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The flowering process of two types of tea bricks
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Table 1 Sequencing and quality control results of all samples
et R WAl BREAT AR N FAERFE<L% MNP ERFE<01% A BRI R/
020/% Q30/% Yo
D1.1 110 214 105 851 104 810 67 850 91.98 86.29 61.56
D1.2 101 423 95 055 93 677 68 196 90.23 83.33 67.24
D1.3 106 538 100 631 70 921 66 578 90.12 83.32 62.49
D6.1 107 125 102 317 97 107 66 106 90.85 84.28 61.71
D6.2 100 638 95 585 90 301 64 743 90.78 84.3 64.33
D6.3 103 445 97 034 89 444 68 100 93.21 88.25 65.83
D9.1 101 836 100 683 100 501 67 443 99.17 98.14 66.23
D9.2 106 011 103 324 102 846 68 548 95.62 92.23 64.66
D9.3 107 903 102 423 97 443 68 418 91.84 85.94 63.41
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Bt s WRAS BEEAA A AR <% W B AERE<01% A RS R
020/% Q30/% %
DI2.1 96 837 96 091 95 921 61 767 99.16 98.08 63.78
D122 95 606 93 608 93 106 60 712 97.99 95.94 63.5
D123 101313 100693 100594 64720 99.21 98.11 63.88
D22.1 105945 104769 104601 65446 98.66 97.21 61.77
D22.2 94 723 93 586 93 422 61 292 98.73 97.26 64.71
D22.3 107867 106840 106667 69 726 98.87 97.57 64.64
W1 100467 94415 89 829 64 792 91.07 84.41 64.49
W1.2 98 609 94 260 89 939 61 001 91.01 84.54 61.86
W13 109066 104304 99177 66 221 90.71 83.95 60.72
W6.1 110442 105799 74 668 69 409 90.42 83.66 62.85
W6.2 112871 107383 101687 67082 90.6 83.73 59.43
W6.3 105658 103859 103667 68 502 96.74 94.02 64.83
Wo.1 103595 100907 100552 67098 95.3 91.49 64.77
W9.2 100179 98628 97 221 66 955 98.3 96.67 66.84
W9.3 109257 107403 105927 67 004 98.26 96.62 61.33
Wi2.1 110284 102698 97270 69 545 91.67 85.68 63.06
Wi22 100272 92220 91 887 61 014 92.96 87.41 60.85
W23 100742 9939 98 368 61 523 98.4 96.87 61.07
W22.1 110212 108680 108521 67 334 98.49 96.98 61.09
w222 98 552 97 856 97 729 61 441 99.11 98.02 62.34
W22.3 106946 105665 105492 68 386 98.75 97.44 63.94
2507 o
/*’/:;; ::EE%
: === &
ik == I B
w2000 — = -
= = i
° : e [E
100 T
e
e
50
i} . . . )
0 10000 20000 30000 40000 50000
BEHLIE T 51

23 EHEEMESHMMFEREH

X 28 2% bk AE K Ae A BE 45 FE A OTUs R 47
Shannon . Simpson ,Chaol ,PD_whole_tree %5 5 %1 )

Sequences Number
2 BREARYMEG gk

Fig.2 Rarefaction Curve of samples

B T B RAE S5 % Chaol 38 50 F PD_whole_tree

it o b, 45 R R . W28 28 Shannon ,Simpson 1§

TR, A AL G R 3 R, Goods_coverage i
7NN 7R 5 I AE 99.9% A 1 (3R 2)



310 E N W 2023 445 1 4

52 W D12

|_ & il

D22 LR D22

W e wo

Wi w12

We be

o8 We

. D6

e w1

5% D1 . ‘ : : |
0 X B a xS 025 05 075 1 0 0.2 04 2 g5 95 U5 U

AL UniFrac #F55
Unweighted Unifrac
distance

B 3 EHFIEm Unifrac B 55 # UMGMA B 24
Fig.3 Unweighted Unifrac distance—based
UMGMA cluster tree

