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Differences of microbial populations between yellow greasy and
thin white tongue coating in healthy population

MA Guang-Qiang' LI Wei'”? HAN Fei> HUANG Xiao-Ying’ ZHANG Chang-Hua®
LIAO Yong-Cui' WAN Hong-Jiao' DING Cheng-Hua"'

1 College of Traditional Chinese Medicine, Jiangxi University of Traditional Chinese Medicine, Nanchang,
Jiangxi 330004, China

2 College of Medicine, Jiangxi University of Traditional Chinese Medicine, Nanchang, Jiangxi 330004, China

3 Jiangxi Hospital of Traditional Chinese Medicine, Jiangxi University of Traditional Chinese Medicine, Nanchang,
Jiangxi 330004, China

Abstract: [Background] Tongue coating refers to the substances covered on the tongue, which are
composed of food residues, microorganisms and epithelial keratinocytes of tongue coating. According to
the thickness and color of the tongue coating to identify the patient’s physical condition, is one of the
components of “Look” diagnosis, is one of the main basis for traditional Chinese medicine (TCM) experts
to treat patients with syndrome differentiation. However, there are few studies on the relationship between
the formation of tongue coating quality and microbial flora. [Objective] To discover the difference of
microbial flora between yellow greasy and thin white in tongue coating, and the relationship between the
flora and the quality of tongue coating. [Methods] The thin white tongue coating and yellow greasy
tongue coating of the young students were used as the research samples. The surface of the young
students’ tongue coating was scraped with a disinfectant cotton swab, and the tongue coating samples were
obtained, and sent to Shanghai Meiji company for DNA extraction. Then, 16S rRNA gene was amplified
by PCR, and 16S rRNA gene was obtained by high-throughput sequencing systems, and then analyze the
bacterial species in the sample by interactive sequence analysis software. [Results] There were significant
differences in the composition of the main flora between the yellow greasy tongue coating and the thin
white tongue coating. At the level of genus and species, the composition of Actinomyces was significantly
different, The content of Actinomycetes in yellow and greasy tongue coating was significantly higher than
that in thin and white tongue coating (P<0.05), while the content of Porphyromonas and Moraxella in thin
and white tongue coating was significantly higher than that in yellow and greasy tongue coating (P<0.05).
[Conclusion] The thick, yellow and peculiar smell of the yellow greasy tongue coating may be caused by
the high content of Actinomyces; Moreover, some Actinomycetes can cause aggressive bacterial diseases,
called actinomycosis. Therefore, the occurrence of yellow greasy moss in healthy people may indicate the
potential early warning of inflammation in the body. Moraxella and Porphyromonas were significantly
more than those on yellow and greasy tongue coating, indicating that these two normal flora might played
an important role in maintaining normal tone and tongue coating function.

Keywords: Tongue coating, Normal flora, High-throughput sequencing, TCM diagnosis
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T T R TR A Y R
ERZES, AR BN BT 0T A FIAS LA
FEBRXN G, REH AT & AR S EHEA,
PEHUE DNA J7, HEZBMZEYZBEA 16S TRNA
FEHE G Y PCR P73 16S RNA K 5% ik
XHEWEARH A RA RS T 2L E )T, 4R
i 38 3 R A A U 3 B A A AR A B T N
B HE IR 2 SR O

1 RS
1.1 ##

M2 4] DNA #2550 &, RARA:1k
FHELALE)ARA

SREENRE: 2017 TG 5 25 K2 P R 2 e
s A (B 24, & 26)F1 2017 HAEY TRE
VAR (T 40, 2 34); RbEbpiE: BIRE# -
I BRSOk 5 25 R 1 & B REAS ;. T
F S BUT IR BN | SR EHE 1 B REA
(& 1),
1.2 Fk

RFETT I s SRS G LR IR 5 AR 32 £ Rl
FREOT, JeH KA k)5, —ktEF
EPCKEEIFH R, H— AR SRR S A
02 mL A4, F 5 mL —RAMEES R 2 mL G
WA TR K e, PR ORAE T 5 mL SRAE B
i, UKEARAEN . 80 °C UKARARAFAEAS

