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i E:AFFIRTRIXGE-ANEDE, KIABRE. TRE. LR B TR EF B HIALOMK
A MBEE CACAE, M TR E R IR I RN BB R T E. RBRETRE
(sulfate-reducing bacteria, SRB)Z . TR LAk 69 A 4. [ 8 69 ) 2 bk a2 IR IR AK
FRER 3h AT JR ) 49 %A 45 PCR (droplet digital PCR, ddPCR)# K. [ %1 vA SRB #95#e & B dsrB
HAM B AR, At SRB ddPCR £ R 49 B KR E, R A AMEE . M., 5 s R0E, i
ZHAR T EEAmegEn. [4K] SRB ddPCR # R R AER KRB E A 54 °C, A6 & M5t F
% 1.1x10°-1.1x10° copies/uL-DNA, #8% % %t R® 4 0.996, ##if& 4 1 copy/uL-DNA, & 5 14948
AR EMT 9%, *F 34 SRB ALMERAHEAY ¥, RTEHALARIFHRMEXZE .
BREM., TEMARFRME, AR ZRATE PIARIFEIFRAK, RERF LIEHALHITT N, F
¥)4-% 5 7| 4 (4.048.4)x10° copies/mL. (1.6+3.5)x10% copies/mL #=(1.5+1.2)x10° copies/g-dw. 5% &
KAn LIEARLL, RIABOKE A SRBE. (4] AT RS TRINAY BN RF 02T L A RN
oK, X T —Hbeik. R A4 SRB ddPCR #H AR, Rl it A b4 7 @ 3 R e & 248
BT A,
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Development and application of a droplet digital PCR technique
for detection of sulfate-reducing bacteria in deep geothermal
water
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Abstract: [Background] The subsurface harbors a deep biosphere. It has been investigated that microbial
communities inhabit deep environments of sedimentary rocks, basalts, granites and metamorphic rocks.
However, microbial characteristics of deep carbonate rock Karst-fracture geothermal reservoir is still
unclear. Sulfate-reducing bacteria (SRB) are frequently detected in the deep subsurface. [Objective] To
develop a droplet digital PCR (ddPCR) technique for rapid and accurate quantification of sulfate-reducing
bacteria in deep geothermal water. [Methods] Functional gene dsrB of SRB was used as detection target to
optimize annealing temperature of SRB ddPCR technique. Its linear range, sensitivity, repeatability and
specificity were examined. Field samples were tested using the technique. [Results] The optimized
annealing temperature of SRB ddPCR technique was 54 °C. The linear range of the technique was
1.1x10°-1.1x10° copies/uL-DNA with the correlation coefficient (R?) of 0.996. The sensitivity was
1 copy/uL-DNA. All of relative standard deviations (RSD) in the repeatability tests were better than 9%.
In addition, no amplification was observed in the templates of 3 non-SRB artificial plasmids. Overall, the
technique showed good linear relationship, sensitivity, repeatability and specificity. The technique was
applied to quantify SRB in deep geothermal water, shallow water and soil samples collected from the
geothermal area located in the middle Hebei Province to obtain an average of (4.0+8.4)x10° copies/mL,
(1.6+3.5)x10? copies/mL and (1.5+1.2)x10° copies/g-dw, respectively, showing deep geothermal water
was rich in SRB compared with shallow water and soil. [Conclusion] The SRB ddPCR technique was
developed to rapidly, accurately and sensitively detect SRB in deep geothermal water for improvement of
deep biosphere understanding, scientific development and management of deep geothermal water. At the
same time, this technique could contribute to detection of other indicator bacteria in deep geothermal
water.

Keywords: Sulfate-reducing bacteria, ddPCR, dsrB, Deep geothermal water

iR £hi4 J5 B (sulfate-reducing bacteria, SRB)
S — KA B BRI IR B AL S IR AT o X SR
FH F BRI, SRB ZEREIR . A4 JR
15 el 52 7 T R A% G Y, T SRB &3
7 A BB SR — Rl B R AU, 233 AR
ZEFIZE TR, WG TNERR | FEARBEAIR
R TATIAI R TE 5 4 RS S s 2T
A R SRB X T I BB AR AL I
Ml 1 0 11 5 24 A BT SR AR R

