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Abstract: To explore the characteristics of soil microbial communities of Cistanche deserticola and Cynomorium
songaricum, two typical parasitic medicinal plants that live in an extreme saline alkali environment, 16S PCR was
used to sequence the soil microbial communities of C. deserticola and C. songaricum in Ebinur Lake, Xinjiang.
Redundancy analysis and correlation analysis were carried out based on the abundance of core microbiome and
ecoclimatic factors. The results show that the diversity of the soil microbial community of C. deserticola was
significantly higher than that of C. songaricum. The core microbial groups of C. deserticola and C. songaricum
were Marinomona, Halomonadaceae, Rhizobiales, Halomonas, and Acidimicrobiales. Six specific biomarkers were
identified as Micrococcacea, Echinicola, Glutamicibacter, Galbibacter, Pseudoalteromonas, and Marinobacterium_
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rhizophilum. The results of redundancy analysis and correlation analysis show that the average temperature in the
driest season and the average temperature in the coldest season, and the clay content and soil texture classification
were the main ecological factors affecting the composition of these soil microbial communities. This study provides
a theoretical basis for finding molecular markers of C. deserticola and C. songaricum and promoting the quality of

C. deserticola and C. songaricum.
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Table 1  Species sample information and operational taxonomic units (OTU) results

Sample Altitude  Raw- Clean- Final-
P Species Origin Longitude Latitude OTU
1D /m tags tags tags
ABR1 Cistanche deserticola Ebinur Lake, Xinjiang 83.358 67500 44.88165900 211 34987 24308 16616 1082
ABR2 Cistanche deserticola Ebinur Lake, Xinjiang 83.152 770 00 44.74575788 199 42291 33320 24889 1145
ABR3 Cistanche deserticola Ebinur Lake, Xinjiang  83.356 425 44.825 635 21543 47478 34142 25491 1102
ABS1 Cynomorium songaricum  Ebinur Lake, Xinjiang  83.056 12300 44.61909500 240 29775 25340 19745 1022
ABS2 Cynomorium songaricum  Ebinur Lake, Xinjiang 83.33223400 44.662856 00 165 19735 18122 16102 743
ABS3 Cynomorium songaricum  Ebinur Lake, Xinjiang 83.152 77000 44.74575788 199 20496 18653 16441 680
ABS4 Cynomorium songaricum  Ebinur Lake, Xinjiang  83.356 425 44.825 635 21543 25391 23259 20150 1063
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Figure 1  Clustering information of soil microorganisms of C. deserticola and C. songaricum. (a) PCoA plot based on the unweighted

UniFrac distance matrix of the 16S rRNA gene amplicons; (b) Based on unweighted unifrac distance diversity clustering tree
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Figure 2 Classification of microbial community composition of C. deserticola and C. songaricum. a: Histograms of phyla abundances; b:
Histograms of genus abundances; c: Phylogenetic tree at the phylum level; d: Pie chart of the top 6 microbial phylum-level species and their
top 15 genus-level of C. deserticola; e: Pie chart of the top 6 microbial phylum-level species and their top 15 genus-level of C. songaricum;
f: Within-sample diversity (a-diversity). ACE, which is used as an indicator of species richness in ecology. The higher the value, the richer
the community species. Chaol index, which indicates the bacterial community richness (expressed as the projected total number of OTU in
each sample). Fisher, in which along with the number (richness), the abundance of organisms (evenness) is also measured to describe the
actual diversity of a community. g: Heatmap of core microbial abundance of C. deserticola and C. songaricum. ABR: C. deserticola; ABS:
C. songaricum. OTU_527: Marinomonas, OTU_512: Halomonadaceae, OTU_6219: Rhizobiales, OTU_1569: Halomonas, OTU_6252: Acti-
nobacteria, OTU_685: Halomonas
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Figure 3 Differential microbial profiles of C. deserticola and C. songaricum. a: Graphical summary at OTU level in group sample type of
the top 15 biomarkers by LEfSe; b: Cumulative error rates obtained through RF classification. The overall error rate is represented by the red

line, whilst the error rates for each class are represented by the green and blue lines. ¢c: Heatmap of biomarkers microbiome abundance of C.