R DNA BOHEBO . BURES: T 12 000 r/min
205 min i, KB EWE, H1 mL KE/KEER
W, RIEHEA DRI FHEY] DNA $#2BGF &

x1 HEHBRER

Table 1 Collected samples of tongue coating

1.5 mL W ELE . Rl n S e 2 BRI HUE
DNA, 20 °C /KR 17, FraMEmsg—ik B
A B 2B AT BRI 2 w1 R 43 0T o
1.3 16S rRNA E[EH PCR #1875 7%

FIHT 16S rRNA B E AR X V3 X318 5
¥ 338F (5'-ACTCCTACGGGAGGCAGCAG-3")Fl
806R (5'-GGACTACHVGGGTWTCTAAT-3")# 17
PCR ¢4, i3t PCR 9" v Bt K J&E 2 468 bp. PCR
FWARZ (20 pL): 5xFastPfu Buffer 4 uL, dNTPs
(2.5 mmol/L) 2 uL, 1E[5|#)(5 pmol/L) 0.8 uL, JZ
M 51 % (5 umol/L) 0.8 pL, FastPfu Polymerase
(5U/uL) 0.4 L, FE[F4 DNA #i4 10 ng. PCR JZ
W& 95 °C 30 s; 55 °C 30 s, 72 °C 30 s,
30 MEF . FH PCR ¥l 45 MiSeq PE U %, i
T Nlumina MiSeq @ &FE, KA EEBTE
LN AT EEE B2z o, B4 o 2Rk
Br. B Z2FEMET . WHRESSHISHT . KEGG Tifig
U4
1.4 HitFESH

KA SPSS AT Ryt . ¢ ke, EZ
BRI . HOCME AT, XUNFEES P<0.05 Fon i
FEZES, P<0.0] FRESWBFH.

2 HRE5404
21 FEHK

REE 19-25 B APHESE AL A F T
HEARGE D, HEHEATE 114, ®hE
2 A1, KD miihEERE. 0l AR
R MHEATEEEWE. SEA . GRR.

FE 24 R T B FE i Tongue coating samples AR AT Age range ST Total
Sample name 3 H: Boy students M= Girl students

WS Al A2, A4, AS A3, A5, A7, A6, A9, Al0, Al 19-25 1

Thin white tongue coating

T B1,B2, B3, B4, B5,BI1  B6, B7, BS, BY, B10, B2 19-25 12

Yellow greasy tongue coating
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B1 &F&BEA

Figure 1 Samples of tongue coating

IE: BB: #iH#H; HN: BGHE.

Note: BB: Thin white tongue coating; HN: Yellow greasy tongue
coating.

2.2 16S rRNA EEHY PCR # &5 R

T EFEAYLEUE DNA J5, H 16S rRNA A
(38 5 1 1EFT PCR, ¥ & AL A Wi v
TRFAEIX 468 bp B, 1%3 B ERE A i Tk 45 SR L
Kl 2. PCR ¥ ¥4 Wik 113635 W B 25 R AT
B ] g L DT

bp M 1
1 000
750
500

250
100

B2 PCREEER M 16S rRNA EE KB
Figure 2 PCR products of 16S rRNA gene from samples

2.3 EEHAERAEAMRSN

W AAE = Venn BIGETHH A 8R4 o3 il B 4
ATRRREAR, KBS E I AT 17400
374~H 66 FF 128 M@ 229 P B HEE E A
B BT TR A A E e 225, 7EH |
g, M A —ERZERGE 2, K 3). 1
5 & Jw K LR AN ERA - Blautia |
Caulobacteraceae . Sphingomonas . Sphingobium .
Bradyrhizobium

Curvibacter . Mesorhizobium .

Muribaculaceae . Chitinophagaceae . Cupriavidus

F1 Pseudoramibacter; ¥ifiH & FAFA B HEFA

Zymomonas .  Bacillus .  Brevundimonas .

Bifidobacterium . Moryella . Parascardovia .
Enterococcus . Bacteroides . Peptoanaerobacter .
Pantoea . Leuconostoc . Howardella . Acinetobacter
M Weissella, fEFKF E2EFHER, BRT 191 Ff
HERRAN, W EA 14 FRAER, S5O

EA 24 PR RN (R 2).

2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23

e 1-11: WG E (HN); 12-23: #7175 % (BB); M: DL2000 DNA Marker.
Note: 1-11: Yellow greasy tongue coating (HN); 12—23: Thin white tongue coating (BB); M: DL2000 DNA Marker.

