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Figure 1 Bioplots of Shannon-Wiener (a), ACE index (b), Chao 1 index (c) and Simpson index (d) of bacterial communities in oil, water samples of
the production liquid and injection water samples in Zhansan oil reservoir
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Figure 2 Bioplots of Shannon-Wiener (a), ACE index (b), Chao 1 index (c) and Simpson index (d) of archaeal communities in oil, water samples of

the production liquid and injection water samples in Zhansan oil reservoir
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Figure 3 Bacterial compositions of oil, water samples of the production liquid and injection water samples in Zhansan oil reservoir at the genus level.
O, oil samples; W, water samples; IW, injection water samples
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Figure 4 Archaeal compositions samples of oil, water of the production liquid and injection water samples in Zhansan oil reservoir at the family level.
0, oil samples; W, water samples; IW, injection water samples
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Figure 5 NMDS analysis of bacterial (a) and archaeal (b) biomes of oil, water samples of the production liquid and injection water samples in
Zhansan oil reservoir. O, oil samples; W, water samples; IW, injection water samples
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Figure 6 RDA analysis of correlation between bacterial biomes in water of the production liquid, injection water and their physicochemical factors.
(a) Samples; (b) dominant bacterial groups. W, water sample of the production liquid; IW, injection water sample. * P<0.05, ** P<0.01

1935



M % b & 2019568 Heiss F18H

F i TFRDA S M Pearson i A E8 & R, Thermoto-
gae SO, W IE i IEAIJE(P<0.01), SpH W fiAHE
(P<0.05); Proteobacteria'5SO; i ik % IEAH G
(P<0.01), HpH&ZE TAHIE(P<0.05); Acidobacteria’
SO; ™ B W% IF A 6(P<0.01), 5pH W& 71 %
(P<0.05); Verrucomicrobia'5S0; kB i 3 1F A ¢
(P<0.01)(l6(b)).

RS S BT R T 2 (B M RDA T 45 SR R,
TEATKREARS sty B M MRS 5 SOL R BEAR e 3.3
(P<0.01), {HR H i R o RV 4 AR 5 SO VR EEAH
SRR, IS Mg™ B (P<0.01). HCOZ YR
(P<0.01)AH MR S BB (K1 7(a)). Bk thIBOK AR RE
A5 A K LSR5 P EE HF iE TRDA T
FAAFAEIHT R IR, Thermoprotei GMg” W B 2 IEAH
(P<0.01); Thermococci5Mg* HIHCO; ¥ B iF 4 56
(P<0.01), SCI¥kE A (P<0.01); Parvarchaeati
CI HISO; ¥ i IEAH :(P<0.01); DSEG5CI #ISO; ¢
JEIEAH K (P<0.01), SHCOZ#E 745 (P<0.01) (/A
7(b)).

3 g

Tt 3 DX 9 G A 0 AL WG LA Sk A S5 Al A 0 Y
e Pk, SCEA HARRSEHRE, PREE XA PR v
LR S e AT o 3 s . DRk, RS i
A SRR B ML, PRAT A AN ) A B Ak A A
(A REAE, DL T AR PR 1 X AN R B2 ) 2R Y

1.0
(a)
15W2
15W1 |0
15W3
<
™
2 13W1
01302
n
2 2 13WB
N Mg
TEE 26W2 Cl
LS %6
= 26W1 Wg\\\lm
Aeos 24W1 5 24w3 sor O W3
24W2 W w2
23W1
06 28W3 9.
-1.0 1.0

AAFREH1 (45.44%)

2 (24.86%)

2y

0.8

SO, BEAE A TR A 0 ) A, B e T K
AR R PR AL TS .
3.0 W3R A P AR

TEWG 3 X PR R LA, B THIA
B PR ORI RE, WRCR R BT
W R R R, SRR R X — B
AR 3 R R P R REIE RL. AR, 353 X HR H
AW R I B 2R, KRR ARG A IR 1)
Shannon-Wienerdg 501 K F2, #434E 5 415 i) Shan-
nonfg 4 2= 4(E ). HkiE, MG PREE
Shannond§ ¥l 7E1.5~3.52 A" 1R/ e T4, £
B JE R T 3 DX B (R R A S R 3, X T
A5 3 X I R E Akl . T AR SR R
(AR FRNA . KT T RESMNEMAEY), HAnE
BEP% Shannon-Wienerd £1(4.85) 1 i & TR UK A
Y ET% ) Shannon-Wienerf& 50(3.95~4.62). 11 Ak ik
NIMIRIAEE 5, NP ZAEPE B FRAIG, AT BB SN2
WAL E SR B = iR T, S - AR A L
TERYI S b T8 HN T S BIET-P, W A K
PAHEY% ) Shannon-Wienerd ZUH LR H WK AH L2 i AH
TR AR AR, TR R T RS 2 O IR A,
MHFEAKIEN T REO,, AR TIRER AL BTk
B REAR BOKAREA L T RsiK . mErE. HoA
FIF RSN E SR FEARRE, WA AR Shannon-
Wienerd £538- i 45 7K AR AR

