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Identification of Miniature Inverted-Repeat Transposable Elements and
Development of Molecular Markers in Phyllostachys edulis

YU Yingyu, TANG Dingqin, ZHOU Mingbing*
(State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, China)

Abstract MITESs (miniature inverted-repeat transposable elements) are non-autonomous transposons lack-
ing transposable enzyme sequences. It is abundant in eukaryotes genomes and is one of the most important driving
forces for the formation of genomic polymorphism. In the present study, MITE Tracker, a novel software program,
was used to identify MITEs in large genomes. A total of 1 579 MITEs families (18 373 full-length MITESs) in the
latest genome version of Phyllostachys edulis (version 2018) were identified, accounting for 0.34% of the total
genome of Ph. edulis. These MITEs families were clustered into seven super-families. The range of insertion
time of the seven MITEs super-families was 0.5-16.5 mya. Three super-families might experience an expan-
sion event during 2-4 mya. Two super-families might undergo two expansion events during 1-2 mya and 3-5
mya, respectively. Two super-families might experience a long expansion period during 0.5-16.5 mya. The

MITEs in Ph. edulis genome preferred to insert into or near genes, and the Micron-like super-family preferred to
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insert between ATT and ATA regions. Furthermore, three pairs of primers were developed for the classification of

the varieties and forms of Ph. violascens ‘Prevernalis’. In conclusion, the distribution, evolution and insertion of

MITEs in P. edulis genome were analyzed and three molecular markers were obtained, which laid the foundation

for further verification of MITEs function.
Keywords
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FERVERE . R T 45144 Z IMITE Tracker
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1.2 MITEsffA B8] 5347

i FH DAMBE#X fF: (http://dambe.bio.uottawa.ca/
DAMBE/dambe.aspx)**H [)) MUSCLE T_E X &4~ 5K ik
I MITEs 51347 2 5 LU, SREUVEEAN SRR I — 3K
M. A8 MEGA7# A4 (http://www.megasoftware.
net) T+ & FK Ik R AN MITES X N — 20 7 51 2 8] 1)
A RBREK, SR KimuraXUSHUE g7 B, A3l
“T=K/2r"( € r=1.30x10"*)* M MITEs i A 8] o
1.3 MITEsZIRRIRAN RT3 4

95 Perl A, INEBAT IR 2 h 52 B MITEs k-
N 10 bp ISR B, o [E] R SR R 3R 41 B
Xt J& H TBtools(https://github.com/CJ-Chen/TBtools/
releases)?2 filllogo P (BRIN S %) .
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BEATL A7 25 PR 4H Rl HOR /N A 10 Kb A BE 1 000
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HEDNA. FATIBENLESE T 20K B2 24 300~800 bp
FIMITEs, BUEL | R 7100 bp/5 41 it 51 40(32), idid
PCREFATHRNZ MR, FFIF 3 0E. PCRI AR
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TRAT R %3 WS EE AT FRLK, U120 V, HL
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Fi, 3518 3734 4K MITEs, & BT H KK
0.34%, HR 45 MITEs ¥ %t [] TIRFI TSDHF4, 1 579
ANFERN 53 BT S, B KR 1 Kk
i, MITEsHUE DL RS MRHIE IR 3FT R . Hidp
PIF/Harbinger-likeitf Z e il (. & I X iR = i 22, 3t
H 4801, 5 713/ MITEs; Mutator-likei# 2 J {1
FHIMITEsi % , JL45 460 %K% 5 847/ MITEs.
%1% MITEs [ & 940~800 bp, TSDKJ&F 42~10 nt,
TIRKE =10 nt. &N FIER (A+T) %2 FIR K, H
TR IR (ATT)%H>50%, H A Tcl/Mariner-like
BFIR(ATT) %5 1, 1570.35%.

2.2 MITEs#REABT[g]
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Table 1 The varieties and forms of Ph. edulis and Ph. violascens ‘Prevernalis’
e BT % Py BT %
Accession No. Latin name Accession No. Latin name
Ml Ph. edulis (Carr.) H. de Lehaie f. holochrysa L1 Ph. violascens cv. atrovaginis
M2 Ph. edulis (Carr.) H. de Lehaie f. edulis L2 /
M3 Ph. edulis (Carr.) H. de Lehaie f. tubaeformis L3 Ph. violascens cv. linansis
M4 Ph. edulis (Carr.) H. de Lehaie f. gracilis L4 /
M5 Ph. edulis (Carr.) H. de Lehaie f. pachyloen L5 /
M6 Ph. edulis (Carr.) H. de Lehaie f. huamozhu Lo Ph. violascens cv. anhuiensis
M7 Ph. edulis (Carr.) H. de Lehaie f. exaurita L7 /
M8 Ph. edulis (Carr.) H. de Lehaie ‘Mira’ L8 /
M9 Ph. edulis (Carr.) H. de Lehaie f. purpureosulcata L9 Ph. violascens cv. notata.
M10 Ph. edulis (Carr.) H. de Lehaie ‘Kikko-chiku’ L10 Ph. violascens ‘Prevernalis’
Ml1 Ph. edulis (Carr.) H. de Lehaie f. nabeshimana L11 /
M12 Ph. edulis (Carr.) H. de Lehaie f. porphyrosticta L12 /
M13 Ph. edulis (Carr.) H. de Lehaie f. epruinosa / /
“PBERLT %
“/”: latin name is not available.
&2 5|YIFF5
Table 2 The sequences of primers
GlEY)| (53" Gk FAI(5'—3")
Primer Sequence (5'—3") Primer Sequence (5'—3")

