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Abstract: Tea tree is rich in catechins, theanine, caffeine and other metobolite of health fuction. In order to study the

related genes of the metabolisms of the polyphenols. We use high-throughput sequencing technology to study the root,

stem and leaf of Fudingdabai tea and find differential expression genes (DEGs). The results showed that 70.88 Gb Clean
Data was obtained, 6.33 Gb Clean Data is in each sample and Q30 is more than 93.22%. We map the Clean Reads to

reference genome, the blast result is from 87.83% to 91.14%. Then, alternative splicing and gene structure optimization

was analyzed. There are 13 531 new genes, in which, 10 244 genes were annotated. GO and KEGG functional annotation

and enrichment analysis were carried out in differential expression genes, which were identified according to gene ex-

pression level in different samples. There were 5 595 DEGs between leaf and stem, 2 769 genes were up-regulated and 2

826 genes were down-regulated. 9 650 DEGs were found beween leaf and root, 5 056 genes were up-regulated and 4 594

genes were down-regulated. 5 644 DEGs between stem and root, 2 938 genes were up-regulated and 2 706 genes were

down-regulated. The results are expected to provide reference for recognizing genes of catechins, theanine, caffeine path-

ways, provide the theoretical basis for breeding improved seeds.

Key words: Duyun, Fudingdabai, root, stem, leaf, high-throughput sequencing, differential expression gene

HRAT b A 2= 5t e i 04 L ko 0, B A A
JE R CEHR 2 AE N ARESHEE, EH
AR IR R (BRIEZEAE2017) o AN [A]
)38 1 B0 AR K AN TR] DT 5 B2
=R AR, 20 22 90 4R LASK, #5240 T 45 #b
VAR CPN Ak R NI i A L VA L DR TR T N
FIFPASH, B T A5 st AL 28, B, X F
55T Hb DX A5 o T 0 U O 3P R PR B T TR 55 (e
UR4F,2016) , ¢ i & 7 i S 4 2 1 B R R D,
TE— R LR 7287 iy i FH & JE ., A dh ok
FARR 2% bl o 4277 2% Pl T R 85% LA I, P L FF S 4R &)
by DA SR I RRAR | 25 | i A 7 S 4L F 9 R 2 B A
mn JOT B S BTAE SesA e B B B

H 5 3 1 ) B R PR 4 1 3R BB 5% )
AR RETRRERFL, HbixE AR Z
I FH A 0 A i i A R TR 36 3K 43 T, R E A % A
FEIAEILN . Shi et al. (2011) il RNA-seq & &
X 43 () i B 25 4R AT DL SRR
B HEATIN Y, B AL ERTS 127 094 ASFEH, Hor
BLAE 5 2 R A SO D& AR 1 7= 4 i kB L 4%
MR HL A A S i S N, RS (2019)
FI % s A AR X IR I 43 FIrh s 126 #1725 F 5t
R TR0 M7, 45 S R 0 99 A~ ek i X 58 4 M I 1Y
HERSHKAY IR EEA MAPK (5 5% A
S | B NS e S | DEE R 2 2 LA 5 2 NI R
A v A R A R T R R T A 3 IR eT Ok

TN AR RN Bk PR A T B, A 2R AT kDR A T RE AU 5T Y
FE T H (Novaes et al., 2008) . A5 H| FH & @
TP B A XA b DA R 1 R SRR 250
rh S B A OC A IR AR AT IR Y IR AR 2Rt
RRRIBEENZ 5 R R, RS 1 X
RS K AR ZE A AR R B S 2R T RE 25 7 1 40
F AL B HE AR

1 M#EF*

1.1 &

MR F 5 R M AR 57 Ml DX oA 9 25 B -
RS IR A T 3k FH B R R D 31 2 e A% el 1Y)
FFAE BT . PRI 9 RIS FF 45 1A IR S5 A0 [R] 09 245 i
G303 R 3 B FESE 1 AP RO | = R
Mo B 3 A B O EERS | HAY¥EER
FEAS, BB AR A EE 1 N EY A EE  ZEHE 1
AR R L MY ER, B
A3 AW E R T LA 2R
FET N WG ZE A5 1 TR BORE 38 9 AR 43 5] kg
L2 i3 251 252 23 M1 2 FIM 3, R
FERT ARSI L BT UL B B Be AL 5507 46 [H] | 78 4
R R ZEFIAR B b B S T A T R
R G T -80 °C UKAR FR A7 45
1.2 HRANF