AT M SRB & kil AR 22 MPN
(most probable number) #7457 AR F e 3% 57 (1) 43 F
HEYEFHOR . MPN KR FREOR ZREE . 2y BERAT
B, H T S 5 AR ML SR FRBE 451, 1
AT B eI S EOE I A SRR, A
SR AT PR AFG SR 00 T A R AMBRER:
NUESIIC e i < W TN = e ol U S NG B i s I 1 P
7E1= PCR (quantitative PCR, qPCR)#iA, mliid
For A b A 40 DNA A s e 6 TR B bk 1
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AR, SRR E R B R B 2 16S rRNA
Hak & I RE LN, 76 SRB i F E A S RE L
PRI 2 4 B S A6 It PR 6 38 i i Disr (dissimilatory
sulfate reduction) L, %A B PR 5 140 I i 7
() —A S , 2B R R I i R 1 I s — AR T
BRERER R N B AL S A ALY, S A % i ) 2 [
/DS 2 AN IESLIN dsrA A1 dsrB, Hidb dsrB 3k
PR & LT A E 89 SRB Hrlt 2463 SRB 14
FRICTIREFL DN, FIH qPCR ] 4G RS o B R £k 18
JRE Y dsrB S M SRR SRR b R
HERNZ, AR bR o 2 i 7 2 2%

i %7 PCR (droplet digital PCR, ddPCR)
HAZ B — IR E FEOR LB TR
7HE 2t M S B PR 1 0 o L D R SR Y
FLIREANGFE i 4B B AN0R , B IR B
WE BN, S 1A B, K5
TR IR AT PCR 78, 4718 5 A6 0 0
AP IO SRR AR 1, WA YEE
SO IR 0, Fe e MREEIAAS A T H R
DY B e D Bl )l AR R S
AT PCR ¥ M A4, BIHER /34 AN iR
FRPEROE gE A28, B2 R gPCR HAR B
REM3Z PCR ¥ 3™, i F %R i 5 a
QPCR YA 57 22 5, ARG 52 05 S iy, AT AG N 5
HARRAORE A o HATIZEOR FENH T BT . &
AR ISV [ AR IR N A TR g
I T IR BRI fif DL I8

b 5E RER 26 A B PARE , 38 B R
FROKAT FH T T AR L b FRE B R —
FhaR ERETR . B b P XA T A6 A hif s X, Hb
PEETT & 7 AR, AT TR 1800 m LA i
BRFRINA EBCATR-ZLHAEE T G i
B R ZE R NN BOF & T 20 it )2 b ARG IR
BUANHE o EHL TR A s B 2018 4F IR AEZE
RISt 1 — PR b AR B R, T T SR i
F 5 R I A T2 A 2 R b 5T K SCHb BT A

W PIERIEC , FEN TR 8 2 PR
TR PO HE Yy Bk
AR 50%AH ) RIS . Rk . B
IS SR S R BRIE O TR R v . Bl #2220,
T 1T PRSI IR Eh 25 Vs - A B A )2 S A U R
FHIEATIRANTE o MR R R A TSR B MU DT
FEPEHE T ARG S LSy, FRATEEE 745G
GALA TR RIEHHOK A YIRS L . BERHUK
SRR RE R MY Z . MeEYE R,
TR e T ERf O f . SRB J&HL T RER I EAS
AP BT ddPCR HEARMER, AXE7TE
HEA7LL dsrB FERUONKGIN H bR, DUk | R e T
#UK SRB 1 ddPCR AR, I % AR FH T 52Prke
mi RN, 598 27K RN - 30T AR SR R UK SRB
FFE M, FREXTRE A B IR, AERERHUK
A I R R TR SR A S R AR

1 Me5hE
1.1 #HmEEMmALE

TEZL X (115°55'46"E, 38°58745"N), M
X el T K R G Bk, EERAE DY & 100 m LA
T KB ER)ZK, MiHeFR 1 km DU AR ERER
Froa -2 POK B R HOK . 2019 4E 3-5 /1,
7 G HOKFE D BIR B 7 439 A X )2
BERAL , SR DT R AR AL 58 TR K36 i e
B B K, A FE TREE ; [l SR AL
BRFUT K FH AR TE K (2 /K) R A3 RE L, ARSI
FE i o SRAETRE A7 I8 A5 40 A 2« TRER UK
FAEREASLAE 1 500-3 853 m 2 [a][Z% iR JE
56-105 °C, pH 6.77-8.75, i i fif M [ 14 (total
dissolved solids, TDS)# & 1 9902 677 mg/L];
B2 KRB TE 70-100 m 28] (UK & 14-17 °C,
pH 7.50-7.87, TDS %1 202-548 mg/L); L3kt
a SRR EEY R 0.5 m (JEAZIEE 8-13 °C, +K
RFL 1:25, KW pH 8.55-8.73, TDS &
63-178 mg/L). KHERAEZA AR 18 L i & ik i o
FRHE, AR REGIZ RS =T AIERQ L
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57 4 L)t e RFLA2 0 0.22 pm 19 £ F R IUFR C 0 i
UERE b, KA IR R R BB AEAE-T0 °C UK
Firh e o T RERAEME IS R HUE , SRR/
TINE S EBIZICA A, AT TR RS,
MG K AIRAFORAE , Sz 1] 52 55 % H.7E 70 °C
VKRR ORAE 25
12 FERFIFLEE

