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Structure and diversity of microbial community on the
surface of pottery figurines in the Hanyang Mausoleum

KONG Lin', CHENG Bei', ZHAO Jing', LIU Wenjing®, WANG Li?, SUN Yanmei’,
WANG Shiwei >

1 Han Yangling Museum, Xi’an 712038, Shaanxi, China
2 Key Laboratory of Resources Biology and Biotechnology in Western China, Ministry of Education, College of Life
Sciences, Northwest University, Xi’an 710069, Shaanxi, China

Abstract: [Background] Han Yangling Museum has been the largest group of pottery figurines
of the Han Dynasty so far found in China. A large number of nude figurines have been
unearthed. Archaeologists believe that these nude pottery figurines were originally dressed and
equipped with wooden arms, which are unique to the royal family and extremely precious.
However, there is no scientific support for these conjectures. In addition, the microorganisms
attached to the surface may corrode the pottery figurines. [Objective] To provide scientific
evidence for the speculation that clothes and broken arms exist by comparing the structure of
microbial community on the surface of the pottery figurines, and to provide targets for the
prevention and control of the microbial corrosion of pottery figurines in the Han Dynasty.
[Methods] The microorganisms on different parts of the pottery figurines were identified by
high-throughput sequencing and pure culture method. [Results] The high-throughput
sequencing results showed that the microbial diversity in female figurines was higher on the
head. In male figurines, the microbial diversity was high on the upper body, moderate on the
legs, and low on the head. The microbial taxa on the surface of the pottery figurines were
clustered according to the types and different parts of the figurines. The dominant groups were
Clostridia, Saccharopolyspora, Pseudonocardia, and Streptomycetaceae of Actinomycetes. The
relative abundance of dominant groups varied in different parts, and the relative abundance of
the functional microorganisms involved in the carbon cycle on broken arms was the highest.
The culturable bacteria on the head of female figurines were more than those on the head of
male figurines. The culturable microorganisms on the upper body and legs were more than those
on the head in male figurines. The upper body and legs may have been covered by clothing,
which provided the habitats with different nutrients for microorganisms. [Conclusion] There
were significant differences in microbial diversity and composition between the head and the
body of the pottery figurines in the Han Dynasty, which suggested that the nutrient composition
varied in different parts of the pottery figurines. Such differences might be related to the
covering of the pottery figurines with clothes or dye.

Keywords: Hanyang Mausoleum; dressed figurines; high-throughput sequencing; microbial
composition
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Table 1 Samples of Han Dynasty pottery figurines

for high-throughput microbial composition analysis

P9 REMATR R

No.  Sample name Abbreviation

1 LAk AR T NTZ
Front of female figurine head

2 LAk e I NTH
Back of female figurine head

3 A Sk R T 1 WTZ1
Front of warrior figurine head 1

4 AR K A T 1 WTHI
Back of warrior figurine head 1

5 A Sk IR T 2 WTZ2
Front of warrior figurine head 2

6 A Sk A T 2 WTH2
Back of warrior figurine head 2

7 A Sk IE T 3 WTZ3
Front of warrior figurine head 3

8 A Sk R T 3 WTH3
Back of warrior figurine head 3

9 v A = WSB
Upper-body of warrior figurine
head

10 SAmBrE WDB
Broken arm of warrior figurine
head

11 LB (i o= ] QSBZ
Front of cavalry figurine
upper-body

12 W EHEW QSBH
Back of cavalry figurine
upper-body

13 BRI QDB
Broken arm of cavalry figurine

14 T F= {7 RS QTB
Leg of cavalry figurine

15 B ZTB
Upright leg

16 SRR WTB

Leg of warrior figurine head
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Figure 2 Sobs index reveals the number of
microbial species in each sample of the Han Dynasty
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High-throughput sequencing analysis and evaluation of microorganisms in pottery figurine samples.
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Figure 3 Comparison of microbial diversity in different position of the Han Dynasty pottery figurines. A:
Shannon diversity. B: Simpson diversity. Different lowercase letters indicate significant differences, P<0.05.
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Figure 4 Venn analysis revealed the number of common and specific microorganisms in different position of
the pottery figurines. A: Head samples, upper body samples, broken arm samples and leg samples. B: Head
samples.
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at the bottom indicate the distance between samples.
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Figure 8 Characteristic microorganisms in different positions of Han Dynasty pottery figurines.
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Figure 9 Microbial carbon and nitrogen transport
and metabolism functions of different positions of
Han Dynasty pottery figurines. A: Carbohydrate
transport and metabolism. B: Amino acid transport

and metabolism. Different letters imply significant
differences, P<0.05.
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Figure 10 The number of culturable bacteria on
different positions of the Han Dynasty pottery
figurines.
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Table 2 The representative strains in different
positions of Han Dynasty pottery figurines

HRG S H AR

Strain No. Strain name

NTZ-1 Bacillus sp.