TSR SR AR 1A AR S B A T AR 2 R
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TEF VKPR FEIL ST & A W RHA BR 2 w47

AR Mlumina w538 5005, 6H0 P Bl R AT B i 2

i, IR AU B % SR AR 5 2R R R AR 2R

L DR 2 3 ek e 27 Lkt G ik R AT L AR, SR
A7 5 sf 41 SCPE ot i PP A L SNP/InDel 4347 | AJ 28 5
BT | 25 S 5L A F 25 AN B e i A

Hlumina — Q744 #2458 2 NCBI 9 SRA %
i, BioProject 1% *5 4 PRINA562747

EXRE M

2.1 MEFHBERESD T

NS B L3 0 B S R P AR 25 A Ry S
PORFHEAT i s 400 | Bl Jo 2 (B 3K 31 Q30 Y 7E
93.22%V I ,GC & &R 44.56% ~45.85% (% 1),

SRR W e e SR AT 5 0T 20K

x1 HEmBESIHEITR
Table 1  Output statistics among samples
i Wi Reads $(H B e GC &t HER%>0.999
Sample Clean Reads number Clean bases GC content (%) Q30 (%)
I 1 Leaf 1 21 828 512 6 502 479 526 45.36 93.62
I 2 Leaf 2 28 450 839 8 467 453 936 45.21 94.22
I 3 Leaf 3 29 057 531 8 663 984 698 45.18 93.80
Z£ 1 Stem 1 21 212 767 6 326 706 172 44.71 93.70
Z£ 2 Stem 2 25 760 743 7695 169 918 45.35 93.65
2% 3 Stem 3 26 080 601 7 745 810 876 44.56 93.79
H 1 Root 1 23 789 995 7 078 295 558 45.85 93.22
#R 2 Root 2 29 354 206 8 728 835 412 45.61 93.48
#2 3 Root 3 32 496 205 9 667 694 674 45.72 93.54
x2 HFRASEFALLI
Table 2  Transcriptome blast to genome
X 32 2% X 5 22% L X 5 22% Lx 822
B Clean Reads X BI S 23 M — Y FEHH Z AT F R4 1E 4% 1 HE R 2H B Bk Y
e w %Z H 4] Y Reads 3t H Reads 21 H Reads % H Reads %0 H Reads 2 H
Samuan Total Clean (7E Clean Reads (7E Clean Reads (£ Cleans Reads (7£ Clean Reads (7E Clean Reads
ple o TowlClean g pbie)  BEREAR)  PEIREL) BRI PR
Mapped Reads Uniq Mapped Multiple Mapped Reads Mapped Reads Mapped
Reads Reads to 4+’ to ‘=’
1 43 657 024 39 632 673 37 386 481 2246 192 19 481 885 19 587 096
Leaf 1 (90.78% ) (85.64%) (5.15%) (44.62%) (44.87%)
2 56 901 678 51 861 422 48 949 427 2911 995 25493 617 25 604 077
Leaf 2 (90.09% ) (86.02%) (5.12%) (44.80%) (45.00% )
3 58 115 062 52 353 177 49 391 581 2 961 596 25 733 339 25 849 934
Leaf 3 (90.09% ) (84.99%) (5.10%) (44.28%) (44.48%)
%=1 42 425 534 38 353 796 36 275 113 2 078 683 18 802 471 18 912 508
Stem 1 (90.40% ) (85.50%) (4.90%) (44.32%) (44.58%)
%2 51 521 486 46 959 156 44 300 646 2 658 510 22 986 304 23 138 767
Stem 2 (91.14%) (85.98%) (5.16%) (44.61%) (44.91%)
%3 52 161 202 46 917 710 44 231 706 2 686 004 22 960 018 23 121 829
Stem 3 (89.95%) (84.80%) (5.15%) (44.02%) (44.33%)
Lite| 47 579 990 41 789 100 38 194 971 3594 129 19 697 394 20 253 048
Root 1 (87.83%) (80.28%) (7.55%) (41.40%) (42.57%)
