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Abstract: Botrychium ternatum is a commonly used folk medicinal plant, its growth and development have some typical
representative characteristics of some fern plants. But researches on it mainly focus on chemical constituents, clinical and
pharmacological effects, classification and distribution investigation, few about its molecular biology.Plant hormone is a
sort of small signal molecular and has very important function to plant growth and development, and plant hormone signal
transduction plays a key role in hormonal equilibrium. To obtain related information, Illumina HiSeq 2500 platform was
used to perform transcriptome sequencing and bioinformatics analysis were carried out afterwards. Results showed 6.67
Gb clean reads was obtained and 58 646 Unigenes were assembled with an average length of 1 023 bp. Unigenes were an-
notated in nonredundant protein database (NR) , nucleotide sequence database (NT), gene ontology (GO), clusters of
eukaryotic orthologous groups (COG) , Kyoto encyclopedia of genes and genomes (KEGG ) , Swissprot and Interpro data-
bases with an overall annotation rate of 69.25%.Through GO annotation, 20 762 genes were annotated to three terms and
52 functional groups. A total of 20 633 genes were divided into 25 functional cluster by COG annotation. Through KEGG
analysis, 29 377 genes were mapped to five groups and nineteen sub-groups pathways. In addition, 41 gene families re-
lated to eight plant hormone signal transduction pathways were screened. Through BLAST and ESTScan, 43 102 coding
sequences (CDS) were found, with average length 749 bp, N50 1 137. 60 transcript factor gene families with total 1 520
genes were screened out, including C3H, MYB,MYB-related, bHLH,AP2-EREBP , WRKY and GRAS. 17 195 single-
nucleotide polymorphisms (SNP) were found, including 11 122 transitions and 6 073 transversion. And 8 245 simple se-
quence repeats were found, among them di-nucleotide repeats and tri-nucleotide repeats rank the top two
abundance. These data sets provide functional and structural information of global transcriptome and putative genes invol-
ving plant hormone signal transduction, and basic data for further research on the growth, development and variety iden-
tification of B. ternatum.

Key words: Botrychium ternatum, transcriptome, plant hormone, signal transduction, gene screening
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M 16 ( Campos-Rivero et al., 2017)

A 2 IR PR (TR TRSF,2008) o H AEW N TR U 4 T I R AR A 2 O IR
WHIEYE R A E R R MM R R RER A5 AR A B (Berens et al., 2017) , A0
IR M SRR R CRATRAUK IR, EX HYNERGESH S REMNHYAERET B

i R Gl (812 S A U 354
SRFTR T R A K AT DNA H G Mk 412K
P BHIR S A8 A 5 4 Y €00 o R 4 82 7 5 FH i
TA TE

W RE S H SR A 2RS4 7 R H
YE (interact ) B & 1% ( crosstalk ) 22 7= A= ) [A] 28 45 91

(A FHT A 45 5 % 42 M 4646 ( Ohri et al., 2015)
At E S LG 5 R K R ESRE L E SIS

M JE 2 AR B9 % B ( Kumari & Panigrahi, 2019) ,
SR EAEH T (PIFs) w] DL R 7 B 25 L 3 38
WHBER SRFITIR A KR I LR (TAA) KR |
CIEEF TR B XA WA 7 TR IR
SRR T E M 48 (fE/N 24 ,2016) o HH

