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Differential microRNA analysis of crude drugs and processed products in
Lycopodiastrum casuarinoides by using high-throughput sequencing technologies

CHEN Gang, DONG Yan-yan, ZOU Yi-ping
Key Laboratory of Natural Active Pharmaceutical Constituents, Yichun University, Yichun 336000, China

Abstract: Objective To detect the differential expression profile of miRNAs (microRNAs) in crude drugs and processed products of
Lycopodiastrum casuarinoides and identify potential bioactive herbal-derived miRNAs. Methods The samples of the whole aerial
tissues (including stems, leaves, branches) were collected in Yichun area of Jiangxi Province and were authenticated by relevant
experts. General RNA was extracted from the crude drugs and processed products of L. casuarinoides, respectively. High-qualified
small RNAs (sRNA) were isolated to be constructed the sSRNA sequencing library. Then, the single-ended sequencing was conducted
by using Illumina HiSeq™ 2500 sequencing method. MiRNA characteristic of L. casuarinoides was analyzed by relevant bioinformatics.
Results 9 898 332 and 10 099 918 clean reads were obtained from crude drugs group and processed products group, respectively. A
total of 25 microRNAs were differentially expressed between crude drugs group and processed products groups with statistical
significance, among which 22 were up regulated and three were down-regulated in processed products group compared to those in the
crude drugs group. GO (gene ontology) analysis showed that their homo sapiens targets were enriched in catalytic binding, molecular
transducer and KEGG (Kyoto encyclopedia of genes and genomes) analysis was shown for the target genes enriched in cancer and
immunity-related pathways, such as pathways in cancer, proteoglycans in cancer. Conclusion The differential expression profile of
microRNAs is first revealed by two processing forms of L. casuarinoides. This study suggests that the crude drugs and processed products
miRNAs identified in this study will lay a foundation for exploring the pharmaceutical function of miRNAs in L. casuarinoides.
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/N RNA (microRNA. miRNA) J&t—2K4FE
AR R B N IEE ARG S SN 2> T RNA, K
FEH 18~24 ML "EATKIET miRNA 4) 2
X774 (primary transcripts miRNA, pri-miRNAs),
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3UTR 4y, Mk FEfi# mRNA sl HaRe, M
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2012 4F, Zhang 24K 14 T %) miR168a fELE
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1ML . miR168a 7K-F- B 19 I, JF e FE AR iR
AU IXE UG TR N 73§ miRNA fE
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FIATEM . ik, —Leg A MY G4
A G 2 e Ak L2 WA R I TR A SR R Y
miRNA 2 5 $UZh Wk Py (1925 545 2 58 . Zhou 257
WFFTR W] I IR AR A 25 808 N 5 1 miR2911 fig
R S M TSR R FE 1 AL . Chin 25 HRIE 7Y 4
FEHPIR) miR159 AELS 5 BIME A RE A TCF7 kA1
mRNA [¥] 3"UTR X3k, F#fi# TCF7 mRNA, Mifiis
FIPUILIRE D . DL BB TR, YT
miRNAs R A B8 —Fiog 258 vkl . S, H
B bk, 9% T i SR 45 T e ) 24 1T R 4 oK U5 Y
miRNA $RIERF A+ 3R

BEFKA Lycopodiastrum casuarinoides (Spring)
Holub Jy A #& Bt ( Lycopodiaceae ) J# £ f2 J&
Lycopodium L. FRRFAKEY), RG24 “H e,
TR AAAE TR E A X PO A HAT KR
W BPLTE AT DAL, TR 3 ] T iRy XA PR
WATHU . W ROR RN T AR,
AR E B lycodine BUAEYEE" 'Y, HATHL L BEH Bk
P ERE SO Bk IE DT, (HIL2 A R
VEFINUHIE AL T . AWFFERM Mumina 4G
FPU7i%, M miRNAs £ B #7 JB A1 R 1R 253800 ik
fitth,  MHTEEARA L 25 SO S BRI RT e 2= 5, A
WG BT RS E AR TR E . RS I
miRNAs, JF5FIAE R AARSERE D, it —20

WA FA miRNAs 111431 25 B 8 342 JL A o
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1.1 #8l

HEAFAT 2015 AFRAETVLVGA EARW]H it
X (b4 27°36'21.97", K48 114°15'12.08"), 4L
PG48 ARG PR A3 W 50 T A S 00 S R AR R 0% 4
TE KA FA B A KA SR A E AT KR Lycopodiastrum
casuarinoides (Spring) Holub. i 1A A LA
ARG, SRATUKERmEILR =, —iH
AN AE—80 CARUMEAF . T —iB et Lk
Al MR TR R A, RS
1.2 2 RNA BY$2ERFO4E