deserticola and C. songaricum; d: Common/unique OTU of C. deserticola and C. songaricum; A: C. deserticola; B: C. songaricum. OTU_
734: Pseudoalteromonas; OTU_861: Marinobacterium_rhizophilum; OTU_233: Gammaproteobacteria; OTU_190: Acinetobacter_calcoace-
ticus; OTU_2888: Sphingobacteriaceae; OTU_113: Gemmatimonadetes; OTU_2936: Gillisia; OTU_393: Rhodothermaceae; OTU_166:
Bacillus; OTU_4258: Micrococcacea; OTU_3086: Echinicola; OTU_4625: Glutamicibacter; OTU_2920: Galbibacter
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MAS OTU A 1 263, B PH -3 4% FhEFf OTU v 1 186,
R RPE LIBUAEYFE & THE, SR 2f4 R —
£ (Bl 3c).
3 AMIMSIER TIEREF S

AW FL R R AR = HOHE SR H WorldClim £ 4 FE
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T-Z= B 3% (bio 9, P = 0.516, F = 0.8). 2% J&. 1%
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Isother-

Mean diurnal range [mean of monthly (max temp — min temp)]; bio 3 =

Annual mean temperature (°Cx10); bio 2 =

Table 2 The climatic factors of C. deserticola and C. songaricum. bio 1

mality (bio 2/bio 7) (x100); bio 4

Max temperature of warmest month (°Cx10); bio 6 = Min temperature of coldest month (°Cx10); bio 7 =

Temperature seasonality (standard deviation x100); bio 5

Mean temperature of warmest quarter

Mean temperature of driest quarter (°Cx10); bio 10 =

Temperature annual range (bio 5 - bio 6); bio 8 = Mean temperature of wettest quarter (°Cx10); bio 9

(°Cx10); bio 11 = Mean temperature of coldest quarter (°Cx10); bio 12

Precipitation of driest month (mm); bio 14 = Precipitation seasonality (coefficient of

Annual precipitation (mm); bio 13

Precipitation of wettest quarter (mm); bio 16 = Precipitation of driest quarter (mm); bio 17 = Precipitation of warmest quarter (mm); bio 18 = Precipitation of coldest quarter (mm)

variation); bio 15

bio 15 bio 16 bio 17 bio 18

bio 14
44,724 1

bio 12 bio 13

150
159
146
153
155
159
146

bio 10 bio 11
-11.25

27.25

bio 9
-11.25

bio 8
-179 531 247167 -10.35

-19.1 554 2545

bio 1 bio 2 bio 3 bio 4 bio5 bio6 bio7

ID
ABR1 83.35868 44.88166

17
18
17
19
19
18
17

57

17
18
17
19
19
18
17

63
62
61

5
6
5
6
6
6
5

9.77083 125583 22.6685 1560.76 36.3

9.6875

56
56
57

40.382 1

26.666 7 —10.35

11.1417 209824 1502.94 352

12.7

ABR2 83.15277 44.74576

43.909 1
43.318 4
42.945 6
40.3821

-10.833 3

-10.8333 27.45

-10.45
-10.5

-18.8 554 256

22.9242 1550.69 36.6
22.8743 152046 36.2
23.4545 153041 36.4

ABR3 83.35643 44.82563 10.008 3

ABS1

64
64

27.0333 -10.45

27.25

-17.9 54.1 25.25

-18.6

12.375
12.9

9.9875

83.056 12 44.619 1

57

-10.5

255

55

ABS2 83.33223 44.66286 10.083 3

ABS3 83.15277 44.74576

56
56

62

26.666 7 -10.35

247167 -10.35

-18.8 554 256

-179 531

11.1417 209824 150294 35.2

12.7

9.687 5

61

43.909 1

-10.833 3

-10.8333 27.45

229242 1550.69 36.6

ABS4  83.356 43 44.82563 10.008 3
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= Soil cation