13 DNA 42t £ (DNeasy® PowerSoil®
Kit), QIAGEN 2wl ; YLkl ddPCR & & a7 &
SuperMix TR . G0 A= G . GO A3 i . L
AR R R O A R R R L B AR D) R
96 fL PCR #, QX200 Droplet Digital PCR £ %t :
T A A L BRI IR SORD B0 40 7, Bio-Rad
YN8
1.3 #&2 DNA 2H

JKFEF - FE e DNA $EEGATR Gk B 5 o i
HURE it il DNA, e KRR O — 2ok B IS BT e
A 4 b IE M 2 R R EUY DNA G918 —1~
e T 100 pL TE W LAEFRER 0.3-05 g
ity [AlFEFEHU DNA, ¥ F 100 ub TE B
KR 2SO EE TN DNA 5T AL
o % 100 uL DNA #4552 1y, —1y 35 uL,
J3—0y 65 uL, HiE T ARMRE, FE Tk
FESRIE, —20 °C RAE45 T .
1.4 SRB RHAIHIHIE

fi4l SRB dsrB FE[H 15147751 DSRp2060F
(5'-CAACATCGTYCAYACCCAGGG-3')#l DSR4R
(5-GTGTAGCAGTTACCGCA-3)?% = £ NCBI
Primer-BLAST #/EF-& 8% dsrB JEH 751, ¥
PAFH 551X VLAY SRB dsrB 3 K7 4]
[KY464856.1 Uncultured
D4050-3-1 dissimilatory sulfite reductase beta
subunit (dsrB) genel$&3c 4y L HESG A=) TR A B
O], HEET dsrB (29 350 bp)i PCR 474 I #h
kL, PCR JZM A (50 pL): Pfu-MasterMix
25 uL, F. TUES[4(10 pmol/L)4% 2 ul, DNA #5
#z 5 uL,ddH,0 16 pl.PCR J2Ji 2544 : 94 °C 2 min;

bacterium  clone

94°C20s, 55°C20s, 72°C40s, it 20 PMEHF;
72 °C 2 min; 4 °C {#fF. AR LI pGH A vifE
B, EALR KT A DH50 B2 540,
TE BAPE SR IR I, 41 T 4 1 BH P S R )
FH ) G B BUTOR VR AR i, e 283k 1% SRB Jit
BTy o ARPEDAT B TR TR B A, N
A—E W TE SRR, P B soRAR i
A B BR R I S B dsrB JE IR R BE R DR, Hik
4 1.1x10" copies/uL .

15 XWHZE

1.5.1 SRB ddPCR #&il753%

K YL RNE W AR 2 QX200 ddPCR EvaGreen
Supermix, A TAMA SRB Uk ok SPrke il A
Bt 4T SRB ddPCR N o % A A dE 1A
FRECH] . WOEAE R P AES BT 4 N
BT MBS A T G A, 20 uL ddPCR 2 i
K%~ : SuperMix 10 uL, || F¥i#514(10 pmol/L)
% 0.2 pL, ddH,0 8.6 pL, DNA #ifz 1 pL. ¥ 20 ul
BB AR A2 i DG8 F i) —HE , FR#F 70 pL
A A DG8 B ik —HE, e FERe:
R BT R, BT ROE AR, A sk
SN AR o o R AR BB EE S, SR 8 B RS VA
AR A AR 1 e b —HEIRAE A 4 i (29
30 uL), fA 96 LNt N, FHFAAGTRHY PX1 4
FT LA TR, B RSET TR 180 °C 10 s,
HETE 96 FLBUA PCR A7 I 31 .
PCR 23 &1: 95 °C 5 min; 95°C 30s, iE ki
fE 60s, 3t 40 MEHR; 4°C5min, 90 °C 5 min,
4 °C [#ff . FFREREEY/NTFET 2°Cls, 47
WEER S, K 96 FLARE TR B th ik 5 5
BEE, IR QuantaSoft V1.7.4 7 A 5B AL
i, AR S RIF 0. BRAEFR T, &Rz
TR 2 NEE, HAal s A,