%1 PEG 8000 (Polyethylene glycol 8000, %
CBD WAIMFEAT IR RNA. R J5K RNA
FEMAEUK LRk, B 4 CEL, RIGHE— & Wl
Fi®&, #%J5 437 F NanoDrop ND 2000 {43 66
FETEFAT Agilent 2100 Bioanalyzer M Agilent RNA
6000 Nano kit X /51 RNA (12l Ak B LUK 5¢ 2 1:
HEATRLIN, R IEENTRRE AR B A s R 4
1.3 /s RNA XEMENSBENF

SCORNA 28 LIk B IEREe e f vk 20 80, B K
JuFEILE 18~30 nt f)/N RNA (sRNA) BJfirlie, 4%
JEIERE 34k, IERYILL 15%%E PAGE (RN
WML ) FUk o B, DIRESE 36~44 nt HIY
o SO =), &4 58k, RIEXERT
PN IR /N RNA FEARHEAT e sk PCR. Sdesx
P 3 5% BRIl e ra vk o B, VIIRIE+E 140~
160 bp X34k, JRIFDE = IRI A 28302 . i)
SCPEERUINAE, R Tlumina HiSeq™ 2500,
LA SE $ilg, 3K (Read) 54175 140~160 bp,
M S B A ) B A B 2\ (Gene Denovo
Biotechnology Co., HVHE) 5% £ Fn B i AE 2 41
VR 2 PR SC AR 3 % ey s P LA o
1.4 sRNA HiEEBAE 20

D15 20 1 B 4 S £ 22 base calling #4624
FHEE (raw reads), %5 LI FASTQ SCE# A7
fiti, 7 reads P75 LLARIE I s . 0T
AT sSRNA WP, 7 rA3K B0 51 nt (1)
sRNA /741, it Ldesk. LB IE &5 3741,
AR 16~35 nt [WEiE sRNA J¥4). 4eit
sRNA AP, Foim KR, W28 HIWr sSRNA
JiiiE. 4 clean tags (reads) /3414375 GenBank
(Release 209.0) Al Rfam (11.0) i FEEAT ELXS,
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RN Homo sapiens hgl9 3525 3L K410 e,
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DI e 0 25 PR s 4R 23 W e Al o 22 S B JE AT A1) 32
BEYEE DR . AN A H KEGG(Kyoto encyclopedia
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SEIEP AT LR, SRS GO AHFEITEH 7153k
KEGG 734t i
1.8 HitEAHE

KHI SPSS 19.0 FAFEATALBE, FHEBUR LY
B8 + bRk 72 LR, R4 LU SR H Student-¢ 1546
P<0.05 75 RA G AR X
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PIREAY) RIN {E35°K T 8.003 1), BLFAREA T RNA
BEARRIEE 55 Y. BhAh, WY 25 S/18 ST rRNA
{H#RHEIT 2.0, FIRPIH RNA SeHEVEREF, JEAT0
Bef (I 1. XKW 2 HEA L RNA JFUERT A i 4k
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#1 BANREASRRAERNA REXRESRE
Table 1 Concentration and quality of total RNA of L. casuarinoides derived from crude drug and processed products
RS R TR J R /(ng-uL ™) Aae0/As0 Aseo/A230 258/18 S° RIN’
AT 24 R191762 537 2.1 2.3 1.9 8.1
AT R191763 831 2.0 1.8 1.8 8.3

"RNA 2355

* refers to RNA Integrity Number, representing the standardization of the RNA quality control
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indicates the size of the RNA fragment, Y-axis indicates the fluorescence signal intensity; The right images refer to the capillary electrophoresis
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Fig. 1 Analysis of RNA quality of L. casuarinoides derived from crude drug (R191761) and processed products (R191762)

R2 BANREREFRRFEANFLERFRKERITSHR

Table 2 Sequencing treatment and fragment length statistical analysis of L. casuarinoides derived from crude drug and

processed products

" iy /%
e A B 2 B
total reads 12 610 888 13095 130 100.000 0 100.000 0
high_quality 12 230 863 12 709 477 96.986 5 97.055 0
3” adapter_null 6077 7 058 0.049 7 0.0555
insert null reads 25 878 18 600 0.2116 0.146 3
5” adapter contaminants 11 261 13979 0.092 1 0.1100
smaller than_18nt 418 128 295 888 34186 2328 1
polyA 156 110 0.001 3 0.000 9
clean reads 9 898 332 10099918 80.929 1 79.467 6
40- -t ASSCEESY 74271 9 898 332 110 099 918 1 Ji e 1)
ol . J#%1 (clean reads), HAKPEEILA R EAG, 1M H.
YIE 21, 24 nt IALE LI 2 MEM, XTFE—
§20- ALY miRNA (50 A RS AR B RA R 2 2 A0
=y YA R, 21 nt /h RNA 0 EBEA, 5 b Hofsil )
AR 34.09%F11 18.47% . H1IEl 2 W41, 2 SCEELL 20~
-16 1718192021 2223242526272829 303132333435 24 nt E(Jr?ﬁu E‘%‘r?ﬁu E‘Jéﬁjﬁ%ﬂﬁo ;H;Ehﬁj'\}#éﬂﬂi[lﬁz
K/t Y4 NIE 20~24 nt JFFHIFTE ELAGI50 5004 80.7%F1
) BEEMAETATIG AT T RNA KEpzs  O7-99% DEIIRIEI P ARAG iy 5 b e i, A