[ 1K 10 AR ek 224

Relative abundance in phylum level

JAL UniFrac %5
Weighted Unifrac

distance

4 EHTF M Unifrac B3 K UPGMA B 24
Fig4 Weighted Unifrac distance—based
UPGMA cluster tree

ITAK ST _E 1) A ARG 2 4 4

Relative abundance in phylum level

K2 MEERRESBRPNERFESHEMEEEL

Table 2 Fungi community diversity and abundance index in the flowering process of the two tea types

s # OTUs SR FEAH Chaol 53  BEXAHES MFLEE%
GRS D1 226 +31.5°  325+028"  0.66+007"  245+41.0° 322981 99.9
D6 213+7.57°  324x0.18%  070x0.06"  223+3.66"  26.1 4.65" 100.0
D9 202+332% 224 179%  047+035°  220+29.8°  30.1+6.34" 99.9
D12 135£38.6°  0.89:091°  023+027°  167+214*  20.7 = 1.80° 99.9
D22 156£2.08"  0.95+034°  026+0.17°  188+21.5%  20.8=1.72° 99.9
& % ok Wi 220+ 1500 4.14%053  076+006"  232+19.4" 292+ 1.90" 99.9
W6 199+13.0 285+ 1.09%  056+0.17"  218+134%  28.8+4.65 99.9
W9 199157 1.62+0.82°  034+0.19"  228+223%  27.3:232% 99.9
WI2 210248 337207  0.64+036%  225x17.5%  254:233" 100.0
W22 195+358%  1.05+034°  026+0.09  233+550"  27.5+3.07" 99.9
24 RUEEHESHUENMFEERE e /NELRR o KPR g R B

AR Y15 5 (ITS) Fh AT 566 4~ O-
TUs, %3 )& 5 171,19 4 .45 H .99 F 160 J& 214 4
B PR, A 131 DR RS E B ROKE TR |
F MK SE TR (Ascomycota) (60.4% ) 11
Wl (Basidiomycota) (35.7%) . Bk ] (Glom-
eromycota) (1.3%) , 4% [# ['] (Chytridiomycota) & &
F% [ ] (Mucoromycota) F FER T 1%, DL ] kil 21 1y

FEEHT 100 19 B FEHET WL 3. Topl10 11 H 1 4 L
FHEER 93.77% , Top50 A E 1A i G F B2 97.20%
Top100 M E B i B FBERY 97.35% , He HE AL+
BE/NF 0.001% , K228/ OTUs i Lt
2.6144% , A W FF Top10 . Top50 Top100 ¥ #8 i
90% , 1] LA I AR 3 BUARFEA

®3 FEWI00WEHEER/NIEKFHEF

Table 3 The top 100 fungi in abundance were identified by sorting at the minimum taxonomic level

