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Abstract: Fusarium wilt has seriously threatened the development of the banana industry. In order to analyze the miRNA-like (milRNA)
and its regulatory function in the Fusarium oxysporum F. Sp. cubense race 4 (Foc4), three Foc4 mycelia small RNA sequencing libraries were
constructed. Totally 11,783,990 raw reads were obtained by sequencing, of which 3,351,578 valid reads can be used for subsequent milRNA
identification. Through the comparison with the plant miRNAs in miRbase and the reported fungal milRNAs, seven conservative milRNAs and
three novel milRNAs were identified. A total of 53 pairs of miIRNA-mMRNAs were identified through degradome sequencing to predict milRNA
target genes. Through GO and KEGG enrichment analysis of target genes, milRNA was found in association with multiple metabolic pathways,
including purine metabolism, glycerophospholipid metabolism, thiamine metabolism, and tricarboxylic acid cycle pathways, and would have an
important impact on fungal growth and development. In the meantime, milRNA targeted the ABC transporter CDR4 and spore wall mature
protein DIT1, thereby probably influencing the pathogenic process of Foc4. This study is the first to analyze milRNA-targeted genes in the
pathogen Foc4 via degradome sequencing after milRNA was obtained by high-throughput sequencing, which provides an important reference
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for studying the regulatory functions of fungal milRNA and new ideas for the prevention and treatment of Fusarium wilt.

Key words: Fusarium oxysporum F. Sp. cubense race 4; milRNA,; degradome sequencing
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FEF BRI T3 4 18~25 nt 75154V miRNA
f\) MRNA. RFam Al Repbase #& ZE#ET ELXE, #iEL
X FIXECE AR, X LR miRNA £, FIR
NG BEEE (valid reads). ELATEOHREEE, 13
A RUEE 4% 3351578 4%, 5 R IG U I LBl
28.44% . AEIELEFRES 2] unique reads
744349 %, FT %€ Focd F milRNA.
1 /)N RNA SCEER AR
Table 1 Composition of the small RNA library

Library type Total reads/% Unique reads/%
Raw reads Cut adapter 11783990 (100.00) 2326111 (100.00)
and length filter 7553814 (64.10) 1563106 (67.20)
Junk reads 26180 (0.22) 4822 (0.21)
Rfam 847665 (7.19) 13691 (0.59)
Repeats 6201 (0.05) 179 (0.01)
Valid reads 3351578 (28.44) 744349 (32.00)
16 - BOTotal EUnique
14r ¢ | R 2 N ]
PL S T # w I % N I T N R N
ot RN BN AN B R
st b
2 6 5N
4t \ _ ™
5[ ’ . g
. . ;

i.S '19 EO 21 22 {.23 .2(4 25
Length /nt
1 /NRNA KES T
Fig.1 Size distribution of small RNAs

2.2 milRNA By & & 247

Bl FEA3 21 valid reads 5 miRbase FRAEA)AISC
BRI BN BB miRNA AR K T4 (B
K 3) X, Wk 2 fos, EEIRAT Focd 7 MRS
i) (conservative) milRNA, {45 4 4~ 5 E B Hoxt L)
milRNA ( Foc-milR1 , Foc-milR2 Foc-milR3 I
Foc-milR4 ) #1 3 A 5P tL X} L/ milRNA

(Foc4-milR5, Foc4-milR6 #1 Foc4-milR7), i&H 3
AN #ALE) (novel ) milRNA ( Focd-novel milR1,
Foc4-novel milR2 1 Foc4-novel milR3), HE4H(EE
# Lo Hrb 4 N 5EE T ER) milRNA 73414 gplb,
B bk X 2] miRBase L %0 [ 3% % 4 B0 19 10 1A

(pre-miRNAS), F HATA AT DAigt—25 Lok 213 PR 2H
B0, Focd FHTHMIMKT Focd-milR4 157 il 25055

(Fon) 1 fon-miR-1-m0017 ttxf b, R-1 {8
Foc4-milR4 £/ 1 AN, HIHHTHAR A LAgt—4
Xt 2 Focd BRI . =SSP EE) milRNA 43