T PR I A BR R X

FH b 5% ( Botrychium ternatum) NG —H= /D
AL SEA DL BB H AR I & RS R T
HoBRBLBA MR |, —4F AR A2 AR, 2 LA T
PATEAE, HAE KRR E B A —E R, 2R
[ [ H), J0H 2 Bt M A A5 bR ) — B
2 I EAE R R0 ki SF TR, FEE
TN L PR il Wz O R
O  FARJCHR | H A B e 4 (SR 40, 2012 B8 R 4
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45,2008 ; BL A 111,2002) . HHT, %5 B Hb 5K 04 B 57
B, FEAE P E Br nK & 25 BRI g
KRS AT P A 2 D5 7§ AW AE A O BV
A BR THEIR A BIESE . B sk 4 (transcriptome )
JEARHE— R BRAETR AL N B A B s 7 ) 1Y) 4R
&, BAR{S 6 RNA(mRNA) B A RNA (rRNA) |
%32 RNA (tRNA) & FE 4% % RNA (none coding
RNA) . Fifi 5 0 7 AR 1) 4 i R K, Bt S 4l Iy
(RNA-seq) B2 2 A M\ 73 7K B 5% A ) 35 TR R
AR B, ACHIESEE i i Y 3RS
BT b ik 4 Si 201, 3 ok A A5 U8 A T e Lk AT
Gy M, A5 3 BH b BR 55 S 4 ) R T R A B, L
FEIE R AT 5 5% A DG IV A TR B LB AT IR
Z 25 (single nucleotide polymorphism, SNP) Fl%
J¥ % 8 & £ & 1 (short sequence repeat polymor-
phism, SSR) %55 B, Ny it — 20 437K V- IT e ]
WA K KT A e SRR AT A W

1 #HHE 7 ®

1.1 #F#4

it R RH R A A A bk 3 Bk (AR 2
AT, F 2016 4F 7 AR F 5 M 4 B AR S)
TR ] 4% 1l Hb X (107°20"—107°27" E . 26°12'—
26°16" N, HFRZ 1 500 m) , & BB S g S L R
ST AR W R 082 % 58 Sy W LB ( Botrychium ter-
natum) . FEACREE T, 37 BPHTIE 2K bk T oK
IR AT UK & rhald ] DL 42 B RNA
1.2 ¢cDNA 3 F #l & & 5

W FE A Ak R VR R S R K, T RNA 23K
W) & (PSR ], dE ) #2IBUE RNA -8 DNA
TH AL, I A 5 2R 0 S0 Ma R 1 € ( Oligo dT) Y 4 2k
= mRNA, 28 B l5 B A UKk B B dek i R A TN A
NanoDrop il G4 J& FH I &K K& B cDNA L 46
b AE SR A N A 37K S b gk < A7 I
Hek ORIG HEAT  Be KN BR B 5 #E4T PCR 4
HaFE cDNA SO #EEAF 0 SCRE R B A48 )5 T
Mumina HiSeq 2500 ¥ #E4 70 5,

1.3 De novo( M 3k) H3E

H- W0 45 3 (9 J5 4R P 81 (raw reads ) 25 BRAKR
i HR TS Y LSRR N 5 R A S
F+ # ¥ 51 (clean reads) , fif A Trinity % {4
(v2.0.6) ( Grabherr et al.,2011 ) X} clean reads #f
17 De novo 41%%, i Fil Tgicl 5+ (v2.0.6) ( Pertea
et al., 2003 ) B 41 %E i) i S A HEAT RIS L IUAR 15
| 8 —FE ] ( Unigene ) F TR 224397 .
1.4 Unigene B ER 5717

AT f# Unigene [T 6E, A AE 15 40 M7 B 40
Unigene 7E-£ K 2 B8 B4 2w 47 1 B¢ H Blast
(v2.2.23) #4F NT,NR, COG,KEGG 7 B ; H
SwissProt 1 #%; H Blast2GO (v2.5.0) ( Conesa et
al., 2005) DAJ NR RS RIET GO HR; A In-
terProScan5 (v5.11-51.0) ( Quevillon et al., 2005)
#E AT InterPro ¥E B, M i KEGG {5 %5 & &
map04075 , ¢ 28 19 B A AH DG L IR E A7 15 25, RPASAE
VIR AR5 e A O
1.5 BRALEHDH
1.5.1 % # 53 7 ( coding sequences, CDS) Fml 43
I8 T A T B 25 3R, # I NR | SwissProt ,KEGG ,COG
(B ZEAR JE Y, P 3E Unigene 1985 Ho X A B
YE % Unigene A CDS , AKAEVERE I A Unigene
it TN 2 9 CDS 1 S 570 k47 g AR SR s 1l
JH] ESTScan (v3.0.2) (Iseli et al., 1999) #17 CDS
Hm
1.5.2 3 F B F (transcript factor, TF) % &% 4& 7 Fa]