AH o EARF FHE & /% H
1B v (Aspergillus_pseudoglaucus) 31.1841 1
Al 32 (Xenasma_pruinosum ) 25.7612 2
HEBE (Eurotium_sp) 24.0034 3
XX HERE (Lysurus_cruciatus ) 7.5928 4
ZwhF (Aspergillus_niger) 1.7802 5
®REEA (Glomeraceae_sp) 1.1220 6
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AR EKP FEE /% H# A
& Jo 4 3% (Russula_amoenipes ) 0.7048 7
LA AL 7 A (Microidium_phyllanthi) 0.6606
2 EL)R (Inocybe_sp) 0.5538
ST (Placopsis_sp) 0.4037 10
BEwmE (Aspergillus_tubingensis ) 0.2819 11
¥ 4% 4% 35 (Phallus_indusiatus ) 0.2720 12
BhRa K E (Trichoderma_asperellum) 0.2660 13
AR LER (Helvella_panormitana) 0.2227 14
T e R i (Aspergillus_ficuum) 0.2038 15
FEEE (Penicillium_chrysogenum) 0.2012 16
ERELES (Inocybe_favret) 0.2001 17
2328 (Sparassis_sp) 0.1443 18
AR FE (Penicillium_spinulosum) 0.1423 19
R (Archaeosporaceae_sp) 0.1417 20
THEE R (Lasiodiplodia_theobromae ) 0.1334 21
FRar R H (Obba_rivulosa) 0.1330 22
4 B (Agaricales_sp) 0.1031 23
[ i 4k dm 1 (Rhynchogastrema_tunnelae ) 0.0951 24
AR )% (Porina_sp) 0.0706 25
i & (Aspergillus_sp) 0.0674 26
koA B 2 BT (Candida_tropicalis ) 0.0600 27
bR (Phallus_sp) 0.0583 28
4E W (Clavaria_rubicundula) 0.0543 29
IR BN (Thalloidima_physaroides) 0.0542 30
el R (Wickerhamomyces_anomalus ) 0.0541 31
FREAOHHEE (Blumeria_sp ) 0.0536 32
) b £ 3 R K BE R (Meyerozyma_caribbica) 0.0464 33
IR EE A (Dothioraceae_sp) 0.0463 34
5RERE (Uwebraunia_sp) 0.0437 35
Bk B (Pleosporales_sp) 0.0298 36
NIECP - (Gibberella_baccata) 0.0291 37
B8 )% (Cercospora_sp) 0.0262 38
W EiE R (Penicillium_brocae) 0.0247 39
4 R (Agaricomycetes_sp) 0.0194 40
I & (Aspergillus_ruber) 0.0179 41
HERE (Phallus_haitangensis ) 0.0174 42
R 2R BE B R (Cryptococcus_sp) 0.0171 43
F 55 T ) (Bipolaris_sp) 0.0162 44
6 TaEH (Metarhizium_anisopliae ) 0.0158 45
B R (Pichia_kluyveri) 0.0154 46
HEE (Penicillium_sp) 0.0135 47
W R H (Dipodascus_geotrichum ) 0.0135 48
H T % (Cladosporium_sp ) 0.0134 49
Y FE A (Cladophialophora_sp) 0.0134 50
1B 22 B HF %, (Kurtzmaniella_sp ) 0.0111 51
e (Penicillium_steckii) 0.0106 52
BB B R B (Pichia_fermentans ) 0.0096 53
iE Ko & (Aspergillus_sydowii) 0.0071 54
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Ly R L s FE & /% He A
I 1 78 52 (Didymella_sp ) 0.0071 55
KI5 AR B B AR (Issatchenkia_orientalis ) 0.0069 56
TLUa%IH (Fusartum_incarnatum) 0.0048 57
F LA T (Galactomyces_sp) 0.0044 58
R 1S A B (Debaryomyces_hansenit ) 0.0044 59
EARMAE N KB A5 (Cyberlindnera_sp ) 0.0043 60
RKERE (Cortictum_sp ) 0.0039 61
o ERE (Trichoderma_harzianum ) 0.0038 62
T KE (Uwebraunia_communis ) 0.0036 63
AFEWACR (Calonectria_ilicicola) 0.0035 64
2y (Nigrospora_sp) 0.0033 65
By PR ol (Aspergillus_restrictus ) 0.0032 66
iU F R AR AL B (Candida_parapsilosts) 0.0027 67
X TES (Setophaeosphaeria_citricola) 0.0027 68
A RERE (Alternaria_alternata) 0.0027 69
BT =R (Kazachstania_humilis ) 0.0026 70
I [ 36 52 A+ (Didymellaceae_sp) 0.0023 71
Pk 71 H )% (Fusartum_sp) 0.0023 72
8] i 5% S (Diaporthe_sp) 0.0022 73
ko F (Aspergillus_penicillioides) 0.0021 74
NIRRT (Plectosphaerella_sp ) 0.0019 75
4k G TR BE A (Papiliotrema_flavescens) 0.0019 76
LRER B (Byssochlamys_sp ) 0.0019 77
kwE (Aspergillus_flavus ) 0.0018 78
b Feh iE s AT 38 BE A (Kazachstania_exigua) 0.0018 79
v & A (Aspergillaceae_sp) 0.0017 80
FEEHN (Ascomycota_sp) 0.0016 81
ZHER (Periconia_byssoides ) 0.0016 82
3% A 1B FA (Ramularia_pistaciae ) 0.0016 83
E: ALY (Diaporthe _helianthi) 0.0015 84
BEF (Penicillium_dierckxii) 0.0015 85
vt (Phyllozyma_subbrunnea) 0.0015 86
BERAR (Talaromyces_sp ) 0.0015 87
F& 5k B £ % (Papiliotrema_sp ) 0.0014 88
Y% AR LB (Candida_tetrigidarum) 0.0013 89
) (Sphaerellopsis_filum) 0.0013 90
Z WA (Epicoccum_nigrum ) 0.0012 91
HMEE (Mucor_fragilis ) 0.0012 92
FITHE B (Retiboletus_sp ) 0.0011 93
WE =30k (Microdiplodia_sp ) 0.0011 94
Z K HF (Auricularia_auricula—judae ) 0.0011 95
R L TaEEEE (Trichosporon_coremiiforme ) 0.0010 96
Ky REESEE (Similiphoma_crystallifera) 0.0010 97
o RILA (Colletotrichum_tropicale ) 0.0010 98
FIVE M FHE (Penicillium_sumatraense ) 0.0010 99
& (Kalmusia_sp) 0.0010 100
re (Others) 2.6144