2 58 708 412 52 846 174 49 318 371 3 527 803 25 605 318 25 872 980
Root 2 (90.01% ) (84.01%) (6.01%) (43.61%) (44.07%)
3 64 992 410 58 353 149 54 585 798 3767 351 28 312 409 28 598 694
Root 3 (89.78%) (83.99%) (5.80%) (43.56%) (44.00% )
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Table 3 SNP loci statistics
b aomn K EEEK  wRESY @RS RA@S
Sample SNP number SI}IP 11!‘5@( SNP 1/ /5% Transition SNP  Transversion SNP Heterozygosity SNP
Genic SNP Intergenic SNP (%) (%) (%)
M1 Leaf 1 540 707 428 327 112 380 66.07 33.93 51.38
M2 Leaf 2 541 852 413 786 128 066 66.25 33.75 34.86
M 3 Leaf 3 583 002 448 343 134 659 66.33 33.67 45.95
251 Stem 1 489 642 393 947 95 695 65.46 34.54 49.63
Z£ 2 Stem 2 504 670 394 472 110 198 65.89 34.11 35.85
25 3 Stem 3 638 706 496 194 142 512 65.90 34.10 50.79
#2 1 Root 1 521 166 409 410 111 756 65.74 34.26 50.91
#2 2 Root 2 523 515 396 706 126 809 66.22 33.78 34.70
## 3 Root 3 582 747 447 260 135 487 66.14 33.86 48.58
F4 RUWE
Table 4 Gene structure optimized
o )?f@ﬁﬁ’i%*’l\ zt@)ﬁéﬁié/l\',ﬂi
o 8 " ; o ;
site Original first or Optimized first or
termination region termination region
TEA004484.1_gene Scaffold1014;163897-231030 + 5’ 205536-205536 163897-205536
TEA000973.1_gene Scaffold1019:1350887-1371675 + 3’ 1371277-1371277 1371277-1371675
TEA016708.1_gene Scaffold1045 ;1434954-1455906 + 5’ 1435240-1435240 1434954-1435240
TEA004051.1_gene Scaffold1054 :303905-308542 + 3’ 308318-308318 308318-308542
TEA000171.1_gene Scaffold1058:112241-129629 - 5! 129534129534 129534-129629
TEA007140.1_gene Scaffold1067 :122675- 156025 - 3’ 123878-123878 122675-123878
TEA020092.1_gene Scaffold1093:635489-640729 + 3’ 640607-640607 640607-640729
TEA020094.1_gene Scaffold1093 :532337-549457 - 5' 549397-549397 549397-549457
TEA020098.1_gene Scaffold1093:1162317-1191258 - 3’ 1162515-1162515 1162317-1162515
TEA001055.1_gene Scaffold1099 ; 848040-870252 - 3’ 848142-848142 848040-848142

2.2 BRASHEMFHEREHL XS

2.2.1 wextak & AW A A Hisat2 (Kim et al. |

al.

, 2010) B X} Hisat2 FbXF 45 5 v i) SNP 47 15,

1 InDel FEAT R, 7111 7347 35 P 2 2k 7K Fi i [

2015) X0 3 i Hs 5 [ A 2 B 3R R 4 ((Wei et
al., 2018) # 47 HuX), FJ H StringTie ( Pertea et al.
2015) XF Fb Xt F ) Reads #E47 40 2% 1 & &=, Lo Xt %]
2% F N I H) Reads 15 Clean Reads A9 H 43 HL N
87.83% ~91.14% (£ 2) ,

2.2.2 SNP/InDel % #  Fl|FH GATK ( Mckenna et

TIRE , SNP 43 BT 2% B 3k [F [IX. SNP v/ s 5 2 T 5L A
) X, ¥ #0780 SNP £ F i ## 74 SNP (3 3) , InDel
FEAETHEFXMEERMEX (K1),