CEC_SOIL

= Clay content; T__

CLAY

Cation exchange capacity of clay soil; T_

Basic saturation; T_CEC_CLAY

Table 3 The soil factors of C. deserticola and C. songaricum. T_BS

Sand

_SAND

= Soil capacity; T

PH; T_REF_BULK

T_PH

Organic carbon content;

T oC

\olume percentage of gravel,

T_GRAVEL =
USDA_TEX

| = Exchangeable sodium salt;
Silt content; T_TEB

T_ESP

exchange capacity;
content; T_SILT

USDA soil texture classification

Exchangeable base; T

T_REF_BULK T_SAND T_SILT T_TEB T_USDA_TEX

T_PH

T_OC

T_CACO3 T_CEC_CLAY T_CLAY T_CEC_SOIL T_ECE T_ESP T_GRAVEL

T BS

1D

11

1.5
14

15
36

75
42

1.58
1.4

1.58
1.39
1.24
1.4

1.58

0.7 51

10

0.1

10
22
10
22
49
22
10

21
55
21
45

28
93
28
87
91

ABR1

6.6
5.1

0.1

16

ABR2

11

15

9.8
22.7
14

15

39

75
39
19

42

0.7

10

0.1

ABR3

6.6
6.2

1.65
1.19

0.1

17
24
16

ABS1

32

0.1

38
55
21

ABS2

36

6.6
5.1

0.1

93
28

ABS3

11

15 15

75

0.7

10

0.1

ABS4

0.914, F = 0.2) 5 PRI 28 J 8 B A% O A ) 40 K 2 )
FRicIAE 2%

Pearson fH < ¥4 73 #r 45 & (Kl 4b) 5 RDA &5 R (&
4a) AHIERL, B T 22 P 25 B (bio 9) 5 A =
IR (bio 11) Xt Alphaproteobacteria (OTU_6219) &
Bk # £} Micrococcacea (OTU_4258) £ i & Al 5% .
ki + & & (T_CLAY) K& + 3 i #h 4> 2% (T_USDA_
TEX) 5 5 %2 % . Jfd 1% J& Pseudoalteromonas (OTU_
734) B E AARK . Kk & & (T_CLAY). Z #eftk:
ih 5L (T_TEB) M 4 3 Jii #b 4 2% (T_USDA_TEX) X
Marinobacterium_rhizophilum (OTU_861) 43 i 2 51

N3 T PR 5 B B R A AR ) S5 AR S R T AR R
P, FIH AR 5 8B 10 M2 O TUE 4 S 184N %
Al #5088 S 13 A L B IR 7 ik AT AH G o dr e SR A
Pearson AH ¢ 2 3, Uk £ R EUE 46 H K T 0.5 1M, K
F Cytoscape 3.7. 123044 S AZ% 0o i B P A - A 25 TR 7 1Y 5%
Bl Bl 4c M 4d 50 e s 1 A S5 8 B - 338 A% 0
AV S AT HORCHM 2% . ANE L3 A Ybrid
Wy - R AE Y ER B A Micrococcacea (OTU_4258) 5
B R 2 FERE K & (bio 17) 2R IEMAHG. i Eh
A fifd B %} Halomonadaceae (OTU_512) 5 Marinobacte-
rium_rhizophilum (OTU_861) 523 45 82l % K

B PH A O A Y R ( 4d), Glutamici-
bacter (OTU_4625) 5 f i 2= % /K & (bio 17) 24k %
%G, 5RIBFEEREIKE (bio 15) 2 &3 EAH K.
& L5 % B 5% &8 Halomonas (OTU_685) S54E i (bio 1).
B ZE H ¥E (bio 2). &4 (bio 3) & BE H T =i
I (bio 5) i 75 £ V-1 % (bio 8) M [ /K A8 7 &
0 (bio 14) 2 71 & % M % . R 98 ® H Rhizobiales
(OTU_6219) 5 i+ H F /K& (bio 13) fo H: A 11 Al fiZ
(T_BS) B3 ARG, 5l 52 gl £h (T_ESP) £ &
FIEA K P2 R B 7, AR A8 R 10T AR
7% LR A WD ZH R 5 T B K

g

AR 50T 58 S b PRI A 28R PH L 3 R AT AR
Y-S TR G A M A, HLELEBR AN Bl 3L
BIZ O A EFIRE R WCE DA, &5 P 1 10 4
K0 AR VE B I 18 MR i AR A R 7 s 5 134
g8 R 3R AT TU AR FNAR S A 43 By, 42908 5 1) PRI AR 2 A
B PH SRR B TS AR T RE R AR S TR T