Fig.2 Length distribution of small RNA of L. casuarinoides
derived from crude drug and processed products

A AT AP L miRNA B 3, (BT
ZH ) miRNA ELIF 1 5 B, 9E miRNA F B
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W%, XA RS AT E miRNA K AEREf#
AR Mk BB, XREE0 R EIE miRNA
o T ER At 7 JIiEdE .
2.3 sSRNA B9 2+

X 2 AN SCRES 3 3R 15 = i 7 B (clean reads ),
W AE Rfam (10.1) Edli FEdEAT LOXHERE . e bR
o) — B 5 R PR SRNA, fU35 rRNAs. snRNAs.
snoRNAs FIl tRNAs, 7 43 [¥] SRNA J7 1] 5 miRbase
QU EAFEP A E) miRNAs JF4103ET [
PRPELEXS, B 2K D F T A3 miRNAs JPHIHE T /5
FAERL, IR 3 ATLLE Y, S N A b A 2 4R

TR HAS 21 9 898 332 A1 10 099 918 45751, 43931
RET 509 862 F1 568 231 FhRAL) /N 73T RNA.
WO H ) IRNAL snRNA. tRNA R
B T AR O N B, Tk O Al
snoRNA PRI & EAK TAE 254 . [HARE RN,
FEXT I 36 HA IO 2P D0 miRNA - (738 288) 7k
B EU BT A 254 (3082713), AR E, K
Frof (3225) LoAE2h4H (4 745) WA FTb o BbAb,
AT 53 (1) sSRNA FRARPEARE, 200l k2
4 (64.11%) FIRF 4 (84.11%). X LW HEATA
AR 2 AR S0 1) miRNAs G £ K.

x3 BRANMERERRFEIESNDF RNA LR E
Table 3 The type and number of small RNAs in L. casuarinoides derived from crude drug and processed products library
respectively
o Fi 5 SRNA FArE% ELF) SRNA FIorLe/%
a1 W &t (%1 a5t W &t W

total 509862 568231 100.000 0 100.000 0 9898 332 10099918 100.000 0 100.000 0
known_miRNA 4745 3225 0.9306 0.567 6 3082713 738 288 31.143 8 7.309 8
rRNA 14 405 23758 2.8253 4.1810 342 787 472012 3.463 1 4.6734
snRNA 361 559 0.070 8 0.098 4 4 144 5980 0.0419 0.0592
snoRNA 128 107 0.0251 0.018 8 1733 926 0.0175 0.009 2
tRNA 2998 5274 0.588 0 0.928 1 121 030 388 181 1.2227 3.843 4
unannotated 487225 535308 955602  94.206 1 6345 925 8494 531 64.111 1 84.1050

24 ZERMFRIZ miRNA 89547

HT T IREEARAEZ SO 2 419 ) miRNA
FIEUE, AR CAI miRNA BE T8
(E 4, NF 475, k5 miRBase 2%
LEXT, A2 500 AL % e 3k A3 74 4> miRNA
FCGAE A, Ferh PRRE i th LR IA 1) miRNA 17 45 4,
AAEAE 2 B miRNA A 20 4, AAER A Tl
I miRNA A 94 WKL B, P AT miRNAs
Ko FRERIL, & HP) (JEES) miRNA
RKIEFEAFR, X 5~10 reads. XK WA
W R 2N T2 5, —4% miRNA 274
B 2% (40 miR5185-x. miR9498-x. miR399-y.
miR5057-x 55), [Aif, —LEH M miRNA 4) 5
B E (0 miR2637-x. miR7995-x. miR6231-y.
miR5523-y &), M4k, A ZHAEEN miRNAs
W Z G RA7AE, Ll miR166-x. miR319-x.
miR2950-x EH 4|l 3.

