mix 25 pL, & &R, MK =E F/KE 50 uL, PCR
RN 4544 :95°C FAS 5 min, ZR)5 95°C 30 5,57°C 30 5,72°C 60 s, 330 MEFF ; )5 72°C ZEH 8 min, 1% JK

BRRBE B B VKR PCR § 34455 . A4 T DNA Jy B 2t 4k Jie [ ioi=n] & e 4k B (# PCR R B,

1.6 3754 16S rDNA i [F SCPE A A RFLP 434 & I 5

Bl ) PCR 7= 5 7o &2k & PMD18-T(TaKaRa) F 16°C %32 10 h, #id;5#{k 3 E. coli DHS o B2 25 40
W, HENHFER (100 wg/mL) F7 9 F0 W H 357 28 77 2 0 22 FH v Se ke, 8Kk E i@ 514 M13-47 (5'-
CGCCAGGGTTTTCCCAGTCACGAC-3") ,M13-48 (5'-AGCGGATAACAATTTCACACAGGA-3') #4T7HE % PCR ¥~
BRI AR B R/, B PCR §7 38 724 F N YIEE Rsa 1 \37°C \E§) 4 h; S8R5 I 3% MIBRIE WSS E 1T
F KA , %A Rl Y Y e REHEA TP ( B B A TAYHEAR AR SER) o
1.7 RSO SR AR U 2 A

¥ F Shannon-Wiener 354§ . Simpson & 80% Bir 2 F B 1> il T 9 16S rDNA B[R SCPE 5a fe - 2T VP4
FIECAR o W SCHE 70 M F AR U SR i Jaccard 45 %1 Bray-Curtis 15 8 AT PRAGT"™ . SCEE R RR AL
BV AR R, #G BE NS i EstimateS (hitp://viceroy. eeb. uconn. edu/estimates ) #4158 5]

Shannon-Wiener 5% :

http ://www. ecologica. cn
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H =-Y% PP,
Simpson F§%K
/D = S N(N,-1)/N(N-1)
Jaccard F5%K .
S,=j/a+b-j
Bray-Curtis 35%%:
Cy= 2N/ N, + N,
B R
C=1-N1/N
XH,P, = Ni / N,N 5% i1~ OUT W3 H ,N 3 B B Sa R E Lj SO A FISCPE B 3L 1 OTU #%
H,a, b 35| 530 A FISCHE B K OTU $0H , N, AN, 2350 SO A FISCHE B P RS SERERE , N SO A
HISCHEE B 3 OTU H s B D# B AL N i SUEHLEH 1 AN5akEm OUT $iH .
1.8 ZFETHH 168 (DNA EFH)FF 1 RG K T WAL
1E Ribosomal Database Project [ ( RDP) H ff§ Chimera-Check F& 546 1l F¢ 3] f A 301 , IR AN Tk & 55 o
R4 751 (860 bp Ze45 ) 7E NCBI _FF ] Blast # & GenBank $(4E 2, #& i AH U F 5], F§ CLUSTAL X #47
FPBI LRt , I MEGA 4.0 #2157 H 4R etk ( Neighbor-joining) , SR Kimura XIS HIHEBERMERELFTW .
AHFFE AR BT 16S xDNA JF50 5 [RIEMEA /N T 99% 5 L y—4~ OUT, B A — N3 5T R 5
REM B E, 3 E GenBank, FF1HF 515k GQ304787-GQ304805
2 ZR55H
2.1 KB RBERH 1-3 F B AL P
TIEIAE BT 2 KPR, A TR BRI (R 1) . KEHMERZE TIREKETET 54% ,HHl
i 35% ,pH 4275 T 0.5 MEAAL, IR A AA R S B AN T 139. 06 mg/kg F1 130. 44 mg/kg, T
TG R T 21. 72 mg/keg, 408 T 59% .