56, 1 getorf (EMBO0SS:6.5.7.0) (Rice et al.,

2000) i Unigene FY JT 8 15 132 HE (open reading
frame, ORF) ;88 J5 , i Hl hmmsearch (v3.0) ( Mistry
et al., 2013) ¥t ORF LU 25 5% K -85 11 45 F 1k
(R Sk U5 F PlantTFDB) ; fi% J5 , #2 % PlantTFDB
TR A5 5% 7 SRR HE X Unigene $E4T TF 415
BE S %5 (Jin et al., 2017) .
1.5.3 SSR #= SNP #m 1545, | MISA (v1.0)
(Thiel et al., 2003) %I Unigene #E47 SSR £ ; 4%
J&i , H HISAT( v0.1.6-beta) ( Kim et al., 2015)
clean reads & X #| Unigene; fix )i, ffi i GATK
(v3.4-0) (McKenna et al., 2010) ¥l SNP,
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80.6% , M ¥ VR FEJ& “ YREE™ (high deep >15 Mb) il

2 HR 50 ¥, 155 T MBS 6.67 Gb | 413 )5 15 %)
58 646 > Unigene, V¥ K & 1 023 bp, N50 . N70
21 MFREELER ¥IRKTF 1000 bp (£1) , Frfi Unigene B K L

{4 F Mumina Hiseq “F 5 — 30045 &R 4G 7 51 KF 300 bp, 410 7 300 ~ 400 bp B £, &
(raw reads) U4l & K 55.52 Mb, it 3E 5 A8 TE 25.5%,KF 1000 bp B9 Eit 4 39% (K& 1), Ui
J# %1 ( clean reads)44.45 Mb, clean reads H % ik 3| T P 378 252 P R 20 258 35 R 3 0

% 1 Unigene B REIEHR

Table 1  Quality metrics of Unigene assemble

fex L PR
Sample Total number Mean length NS0 N70 N9O GC (%)
BAMLER Botrychium ternatum 58 646 1023 1762 1102 399 44.64

. N50. % Unigene £ B M KBI/NEF G2 A BINZE AT Unigene, S B 50% 1, &5 — 4~ B0 A EE K /NED A N50; N70,
N9O LAUtZHE, GC(%). Tk G A1 C (L,

Note: N50. A weighted median statistic that 50% of the total length is contained in Unigenes great than or equal to this value. The same of
N70 and N90. GC( %) . Percentage of G and C bases in all Unigenes.
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Fig. 1 Length distribution of Botrychium ternatum Unigene
x2 PAHBRE—EERNRERLERSIT
Table 2 Statistic of function annotation of Botrychlum ternatum Unigene
TiH B Unigene  NR ER NT {5 Swissprot {8 KEGG 1B COG R h};?;m GO R BSRUNE S
) Total NR NT Swissprot KEGG COG + GO Overall
Item . . . . . . Interpro . .
Unlgene annotation annotation annotation annotation annotation . annotation annotation
annotation
#H Number 58 646 38 352 23 391 27 049 29 241 16 678 30 375 15 905 40 610
i bt Percentage 100 65.40 39.89 46.12 49.86 28.44 51.79 27.12 69.25

T SR WL B 2 AT — A B R TE R A Unigene S8

Note: Overall annotation is the total Unigene which is annotated by either of the seven databases.
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2.2 Unigene I §EiE

# Unigene #F17 1 K ) BE £ 48 2 1 B (NR |
NT.GO,COG ,KEGG , Swissprot Fl Interpro) , {¥ #
ZE 9L 3% 2, 76 NR (NCBI 2B [ % ¥ %, NCBI
protein database) 32| fix Z B (65.4%) |, BAAH:
BN 69.25% , ARG NR BB R THERBRY
i o I G < I W € O S < N7/ A NV AR 7 -2
( Physcomitrella patens ) F1 V1. B %5 # ( Selaginella
moellendorffii) HHERE T 24% , BB R IR IS A D)
JETEAART , 53 AME R IS LW L 56 242 (Picea
sitchensis) TERBM R R (14.21%) , AT REIRILE =
AR B B 1 B 3 47 A 5% (Ralph et al., 2008),
NR.COG . KEGG , Swissprot LA & Interpro (¥ 7 B 2%
RIERTER 3, 78 A BO e rh TR B A 12
522 4, G4 Unigene HJ 21.4%
2.3 GO FRER