1.5.2 SRB ddPCR i KRY &1k

ddPCR St Wik &, 1R AR EEAE R ROWAK 5
W) — A B S R S e R S R B0
T B SRR SR 1 O T 3RS V) A SE bR AR
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db PR SR B, SERESEPRAE S R HOKAE | 2K
FER A FESET 740 B 1R R BE s, TR BEAE B h 50,
50.7. 52. 53.9. 56.3, 58.3, 59.4 £l 60 °C. j#id
T %) P X L R P R L A e ) BH P e R A B B
PH TR0 2 A5 51825 S 1 00 3 ff o A PR AR JORLEE o
1.5.3 SRB ddPCR 77494 1436 Bl A1 R Stk 36

DL TR SRB AL ks i, MR E
7 1.1x10" copies/ul, 10 1% R, L H
1.1x10°-1.1x10° copies/uL-DNA ¥ B 5 il , 41k
WohZ0, Z1., Z2. Z3. Z4. Z5 H1Z6, RMfiik
IR JORE AT ddPCR $738 , PP IZ T &tk
K F AN RENE
1.5.4 SRB ddPCR F#By4F R 4R IE

DI ZE KA R 25 11, LLAHTA 16S rRNA
J [H (LC435077.1) . B 16S rRNA 3
(KT461011.1) 1™ F e i JE A merA (KP742467.1)
RS AT AR BB B R R B X B, XA
TRFR PR FE RN PEXT EE T T SRB ddPCR Al , 1
2T R R S
1.5.5 SRB ddPCR A#RIEE MR

7 VF AR SC PR AR A B PR, R
(33 350 copies/uL-DNA) . H(13 540 copies/uL-DNA)
fI (9 590 copies/uL-DNA)IX 3 >k Ji& 1 IR B K

20000

16 000 15 146

14632 plodes

12 000

Events

8000 |

4000

i = Y
A03 B05 C05

B 1 SRB ddPCR iR AGEE 164 B AR B 5

14 075

D05

F, #17 SRB ddPCR &l , M7 6 £L
BE, WHE O ERAXT R ERE, PR IZ T R
HEEM.
1.6 KBRS

DIBGZEARRE B 2, RAILR SRB
ddPCR A5 J5 32 43 R HOKFE | ¥R JZ /K AL AN
T REVEATREIN, A BT EEAS I 2 R, U B TR A
IR R £ 3 S 1) P o B A F A B e A
T A, AP EE MO BB T 1A, W
B ; HWAELA LART LA, nils
OUBRR T 17 H S MG A A EE/ANT 1A,
5 A

2 HR54H
2.1 SRB ddPCR &HHiL 1k

TR T PCRELA (1) S B4 b J2 T8 LAY R
S S 20 pl RO PTIE AL 2 T3 AR
— MR TF L 7 AT v e R L et R A Sk
M AN S BER 10 pl 36 UOIAE L AR Hh
(AR it JC LT, T8 B O B — R 1 4
WA LR iR EUE A AE 14 075-15 259 42 ],
BIRF 1 A, Nesalm s R4t Tl
PRIE

14345 L3 822

14 599

. o i i
E05 F05 G035 HO035

Sample

Figure 1 Total droplet number generated from annealing temperatures optimization of SRB ddPCR

1 A05-HO5 S ikJZ=KH: il E5-2.
Note: A05—-HO05: Shallow water sample E5-2.
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LW PCR R FEF, X AR AR
FESEATAR AL, B B R A 5060 °C. TR A
K RIZ AR SRR I 45 R (B 2A-C) R, B
KR EEFE 50-60 °C 2 [H] ¥ n] kil ) P 14 2 e 5
5, 1 HAE 50-53.8 °C B 98 WA 5 3 B fe K
CEEG IRE TG YE L Rk AR Y PR M GO £
DL BH PR 0 98 5 51 22 R AE AR R R, i
1B KRN 54 °C. SRB 194kt ddPCR &4k
)5 B SR £ (20 pl): SuperMix 10 uL, | .
#5197 (10 pmol/L)4% 0.2 uL, ddH,0 8.6 L, #

A 20 000 60 °C 59.4 58.356.3 53.9 52.0 50.'7_ 50.0

15000 ¢

10 000

Amplitude

5000

0 20000 40000 60000 80000
Event number

C
20 000 80.°C 59.4 583 563 539 52.0 507 50.0
NTC

15 000 -

10 000 ¢

Amplitude

5000 &

40 000
Event number

0 L 1
0 20 000 60 000

80 000

B DNA 1 uL. 1EALJEH) PCR J2 i 2:44: 95 °C
5min; 95°C30s, 54°C60s, 40 ME¥; 4 °C
5min, 90 °C5 min, 4 °C {#47; &FTHREREE
<2 °Cls.