HoR gp2a, Fonn] SHEVIETALLN E, (HiZEY &
FARELLXT I Focd JERIAL, Z a4k milRNA 7] LLLE
X2 Focd FERIAH F, HAEREAA milRNA J& A )
FERI 751 0] ARG 2 11 2% R I 450 JFE U P AR
Foc4-milR5, Foc4-milR6 F1 Focd-milR7 435 %24
miRbase . %1 miRNA b X} F #f 3& B N .
mtr-MIR5229a-p3 2ss16AG18TG , ppe-MIR399k-p5
25s13GC20GA Al zma-MIR162-p3_2ss4GA19AT .
Foc4-milR7 fRiER A zma-MIR162-p3_2ss4GA19AT =
7~ 5 miRbase H 5K (Zea mays) Hifk MIR162 Lt
XF B BALFRTART 35, H 2ss4GAL9AT RIRTE 4
AR G 1 A B, 7E55 19 Mgt A B T e, 3t
TF 2 B R, HIE 408 gp2b, Rk BoKRiiE MIR162
Aretbx) I Focd BRI . rTUURIL, =ANSHEYIEEXT
1) Foc4-milRNA f A #RAE7E PR ME 1 B 4t
Hext ERRTAREARELL ST I Focd FERIZH, FHH
MIRNA ESATERY) AN LR [ OR 7 R A, (H T
PRAEAEPAN LB A AR 22 R ROK

3 /™ novel milRNA 4544 gpda, FRiZFHIA
AELEXS |- miRbase HT L&A TR, (HATLALLXY
I Foc4 F:RIZH b, HAEIE PRI 751 mT LAIE i A2
11 25 R I 0 S N R A

Z: Gi)‘ :A;.‘?: ca‘ ‘e
(& 2 mi IRNAs Bl RéEH

Fig.2 The hairpin structures of milRNAs precursors

Z: a: Focd-milR7; b: Foc4-milR6; c: Foc4-milR5; d:
Foc4-novel milR2 #= Foc4-novel milR3; e: Foc4-novel milR1.

fE+~%5E milRNA 1, Foc4-milR3 £ Foc4-novel
milR3 HRIA B, RUIEEMZERHE Focd 1
milRNA FIRE BA HEMER . 8 2 fiinA gp2a 734U
gpda 7720 milRNA [T R e 4540 o Fr 455€ ) milRNA
TR Focd-milR7 FURTIAICEE )y 56 nt, MK
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Foc4-novel milR1 HIATIA Ky 233 nt, ATLUKILE B AR 5 A milRNA IR AR E AR R
MIIRNA R BRI AR R R, ARt R B EE,
Z 2 Known and predicted mi IRNA
Table 2 Summary of known and predicted milRNA in Foc4

milRNA name milRNA sequence (5’ to 3’) Abundance Locus of Precursors Group
Foc4-milR1 GGTGAGATGGCCGAGTTGGTTATG 1.24 GWHAAS_9 + 2047204 2047422  gplb
Foc4-milR2 TAGGGGGTGGTTGGTTTCGTTTAG 1.10 GWHAAS 4 + 3440316_3440595 gplb
Foc4-milR3 TGCGTTGGAGTCACAGCTCGTA 1215.79 GWHAAS 8 + 2774618 2774945 gplb
Foc4-milR4 AGGGTGGGCAGAGTGCGGGGC 45.45 GWHAAS_7_- 1970802_1970944  gplb
Foc4-milR5 AGGGTTGGTCACGTTGGGC 13.12 GWHAAS_2_- 4805057_4805169  gp2a
Foc4-milR5 AGGGTTGGTCACGTTGGGC 13.12 GWHAAS 2 - 4812929 4813128 gp2a
Foc4-milR6 TCTTTCTTGGCACGCACTGA 5.48 GWHAAS 4 - 1749188 1749257  gp2a
Foc4-milR7 TGTACTGGTCCGGCCGGGT 35.04 GWHAAS 2 - 4808626_4808682  gp2a
Foc4-milR7 TGTACTGGTCCGGCCGGGT 35.04 GWHAAS_2 - 4840113 4840191  gp2a
Foc4-novel milR1 TCTTGCTGTCGGGTAGAC 1.86 GWHAAS 3 + 4461889 4462122 gpda
Foc4-novel milR2 TGGCGTCCCCCATAGTCATAA 67.33 GWHAAS 4 + 4228668_4228815 gp4a
Foc4-novel milR3 TGTGACTATGGGGGACGCCA 1329.68 GWHAAS 4 + 4228668 4228815 gpda