K2 EERBEARERSH

Table 2 Analysis of the differences in composition of the flora of tongue coating

K WA SR R A W BT A R

Taxonomy Specific flora of thin white tongue coating ~ Common flora Specific flora of yellow greasy tongue coating
["] Phylum 0 11 0

4 Class 0 17 0

H Order 2 34 1

B} Family 5 56 5

J& Genus 11 101 14

Fl Species 14 191 24
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Relative abundance (%)

0.1t
0.01 e
m = T -
0.001 . L .
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OTU level rank
B Venn

B3 FEHGBEESH(A)F Venn 217E K (B)
Figure 3 Results of OTU analysis (A) and Venn analysis (B)
. HN: @5 & ; BB: WANH.

Note: HN: Yellow greasy tongue coating; BB: Thin white tongue
coating.

2.4 HEBES TSR

X ISR 0 AR A R A7 2 1A) AR RL 1 53 A
Ko 2h A 22 ) P . lsd PLS-DA 2, I
i ¢ /N — T 15 H) B 43 M7 (partial least squares
discriminant analysis) J K7 I R 45 & &L 5 4028
ERMFEXER, R TEFKE L, &
JA T i A T B AR AR OUR B (] 4), B
W E I B AR I X 5 B AS [R] XS
2.5 FEMHMAEFEEREZMHNE

FIFHAAG = F B B AR T Wilcoxon
rank-sum ZH [A) 3= BF 22 PRGN R B, 7T TKF B
(#3): BEEMEAEE FLARE R w
P AT JRRERT ] . AT DL RO
'], S HUARTE 5%LA b (R IB BT 1A BRI 2
Sy BIRWITEHRKGTESEN 32%, MIE

PLS-DA on species level

COMP2 (14.24%)

-10t AB4

41210 8 6 4 2 0 2 4 6 8
COMP1 (14.40%)

4 PLS-DA (HiElfBIED ML R

Figure 4 PLS-DA results of similarity analysis among

groups

1. HN: &EE; BB: WHEE.

Note: HN: Yellow greasy tongue coating; BB: Thin white tongue
coating.

K3 EEHRBEEERSTER

Table 3 Community analysis of samples from tongue

coating
WA Flora Sk EIEEH HAlER
Py Yellow greasy 43#f P {H
Thin white fngue P value of
tongue coating (%) composition
coating (%) difference
analysis
AL ) Proteobacteria 21.89 32 0.1858
WAFHE I Bacteroidetes 27.91 28.20 0.829 4
WAT B 1] Fusobacteria 10.42 8.23 0.1318
JEBETE ] Firmicutes — 28.15 24.80 0.372 2
TRZH ] Actinobacteria 8-29 5.49 0.254 9
Patescibacteria 2.03 0.006 2**
W] Cyanobacteria 0.001 4%*
Epsilonbacteraeota 0.003 4*

Note: *: P<0.05; **: P<0.01.

