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[ Abstract]  Objective To investigate the characteristics of gut microbiota in SD rat model of diabetes mellitus
induced by streptozotocin (STZ). Methods Twenty-five male SD rats were randomly divided into control (C) (n=10)
and diabetes (M) (n =15) groups. Rats in the group M received intravenous injection of streptozotocin (30 mg/kg) once
per day for 5 consecutive days. Fecal samples were collected and examined for the V3 region of the 16S rDNA gene by
[llumina Miseq high-throughput sequencing. The abundance and composition of gut microbiota were analyzed by cluster
analysis. Results DNA sequence analysis was successfully performed. The Chao 1 index was lower in the group M than
group C (P < 0.05). The Shannon index was lower and the Simpson index was higher in the group M than group C (P <

0.05). At phylum level, the relative abundance of Proteobacteria, Cyanobacteria, Tenericutes, TM7, and Actinobacteria
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was lower in the group M than group C (P < 0.05). At genus level, 4 weeks after injection, the abundance of Lactobacillus

was lower and that of Bacteroidetes was higher in the group M than group C (P < 0.05). 12 weeks after injection, the

relative abundance of Lactobacillus , Bacteroides and Ruminococcus was higher and that of Bifidobacterium was lower in the

group M than group C (P < 0.05). Conclusions

This STZ-induced diabetic SD rat model has a low abundance and

diversity of gut microbiota. Quantitative analysis of gut microbiota composition in this animal model provides a basic data for

the study of relationship between diabetes mellitus and gut microbiota.
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Tab.1 Changes of body weight and blood glucose in the rats after STZ injection( x + s )

K (g) 1% ( mmol/L)
Body weight (g) Blood glucose ( mmol/L)
21 5] YA 4 T Vi A Vb i
v g ~ R 12 S R 4 A R 12 4
Groups Befe ﬁtﬁﬁ-{]ﬂtion 4 weeks after 12 weeks after Befc )]i/fijiuction 4 weeks after 12 weeks after
BB injection injection BB injection injection
(n=10) (n=10) (n=10) (n=15) (n=12) (n=10)
i HE 4
. HIREAL 165.43 +£18.22 326.32 +£21.79 450.73 £37.32 6.01 £0.72 5.99 0. 66 6.07 £0. 59
Control group
IR 4]
Rl 164.39 +17. 88 222.48 +17.31 " 209.48 +22.72 " 5.98 £0. 63 25.43 £5.65™ 27.73 £5.94 ™
DM group
T SXHRALHEE, P < 0.05, ™ P< 0.01,

Note. Compared with the control group, *P < 0.05, ™ P< 0.01.

R2 BAEIEGI TR (2 2 s)

Tab.2 Analysis of the filtered reads of the samples( x + s )

JE R T AL Reads %4 i U5 R B Reads 21 1o o S 4 L A5
Raw reads Clean reads Clean reads rate( % )
o131 ERL4 A TR 12 JF] ERL4 A TERL 12 JH T4 ERL12
Groups 4 weeks after 12 weeks after 4 weeks after 12 weeks after 4 weeks after 12 weeks after
injection injection injection injection injection injection
X HEZH 112 319.6 + 103 799.6 + 104 488.8 + 104 836.8 + 93.02 + 98.53 +
Control group 1855.99 2085. 05 1939.22 4532.33 0.45 0.23
[l 112 645.6 + 102 800.0 + 102 648.4 + 101 129.3 + 93.08 98.53 +
DM group 5300. 98 3111.24 2078. 43 2904. 81 0.32 0.15
P1E 0. 8932 0. 7898 0. 8762 0. 6977 0. 8912 0. 9231
=y i s N -
Nt BES 154 Reads IR T 0. 1%
U.’,W‘J Ratio of ref;ld - U Raw Reads L) B3 (SR 3]
| containing s Adapter Polluted Clean Q30 Bases ratio
i sontaini o o
Croups N > 5% (%) Reads ratio( % ) (%)
R4 WA 12 vy T 12 JA by | WA 12
4 weeks after 12 weeks after = L 12 weeks after 4 weeks after 12 weeks after
C . 4 weeks after injection L C L
injection injection injection injection injection
X HR 2
0. 00 0.00 0. 00 0. 00 93.82 £0.22 89.75 +£0. 33
Control group
FEAIL]
0. 00 0. 00 0.00 0.00 94.14 £0. 40 89.62 £0.37
DM group
P1E - - - - 0. 5432 0. 7689
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R4 OTUs 1836 77 51 5 Ficdis e 1 B SO xt L,
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A [R5 T 3R A5 1 OTUs B/, 5 X B4 i 2 5
HBEME(P < 0.05), Chaol EECEUE MK FE/RH
BEFERE R, B ZH Chaol 525078 /1 B R] o5 14 5
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Tab.3 Comparison of the a-diversity indexes of gut microbiota between the control and diabetes groups( x + s )