&l 2A~C i 5t ] s B 1 “ TR LS "3 2 o
N T RIS A B SRR i E4-1 RAIFR (107,
1072, 103 #1107, K 2D 45 Ro%, MEERREE
(BE TN, o A] 2 i BE A B ok B /b, s R E
107, PGSR R THORAR D T, DEBAAE S
] D e [ 20 5 B2 P 180 o

B 20 000 60 CS?“T 583 56‘3.53‘9 5?.0 50.750.0

10 000

Amplitude

5000

% 020 000 40 000 60 000 80 000 100 000
Event number

54 54 54 54 54
02 107 102 10 10

D 8
20 000 S4°C 5454
10" 107 102

15 000

Amplitude
=
(=]
(=4
(=}

0 .y ln‘ - . = f 1 " i o
0 20000 40000 60000 80000 100000
Event number

E 2 SRB ddPCR AR EIRMIRE (A-C)FRREAKRTIFHRE D)L R
Figure 2 Results of SRB ddPCR assay from different annealing temperatures (A—C) and from serial dilutions of deep

geothermal water (D)

W A WEHUK E5-1; B: WJE/KE5S-2; C. 3 ES-3; D: &

UK E4-1 ZFIFREQ0, 1072, 10° 1107,

Note: A: Deep geothermal water E5-1; B: Shallow water E5-2; C: Soil E5-3; D: Serial dilutions (107, 1072, 107 and 107 of deep

geothermal water sample E4-1.
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2.2 SRBddPCR AERIZ ML R R HE

DI TAYEER) SRB b bR fh, 10 F546
P, HEH 1.1x10°-1.1x10° copies/uL-DNA ¥k fif
JEFl, SN 20, 21, Z2. Z3. Z4. Z5 FiI
Z6, RAMLALR N 2 FiE1 T SRB ddPCR §#4.
K 3 45 R, CUHIVERE 1.1x10° copies/pL-DNA
XV Z6 B W B ARG B4, WifE 1.1x10%-
1.1x10° copies/uL-DNA ¥ LRI, C©HME 5K
MELRPE X R RAF, R®90.996 0. % Rk E
R 1.1x10° copies/uL-DNA, 5l 2 145 il
N 4K FdRE &Ry 1.1 copies/uL-DNA,
AHNEHE , 7E 20 pb S H BRSO £ 1, B
£ 20 pL RPN HEEH 14> dsrB 4rF, zdiR
WL RERI o o R, AR ARG H PR ek 2 R
“J 1 copy/uL-DNA.

¥=0.906 3X+0.217 5
R*=0.996 0

75 Z'()

measures from SRB ddPCR

(copies/20 uL reaction mixture))
[ye]

Log,, (plasmid concentration

0 1 2 3 4 5 6 7
Log,, (plasmid initial concentration (copies/uL-DNA))

3 SRBRHEFKE S SRB ddPCR # il iK B BY 4%

(ES SR

Figure 3 Linear regression of known concentrations and

measured concentrations from SRB ddPCR assay for SRB
plasmid

%1 SRBJAPCR EEMRIGLR
Table 1 Repeatability of SRB ddPCR assay

2.3 SRBddPCR ARIEE 4

HIRPOKFE E6-1, E5-1 F E2-1 ¥E4T SRB
ddPCR A5, FukE 6 WEHEME . Kll2h R
bR T E5-1 A — M EE M SEUNE 1 A,
HoAR TS PR SBOIRTF 1 A 4o S8
INF LA BEERRIETSH0 R LR ER,
AR 22 (relative standard deviation, RSD)IJAL;
T 9%, AR THErF Y R iriR 2 25%08, il
() SRB ddPCR il J7 i BLA R 4T iy 52 1
2.4 SRBddPCR 7:H04 St

DL ddH0 B 28 11, XHRFRHOKFE
E6-1 FIA A 4N 16S rRNA JEPH L T 16S rRNA
B PR R merA B SEE AB BRI T
SRB ddPCR il [ 4 25 IR, BT I #HIK
P A R PR B A1, FEAR AR LT A
BRSO, i S7 f) SRB ddPCR J7 ik HA TR s
e S
2.5 SRR AT