2.2.3 TR AR PR a5 Sk AR R AT AR
mRNA, i 28 3 A [R) /9 5 $2, 7= A O [6) 19 24
mRNA, BN A Y E BT, FIH Asprofil (Florea
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xRS5 HERDGEIRER
; i e 27460 Table 5 Results of functional annotation of new genes
3 4 428 066 o N
4 - 98915 R Bk R H
5 J 124 616 Annotated databases New gene number
6 - 521
7 4 | s COG 2 363
8 4 |som
§ 9 | 153 GO 6218
= 10 4 o KEGG 3 948
= 11 4 0
;HK 12 4 o KOG 5 833
13 4 o
12 1 Pfam 5383
15 4 [ 11015 Swiss-Prot 6 900
16 4 I nra2rs
17 144 egeNOG 9 243
18 1 | 1337 NR 10 107
19 A 272
20 - 203 507 JE A Total 10 244

0e+00 1e+05 2e+05 3e+05 4e+05
# = Number o R L
B et al., 2013) B4 %F 77 A5 5 532 245 5 1 36 ik B kAT
1. A 20 ZEEN; 30 W& F; 4. LiF; 5. TiF; 6. % yi 44 H A 0 o VN
CROTOIRL s 7. BT BT VIR s 8. B9 B s 9. 4t GIT SR AR WIAE O A RR AR TS S AN 35 Ok 5
%5 10, BTG, 10 S FERS; 12, BT A; 13, %500 AT YR Z (B 2) .

FREMERS s 14. BT BUE FEH A 15, 7] LS X . " =
16. 4IEIEJ>‘42WEHZ, 17. E]S(@fﬂ:lz, 18. ?AEJJ:IZ, 19. &I 2.2.4 %&Iﬂ éé *@/Hi’fta EH ?ﬁiﬂﬁ?}% E‘Jﬁﬁjﬁlﬂ
BRAR 5 20. Jflh, SRR AR B 10 JR FRAE , A SO e [ b 258 A ik PR 4

1. Intergenic; 2. Intragenic; 3. Intron; 4. Upstream; 5. Down-

stream ; 6. Splice site acceptor; 7. Splice site donor; 8. Splice site 1 261 /l\%zél:*@ﬁ’/f? T ’fjt /f’tij‘ﬁlJ o %Igé'}'fjt /]"t

region; 9. Start lost; 10. Frame shift; 11. Condon deletion; ;
12. Condon insertion; 13. Condon change and condon deletion; E/J% ( %:2 4) ©
14. Condon change and condon insertion; 15. Synonymous 2.3 FHEER
coding; 16. Non synonymous; 17. Synonymous stop; 18. Stop R e o . . ,
gained; 19. Stop lost; 20. Other. 2.3.1 ?}TTE o ER &1|]X¢%Uﬂq Strlnnge ﬁﬁé
3 N > N P = PAYy 4] AV B A= B 5
Fig. 1 InDel annotation 17 Hﬁﬁ, KPR T 13 531 AR y HKeNsS

x6 ERREEE
Table 6 Differential expression genes ( DEGs)

A 1D R R A i 22 e A RO B REERL]

Gene 1D FDR log2 (FC) Regulated
TEA000001.1_gene 0.000 944 095 2.088 239 721 + Up
TEA000014.1_gene 1.00E-11 -2.156 608 862 T Down
TEA000018.1_gene 3.88E-39 —-4.204 470 344 T Down
TEA000020.1_gene 4.20E-20 —-2.852 144 505 T Down
TEA000025.1_gene 0.000 388 739 2.729 470 094 I Up
TEA000028.1_gene 1.06E-10 7.717 899 07 + Up
TEA000040.1_gene 3.80E-08 4.115 902 534 I Up
TEA000053.1_gene 1.02E-12 —-8.291 825 123 T Down
TEA000057.1_gene 2.37E-12 1.911 663 895 I~ Up