T PX 74 A miRNA 43 A7 AE R 25
SERIRh T M AR, AR SRRy O T S

PR miRNA . KL miRNA156-z
miRNAS5523-y HAM 41X (seed region), W&
4 JiHEFA

KT AR AR A2 SRR WAL TR
75 2IA I miRNAs RIS TN, N EdgeR #AFX)
2 AFEACA miRNA 3T 2 5 W2 v gt (GR
5)e MWHATRAfHH . 25 N2 KIAN) miRNAs H,
22 > miRNAs ik B, HAf 9 MU R B i
LY miRNAs (£ 5 P FRIZ): 3 4 miRNAs
(miR166-5p~ miR171-3p Fl miR5168-3p) F ik T il

MY R, 48K 2 HOR R Y AR TR
FIEW ) miRNA J390 BA = BRI . ARBFST
WETHAREAASRFA T ERREW
miRNAs 7EARIPIFN I ORSFIE, ZUZSHH W, 16 P
YRR SE e AR, HE AN B 7 R
miRNAs, KILEEAFAH ) Le-MIR156. Le-MIR396,
Le-MIR403 EREW ) i A7 6 o T AT 28 1 A 14
miRNAs , X VU A 75 — 28 45 @ M AE ),
Le-MIR1095 (5B Le-MIR6300 (5 K5
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x4 BRANEHESRFES miRNA BIRIEIE
Table 4 miRNAs profiling information in L. casuarinoides derived from crude drug and processed products libraries

miRNA ZFF K &/nt

miRNA JZHT5 (5°—3)

oy

MIR166-y
MIR319-y
MIR2950-x
MIR159-y
MIR1095-y
MIR894-x
MIR1113-x
MIR156-x
MIR157-x
MIR165-y
MIR171-y
MIR5139-x
MIR408-y
MIR8155-y
MIR1511-y
MIR171-z
MIR6300-y
MIR166-z
MIR1084-x
MIRS175-y
MIR1082-x
MIR3630-y
MIR160-x
MIR5168-y
MIR3699-y
MIR6478-x
MIR5072-x
MIR5368-y
MIR535-x
MIR845-y
MIR6173-y
MIR396-x
MIR156-y
MIR7782-y
MIR166-x

21
20

TCGGACCAGGCTTCATTCCCC
CTTGGACTGAAGGGAGCTCC
TTCCATCTCTTGCACACTGTG
CTTGGATTGAAGGGAGCTCC
CAGGTTCCCTTGTTTCCAAAT
CGTTTCACGTCAGGTTCACCA
TGAGCAGTCATAAGGTAGCCT
TTGACAGAAGATAGAGAGCAC
TTGACAGAAGATAGAGAGCAC
TCGGACCAGGCTTCATGCCCC
TTGAGCCGCGCCAATATCACG
AACCTGGCTCTGATACCA
TGCACTGCCTCTTCCCTGGCT
AACCTGGCTCTGATACCA
AACCTGGCTCTGATACCA
TTGAGCCGCGCCAATATCATT
GTCGATGTAGTATAGTGGT
TCGGACCAGGCTTCATTCCCT
TAACTCAGGTGGTATGCTCCCA
TCGTTCCCCGGCATCGGCGCCA
GTATTGGCCCGCTGGCCGGCG
TGGGAATCTCTCTGATGCAG
TGCCTGGCTCCCTGTATGCCA
TCGGACCAGGCTTCAATCCCC
TTGACAGAAGATAGAGATT
CCGACTTTAGCTCAGTTGGT
ATCCCCAGTGGAGTCGCCA
AGGGACAGTCTTAGGTAC
TGACAGCGAGAGAGAGCACGC
ACGCTCTGATACCAATATGTTGGA
TAGCCGTAAACGATGGATACC
TTCCACAGCTTTCTTGAACTT
TGCTTACTCTCTATTTGTCAGC
AAACCTGCTCTGATACCA
TCGGACCAGGCTTCATTTTTTGT

193 116
35 646
26 785
26 700
24264
23960
21240
20735
20 420
18123

7675
6084
5833
4455
4007
3799
3370
3163
1876
799
742
691
688
584
297
230
210
207
86

81
67

51
46

Ky FRAEAL R H i Bt
L 2y Bt
3358934 2760613 598321 895 514.100 0 810 416.800 0
139302 53814 45 188.120 0 72 890.250 0
27 509 8137 8 923.633 0 11 021.440 0
20 356 6429 6 603.275 0 8 707.984 0
13 594 13 106 4 409.752 0 17 751.880 0
16 611 7 653 5 388.435 0 10 365.870 0
17 126 6834 5 555496 0 9 256.550 0
14 375 6 865 4663.100 0 9 298.539 0
14 023 6712 4 548915 0 9 091.303 0
18 040 2380 5 851.988 0 3223674 0
17 548 575 5 692.389 0 778.828 9
4997 2678 1 620975 0 3 627.311 0
4 883 1201 1 583.994 0 1 626.736 0
4043 1790 1 311.507 0 2 424528 0
3285 1170 1 065.620 0 1 584.747 0
2 488 1519 807.081 3 2 057.463 0
1831 1 968 5939573 2 665.626 0
2877 493 933.268 8 667.761 1
2519 644 817.1374 872.288 3
1007 869 326.660 3 1 177.047 0
702 97 227.7215 131.385 0
492 250 159.599 7 338.6212
533 158 172.899 7 214.008 6
622 66 201.770 3 89.396 0
454 130 147.272 9 176.083 0
219 78 71.0413 105.649 8
186 44 60.336 5 59.5973
82 128 26.599 9 173.374 1
175 32 56.768 2 43.343 5
61 25 19.787 8 33.862 1
49 32 15.895 1 43.343 5
44 23 14273 1 31.1532
37 14 12.002 4 18.962 8
26 20 8.434 1 27.089 7
43 3 13.948 8 4.063 5