AT E ERA 21.89%, BRSEHET ITEMARES
S ARREP>0.05), WHGIT#E L, SPSS 41
[A) 22 e BT KB, Patescibacteria A5 A
I"1(Cyanobacteria)TE ¥ il & M HH & FHANK
B ZEF(P<0.01), Epsilonbacteraeota HAT i35 2
5 (P<0.05) (K 5A). WHFFEEREKELERD
FEVE o R B, RS JE 0 g i 7E R
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A Wilcoxon rank-sum test bar plot on phylum level mBB
95% confidence intervals WmHN
Bacteroidetes [N S e 0.829 400
Proteobacteria [ — f—@—  0.185800
Firmicutes [ —e— 0.372 200
Fusobacteria [ - 0.131 600
Actinobacteria [k o 0.254 900 2
Patescibacteria Jg k=) **0.006 167
Epsilonbacteraeota | [ ] *0.033730 &
Spirochaetes | @ 0.689 000
Cyanobacteria | [ **0.001 353
Tenericutes | ® 0.175 600
Synergistetes | L) 0.073 010
L 1 1 1 L 1 1 L 1 1 1 1 1 1 1 J
0 10 20 30 -15-10-5 0 5 10 15 20 25
Proportions (%) Difference between proportions (%)
B Wilcoxon rank-sum test bar plot on genus level == BB
95% confidence intervals == HN
Neisseria [ — b e { 0.406 400
Prevotella_] —e— 0.926 400
Streptococcus [ —— 0.518 100
Veillonella R —@— 0.441 700
Haemophilus = —@— 0.406 000
Leptotrichia [ o 0.406 000
Prevotella R —o—i 0.829400 g
Fusobacterium [m HOH 0.069 430 S
Porphyromonas (™8 2 2! *0.045470 ~
Rothia R —o— 0.179 100
Actinomyces [am HOH #0.007 423
Alloprevotella g HOH 0.281 500
Granulicatella [} -9 0.735 000
Moraxella = —o— *0.033 560
Lachnoanaerobaculum g —e- 0.090 550
0 4 8 12 16 20 -10 -5 0 5 10 15 20
Proportions (%) Difference between proportions (%)
C Wilcoxon rank-sum test bar plot on species level == BB
95% confidence intervals == HN
Neisseria subflava [ — ' L | 0.406 400
Prevotella melaninogenica ATCC 25845 g - 0.441 700
Unclassified g Streptococcus e —e— 0.600 900
Unclassified g_Veillonella R i 0.479 100
Haemophilus parainfluenzae T3T1 H-e— 0.340 100
Fusobacterium periodonticum Lo 0.079420 ,
Unclassified_g_Leptotrichia - U220 T:;
Unclassified_organism_g_Rothia - 0.406 000 =
_organism_g _ roH +0.028900 ™
Unclassified _bacterium_g_Porphyromonas ° 0.600 900
Unclassified_g_Prevotella @1 + 0.012 680
Actinomyces odontolyticus g [P 0.102 900
Unclassified_g_Prevotella_7 g Y 0.735 000
Unclassified_g_Moraxella = e * 0.033 560
Unclassified_organism_g_Lachnoanaerobaculum [ o 0.102 900
0 4 8 12 16 20 -10 -5 0 5 10 15 20
Proportions (%) Difference between proportions (%)

B5 HEEMEEARESREEESN

Figure 5 Significance analysis of the difference of microbial community composition between groups

H: HN: @& BB: WHAFE A DK E2RBEMEMT; B: JBAY E2ERBEWIN; C: Fuk-F k2R BEVEIT.
Note: HN: Yellow greasy tongue coating; BB: Thin white tongue coating. A: Significance analysis of the difference on phylum level; B:
Significance analysis of the difference on genus level; C: Significance analysis of the difference on species level.
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EMEATE LR FERAEZER, [HEK
28 T J& (Actinomyces) 1) 41 1%, H A e 8 # 2 7
(P<0.01), BEEE &R &S TS
B I T B R A PRI TR JE (Porphyromonas)
LT [ & (Moraxella) ) & &t B g 5 28 il &
&, 25 BEP<0.05) (Bl 5B). fEFKY I, #HH
T AT B AR O TR . PSR BRI TR AN B G
22 57 .25 (P<0.05) (K1 5C), e RAE K-
25 B EE 8. XRWURHEEMHEOHE
(R TR FEE 0 AT T2 BT . ISR P 7 R S 7 [ T X
3P LA R ELES, ATRESEGEEREA
[ ) R 22—
2.6 EREFER
FI 30 5 #r

FEHAIE =G LEfSe ZRYFhd A 255
FEP R s A m S AR E R, F
ZENTT. M. HL B R RS G TE
B T 22 SRt . B 6 ATRAAIMH, R
W E R U R LR & (Actinomyces) ; T
T B R R S G R R (Moraxella) Fil
NI B & (Porphyromonas), IEZE ST Wilcoxon
rank-sum P9 TR 25 5700 B4l R — 30
3

T HIERBRREE 2, MY RREA A
HHEMFERHNZ —, RELEREHAFE
M BEREARS, 4 16S rRNA FER [ 8 il
¥, FIH EEEEY LB a6 oA
e A RO B S ARIE A
A2 AE o A 0 AR 0 AL B AN TR) A T RE 2 R
HE B EE R

e, FIRAYI = FH PLS-DA 43T ikt
KN BT T R B AL AR, &
M BEREAME AT SRR B X 5 2
DX, DERAAEACR AR R B T o™, Xt R
B B O E B LY R R AR AT B
25t (El 4).