AT GO FERRNE 20 762 AN B Hb ik Jk P =i 1A
PRI T = KRR (term) « 20T UIE 445>
AP £ 8, GO Do A &l 3. fEEW) =it
T v K s R b T T = AL Y 2 ol 2 AR
( metabolic process) | 2l i i #2 ( cellular process) Fl
A2 2155 B ( single-organism process ) . 4H M 4 43
Hd 2 2 M (cell), i D B 2 & 1
(nucleotide) . ﬁ?%%qjﬁiﬂ%g%%ﬁ%?ﬁﬁ
( catalytic activity) %54 (binding) , HiIR & #% iz
4 (transport activity) ,
2.4 COG Ih&EiFRE

Wit 5 COG K JEAT HuXT, K 20 633 4~F
MK Unigene #E4T COG FRE, &5 R NI 5, A —
B 51 BE ( general function prediction only ) B fx £
(4 5594) , 4471 000 ~2 000K 5% H 8 14,
F 45 TR AL RS *@ﬁi%ki&%%#ﬁ%
A s B, (AR T R R S S E T 995 AR
fi€ (function unknown ) FE[H |
2.5 KEGG BT REMHEESHSERME

A 29 377 FRAEH H X £ /S K2 21 WA
I B (6, Hh BORE B 2 1 g2 B R A
( metabolism ) i %, 7 17 698 I, 5 60% ; &%
DR N AR G BE B S 141 A (BT Bk
JERLY)) ; 5 PR S (organismal system ) FRIEIE [

(environmental adaption) A R FEH A 1 266 /-,
R KEGG 15 534 map04075 %5 4 1 B 1Y A ¢
SEPHEAT IH 28 AR H W IR AR 7 e S A G B i 1k
HN(F£3),

x3 PHBEEYHEFESESERREXER

Table 3 Genes in hormone signal transduction

pathways of Boirychium ternatum

R 2 W BILA A
name Related gene Biological function
KRR AUX1(17) 4 L3 K Cell enlargement
Auxin TIR1(14) )AL K Plant growth
AUX/IAA(23)
ARF(71)
GH3(11)
SAUR(16)
M o> BER CRE1(19) AL 532 Cell division
Cytokinin AHP(8) Z£IE % Shoot initiation
B-ARR(67)
A-ARR(7)
IR GID1(18) 224K Stem growth
Gibberellin GID2(7) 75 S0 & Induced germina-
DELLA (42) tion
TF*(129)
I 7 12 PYR/PYL(15) ‘ALK Stomatal closure
Abscisic acid PP2C(48) i FIKIR Seed dormancy
SnRK2(23)
ABF(32)
TSR H i BAK1(39) 4L fd 4 Cell elongation
Brassion- BRIL(83) 4 1 53 %L Cell division
steroid BSK(5)
BKI1(3)
BIN2( 1)
BZR1/2(8)
TCH4(8)
CYCD3(1)
4 ETR(12) HESTZ A Fruit ripening
Ethylene CTR1(27) ZAk Senescence
MPK6(6)
EIN2(7)
EBF1/2(6)
EIN3(13)
EFR1/2(3)
SRF R JARIL(6) PATE A Y
Jasmonic acid Monoterpenoid biosynthesis
COI1(3) W 1R A= 490 6 45 B
Indole alkaloid biosynthesis
JAZ(24)
MYC2(58)
IKAG R NPR1(3) iR Disease resistance
Salicylic acid TGA(21)
PR-1(7)

W AR S PR R FEH , TF" J&48 PIF4 A1 PIF3,

Note: Numbers in brackets are numbers of genes. TF®
PIF4 and PIF3.