46

VLD, Le-MIR7082 (5 —RHAANIPUAL) 48,
IXEE miRNA 7EHABI R IR, Al RER IR X L
miRNA SIS RAA T, W EA RS

KRG R AT ML B Selaginella moellendorffii
Hieron [ miRNA HOGEE AR, Le-miR1095 A fig
FEATFARS 1 miRNA 210 W3 6.
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miRNA ZFx K& /nt miRNA T F (5°—3) R e P e Yo

MIR398-y 21  TGTGTTCTCAGGTCGCCCCTG 35 27 8 8.7585  10.8359
MIR403-y 21 TTAGATTCACGCACAAACTCG 32 19 13 6.1634  17.6083
MIR5077-x 19 GTTCACGTCAGGTTCACCA 32 25 8.1097  9.4814
MIR7767-x 20 CCCCAAGATGAGTGCTCTCC 20 16 51902 54179
MIR4995-x 22 AGGCAGTGGCCTGGTTAAGGGA 20 15 48658 67724
MIR167-x 22 TGAAGCTGCCAGCATGATCTGA 12 22707 67724
MIR5185-y" 18  GGAGGTTGGCTTAGAAGC 29195  0.0100
MIR2637-x 21 TCAATACTTCCTCTGATCTCT 0.0100  10.8359
MIR9498-x" 19 CGTCAAGTAGGTGTTGAGA 22707  0.0100
MIR5761-z 19 TTTTGTGTCGTCAAGTTTT 1.6219 27090
MIR399-y" 21 CGCCAAAGGAGAGTTGCCCTT 1.946 3 0.0100
MIR5057-x" 24  AAAACTTGAAATCATTTTGACAAA 1.946 3 0.0100
MIR156-z 19  TTGACAIGAAGAGAGAGCAC 0.6488  4.0635
MIR3954-x" 21  TTGGACAGAGAAATCACGGTC 16219  0.0100
MIR7995-x 21 TTACACGTAGACTCGTTGACC 00100  6.7724
MIR6231-y 21  TTTGTGGACTCTTGGACCTGC 00100  6.7724
MIR7725-y" 18  ATGTGCTTTCGTCAAGAG 1.6219  0.0100
MIR482-y" 22 TCTTGCCAACTCCGCCCATACC 12976  0.0100
MIR168-x" 21  TCGCTTGGTGCAGGTCGGGAA 12976  0.0100
MIR8024-x 19 TCGAAGATTTTAAAGACTT 0.0100 54179
MIR419-y" 18 CTGAATGATGACGATTTA 12976  0.0100
MIR9656-y 18 TGCATTGAGACTCTGAAC 0.6488 27090

MIR1882-y" 19  AATGATCCCGGACGTAATC
MIR4348-y" 20 TTTAAATTTGACTATTAGAT
MIR9668-x" 18 CCATGACAAGTATTTTGG
MIR1510-y" 20 TTGTTTTACCAATACCACCC
MIR1533-y" 19 TAATAAAAATAAGAAGGAT

0.9732 0.0100
0.973 2 0.0100
0.973 2 0.0100
0.648 8 0.0100
0.648 8 0.0100

MIR477-x" 18  CTCCCTCAAAGGAATCCT 0.648 8 0.0100
MIR5523-y 20 TGGGGAGGAACATATTTACT 0.0100 2.7090

MIR7731-y" 18 TTTGCACTGGACTTTGAA
MIR5565-y" 20 ATCACATGTGGATTGATATG
MIR8569-y" 18  ATCCGGTAGGTCGGACCA

0.648 8 0.0100
0.648 8 0.0100
0.648 8 0.0100

NN NN N NN DD NN N DND W W WA B B DD NN 0o
N O O O N NN DN O N NN W W W O A O ©O L DOV O O W
N O NN OO O O O O O O O O NN O kRO O O Lo WO o NN o oo U Ao