F1 aAmnsk ki R R LR
Table 1 Physico-chemical characteristics of burned and unburded soil

Bk AHLB AHA AR AR
Ui H Item Water content pH Organic matter  Available N Available P Available K
/(g/'ke) /(g/'ke) /(mg/kg) /(mg/kg) /(mg/kg)
FeAeb s+ 3 Unbumned soil 105.49 7.25 152.24 440.90 60.23 435.34
KBtk 13 Bumed soil 48.90 7.75 98.45 579.96 38.51 565.78

2.2 LM 16S tDNA ZE[RSCPE FHE vERE RFLP K P54

MK e e ok BESR bt -39 14 B 16S rDNA RIS SCHE A, 20 I BERLI 6 T 186 /1~F01 220 4~ FH kT b
BT RFLP AT 5307 o 18P FIRIEHEAR /N T 99% 5 Lo —A> OUT, B3O 36 3K45% 19 4~ OTUs, Hodr 9
/> OUTs &% JE SO BT 19, 76 KB R IRSUE R RA I (3R 2) o X 9 AN B OUTs SR AHXT 3 BER AR A 28
B8 B S H O RER G X IR SO B e B R LB/ T 1% (B YMar-C79) o 3287 YMar-F21, YMar-
F25 J YMar-F32 1EX§ FESCEE R 2053 15 41.36% \15.50% \18. 18% , 2 -3 v B D 38 ity B8 7 5 78 K 0% 1 3 SO
B B LR RRE , 705 o SO Y 46.24% ,15.59% ,22. 58% o Pty B 9 AE X 32 BE 7 Kb
HilJE TG R AR , R WX Sl B B A A 32 K R B
2.3 Wi B 16S tDNA ZERSCE SRR RARLUME 4T

A5 186 /> T R PR KO8 - 3 BRI DU I 220 AT R A 0F B SO PR B i SRR R T 90% (3R 3) , R E A
FRREFE e L A I 2R . 5% BESCEEA BL, K Be 33 B SR FY) Shannon-Wiener #5848, Simpson

hitp : //www. ecologica. cn
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TGN BEITIE K e (ol T 2 AR S BV, WA B2 Bl 4Rt SRR DA R S RO O T I 3t ST
PEfZE A% )R (18 2) o PR3 TR SCHERY Jaccard $8 4 ({75 & OUT #YHk2E ) 2 0. 53, Bray-Curtis $5 %% (0TU
AR 32 BE Bk 2% ) S 0. 90, EATTAAS[R] A1 BE SO 1 SO A AR BE

®2 WIXELHHE 16S rDNA EEFFITEES 7
Table 2 Analysis of 16S rDNA gene sequences from two soils clone libraries

e L SO K R SO
OUTs 4= Unburned soil archaeal library Burned soil archaeal library
No. of OTUs JoRER H/A TURERL % FLRERE/ A TR %
No. of clones Total clones No. of clones Total clones
YMar-F10 17 7.73 7 3.76
YMar-F12 18 8.19 16 8.60
YMar-F21 91 41.36 86 46.24
YMar-F22 1 0.45 1 0.54
YMar-F25 34 15.50 29 15.59
YMar-F32 40 18.18 42 22.58
YMar-F41 1 0.45 1 0.54
YMar-F70 2 0.91 2 1.08
YMar-F89 2 0.91 1 0.54
YMar-F176 1 0.45 1 0.54
YMar-C75 1 0.45 - -
YMar-C79 3 1.36 - -
YMar-C115 1 0.45 - -
YMar-C117 1 0.45 - -
YMar-C141 1 0.45 - -
YMar-C143 2 0.91 - -
YMar-C165 1 0.45 - -
YMar-C198 2 0.91 - -
YMar-C232 1 0.45 - -
J it Total 220 100 186 100
= RAGI
T3 ARENR IR S B S R B B R RAR (U HE R
Table 3 Diversity coefficient and similarity coefficient of archaeal clones from burned and unburned soils
i H Item C/% H 1/D S; Cy
it iR 1 4% 75 B S0 Unburned soil archaeal clone library 95.91 1.87 4.22 0.53 0.90