OUTs Chaol

Shannon index Simpson index

4% W2 k4
215 v 12 A w4 i

R 12 A

4 A TR 12 JH mE4 R B2 A

Groups ... 12 weeks after 4 weeks after 12 weeks after 4 weeks after 12 weeks after 4 weeks after 12 weeks after
4 weeks after injection . |~ R S C L L L
njection injection njection njection njection njection njection
X HRZH 133.0 138.2 = 226.73 = 219.73 = 3.44 = 3.29 0.089 6 + 0.088 8 +
Control group 21.5 14.2 42.99 45. 44 0. 87 0.81 0.049 9 0.051 2
i EE 108.2 + 101. 4 = 187.49 = 173.21 = 2.38 & 2.29 £ 0.124 3 + 0.1199 =
DM group 25.0 16. 04 36.42 39.42 0.75 0.74 0.070 4 0.069 8
P1H 0. 0001 ** 0. 0000 ** 0.0194 " 0.0212" 0.0382" 0.0321" 0.0415" 0.0421"
T S B L, " P < 0.05, " P< 0.01, (F#I[F)

Note. Compared with the control group, *P < 0.05, ™ P < 0.01. (The same in the following tables)

R4 HEEBET D LR +5, %)

Tab.4 Relative abundance of the bacteria in gut microbiota at phylum level in the control and diabetes groups( x s, % )

JEEERT] PR JEREDET 1/ AFFIRT] BIGHIT]
15 Firmicutes Bacteroidetes Firmicutes/ Bacteroidetes Proteobacteria
A5 " ” - - - - " -
Groups R4 JH TR 12 JH R4 JH W12 4 b | A 12 JH WwWE4 R 12 A
4 weeks after 12 weeks after 4 weeks after 12 weeks after 4 weeks after 12 weeks after 4 weeks after 12 weeks after
injection injection injection injection injection injection injection injection
Xf BR2H 59.65 = 58.07 = 35.18 = 37.13 1.70 = 1.56 + 2.49 + 1.62
Control group 13.98 10. 65 13.46 10. 09 0. 47 0.49 0.50 0.13
BRI 60. 04 + 59.47 + 36.33 = 38.55 = 1.65 = 1.54 + 1.96 = 0.83 +
DM group 21.23 12.78 19.79 0.51 0.58 0.23 0.32
P1H 0. 4529 0. 6783 0.5378 0.4212 0. 0592 0.0611 0.0241 " 0.0362 "
TEHERT] BREETR ] PR
. . L T™7
5 Cyanobacteria Tenericutes Verrucomicrobia
21
Groups by G AR 12 JH] AL 4 JH AR 12 JH A4 A T 12 JH] T 4 T TR 12 ]
4 weeks after 12 weeks after 4 weeks after 12 weeks after 4 weeks after 12 weeks after 4 weeks after 12 weeks after
injection injection injection injection injection injection injection injection
Xf BRZH
1.20 £0. 45 0.27 £0. 11 0.27 £0.02 1.47 £0.95 0.19 £0.01 0.20 £0.08 0.06 £0.01 0.05+0.01
Control group
(I TR
0.40£0.05  0.07+0.01  0.16+0.02  1.06 0. 17 SR - 0.02+0.00 0.020.00
DM group
P1E 0.0324 " 0.0013 ** 0.0452 " 0.0325 " 0.0317 " 0.0413 "
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] RERTHI] LRIFTHI]
J Actinobacter Elusimicrobia Chloroflexi
2 - ] ]
Groups R4 A AR 12 JF] R4 A TR 12 JH R4 TR 12 A
4 weeks after 12 weeks after 4 weeks after 12 weeks after 4 weeks after 12 weeks after
injection injection injection injection injection injection
X‘Jﬁﬁgﬂ ACHIEA ANCHIHA AN HIEA ANCHIHA
. 1.54 +0.11 1.29 +0. 06 I A I (oA I
Control group
BRI DM group 102 £1.29 A H A JK: - - -
PAH 0.0112*