TEF A ORI UK (1 500-3 853 m)
T BT 2 7K (70-100 m)Fl 45 (0.5 m)kE 4%
74, R IEA DNA $RIC, 435 25 F 100 pL
TE % . Jin DNA #5#i 1 pL ##47 SRB ddPCR
K, B g K AR5 45 5Bk B copies/mL
il copies/g-dw K7 o 4R BN, WA HUKFERIER
Hhf A dsrB 3t D R AR Ak fE 11.2x10°%-
2.3x10" copies/mL Z[d], ¥JZ/K dsrB &AL 1E
6.4x10°—9.4x10° copies/mL Z [f], ifij 133 dsrB &t

(e TR AU 7E {8 (copies/20 pL JZ v i) SEHME i AR AR 2=
Sample ID Measured values (copies/20 pL reaction mixture) Average Standard deviation  RSD (%)
1 2 3 4 5 6
E6-1 32 320 33920 31160 34 940 34 120 34 360 33670 1431
E5-1 14 280 13 680 13 420 14 440 13 340 = 13 832 501
E2-1 10 200 8 740 10 180 10 160 9 540 8 320 9523 819

T - SRV T 17 BRI 25BR.

Note: —: A measured value removed due to less than 1x10* of droplet number.
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20000 [E04 _A06  B06_G06 HO6 GO7 HO7 HO8

15000

10 000

Amplitude

5000 p

0 20000 40000 60000 80000
Event number

4 SRB ddPCR A AR M LER
Figure 4 Specificity tests of SRB ddPCR assay
¥:: E04: NTC; A06. B06: VR#AB#IK E6-1; GO6. HO6: #il
T4 16S rRNA JL[H; GO7. HO7: 7T 16S rRNA JL[H; HO8:
7B e R merA.
Note: EO4: NTC; A06, B0O6: Deep geothermal water sample E6-1;

G06, HO6: Bacterial 16S rRNA gene; G07, HO7: Archaeal 16S
rRNA gene; H08: Methanogenic Archaeal gene mcrA.

x2

AV AE 4.7%x10°-3.5x10° copies/g-dw 2 [f] (3 2),
FH I B 218 43 9y (4.048.4)x10° copies/mL .
(1.6+3.5)x107 copies/mL FI(1.5+1.2)x10° copies/g-dw.,
IR POKRFRER A A dsrB L K 2 1k M 43 4%
TRIZACR 138 . Bl 0L, BSOS A
R R IR A, T HL & f 50 27K (70-100 m) A+
(0.5 m)BE 5 , 3X 55 RAEIF IR HAOK HU& H ) 5 1) 5L
XGEEMR (HoS M) By SEBRAE 02— o
3 Wik

AWFFERY B H R g T PR R R TR AOK
BREREL A 1Y ddPCR Kl E AR, FH 55500 Rk
JE KN 2 - 3EXT L, 150 B R MUK B R b A )5 T
E &, ddPCR H A 1 S H R IR B AR A,
S F 20 pb SO AR R AT AR 2 T3 A .t
BORTF 1 AR v 357, 5 iR 0 25 F Al
ARG AR EROR G, AR Sk 43 P

B AKIREBHK, RBKMDIERMBRBELCFEENGERR dB &=

Table 2 Content of functional gene dsrB of SRB in deep geothermal water, shallow water and soil from the geothermal