TR AP R 2R R SO T SCe 9, S0 Z R UL A
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Fig.5 Heatmap of the abundance of Top50 fungi
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Analysis on the Evolutionary Changes of Fungus Fermentation with the Characteristics

of Fu Brick Tea Based on Microbiome Amplicator ITS
Yao Hengbin, Ma Jingyi, Feng Hanhan, Zhao Renliang
(Department of Tea, College of Horticuliure, Henan Agricultural University, Zhengzhou 450046)
Abstract Fu brick tea is a kind of dark tea fermented with microorganisms. The fungal potpourri is the brick tea u-

nique aroma quality, formed with fermentation is directly related to fungi flora succession. To reveal the characteristics of
fungi flora of Fu brick tea fermentation succession law, the dark tea and white tea were made from Yabukita tea Camel-
lia sinensis  (L.) O. Kize from Shenlin Tea Industry Development Co., Ltd., Luoshan County, Xinyang City, Henan
Province. After that, the Fu brick tea and white tea brick are respectively made from flowers in the same place. Micro-
biome amplifiers ITS (Internally Transcribed Spacer) were used to analyze the succession law of fungus with fermentation
characteristics of Fu brick tea. The results showed that: 1) There was no significant difference in the fungal diversity of
different tea species during the fermentation process, but the difference was caused by the different variation rules of
characteristic fungal abundance. 2) The piles—fermentation changes the flora structure and microbial growth environment of
Fu brick tea, which directly leads to the significant difference in the flora succession of fermentation fungi between Fu
brick tea and other types of tea. 3) Succession law of fungus flora with fermentation characteristics of Fu brick tea: In
the early stage of Fu brick tea blossoming, Aspergillus_niger, Aspergillus_restrictus, Aspergillus_sydowii, Penicilli-
um_steckii, Penicillium_brocae, Debaryomyces_hansenii with higher abundance affected by piles -fermentation, showed
abundance peak on the 6" day of fermentation. After that, on the 9" day of fermentation, the abundance peaks of Eu-
rotium, Meyerozyma_caribbica, Wickerhamomyces_anomalus, and other fungi appeared. Aspergillus_niger, Debary-
omyces_hansenii, Aspergillus_restrictus maintains abundance. On the 12" day of fermentation, Aspergillus_pseudoglaucus
had its peak abundance, Aspergillus_niger continued to maintain its abundance. By the end of fermentation day 22, FEu-
rotium was finally the dominant species.

Keywords microbiome amplifiers ITS; fermentation; tea fermentation; dark tea & white tea