2.2.4 JHEREBELET LU AKSE AR A

TERLKSE X 10 ASFE X =F BE A i 1Y B R 740
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Tab.5 Relative abundance of the bacteria in gut microbiota at family level in the control and diabetes groups( x +s, %)

TEJE KT X 10 AR = B2 A i I PR AR A 740
e 4 S it A5 R 20 FUAT 18 )& ( Lactobacillus ) AH
X]LEE FEA 0T B8 & 19 ( Bacteroides ) #H Xt = Ji 1
i, X IR AL LB 2E e A R (P <0.05) , T
12 E] NV FLAT B B (Lactobacillus ) 8 H BR#H &
( Ruminococcus ) AUFT i J& ( Bacteroides ) A0 X%F = i 44
f%] KU KT 5 & ( Bifidobacterium ) #8%F F B [RAK, 5
P2 AT B E (P <0.05) .

(%£6,K2)

FLFF R TR .
. . Ruminococcaceae Prevotellaceae
15 Lactobacillaceae Bacteroidaceae
2H! " " " - " ” ”
Groups R4 JH 12 4 R4 JH TR 12 JH R4 JH TR 12 JA T4 B B2 W
4 weeks after 12 weeks after 4 weeks after 12 weeks after 4 weeks after 12 weeks after 4 weeks after 12 weeks after
injection injection injection injection injection injection injection injection
X I ZH 11.93 = 12.10 = 10. 85 = 1.63 = 23.53 = 21.66 = 12.52 + 17.99 +
Control group 3.62 3.49 3.23 0.31 9.26 8. 88 3.23 2.98
R4 11.03 + 20. 40 = 18.67 + 2.92 % 20.56 = 18.08 + 10.40 = 14.07 =
DM group 3.79 5.01 5.23 0.58 8.21 9.29 3.05 5.22
P1H 0.3117 0. 0463 * 0.0372 " 0.0481 " 0.3914 0.3129 0. 4557 0. 3745
S24 -7 TR @ it Turicibacteraceae
Lachnospiraceae
AL w4 A A 12 A w4 A W12 A w4 A A 12
Groups 4 weeks after 12 weeks after 4 weeks after 12 weeks after 4 weeks after 12 weeks after
injection injection injection injection injection injection
Xf REH
22.03 £7.44 23.65 £8.55 6.62 +2.25 7.12 £1.34 5.26 £2.05 4,98 +£1.22
Control group
AT
18.96 £6.02 27.06 £9. 54 5.91 £2.47 6.37 £2.11 5.02+1.23 4.13£1.34
DM group
P1{d 0. 1665 0.0242 " 0. 5780 0. 4453 0. 3438 0.5527
B WiFTiRFE Paraprevotellaceae
-~ Clostridiaceae Enterobacteriaceae P
2H! " " "
Groups A4 12 T4 JH A 12 JA w4 4 AT 12 JH
4 weeks after 12 weeks after 4 weeks after 12 weeks after 4 weeks after 12 weeks after
injection injection injection injection injection injection
X IREH
2.30£1.15 1.75+£0.23 3.07 £0.51 2.78 +0.95 1.42 +0. 06 1.59 £0. 12
Control group
RERIL
2.01 £0.92 3.32+£1.01 2.98 +1.29 2.25+1.01 1.39 £0. 44 1.21 £0.34
DM group
P1{E 0.4140 0.0134 " 0. 6338 0. 5438 0.2312 0.3514
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R6 mEEERAT LA x 5, %)

Tab.6 Relative abundance of the bacteria in gut microbiota at genus level in the control and diabetes groups( x + s, % )