area of Middle Hebei Plain

E il 4 ERFLIRE W2 ¥94H (copies/20 pL 2 ) dsrB 7 &
Sample ID Drilling depth (m)  Measured mean (copies/20 pL reaction mixture) dsrB content
R #UK Deep geothermal water (copies/mL)
E1-1 2511.0 4.0x10* 2.0x10°
E2-1 2500.0 9.6x10° 4.8x10?
E3-1 2520.8 9.9x10? 2.0x10?
E4-1 2 608.5 4.6x10° 2.3x10*
E5-1 2 506.0 1.4x10" 6.8x10?
E6-1 2518.2 3.3x10* 1.7x10°
E7-1 3853.0 56 11.2
27K Shallow water (copies/mL)
E1-2 100 6.7x10° 16.7
E2-2 100 8.2x10° 40.9
E3-2 70 1.3x10? 6.4
E4-2 100 1.0x10? 50.8
E5-2 100 1.9x10* 9.4x10?
E6-2 70 1.3x10? 6.6
E7-2 100 6.2x10? 31.2
43 Soil (copies/g-dw)
E1-3 0.5 2.7x10° 6.5x10?
E2-3 0.5 2.3x10° 5.0x10?
E3-3 0.5 1.3x10? 4.7x10°
E4-3 0.5 7.0x10° 2.4x10°
E5-3 0.5 2.4x10° 8.6x10?
E6-3 0.5 6.0x10? 2.1x10°
E7-3 0.5 8.4x10° 3.5x10°
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LN E W) AN A 95 1SS = 3T w2 A =5 A S T
BAREWE 1), HAT 1 A4, SFEZERELE A
WP Ay e Sl R AR T AT SRR RIIE . 1B G
&% ddPCR 3 ¥ SCEES 4K, 1R OB o g 25 (IR Ak
LR DB, SR A AR 3, il
FERAHE DLEC, ASBiFSE BR R EE (50-60 °C)AYit
IRa (B 2A-C) i, 7E 50-60 °C F4 PH G0
R, AR, RI(EERAR; R4 50 °C IR
fHie K, 54 °CHIKZ, 58 °C KillfA = 1.4 fi%,
(ERLEA SRR NG . RStk AR R BE MR
B PR OB E S 2 R ER R, RA
e iR KA 54 °C, Z{EY gPCR AYiR AR
(55 °C)PHiE ., 8 2A-C i /R & Hh B 28 0 BE 1Y
AR Z, R =, sl &/
JEAREFAE] 2 min &5, (HJZ RS0 AR 2k
. K 2D LSRR, SEBaREAh E4-1 R BeE] 107
BF, TN AR BAR R B, DB RE SRR R T
/D R R OB B PO o T A 2 1) D R o] R
VR EERR I 2R Z 5 . 24RZ, B2 PCR 473
N2, FEC—LEROER G, I R
5 I A TR SO0 o SRS, SR EE A,
FBez) 107 mF, 8% PCR M BIIEARZ 50, “F
SR BT T RS DNA vk BE A T S kn; ™,
i F ddPCR #rillZh S & 4511 PCR 948 )5 0 FH A A1
FHPEROHA AL, PCR #5404 BT o s RS, i
gPCR [E C {52 PCR ¥ BRI, 25 m H
T DR ) o Aff o R ddPCR $ AR % qPCR A&
SREMN Z K, THSR RS RS TR i 1 S R 4
DB, X HSCHR[14145 R —5 . BAh, “TAETZ
JER PR ANHEBR LA IR DR, A 2l A b BE A it
24, MRS R R AR N, PR G AN R s R
FEFRIED, BRPESOEIED, B2 B th 2>
A N T 2 G N A

AR AN TR SRB kit SRB
ddPCR J5 (2 M7 LA R AR 36, 45 (1 3)
R, ZEARK LR 4 MRS, Rl

ERFR A 1.1 copies/uL-DNA, R H 1 copy/ulL-
DNA, A7) G Ul B 15 L AT D), (A2
e eI |27 DO Rl EoE Y N SR 2
UIISIRNER - B A oallIE % NI ) W% N I REEE
MRS, PRI, ASF98 A 25 IR IR T REY) . R
AT BERIRED) , % AR A R (1.1x10%) B0 K Kk
T AR A 7 G A G PR (2% 20%), BT
JESEPRTE B, 3 AN B SEBRAR i (1) 6 WK A2k
SR AR BN, A R 22 (RSD) AL T 9%
(F 1), ELMIEE N, SRB Foki 2 NEE I FR
T BRI 25 R 5511 % B, RSD A8 fb 1 0-11% ] .
SERBRAE AT dsrB JBURLAY RSD M T #5E il fei/f
R 25%. FEFIERIAE R (E )8R, ZHEARA
AIRGF RSP, SE—Ik 96 fLARFEML Y SRB
ddPCR 431U 5.5 h. FRZESLH I, 4
WFFE ST ) SRB ddPCR B AR EEM . R =
HEML . R, 520 gPCR ML, W14
PRR R FUSHEHOK 5RZK 3R 5 dsrB
P SN BREAS AR, mlfire ol 2R V(B AN, X
B SEPRFE A HE B 45 A dsrB AR BL TR
HIVESS H bR 2 A BEMERA & 1, X A2 R B e
277, T ddPCR AT ehrnt iz, B 7 AL