Swiss-Prot, COG, Pfam, KEGG, GO #l NR $t#ifE 232 AW AZX ¥ Al E KR EEE, R
PEAT BLAST, JRASH R ERE B (£ 5) FPKM ( Fragments Per Kilobase of transcript per
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Fig. 2 Number statistics of alternative splicing
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9 1 TEOFAE BT I AR ) M DR S R R AR 25 o A 1275

0.4 -
M1 Leaf 1
M 2 Leaf 2
It 3 Leaf 3
J =1 Stem 1
0.3 %2 Stem2
ey 3 3 Stem 3
) R 1 Root 1
c 1R 2 Root 2
8 0.2+ R 3 Root 3
i
&
0.1 -
0.0 -

-2 0 2 4
EEFRIEE 10g10 (FPKM)

3 FPKM %2017 X [E
Fig. 3 Comparison of FPKM density distribution
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24 ZERRIESW

24.1 2734 k% Jiit FlH Deseq ( Wang et al.,
2010) AT HE 5 (8] 09 22 55 38 70 4, I o Fold
Change =2 ,FDR<0.01 {E A bR, 32308 14
I3 255 R IR B K IE H Ge T T AR Z5 0 R AR i 1]
2RI B H (K 6,%£ 7)., NHFIZE 1
MR ZERR 22 Sk KL B (B 4) T LA 22
SEIEF PSR B DL E SRR S,
AN e I v O P o N (B9 =
T AR E R RIIFEHF P RIAE(ES) .
242 ZF ARG EERG EoN XNERKE
A # 47 COG, GO, KEGG, KOG, NR, Pfam,
Swiss-Prot Fl eggNOG T fig 1 B¢ (3% 8) , I H 2 il
TRIZE | RIAR | ZEFIR 22 R IE R W GO DIRE S
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Fig. 4 Volcano plot of DEGs
7 ERFREERHAB
Table 7 DEGs number
RIS SR preed Do resulan
DEG set DEG number p-reg W 8
gene number gene number

I VS 2% Leaf VS Stem 5595 2769 2 826

- VS # Leaf VS Root 9 650 5 056 4594

Z£ VS AR Stem VS Root 5 644 2 938 2 706

KIE(K 6) I L[ A 56, Xk 22 57 3 3k 2 [
47 KEGG il #% & £ 0, 43t 7 R E 1 g [Hin
/NETRT 20 ASaE B (7)) B AR 1 R AR — A
pathway i J# , [ 8 K /)N R0 s 5 4R 110 3 A 4

I B A, s HE D Ml 22 [ Pl 3 (A3 g
{EL,  {ELBE/DS £ 22 5 25 D A 3200 e v 19 4
MR AR | BT DL ROBCE A R A B 1, 2% A
{EHR
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Table 8 Annotation of DEGs in database

ZEFRIR

HREEEF Annotated databases

=i}
S KAl
DEGs set Total
T COG GO KEGG KOG NR Pfam Swiss-Prot eggNOG

Vs 25 5 444 2 476 3019 1972 2 738 5 381 4 662 4520 5337
Leaf VS Stem

i VS A 9 331 4 255 4 966 3 357 4 897 9199 7 900 7 654 9 083
Leaf VS Root

ZE VSR 5454 2 633 2 876 1 899 2 768 5363 4 780 4 629 5298
Stem VS Root
2.5 DEU 43 #f PRIZH Z 5 B v, B 0 R B & 25 38 P o€ v Fn g 5

AR DEXSeq ( Anders et al., 2012) #47
Ah T K89 22 508, B DEU ( differential exon
usage ) 7M1, %5 FDR<0.01, 3% ¥ T M FIZEfY
#5r DEU(K9) .