MIR837-x" 18 CCTTGTTTCTTGTTTTCT 0.648 8 0.0100
MIRS5225-x 22 CGTCGCAGGAGAGATGGCACCT 0.0100 2.709 0
MIR1873-x 21  TCTCAACTTGGTATCAGAGCT 0.0100 2.709 0
MIR8171-x 18  GGTGGTCCATTGGTAGGA 0.0100 2.709 0
MIR6293-x" 18  GATAACAGGCTGATGACT 0.648 8 0.0100
MIR535-z 20 TTGACAAAGATAGAGAGCAC 2 0 0.0100 2.709 0

miRNA-x, %7K 5 p, miRNA-y %75 3 p, miRNA-z R AHERKE 5 p k3 p; ATHER AT K48 Boxes indicate seed region; " RAN{E: 2
Y miRNA; T RIZARYOT HOBT L miRNA

x represents the 5p direction of miRNA; y represents the 3p direction of miRNA; z indicates that it is not determined, either 5p or 3p; The rectangle box
means the miRNA seed regions, "means the miRNA is uniquely expressed in the crude drug, while the underscore character refers to the novel miRNA in

the processed products
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Table 5 Differentially expressed miRNAs in two groups
miRNA %R AR ERE R KA b s MR & log, (FC) P1E RKIEABN
miR-1095-3p 4 409.752 17 751.88 2.009 202 36 0 i
miR-156-z 0.648 8 4.063 5 2.646 877 17 0.029 927 524 i
miR-162-3p 1.946 3 8.126 9 2.061 971 04 0.011 475 132 i
miR-166-5p 13.948 8 4.063 5 —1.779 346 21 0.024 621 35 T
miR-171-3p 5692.389 778.828 9 —2.869 655 80 0 T
miR-171-z 807.081 3 2057.463 1.350 080 36 4.89x 107164 i
miR-1873-5p 0.01 2.709 8.081 616 58 0.014 426 998 i
miR-2637-5p 0.01 10.8359 10.081 603 27 7.51x1077 e
miR-3630-3p 159.599 7 338.6212 1.085 214 36 232X107% i
miR-396-5p 14273 1 31.1532 1.126 081 65 0.002 928 533 i
miR-403-3p 6.163 4 17.608 3 1.514 457 30 0.003 948 269 i
miR-5139-5p 1 620.975 3627311 1.162 038 70 1.69X 10722 i
miR-5168-3p 201.770 3 89.396 -1.174 431 64 3.37X107" T
miR-5225-5p 0.01 2.709 8.081 616 58 0.014 426 998 i
miR-535-z 0.01 2.709 8.081 616 58 0.014 426 998 i
miR-5368-3p 26.599 9 173374 1 2.704 395 67 3.99x 1074 e
miR-5523-3p 0.01 2.709 8.081 616 58 0.014 426 998 i
miR-6173-3p 15.895 1 433435 1.447 233 56 2.02X107 i
miR-6231-3p 0.01 6.772 4 9.403 523 38 0.000 104 069 i
miR-6300-3p 593.9573 2 665.626 2.166 043 47 0 i
miR-7782-3p 8.434 1 27.089 7 1.683 438 38 0.000 132 447 i
miR-7995-5p 0.01 6.772 4 9.403 523 38 0.000 104 069 i
miR-8024-5p 0.01 54179 9.081 589 96 0.000 538 609 i
miR-8171-5p 0.01 2.709 8.081 616 58 0.014 426 998 i
miR-8175-3p 326.660 3 1177.047 1.849 309 38 3.42x 1071 i

7 LR E miRNA J5 042 5 p i/ 3 ps R RIZ R RO B LAY miRNA

z represents that the direction of miRNA is not determined, either S5p or 3p; underscore character means the novel miRNA in the processed products

£ 6 BHAHCH miRNA SHFTERIER
Table 6 Conserved miRNAs of L. casuarinoides mathched with other species
Zits MIR1095 MIR156 MIR162 MIR1873 MIR2637 MIR3630 MIR396
TUWITT Arabidopsis thaliana - + + _ _ _ T
TSN Brachypodium distachyon - + + _ _ _ i
W3¢ Brassica napus - + 4 _ _ B N
JKF& Oryza sativa - + + + _ _ +
NZ Panax ginseng - - _ _ _ _ B
/NSLIGEEE Physcomitrella patens - + - - - - _
WE = A2 Picea abies - - _ _ _ _ .
=i LLAS Pinus densata - - + _ _ _ "
KAERS Pinus taeda — + — _ _ _ +
MWt Populus trichocarpa - + n _ _ _ N
W% Rehmannia glutinosa - - - _ _ _ _
BERR Ricinus communis - + T _ _ _ N
YLFIZ ] Selaginella moellendorffii + + - _ _ _ n
&l Solanum lycopersicum - + + - _ _ n
=% Sorghum bicolor — + + _ _ _ i
INFE Triticum aestivum — + - _ _ _ "