ka1 35 B SO Bumn soil archaeal clone library 97.85 1.40 1.78

2.4 FETHTE 16S rDNA EEFFIH RGE K T 5HT

MKCBEFIRT B R Fepksth 138 5 78 16S rDNA B[R SCEEH L3 3] 19 METE K OTUs, BA 1B TR b 1]
( Crenarchaeota) FlI] 75 [ ] ( Euryarchaeota) (& 3) . R & J824% Group I F1 Group I i &E, By ML H
BE, & 134> OTUs, 53 HRSCEER 96.36% ;J58 H& 14> OUT, X FEOCHER 0.45% o HTSE P3R4 1 SRl
Bk 7 51 #4 55 Marine Group 1 7 & H 194X 3 5 51 LMA226 (U87517) . 3% 2%k /7 #5 Ak .3 clone FFSB2
(X96689) & clone FFSB10(X96695) ") 364556 RAHX 41T ; i 5 37 88 L35 B clone XJ1(DQ225138) FE4% %
R, REK B EA N AE Group I (Br YMar-F41) o [T [T 5w S X HESCE M) 3. 2% , A EFH E
(Halobacteriales ) | %¢4# B H ( Methanomirobiales ) P4 & H k¢ /\ & BKk & H ( Methanosarcinales ) , B 45 /\ BB E H
&34 OTUs, HEWMHA&EE 14 0TU,

RGEREW(E3) HiCh YMar-C (17 9 A~ OTUs S kB8 3 2k 9288, 2P 6 4> OUT J& T WL#¥

hitp : //www. ecologica. cn
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Goup 1,1 4+ OUT AR F " HHIIMTRMEE o
( Methanomirobiales ), 2 &8 T H i A\ B B B H 18 & REELHHEO)
(Methanosarcinales ) , %26+ 385t K 5 BRI HF R A
B — D BUL A 3. YMar-F 2 Kope 1350
PEFR A A RE, WA Group I A YMar-F12, YMar-
F25 . YMar-F32 }% YMar-F21 76 K BSHT 5 3 388, B 8
TSI 5 % PR 5% L B 7 510 B i R R 4E (99% ) 6
{45 3K [ F/KAS L1 clone 2-4 (FJ481941) . clone 2-7 ‘2‘
0

—
RN

12

OUT#( H No. of OUTs/4>

(FJ481944) MR clone Elev_16S_arch_937 ( EF023047)
LA K 4h#” clone BuhD-Ar100 ( FM897352) . Fif& YMar-
F22 53k B F & i $OR 2R 35 1) 5 B pYKO4- 19A- 43
(AB464787) BAT 99% (AR, RILZ5h, X iy 2 PTAEEIGS (DNA BAXEMRALAL
y\: ,_E: FE EFI ‘Eﬁﬁﬁ E"E_‘Fé i’i:[ T:E ﬁ J( + 3[3—2% ':F' @E 9% . Fig. 2 Rarefaction curves of archaeal 16S rDNA gene clone
3 g

PR A + AL TR KR 5 39 B R | KPR B R AT BT A L AR I E A AR K e
AP REGE 100% ,J& T =50 BE M AR K BE , i KB HIREE g 0—5 em B3 pH T+, AHLR B
R & B, AR B R A PN . ABTFTR, A MAREE BE K el s + 39 AL 22 0 i, A 2L
PR s SR K BRJE A HUR B WD, A R o TIPSR AP 9d J5 R R i A
BRI, TP R AR I R S R T, AR A o At MBI IR T 200°C B, LA K
e BRI, 78 200—500°C i, I 20 A B A, T 39658 52 200—500°C Ry BRI BEAR S T &
FERER S ER TR AR K B B o TR, AR H T AR K X - S AL R B W S TR AR bR
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Fig. 3 A phylogenetic tree showing the phylogenetic relations of the soil clones ( bold) based on partial 16S rDNA gene sequences
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