indicate
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= Jk3E =42 Picea sitchensis
= INILHEEE Physcomitrella patens
;IRaE#A Selaginella

moellendorffii KEGG
BAEEE] Cynara cardunculus var.
scolymus
= HAth Other
g

SwissProt 1 = 5

coG

B2 B HBR 5 — P R R Kl 3 NR.COG .KEGG Swissprot P}
Fig. 2 Annotation species of Botrychium ternatum Interpro 9 F ™ B0 28 1 B 5 LA

Fig. 3 Venn diagram among NR, COG, KEGG,
Swissprot and Interpro databases

EXbori YA RELE 53 SFINEE
Biological process Cel lular component Molecular function
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GOINEES 2 Gene ontology functional category

1. AYpRiBE s 2. AR 3. AR 4. RIS L B Rk A 5. A AR 6. MR EE; 7. AR 8. AR 9. R
Giad#R; 10, w075 11, i385 12, RS R 130 ZA L2008, 4. ZHE4Y R 15, AP RN fRE; 16. AP #KIE
WP 5 17, AR e 5 18, B 19, ARFEIE R 200 BN s 21 LSRR 22§55 230 MUAESURGIL AR 24 A0
25. ML ; 26. ARGy ; 27. ANMISNIXR; 28, ANMIARIXBRAR A 29. KArFE A4 30. B, 31 TRy, 32, BEEFEA K
33. H%; 34. HUHER 5 35. AUMLAR AR5 36. MO TLTAE; 37, ALK 38. EERL T 5 39. AEERL TS 40. BTG 41, 45
s 42 EALIEYE; 43 LT ARG R 44, 0p T INREI AR ; 45, 0 TR ; 46, AIRAS ORI TR 47. B SRAHAT 48. &K
FUSTARIL ; 49. (55 &S 50. 25000 T 51 Besg R Tim 4k B FUTSs &5 52. mmisfh.,

1. Biological adhesion; 2. Biological regulation; 3. Cell killing; 4. Cellular component organization or biogenesis; 5. Cellular process; 6. Detoxi-
fication; 7. Developmental process; 8. Growth; 9. Immune system process; 10. Localization; 11. Locomotion; 12. Metabolic process; 13. Multi-
organism process; 14. Multicellular organismal process; 15. Negative regulation of biological process; 16. Positive regulation of biological
process; 17. Regulation of biological process; 18. Reproduction; 19. Reproductive process; 20. Response to stimulus; 21. Rhythmic process;
22. Signaling; 23. Single-organism process; 24. Cell; 25. Cell junction; 26. Cell part; 27. Extracellular region; 28. Extracellular region part;
29. Macromolecular complex; 30. Membrane ; 31. Membrane part; 32. Membrane enclosed lumen; 33. Nucleoid; 34. Organelle; 35. Organelle
part; 36. Supramolecular fiber; 37. Symplast; 38. Virion; 39. Virion part; 40. Antioxidant activity; 41. Binding; 42. Catalytic activity;
43. Electron carrier activity; 44. Molecular function regulator; 45. Molecular transducer activity; 46. Nucleic acid binding transcription factor
activity ; 47. Nutrient reservoir activity; 48. Protein tag; 49. Signal transducer activity ; 50. Structural molecule activity; 51. Transcription factor

activity, protein binding; 52. Transporter activity.

Kl 4 GO IfielRt

Fig. 4 GO function annotation
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RNA Jl T #1151fi RNA processing and modification
B 4 )i 45 49 5 3)) J) %% Chromatin structure and dynamics
fit 5 7= 4= J ¥ K Energy production and conversion
U AW, A5 %, Btk s R Cell cycle control, cell division, chromosome partitioning
R 132 i R 1 Amino acid transport and metabolism
1% £ B2 12 % A AR Nucleotide transport and metabolism
B K Ak A5 #912 % A A 1 Carbohydrate transport and metabolism
1 W32 % 14 4 Coenzyme transport and metabolism
& 24124 AR Lipid transport and metabolism
BE, A% 45 MR £ 4 K 2L Translation, ribosomal structure and biogenesis
#; 3¢ Transcription
S|, TE4LF & H Replication, recombination and repair
40 ML RE /B BERL AW K £ Cell wall/membrane/envelope biogenesis
41 HLIZFE Cell motility
BEEEM, EANHH, 17 Posttranslational modification, protein turnover, chaperones
TEHLES 32 i F AR Inorganic ion transport and metabolism
AR EY &R, B#AE Secondary metabolites biosynthesis, transport and catabolism
X — % Ty BE T General function prediction only
FK AT Function unknown
15 5 % 5 L Signal transduction mechanisms
AN IS W RIHEHIIZ f Intracellular trafficking, seeretion, and vesicular transport
i 5§l #) Defense mechanisms
41} 4+ 45 ¥ Extracellular structures
%45 #) Nuclear structure