igarchaeota
(b) Aigarch
Halobacteria
Cl
Mathanomicrobia DSEG
Heo arvarchaea
hermoprotei SQf
Thermogbeci
ng
-1.0 1.0

AAFREH1 (68.28%)

B 7 (MR ()R UK A I A K i RS S HUL IR 7 Z [BIFIRDAZMTE. (a) BEZR; (b) IEHVE. W, KAREAS; IW, 1 AZKEEAS. [ il
=43 FP<0.05, P<0.01. Thermoprotei, #VEEHN; Thermococci, ERE M, Methanomicrobia, W HEINE; Halobacteria, IHFTH;

Aigarchaeota, ¥E T ]

Figure 7 (Color online) RDA analysis of the correlation between archaeal biomes in water of the production liquid, injection water and their
physicochemical factors. (a) Samples; (b) dominant bacteria. W, water sample; IW, injection water sample. * P<0.05, ** P<0.01
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Table 1 Microbial community characteristics in different oil reservoir fluids”
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Microbiomes in Zhansan area, Shengli Qilfield, Shandong
Province, China

. 1 . . 1 .1 -1 . 1 . 1 . 2
Wei Zhang ', Xiaoli Hu', Xuan Qiu, Deng Liu, Liang Feng , Liyuan Ma , Jing Hu™ &
. 1*
Hongme1 Wang
! State Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences, Wuhan 430074, China;

z Engineering Institute, Shengli Oilfield, Dongying 257000, China
* Corresponding author, E-mail: wanghmei04@163.com, hmwang@cug.edu.cn

The purpose of this study was to characterize bacterial and archaeal communities in a high temperature oil reservoir and
their relationships with environmental factors. Production liquid (further separated to oil and water samples) and injection
water samples were collected in the Zhansan area of the Shengli Oilfield, Shandong Province and subjected to 16S rRNA
gene analysis by high-throughput sequencing. The physicochemical properties of the water samples were also analyzed.
The bacterial communities in the Zhansan area showed a relatively high diversity compared with those in other oil
reservoirs previously reported. High diversity may be due to nutrients introduced in the injection water during microbial
enhanced oil recovery in this area. The highest diversity of bacterial communities was observed in the injection water
samples and the lowest in oil samples of the production liquid. Bacterial compositions showed a clustering pattern
according to the sample types. Specifically, the dominant bacterial groups in the oil and water samples of the production
liquid were y-Proteobacteria, e-Proteobacteria, o-Proteobacteria, Actinomycetes and Clostridium. At the genus level,
Pseudomonas was dominant in both oil and water samples of the production liquid, whereas the bacterial community in
injection water was dominated by Sulfurimonas. In general, Pseudomonas spp. are mesophilic facultative anaerobes and
many species of this genus can degrade petroleum fractions. The presence of this genus in the high temperature oil reservoir
suggests that they were associated with low-to moderate temperature zones in contact with various hydrocarbons. As for
the archaeal biomes, the diversity was low in all samples. The major archaeal groups in the production liquid were
Methanomicrobia, Halobacteria, Thermoplasmata, Thermoprotei, and Thermococci, dominated by Methanosaeta and
Methanobacteriaceae especially. They also showed a clustering pattern according to sample types. Redundancy analysis
(RDA) of microbiomes and environmental parameters indicated that the sulfate concentration significantly constructed the
bacterial and archaeal communities in the injection water, which was one order of magnitude higher than that in the water
samples of the production liquid. In contrast, the bacterial communities in the water samples of the production liquid were
impacted by Ca” and pH. The archaeal communities had significant correlations with CI , Mg2+ and HCO; . These results
revealed the ecological distribution of microbiomes in different phases of production liquid, which are useful to our
understanding about microbiomes in high temperature oil reservoirs and provide clues on possible manipulation and
control of microbiomes in microbial enhanced oil recovery.

oil reservoirs, microbiomes, high-throughput sequencing, microbial diversity, Shengli Oilfield
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