SEBRAE BRI 25 R, R RO AE AR B
MR Eh b R, I dsrB SRS L 7E 11.2x10°-
2.3x10" copies/mL Z[], “F-H4{E A 4.0x10° copies/mL
(SD=8.4x10° copies/mL) . #5 #E fki 2% (standard
deviation, SD)EIIMH A, ULHA 7 /AFE b 0K I
EARFE R, 2 TR BBURE PR 8 25 1 AN S A [ Jr 3
ndg /M 11.2 copies/mL K&k LI R FE 5 ET7-1,
URik 3 853 m, FFG HUREUR B MR AE Y & it
BARA A . FXIM(ES qPCR FRAT Al FH K 25
H(2.79%10%-1.26x10* copies/mL) ol , {H 2
5 B0 K 43 8 HE 193k B 7K (10° copies/mL)HH
i, BEIF 22 AKF 2 260 m IR Ab LA B K
(10-10° copies/mL)PYE , SRB & & L 53
B VI
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% 2K SRB dsrB & m ARAL, A k1E
6.4x10°-9.4x10° copies/mL Z il , ¥ i K
(1.6+3.5)x10” copies/mL . HrifEfw 22 A ME K,
[EIREEIA 7 AR S ARSI AR Ak, JE R R 2R
BE AN RAHR FrE . dsrB #% D1 5% SRB
Kok, R RFB4> SRB A4 A 14 dsrB
JENBA ok dsrB BEDNEE DB & AT 5 MPN 6
T8 SR AN RO H . 2 S5 O AR DL TR R
F MPN 35 32460 T 7K SRB 453 w9 4~k
A HESKAE A 3 ANFE i A A B Eh i I 1R, f
R 2.5 cells/mL, BEHT MPN 55 35 5600 4 Kk H A
HEFEHL T K SRB & i WARME . (A2 AR BEST SRB
ddPCR 5 ¥ ) 45N 2 /KRR BRIV AR 98 4 F 7k
YR SRB, 5 LART ) MPN K5 F2 LK 25 A0 1L,
P35 T 400 £F A A bt IRk R SR A I 45
PR, KHAMEIH T K SRB FRAK, B
T 5IZIEEE TR A, iTRE SR BN
LB AR EIRTEA XK

1% SRB dsrB AR )Z K S, &AL
4.7x10°-3.5x10° copies/g-dw =z & , ¥ (A
(1.5£1.2)x10° copies/g-dw. 24 xR M 22 (SD)
BEN, HRAR R EZ(RSD)ECR, 15 78%,
IR 7 ARE S ARG I (S AR AL A K, o J2AE i BT
A PRBE A5 AN R AR R B 80, A 48 10 45 31 U
1.5 glem®, W +3 dsrB Kk il 8 A em®
() dsrB & D1 %k, “F-34k 996.5 copies/cm®, XM
BRTSHIK (T EAR 4.6 £, (2B EK19F
K(E s 6.3 /%5, tH#E SRB ddPCR #6045 45 LA
[f] — R B (50 cm) L AEAY MPN 1% 5% A I 45 2R
(11.3 cells/g-dw) P45 5 132 i , AT & f s 21k
S TR 25 B iR, (EUE 5 20 em IRAb /K
f5 -+ SRB qPCR il 2% 5(10% copies/g-dw)P*4H [t
%, TRESE: 20 om IRAL KRS A7 LS 6 5 77
& R K S B T8 R A 3R 5, A FlF SRB
AR, ARBESE 50 cm 4b 134 SRB
ddPCR Hal 45 R v% )2 K &5, AT RgJE 50 cm 4b -

B HLTUR X F 1R K 325 R SR SRB A=
FEMPDA A A X

5RZKM M, WEBHUK SRB
=, IR SE 29.4 150 4.6 17, BEBIEHUK
B SRB H, X5 RAEMNRIRHOK B ] Sy
FLRG TR (H,S W) 1 SE B Bl 2 — 30 .

ZE PRk, AT %) SRB ddPCR A6l
ARAT e L, BA RS Fesrkom . &
SIS R R B ARG V2 AT — 2Bl
LR A e | BRVEROREER S | T U R AR
A ANBEA A, (2R — BIF RN, &5
W B2, AR AR, I SBR[
AR EAR KA FHET BB T — 2 AR
THOK A1) ddPCR Kl A, IR HOK L
A= RS 0 A B LB BRI
4 i

A5 AT T SRB ddPCR 0T i 44010 4E
a7 HAM R . R . EREMMRSE, 2
S TR SRB A ddPCR A i AR H A BB |
RS, HEML . FREHRERES, IR
OK GHE P oA S A IR AL T B B R Jrids
] s SRy H At S R AR AG I B AR (AR T S %
FIFZ B AR R HOK RJZK A IR S AT T
R, SE340 43 514 (4.048.4)x10° copies/mL .
(1.6+3.5)x107 copies/mL FI(1.5+1.2)x10° copies/g-dw.
L2 LA L, S HUKE & SRB T .

B AL TARAT 2] b B AR A IR K SRR SR
AR5 P E AR R L KRB R A &
FAAeh, 4Bl
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