E&E R LEfSe ZRYIMESR

Hwk, ®A1#E & 4E1E = FH Wilcoxon
rank-sum 25 [] 5 B 2 S5 04 4G 0 b A R AR R 2H
B, FET KA B A B A A% AR M ny 2
B, AR TR B & DU AR
ME RN AT ] (Fusobacteria) . HFFH ]
(Bacteroidetes) . JEBEVE [ |(Firmicutes). ZF L]
(Proteobacteria) . XL ] (Actinobacteria) & &
TAEYI R F R R . X FPMESE 2018 4EAYAF
FERMEAZD, BRI E MW AT EE
X FEEFAN A -5, HEERA
W%, ShEREFEMLL, &5 R E MU
& miE IR E, X a] g8 H M &
BHmEZAK, ®\EE LW Patescibacteria

W2 DA D A TR A T A 2 R I S T
THZ, HAWEE 25 P<0.01) (B 5A);
Patescibacteria J&=—Fh-5 HAth 21 i 3 Az 1 JE R 2 458
NEYAFRCAEY, B ETCA A P SR B R R
AU eI s AR RS &
W= RE, Patescibacteria TE1EH Nl AR XE A
B, AR LT K ANE TR ok R e e T
Patescibacteria T A] BE /&1t iR T 75 SR Y 3
BRRNZ —, (EXFAME AR i
BRI ERE, AR — PR L. HaH
BRI ASGER . ATHOCE R R R
R TR A ek T A R M 3 PR LR T
Wi, BHERAZ, NEWHEMAYN FER
B, FEBELEWIEANEN, EHEHTHEA
Mo s, FrLA—CERRE - A R, XA AT RE A B
Ji T BT B AR 43 I A

1K, it Wilcoxon rank-sum = J& 22
SEPERAT LEfSe Z29WFh 2570001, AWk
B, BGEE B R R RS T AT E,
1117 525 5% 2.2 (P<0.01) (K] 5B); 1ERIKF E AT
B THIZI SR (& 5C). LEfSe ZHWFh 270
RUBMEARWERREE PR ES THA TS
(# 5), XU A AT RE S RS & B —A
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Cladogram

=
i

BB
BN

mm a: p_Cyanobacteria mm x: g Weissella

mm b: ¢ Oxyphotobacteria mm y: s Weissella cibaria

mm c: o_Chloroplast W 7: ¢_Erysipelotrichia

mm d: f norank o_Chloroplast B al: o Erysipelotrichales

mm c: g norank o Chloroplast mm bl: f Erysipelotrichaceae

mm s Brassica_napus_rape_g norank mm cl: g Solobacterium

mm g g Prevotella 2 mm d1: s _unclassified_g Solobacterium
mm h: f Porphyromonadaceae mm ¢l: p_Patescibacteria

mm i: g Porphyromonas mm f1: ¢_Saccharimonadia

mm j:s_uncultured bacterium_g Porphyromonas mm ¢l: 0 Saccharimonadales

mm k:s unclassified_g norank f Lentimicrobiaceac ™R hl:{ Saccharimonadaceae

mm | g Kingella mm il: g norank f Saccharimonadaceae
mm m:s_uncultured_bacterium_g_Kingella = j1:s_uncultured_bacterium_g norank f Saccharimonadaceae
mm n: g Moraxella mm k1: 0 Actinomycetales

mm o:s_unclassified g Moraxella m |1: f Actinomycetaceae

mm p: o_Enterobacteriales mm ml: g Actinomyces

mm q: f Enterobacteriaceae mm nl:s Actinomyces odontolyticus
mm r: g Pantoea mm ol: s unclassified g Actinomyces
mm s:s unclassified g Pantoea mm pl: p Epsilonbacteraeota

mm t: ¢_Deltaproteobacteria mm q1: c_Campylobacteria

mm u: g Butyrivibrio_2 mm 11: 0_Campylobacterales

mm v:s Eubacterium sp oral clone GI038 mm s|: f Campylobacteraceae

mm w: f Leuconostocaceae m t1: g Campylobacter
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LEfSe bar

g Moraxella

s _unclassified g Moraxella
s_uncultured_bacterium_g_Porphyromonas
g _Porphyromonas