3 it

AR Bl 2R B R S A B I 2 TR AR, 2

PE(RIADESE 2008) , A58 0 HB 5 1 XA 5 K
FI RN SR 25 i B A7 T % S 4Ll 7, Q30 Al 3 & 43
FEAR/NT 93.22% 1 i 5 5 2 FE DR AT 1Y H X 350%
1F 87.83% ~91.14% Z ], 2% W] 45 %5 (2018 ) X
TR Y B S 48 5T P, Q30 {H #R A
87.32% ,Liu et al.(2017) X} ¥ 5 B9 55 s HWF 58
020 5 97% 747, Wei et al. (2018) Xf I 43 %%
SEAATEH, Q30 M 90% 54y, I, fRah K AR
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1. Metabolic process; 2. Cellular process; 3. Single- organism process; 4. Biological regulation; 5. Response to stimulus; 6. Localization; 7. Cellular
component organization or biogenesis; 8. Developmental process; 9. Multicellular organismal process; 10. Signaling; 11. Reproduction; 12. Repro-
ductive process; 13. Multi-organism process; 14. Growth; 15. Detoxification; 16. Immune system process; 17. Biological adhesion; 18. Biological
phase; 19. Rhythmic process; 20. Cell killing; 21. Locomotion; 22. Cell; 23. Cell part; 24. Organelle; 25. Membrane ; 26. Membrane part; 27. Or-
ganelle part; 28. Macromolecular; 29. Extracellular region; 30. Membrane-enclosed lumen; 31. Cell junction; 32. Symplast; 33. Supramolecular
complex; 34. Nucleoid; 35. Virion; 36. Virion part; 37. Extracellular region part; 38. Catalytic activity; 39. Binding; 40. Transporter activity;
41. Structural molecule activity; 42. Nucleic acid binding transcription factor activity; 43. Electron carrier activity; 44. Signal transducer activity;
45. Molecular function regulator; 46. Antioxidant activity; 47. Molecular transducer activity; 48. Nutrient reservoir activity ; 49. Transcription factor
activity ,protein binding; 50. Protein tag; 51. Metallochaperone activity; 52. Translation regulator activity.
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Fig. 6 GO functional annotation classification of DEGs
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1. Selenocompound metabolism; 2. Carotenoid biosynthesis; 3. Flavonoid biosynthesis; 4. AGE-RAGE signalling pathway in diabetic complica-
tions; 5. Starch and sucrose metabolism; 6. Carbon metabolism; 7. One carbon pool by folate ; 8. Galactose metabolism; 9. Cutin, suberine and
wax biosynthesis; 10. Monoterpenoid biosynthesis; 11. Glycine, serine and threonine metabolism; 12. Carbon fixation in photosynthetic
organism; 13. Glyoxylate and dicarboxylate metabolism; 14. Nitrogen metabolism; 15. Cyanoamino acid metabolism; 16. Plant hormone signal
transduction; 17. Porphyrin and chlorophyll metabolism; 18. Phenylpropanoid biosynthesis; 19. Photosynthesis-antenna proteins; 20. Photosyn-
thesis; 21. Ascorbate and aldarate metabolism; 22. Sulfur metabolism; 23. Biquinone and other terpenoid-quinone biosynthesis; 24. Glutathione
metabolism; 25. Terpenoid backbone biosynthesis; 26. Pentose phosphate pathway; 27. Fatty acid degradation; 28. Glycolysis/Gluconeogenesis;
29. Alpha-Linolenic acid metabolism; 30. Diterpenoid biosynthesis; 31. Sesquiterpenoid and triterpenoid biosynthesis.
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Fig. 7 KEGG pathway enrichment of DEGs
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Table 9 Analysis differential exon expression

N 1D S ID Feik b2 S AR BUE P IR K B2

Gene ID Exon ID log2 (FC) P value FDR
TEA018663.1_gene E010 0.403 936 012 1.04E-07 2.12E-05
TEA018663.1_gene EO11 -1.732 604 999 6.69E-25 9.75E-22
TEA018662.1_gene E001 -0.967 798 22 5.47E-05 0.005 510 22
TEA012997.1_gene E007 -0.308 323 557 1.95E-10 6.24E-08
TEA021927.1_gene E001 0.168 112 449 1.33E-08 3.25E-06
TEA016026.1_gene E002 ~1.273 705 747 1.32E-05 0.001 577 751
TEA031666.1_gene E001 0.032 790 485 1.98E-06 0.000 300 559
TEA031666.1_gene E002 -0.077 595 321 2.13E-06 0.000 320 651
TEA016705.1_gene E001 ~0.600 866 652 1.58E-07 3.06E-05
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