“+7 ORI <=7 ORI

“+” means match; “—

means mismatch
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2.5 GO FIKEGG Mgt RE =&
Xf RS E TR 74 DA R SR A
) 22 %15 miRNAs, KA RNA hybrid (v2.1.2) +
Svm_light (v6.01). Miranda (v3.3a), TargetScan
(Version: 7.0) 3 Maxff, LLAIE mRNA AFEFR,
BEATREIERITR, SLRUMAG3] 46 591 MELER, W
K3 164 842 HUILPIA pl. JFE—SRH GO K
KEGG *}1X 28 miRNA $UIEPK EAT D) REE R 204 o
miRNA LK GO 73 M4 Ak W], AE7r T

18265+

(molecular function, MF) 1, 5453 (binding)
i bl i % L LU AT 1 Ccatalytic binding);
TE4Nfu2 7> (cellular components, CC) 433K 1, 4
MUt Ceell part) Jirdy bl 2, FLORh 40 i 4%
(organelle); fEAY)idRE (biological processes, BP)
i, iR Ccellular process) AT Lbfilie % . It
AN i (biological regulation) 2 F A4 id F
25 (single-organism process) (& 3).

A, KEGG il s S0k l], L4 10544

14612

ﬁ10959—

K

B 7306
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Fig.3 GO analysis of target genes of differential expressed miRNAs

FRMEIEDRYS J 307 4515 510 (pathways) . {HAF
BEE, WE LR R ENEE PEA O /KK
B, WHERT 10 NMEK (top 10 pathways) A~
FI5 5% (oxytocin signaling pathway). G &[]
Rapl {57l (rapl signaling pathway) MJLZ)E
gl B 228 8 % 8 B ( regulation of actin
cytoskeleton). FEAEIHE (pathways in cancer) %55
KR Z, METhw.
2.6 Z5% miRNA RYSEECE FUN & EIhge 5 4

T R R IR T KGR OC 1Y 28 . G AT IR 4
IVETT A o AU A0 45 5 H I 25 00 TR
R SR R G miRNA S A
Mg W XTER 4 PR T AEZH SR A
miRNA L EH A 10 £77) miRNA, BEAT
targetscan 1 miRanda 55 K 05 2k 73 A7, &5 R T
fH 6 ' miRNAs: miR159. miR319. miR894.

miR1095 . miR1113 . miR156 % 15 ¥ i i@ i
(pathways in cancer); 4 7 Ff miRNAs: miR159.
miR319, miR2950. miR157. miR894, miR1113,
miR156 Z 5 iE ' 1) £ B (proteoglycans in
cancer) M, I+ miR159. miR319. miR894.
miR1113. miR156 Jt[d] 555 b0k Py i 5 5
¥, 1M miR319. miR894. miR1095 55 % K1 1
T 4 g ( T-cell lymphoma invasion and metastasis 1,
TIAM1).B 4 f1( B-cell CLL/lymphoma 2, BCL2).
4 g K17 (TNF-a, TNF receptor associated factor)
DL H T A5 5 1& 2 (U Fas ligand. toll like receptor
4) FAAK, WK 8.
3 ite

HAT gk, ATRYE BE e ek, il i
FeEDME B R ENLIIN T vk L A 72 R dE
HE I A miRNA i TA #7385 45 (miRbase-
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Table 7 Top 10 ranking KEGG pathways of target genes of differential expressed miRNAs
W D {551 H 0 DR 4 AR PA{H [oXi:)
ko04921  fit = E {5 Tl 362 (3.43%) 946 (2.47%) 1.35X10°° 2.48X107°°
ko04015 G &1 Rapl # % 478 (4.53%) 1310 (3.42%) 235X107 1.60X10°°
ko04810 WAL 40 fu i J 4 486 (4.61%) 1 338 (3.50%) 1.02X107 3.66X107°
ko04722  MEEFERFHIME 5 4% Tl 327 (3.10%) 855 (2.23%) 127X107 4.54X107°
ko04010  22ZJFiG b IS 5 598 (5.67%) 1728 (4.52%) 451X107 330X10°°
ko04020  5{F-5d % 378 (3.58%) 1039 (2.72%) 743X107 225%X10°°
ko05200  JEiSEIE 844 (8.00%) 2 585 (6.76%) 1.58X107 2.10X10°°
ko04072  TiARNE D {55 W 336 (3.19%) 927 (2.42%) 3.15X107 9.14X10°°
ko04550 TN REthAE 5 4 271 (2.57%) 724 (1.89%) 448X107 7.45X107°°
ko04022 MR L/ HE MR G 15 5 366 (3.47%) 1 025 (2.68%) 745X107 835%107°

P BB 5 AR LT 1 S DR 15 2 R 06y vk, AEMUR SR T IR I, HESUIGURS A 42 P B IR R /NSRBI, P AEDRRDS, B e 4
PR R 2, IR ELRRHER: P<<0.055 185 T MCROR AT R B AL 8 H 5 KEGG B ik R AL B Lufi; O (i) P B