2.3 milRNA &3 [ oy 47 5 =

BETAT Focd B 22 EAT FEMRLELIN T, 7t SR dh Hictts
27984500 %%, EFREEJE13F] unique raw reads 4
6695437 2%, bR 2 34K Ja BTV AR (<15 nt)
PP 5 Ja, RebbXt b Focd % s A E¥E BE 1 )% 4

(Mapped Reads) >4 19773216 %%, (4 raw reads [t
# N 70.66%, unique Mapped Reads 4 4848061 4%,
i Unique Raw Reads FLE# R 72.44% (K 3), itk
A F B AR ZH 55 FE SO A o ¥ Targetfinder #E-AR AR B L B
AINCXT TG 1) LI5S DRI R P 2R P W B 2 R BT U
BeiGizs, RELFEAM mRNA, B4 Foc4
milRNA F#ERE A

3 PRARABURRYT
Table 3 Data summary of degradome sequencing

Sample Foc4 (number) Foc4 (ratio)/%

Raw Reads 27984500 -

Unigue Raw Reads 6695437 -
Mappable Reads 27883276 99.64
Unique Mappable Reads 6666939 99.57
Mapped Reads 19773216 70.66
Unique Mapped Reads 4848061 7241

Number of input Transcript 15519 -
Number of Covered Transcript 13336 85.93
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WEARELELI SR T 53 6 miIRNA-MRNA, 47
7/~ MRNA S5 AR R DL R, 4

7 N Foc4-milR2 , Foc4-milR4 , Foc4-milR5 ,
Foc4-milR6 , Foc4-milR7 , Foc4-novel milR1 #f

Foc4-novel milR3. A, Foc4-novel milR1 Frififz 4K
FEREH B2 0 27 A, HEREE R R RG Ye o o 4544
FEIAE 4 FHE snf21 (Chromatin structure-remodeling
complex subunit snf2l), 3 F R i & ( AMP
deaminase), ZHfuEES R psul (Cell wall synthesis
protein psul), ZEfifAk ATP & Rl 2L o (ATP synthase
subunit alpha, mitochondrial), SERERAIEEE (malate
dehydrogenase), ABC #%iz#s CDR4 (ABC transporter
CDR4), i5E i il mug81 (Putative helicase mug81),
AhiAg A ER b-cl & Rieske (cytochrome
b-c1 complex subunit Rieske, mitochondrial), id%1k
WEEY) R F 19 (Peroxisomal biogenesis factor 19)
N7 FEE RV A DITA (Spore wall maturation protein
DITL) %. I4h, Focd-milR5 Jiis 14 MEFER, I
AL S F RIS S T ATPase TEF: C

(F-type H'-transporting ATPase subunit C), BsPffHzs
Bt f s Calkaline ceramidase), %57 ¥& 2 IR /K fift il

(hydroxyisourate hydrolase) I CAMKK & i

(CAMKK protein kinase) 5. Foc4-novel milR3 ;&3
KK S i milRNA, - B S (R 2 5 5 SkoK A 1