NTZ-2 Bacillus simplex

WTZ2-1 Terribacillus aidingensis
WTH3-2 Bacillus licheniformis

WTH2-2 Lysinibacillus parviboronicapiens
QSBZ -1 Bacillus muralis

QSBH-1 Bacillus subtilis

QSBH-2 Bacillus megaterium

QSBH-5 Bacillus cereus

QSBH-3 Escherichia coli

QTB-1 Bacillus oryzaecorticis

X5 V8 B3I N H A # B AR T %) F 5% S 7R
B B4k 1 s (Pseudonocardia) ARG P45
B, HAe RIS YA mEE N,
Li S50 e i I 4 A o B AR R
TR B A RN LT Y 43 A R 2 R $8 R
1% W1 QTR S (Crossiella) 7E— S5 E(G | 5 A T #
AT, s T RE S ALRAVE R, I i 4k R
B F B4 B T — % Bacillus . Pseudonomas .
Pantoea F Erwinia WHME, KILIIIT 73251
PR RS JIE 1R 45 OB A B A P o T oA — 2
HNEREE, A% EhHh T 2L SN S, R
R 5326 31— L EE RS TRRH (Streptomycetaceae) | B
W K W B (Pseudonocardia) . 78 i T )R
L R /NI 5 &
(Phyllobacterium) =1 Hrin ikt B,
b % W & (Streptomyces) Fl 18 i K K & )8
(Pseudonocardia) R PRREHS 25 3R CO,
(FE7K T #R358 rp &5 i 2 ) IR U PR 75 22 1Y
Yy, X FBEA A LS CaCOs fliA!
Zi BRI UL, B JLSS AR Py mT Bt b R T SC
Yy ks FEERPER .

(Stenotrophomonas)

Wy {2 B i) S8 G TR & (Cohnella) 5 & E AL
W E R (Nitrososphaeraceae) 5 L AL, A7 UG
P& A S ZR AT TR N I — 2R 22 IR R N AR
I AT, H B RE AR RNE i, 5FA
ARRBEREREE, "I ROK IR ARl . Tk
AR AR RN k0 A0 R 1) T A G
I3 NREAR G BAARRRER D, SIS
=0y 2—, SafURTEEER o AR R R 4
%, WS BB RrE AR BRI EA KR,
AR BT TR o3 vh o AR, TE R AL b s
TR . Mok, P Fp B A A
Bl(Nitrososphaeraceae)fiXt E K &, 4l A
AHAERTE , E stz 80 CO, B #H ik
AE A K . 28 RN (Nitrososphaeraceae)
SETE LA G Ry 0T A Wy v S AL v 3
RO M AEY R, AR LR
(ammonia-oxidizing bacteria, AOB)— H #{IA N
ST W BRI T E R S A, A
& (ammonia-oxidizing archaea, AOA)N| 3 %4}
TR E AL B SR ES RGP, R DU
B b T FREE BB SR AL =

ZEAUAT B R — 2R AR A N A A Y R 22
FCPHPET, 4 f AR H M2 55 K e —
RIRES , WRH A R T 20 A R s 7E T S5 3R
HAET o A W R 2 A TR R Hh T AT
KAl . RN, AR S A G, Xt
B LA S W 0 A R A LA SR T A e
AR PO, R R R AR T A 2
PR TR, SRR TR ], T5 YR BE )4 H
Tz oA, A TR B Ak = B, Ptk
B, BREEHLHTE S B, AT RSN ) 5
UNEF 2t 2% A 7 1) o 2 AR R 7L R S e U K e
w4 AP PR 8 (Afipia) T A F—Fh & B
AL = IR BIR , — H PR )
ITCER , —LEhlE AU A R P b A i Ak
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