ERE Hh o5 A7 T 3 88 S LR B AR R X, A
W /R 23 3th G B A e M AT K 2R VAR ol o fRIP X AR
7K 102.63 km, 5L %% 72.3 km, B EFL 2 670.85 km?,
Hh g A VT EL | AR T RIBRT B 1 1 TR X, 929% FE AT B
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Figure 4 Correlation analysis based on key microbiomes (six core microbiomes and six biomarkers), 18 ecological factors and 13 soil factors.

a: RDA plot of overall key microbiomes, biomarkers, ecological factors, and soil factors by Canoco; b: Heatmap for correlation analysis of

the key microbiomes, ecological factors, and soil factors of C. deserticola and C. songaricum; c: Core microbiomes abundance networks of

C. deserticola reveal that OTU modules are related to ecological factors and soil factors; d: Key microbiomes abundance networks of

C. songaricum reveal that OTU modules are related to ecological factors and soil factors

Table 4 Redundancy analysis of bacterial communities and ecological factors

Name Explain/% Contribution/% pseudo-F p Canonical eigenvalue Explanatory variable
T_USDA_TEX 29.6 50.4 2.1 0.18
bio 9 11.9 20.3 0.8 0.516
0,
bio 14 135 23.0 0.9 0.494 0587 58.7%
T_CLAY 3.7 6.3 0.2 0.914

W o AHIF 7835 B PR 258 -5 8 B A% O i A= 4 9 i 2R
J& Marinomona. # . il & £} Halomonadaceae . i /&
H Rhizobiales. " #: 5. /it 1% J& Halomonas Az Acidimi-
crobiales. Halomonas 4| FR2 Mg R B, Mk B
NaCl A AR K AT, B TR B, FE T #h %A%, pH 7.0~
10.0 B tHEEAE K, & REAR B H SRR B S0 B AR FI 75
FR, 1E B E R 77024, 1t B £6 5 i B B Halomona-
daceae J% "€ £ ¥ i 1 J& Halomonas X A A% 5 81 B
FBE R ER, 35t 58008 5e

S LY 18 b X M A R Bl M T B, AR PR K &=
29 105.17 mm, 4 7% K £ £ 2 221.3 mm, 7 ¥R
7.7 °C, /il 42.23 °C, J LR -36.4 °C, 4F H IR
%2 699.87 hi#®], Ehid i 5 AAHa ™ H. NEHE

H R B B L A A IR SRR R B T I A K Bl A A
b FEV T R I KBRS, SR H R R Y
BUR, A5T R, RFRARS e o, JF H 3300, M <
e S E, T 5 A Bl ig e . AR DR ZH I Hi
WEFALR I, 76 N S0 S H R BB 3 5 AN % B R
W20 2 75 AT 1 J& Arthrobacter . 5% %5 4 J& Streptomyces .
ZE {1 FF & J& Bacillus. & 3k i J& Paracocccus Al 5 2 I
HHf 1 J& Sphingomonas, S {12 it A8 4 AE K AR Br 41 B
(PGPR), B A 7T SR8 T 14 9 il 1 K480 1 52 Jhh a1
B8 77, (B %A 70, B PH T3 AR 4 P55 0.06% 15
J& Arthrobacter.0.05% &% 5 # J& Streptomyces.0.31%
ZEFE AT B & Bacillus 5 0.03% 5 % B 5. i B J& Sphin-
gomonas. & i IX Fil 75 S SR IRl AT BE A PN 5 R H R Hb
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