(Aconitate hydratase), 3-fEZNF A (3-phytase A) Fll
HERRIERLGINF 3 % B (eukaryotic translation
initiation factor 3 subunit B) %%, J4fh milRNA $E3: A
TEAE BN 2. B 3 5t T JLA milRNA 5 H bR
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Fig.5 KEGG pathways categories of the target genes of Foc4
milRNAs
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20 A~ Gl 5 Fiw, BRI RA N E AL BERR AL I B
(Oxidative phosphorylation) FIRERfCiiEEE (Purine
metabolism > 1) % K % &% £, NF AQ W @ B
( Glycerophospholipid metabolism ), 7 i & £k 1K 41
(Pyruvate metabolism) FlixpEfAifE R (Ribosome) X
Z o N KEGG il i3 B 73 2K K, AT LUK I Focd milRNA
MEERS S 2 Ml RE. KhREEE &M
milRNA Foc4-milR4 [FJ¥EREE Focd 580004970 4t {E
E R A5 B W BB AR W E
(Glycerophospholipid metabolism), Foc4-novel milR3
HE A ) Focd 580043960 #: X w15 3-HE R A
(3-phytase A) 1 Z 5%z AW (Thiamine
metabolism) FI#% a2/ (Riboflavin metabolism) .
B Foc4 milRNA m Gext RIS fEA EE . &8
Fiti 229 TR R B AU I R AR Kk B A A B
YEF, AszErh &I Focd-novel milR3 [ L R it
ihid LKA (Aconitate hydratase) 2 5ifi#E =&
TRIGFAIERS, Focd-milR5 HEEE[KN Focd 580004190
Zwh F BY5EIZ H ) ATPase V& C 11 Foc4-novel milR1
BUEEIR] Focd 580041730 Ytz hifh ATP 4 Fllig Iy
o, WHHEGEEE ATP &< MEFS 5 A LR
BRI o T 0 A P A i S5 Pl o9, R B0 222 S 2
i milRNA R 2,

FLH mIlRNA AMYAT LA Qi FERZ m H A K
RE, e HEonE . Flin, ErEIsESREES,
% I Fon-miR7696a-3p 1 Fon-miR6108a 43 il 1] B
B (trichothecene) 12415 Sk 1 (NEPL) 1A
TRER e fEe T EHERERH H 2 Rt R
MIIRNA 5 B 22 4 AR KA 7 (T8 i B 2R 1 1
H, arRgsemaEoR R, AT bR T L
MilRNA VAR A SR SRk, #1i1, Focd-novel
milR1 #E[a %] Foc4 580051390 4wfi ABC #%iz s
CDR4. ABC (ATP binding cassette) %3z #% fli 4%
SeVER IS IR 2RISR R B OR ST [ S R IR B P 1 45
FIRSE IR G A a5 W A, BTN e %12
B, R ATP KR RIRE R 52 ke miE ., 4]
1 CDR4 A MR 2510 3 BRI, e
JE R B H Bd-milRNAL147 L] ABC iz s nl fig =4l
AR GBI, RO T AR S ) h R
i ABC $5iz 8355 K FgABCI #i1FgABCCY, RILF:
XN 22 MR AN 2 B3 R 88 P, e
Foc4-novel milR1 mJ REi# L if#= ABC #1245 CDR4 5
i HE /7. M4k, Focd-novel milR1 $E3E[R Focd
580122700 4uiSf1EERZAEE H DIT1 (Spore wall
maturation protein DIT1), "] f&5 Focd I F A% .
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FE3HT A 25 Tl b th 2 91 milRNA 2 578 7R R,

Foc4 7Efd L&A N KA KA B FIEUR I 5
WA RGN A N R, AU N B A2
B iR AE I B A —E S % .

3 ZHig

AW FAIFND T RNA 50 B B R 20 S0
Focd #HATMIF, FL%5E 7 AMESFI milRNA F1 3
ASEIZY milRNA . F1F BRI 3B 5 72 H 53 A
Z milRNA R BRI, B H5REZ A
RGHEE, CREREA A HIMBE IR, B
WA RGBS, N EEAEK K EAHEEEH;
A% 5 21 milRNA # ] ABC #%iz%% CDR4 Flftl 1
BERRAAE A DITL, WX} Focd SE8UEFFERL 20 KR
BAHEER, AU IRIEE R 2R BN Focd
eF 1) P B2 AR 2EL0 T30 milRNA BEJEER],  6HT 70 B R
MIIRNA DR [ E S %, HNEEREER
(IR VR SR AL 1R I AR .
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