TR AR, BE S 0<<0.05

The calculated P value is a test method for the foreground genes comparing to the background genes in the Pathway enrichment analysis. The smaller the

P value, the more significant the pathway enrichment, In general, it is taken P < 0.05 as a threshold. Percentage represents the ratio of the number of

foreground or background genes to the total number of annotation genes; Q value is a more rigorous test of P value, its threshold value is 0.05

Table 8 Target gene prediction of candidate miRNAs related to cancer and immune pathways

*8 HRAMNPEEAEN%ZEXA miRNA (%80 EE

fEsE 15 1% miRNAs FLIE IR B filiid P1H
pathways in cancer miR159-3p MAPK10 (Mitogen-activated protein kinase 10) 2.71x10°8
WNT2B (Wnt family member 2B) 2.71%X10°8
miR319-3p BCL2L1 (BCL2 like 1) 2.71%X10°8
TP53 (Tumor protein p53) 2.71%X1078
TRAF3 (TNF receptor associated factor 3) 2.71X10°
miR894-5p BCL2 (B-cell CLL/lymphoma 2) 2.71%X10°8
TRAF4 (TNF receptor associated factor 4) 2.71X10°
miR1095-3p TRAFS (TNF receptor associated factor 5) 2.71%X10°8
BCL2(B-cell CLL/lymphoma 2) 2.75%10°%
miR1113-5p TP63 (Tumor protein p63) 2.75%X10°
miR156-5p TP63 (Tumor protein p63) 2.75%X10°

proteoglycans in cancer BMF (Bcl2 modifying factor) 0.999 99
miR159-3p MET (MET proto-oncogene, receptor tyrosine kinase ) 2.75%X10°
miR319-3p HGF (Hepatocyte growth factor) 2.75%X10°
miR2950-5p AKT1 (V-akt murine thymoma viral oncogene homolog 1) 2.75%X10°
immunity-related pathways TIAM1 (T-cell lymphoma invasion and metastasis 1) 2.75%10°
miR157-5p TLR4 (Toll like receptor 4) 2.75%X10°
miR894-5p FASLG (Fas ligand) 2.75%107°
miR1095-3p SMAD2 (SMAD family member 2) 2.75%X10°
miR1113-5p FAS (Fas cell surface death receptor) 2.75%10°
miR156-5p TLR4 (Toll like receptor 4) 2.75%X10°
CBL (Cbl proto-oncogene) 2.75%10°%
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200 B R Asvh AP, g g
RPN S H R miRNA JRp I, H
CATTRIF IS R A PR TE ) miRNA Wif 25
MR E ARG R e 25 S R,
e T L 2 5kE 1 miRNA 402 55k N 1)
LRI S A R . TRk, YK
miRNA 1E—FAIEERIZ R, 2 58N
IR ) D A&V 2 i saED,

AWFFEET 20 P miRNA 253081 ie, 1l
TR SRR 25 5 AR 2 4> ¢cDNA SCEFFEAT
RN, % A A2 5RO TR
E miRNA /N1, AU IR AR T4
2y, ORI miRNA SECE AT B
i, 1B74F 21~24 nt /Y miRNA ¥4 5/~ 3T RNA
TN, XRWBEATS miRNA Rl 17
fitiv WS BE R BA AR ke tt, x5
HEK R miRNA $2EP7 #%5 miRNA 1T
S AL FRIN PSS 45 AL o X LU T Al
Ja ] miRNA e A e A7 IR A, mT e Hop s
RNA 73T H G EMERKMER. Wik
OB B B D oA 3 i A1 X ) B e
miRNA 43T Zhang %4 iE MIR2911 BEHEHTRT
F1 RNase 42, HHE GC &FH K.

WEFCRIN, B T REF AT 10
£7f) miRNA 43F: miR166. miR319. miR3950.
miR159, miR1095. miR894. miR1113. miR156.
miR157. miR165 &R IE miRNA, KA
AT R AR B4k 1) 5 i Bl S e A G 42, X
BEAAALR . PURMAH G RE H B CHE. b,
SCHRFRTE P 2= AE RN S8 s 7 miR159, I HAEfd R
N ARFZL i A5 03 S A 2, 3 h L e
(1 Zh 28, 3 kA i i E AT KA TT FE A ) miRNA 24
PERF UL T B RIS

ARSI FH IS DN sl R BE 3 732, e I
THEAAEZT SO ) miRNA Rk, % 17
H 2 ERIA miRNA RS ERE, il S B
PUR 2RI miRNA 731 B0 N N HESE A,
XURELAAE N miRNA %58, N R SRR EYIf
HEEREA ARG /NS RNA BB IS5
FEAE s . BARASEIGIRTT T A2 SR )
miRNA ki, (EA I A FA TR BRI
HEATERZEN Y o DRItE, TBEATHA TP miRNAs 7F R
HHWNIIRE AR, WA RRE— .
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