41 7 % Cytoskeleton

K5 COG IReTER
Fig. 5 COG function annotation

EHAEAL Transport and catabolism _ 1778
#3241 Membrane transport . 269
55 %% Signal transduction _ 1260
i, AP Folding, sorting and degradation _ 2028
S5 5 Replication and repair [N 476
# 3% Transcription _ 1528
#¥ Translation _ 2933
HUHTH 257 Antimicrobial resistance | 9

A 43 9k B AR 9% Endocrine and metabolic diseases l 132

FHRNYW  Amino acid metabolism 1521
oAt vk A2 AR5 2 W A5 B Biosynthesis of other secondary metabolites 860
B KA 4 A0 Carbohydrate metabolism 2584
fig B A% Energy metabolism 1144
e fA i1 4> JA B Global and overview maps 6786
R A R AR Glycan biosynthesis and metabolism 515
g 2448 4 Lipid metabolism 1517
il 1t R 4 4= 22 1R Metabolism of cofactors and vitamins 757
HoAth % K #R AR f Metabolism of other amino acids 708
i 25 1 2R i 25 X Metabolism of terpenoids and polyketides 596
% H AU Nucleotide metabolism 710

I EEIE N Environmental adaptation _ 1266

6 KEGG il 53 Br
Fig. 6 KEGG pathway analysis

sossoooud TE[n[PD

1 onPuUeD

wsiesio  WSIOQEISA_ SosBasIp uewINg]

T

I

R R

7y HHSEY

RAL



4 SROMRRE S . B M R 4T S AL 20 Mt B AR DR A5 e S A S R DA s ok 543

2.6 HRALLEN
CDS . i 3+ BLAST 153 38 212 4> CDS, Ji§ ES-
TScan J715 1% %] 4 890 4~ CDS, 455 43 102 4~
CDS, 4K JE 749 bp, N50 K 1 137,
TF; M0 358 5 60 A6 S T3 K3t 1 502

A TF B B H 5t 100 B4 C3H MYB il MYB-

related DA 2 bHLH %% 5% R 1 5806, Hf iR 2 ) ic G
AP2-EREBP \WRKY ,GRAS %5/ 5 [H 1,

SNP . H: % Bl 17 195 /> SNP i s, H il L 5%
e 11 122 4,445 A-G 5 452 4~ .C-T 5 670 /> ; A
6 073 4, 45 A-C 1 444 4~ A-T 1 729 /> .C-
G 14184 .G-T 14821,

SSR: e Z M I IRELE , A 3 666 1~; H
KRR E 3 439 4 58 F RAR K & A%
HIRHEE (563 1) ANEEREL (260 1) PO
TRRER (169 M) A FREL (148 1) .

3 Wik

B R 2 B ) A 25 0 AR Ay, £
25 3 R s S A S

A 3 5% S 2 I ( RNA-seq ) 1 75 [ Hi Bk % %
2H clean bases 3 6.67 Gb, £ T8 b5 7~ I FF R B |
AR B, XF Unigene 78 -b KB 2 b itk
TR, & BT R R fe s 19 2 NR s 2, I NR
B PEAS B A0 K, A 5 28 9 i A 0 I (Y
B BT LR RER B (H S R AT AR T
S5 FC A B PR A TR B OR B . L NR COG
KEGG ., Swissprot LA} Interpro 1) 1 B 45 5 =5 B E
587, AT LA A 12 522 4> Unigene J&4b T A4k
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