FUAT EAH AT B IR XUBCHF T
J Lactobacillaceae Bacteroidaceae Prevotella Bifidobacterium
205
Groups W4 TR 12 A w4 TERE 12 J R4 TR 12 w4 B2
4 weeks after 12 weeks after 4 weeks after 12 weeks after 4 weeks after 12 weeks after 4 weeks after 12 weeks after
injection injection injection injection injection injection injection injection
X R ZH 20.85 12.1 6.93 1.63 + 14.53 + 18.73 + 2.33 % 1.96 +
Control group 5.22 3.01 1.62 0.11 3.26 4.99 0.51 3.23
R 16. 67 = 20.5 = 17.81 = 2.92 % 13.96 = 16.78 = 2.17 = 0.80 +
DM group 4.78 4.95 4.79 0. 60 3.21 5.21 0. 63 3.05
P1E 0.0492 " 0.0473 " 0.0171" 0.0484 " 0.7326 0. 2060 0.1152 0.0371°*
I 1 BRI . BT R
. Blautia . .
] Ruminococcus Oscillospira
215
Groups TR 4 TER 12 8 T4 7 TR 12 R iz | TR 12 )4
4 weeks after 12 weeks after 4 weeks after 12 weeks after 4 weeks after 12 weeks after
injection injection injection injection injection injection
X R
2.17 £0.32 1.28 +0.44 16.62 £2.25 19.78 +1.73 15.26 +1.05 18.98 +4.21
Control group
FRIZH
1.98 +0.44 3.09 +£0.92 14.71 £2. 47 15.94 +1.87 13.96 +2. 00 17.01 +£3.98
DM group
P1H 0.3739 0.0163 " 0. 2608 0.3579 0.1158 0. 3046
IR TR
SMBS3 Roseburia Klebsiella
4L o o e e - e
Groups wtia et 12 vt a vl 12 vlia et 12
4 weeks after 12 weeks after 4 weeks after 12 weeks after 4 weeks after 12 weeks after
injection injection injection injection injection injection
i HE 4]
FHRAL 10.30 3. 15 11.51£3.23 8.07 £1.51 10.45 +£2.96 1.42 +0.26 1.57 £0.32
Control group
Hi4
Fraal 9.41 £2.22 10. 54 +2.35 7.52+1.29 9.43 +1.01 1.21 +0. 14 1.66 +0.43
DM group
P1E 0. 2860 0. 4203 0.3739 0. 5432 0. 5097 0. 4498
Family distribution Family distribution
1.0 1.0- .
0.8 0.84
8 8
5 0,61 5 0.64
= g
2 0.44 2 044
& &
0.24 - 0.2
o4 E=SEED 04 [ B
Cl C2 C3 C5 Ml M2 M3 M4 M5 A c6 C7 c8 C9 Cl10 M6 M7 M8 M9 MIO
(] Others B Atacl W s24-7 [] Others L [m] |
B rie ionaceae [ Porphy W B (Mogibacteriaceae] [ | s T
W ver [} ) (Paraprevotell [m] B Coriobacteriaceae [ O iaceae [0 1
B [Odorb [ Hellcob [ B laccae [l B (0dor [ Desulfovi o id B runi
] -] B Clostridaceae [ Lactobacillaceae W6 B Enysipelotrichaceae [l Clostridiaceae [ s247
B (Mogibateriaceae]  [7] Veiltonell ] Tur ] B cisi " [ Lachnospi
P O | B Porphyromonadaceae [ Corynebacteriaceae [l Turicibacteraceae

T A SRS 4 5B GBS 12 J5 ;[ ¢ X BEgL, M BEig]
1 X RREFRIASE AL 2H Sl o 3 T REAE R K- R RE X 2 2
Note. A.4 weeks after injection; B. 12 weeks after injection; C. Control group, D. Diabetes group.

Fig.1 Relative abundance of bacteria in the gut microbiota at phylum level in the control and diabetes groups
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Genus distribution

Genus distribution

——d 0.84
081 ==
8 — 8
5067 5 0.64
g | c—1 g
2 £
o 0.4 o 0.44
2 2
= =
5] Q
~02 i 0.2
‘ |
0.0 . . ’ 4 . 0.0 B
Ccl C2 C3 ¢4 Cs Ml M2 M3 M4 M5 M10
[] Others | B
B Akkermansia [ B Turicibacter
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B2 o MR RIS R 2 0 g T R A 7P ARG 2

Note. A. 4 weeks after injection; B. 12 weeks after injection; C. Control group; D. Diabetes group.

Fig.2 Relative abundance of bacteria in the gut microbiota at genus level in the control and diabetes groups
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