f Porphyromonadaceae

=m BB
== HN

o_Actinomycetales

f Actinomycetaceae

g Actinomyces

s_Actinomyces odontolyticus
p_Patescibacteria
o_Saccharimonadales
¢_Saccharimonadia
f_Saccharimonadaceae

g norank f Saccharimonadaceae
s_uncultured_bacterium_g_norank f Saccharimonadaceae
g Prevotella 2

f Erysipelotrichaceae
c_Erysipelotrichia
o_Erysipelotrichales
s_unclassified_g_Solobacterium
S ©_Solobacterium
I @ Campylobacier
o_Campylobacterales
I  Campylobacteraceae
p_Epsilonbacteraeota
¢_Campylobacteria
s_unclassified g Actinomyces
g_Kingella
s_uncultured_bacterium_g_Kingella
¢_Deltaproteobacteria

s_Weissella cibaria
g_Butyrivibrio 2
s_Eubacterium_sp_oral_clone_GI038
g Weissella

f_Leuconostocaceae

o_Chloroplast
s_unclassified g Pantoea
¢_Oxyphotobacteria

f norank_o_Chloroplast
g_norank_o_Chloroplast
p_Cyanobacteria

g Pantoea

f Enterobacteriaceae
o_Enterobacteriales
s_Brassica_napus_rape_g_norank

s unclassified g norank f Lentimicrobiaceae
1 1 | 1 1 1 1 1 ]

45 40 35 30 25 20 15

1.0 05 00 05 1.0 1.5 20 25 30 35 40 45
LDA score (log10)

E 6 LEfSe ZE{HHtABREEER

Figure 6 Microflora differences among LEfSe multi-level analysis groups
: HN: ®REE; BB: #IHHE. A: LEfSe ZHWFZHME; B: LDA HHIHIEE.
Note: HN: Yellow greasy tongue coating; BB: Thin white tongue coating. A: LEfSe hierarchical tree; B: LDA discriminant histogram.

PRAGTERE, A R RER S EOREE E A RN
Z—o MR R 2R FRZ A M T A Yy,
ZRBHPER, T LRSS 2R
AT, B AEOR | B R A

FER s TR R R s LA A U
J& T 8 i T RN IR AR A TE NI A TR
FEUCTY A s g 2 T AT L B4R 5 e A T R
W, BCAR s AR R AT R R R TR A
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HANTRG VLB, AL AE N5 T B
B AT AR I3 25 20 175 18 P IR e S R 1
(B, XSEBIR IR R BRI, e
AR E , ATE—E T E ORI TE
)R AL

A, fE@MAKE F, wWrEE sk
& (Moraxella) N NI 5 J& (Porphyromonas)
BEHEREE 1IZ£P<0.05) (K 5B, C); ZLfi
B (Moraxella) j&:—F i 2 IR IAMEAE A TR, &
TR H WA, J—Fos A JCEOw TR i . i
W 5 5 T o — BRI 10 S TG TR A0 T 7T A3
P, FLANV A2 KSR R (M. atlantae)n] LA 5L
Mt T T B R R A TR — /N TR R 4R
B2 Y RESh ek R, W oy, BE
At KEZRRAMWERE, WKEI/NEFZEm
Sy HAE I B R — B AAE T S H g
B, AR . BE A E . AR S A bk
RIS (P. asaccharolytica), 2 1T & H 4 Al 2
2F Wi b LA — R R R RO,

L BTIA TR TR R R 3G 2] AR i G
B FEF N Z —, ¥R &P E Lot
Sy Fh AR AT 8 T B ok S 48 TR B i PR & LT
A rEEmR . RERSEHEANERD, Wik,
it BRE A L 30 B I PT E 2 1AS PN 7 AR 1 T 1Y)
RIGES, ATk — B gmec sk, Wigs 7
THTIA
s

T A A B R R R A A
HR2zR, HETERE. @l GRK, A7
BES& Patescibacteria . Wi IR F RS B
FTEL HARTE RN RS B
Mrcst, BGE & F A # B REAE 8 AFh oK F
FESRE T HA S S, XU R A AT AR R
BE B EER R Z — . A LR ] L
SRR M EBR , ARAE L ER .

e, R BB AT — e R R R RN
TRTER R IETIE
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