MITE 1 F: ATG CTC CCAACAACCAACCA

R: TTT GCT TGC TGC TGG TTC AC
MITE 2 F: GGAATC GAC CCC TCC AAT GT

R: TCT CTC AAAAACACT CTCTCTATG T
MITE 3 F: GAA CAA GGA GAAAGG AAG AAG TGT

R: ATT ATT CGG TGC GTG GGG A
MITE 4 F: GGAAGG TAG CGT CAC CGT AG

R: CCACCCTTC TTC CCATCG TC
MITE 5 F: GAT TCG GTG TTC TTT TCC TCT CT

R: CTC CAGTCTACCAACTTTACATCCT
MITE 6 F: CTATTC ATT GCG AGAAGC CCT

R: CTC TTT TGC TAT GCT ACT TCATGG T
MITE 7 F: AGAAGG CAA CCAGTCTTG AGT

R: CTC CTAATC GTG TTTG CTT GGA
MITE 8 F: TAG GTC CCC CAA GTG AGATGT

R: ACG GTC AAG TAG GGG GAA GG
MITE 9 F: AAT ATC CTT GTT CCC TGG ACA GC

R: TAAAGG GTT CAT CAC CCAAAG CC
MITE 10  F: AAC TAC ACA AAT CCG CCA GG

R: AAT GGA ATA CTG GTG CAG CG

MITE 11 F: GGT GCA CTGAAAACTAGATGC C
R: GGA ACA GGA GGT GAATGC CA
MITE 12 F: TAA CAA CAC CGC TCC CCAAG
R: GCC GTT GAT TGG CTG GTT AC
MITE 13 F: AGC ATG AAG AAA GTG GAA AAA GGG
R: TGA CAG TAT AGG CCG CAG GT
MITE 14 F: GCAAGC CCGACAGTATCAAC
R: TCA CAT TCT CTC CTC ATC TTC TCT
MITE 15 F: GTT AAG CGATTC TCA CCC GC
R: ATG GGG ACG AGG CAT ATT CG
MITE 16 F: CTT CCGTGC TTG CTAAAC AAAT
R: TCC GTAACAAACATG GAGACCT
MITE 17 F: CAC AAT CCA CAT AGA CAT ACA CACAG
R: GCCATC ATT TTA CCAAGT ATC CAG T
MITE 18 F: CGA GTT GGT CGT AGA CTAGTG AACA
R: ATT TGATGC ACGATTAGG TCCT
MITE 19 F: TGC AAAATC AAACCCTCCTAACC
R: AGG GCT CAACCTTTG CAACT
MITE 20 F: CAGTCG GTT CCCTAGAAACTGT
R: CAGACACTTTCAACCACAAAACG

14 . Micron-like F1Unknownit# X% 1] B 43 7 1~2 mya
H3~5 myaZe [J3 7 WX EZ Y B F 4. Mutator-like
FPIF/Harbinger-like7F:0.5~16.5 myaZt [Jj | — IR KA~
BE, RS MITESEUR i % (1 2N SR . Micron-like
jUnknown 2/ MBI FIMITEsSY 34 # A L(EI).

2.3 MITEsEEFELEFHS . SEEXARSE
BN RT3 4

AT BT 7 MITEsHR AL 5 5 R A B
KER, EEAFE S'flank. 3'flank. S'overlap. 3'overlaps
include. In. All « not find, #A)5 ) 5I# 5'flank 3'flank
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Table 3 Classification and characteristics analysis of MITEs in Ph. edulis genome

AR IR
Super-family

The number of

4=K-MITEs 45 &

The number of full-length

MITEsH J& 3 F 2 H S /bp
The range of MITEs size and

BRI BI(A+T) S 2%
The average (A+T) content in

family MITEs* total length®/bp super-family /%
Micron-like 27 406 107-778 (140 692) 68.08
CACTA-like 22 180 48-736 (62 215) 50.48
hAT-like 325 3738 40-800 (1 779 924) 55.03
Mutator-like 460 5847 48-800 (2 011 703) 62.35
PIF/Harbinger-like 480 5713 48-799 (1 960 224) 62.26
Tcl/Mariner-like 230 2257 60-628 (535 159) 70.35
Unknown 35 232 99-791 (71 907) 61.64
Total 1579 18373 40-800 (6 561 824) 50.48-70.35
a: P TIRs S MIMITEs U . b: & S5 MITEsI S K
a: the number of MITEs with complete TIRs in both ends. b: the length of all MITEs in each super-family.
11.5-16.5 1
6.5-11.5 m
6.0-6.5 m
] 5.5-6.0
E  5.0-55 im—
= 4550 -iee—
‘% 4.0-4.5 - E—
g 3.5-4.0
T 3.0-3.5 e ——
5 2530
£ 2.0-2. 5 -
A 1520
ORI e e ——]
0.5-1.0 m e W
0-0.5 W ——— ]
I T T T T T T 1
0 500 1000 1500 2 000 2500 3000 3500
Number of MITEs

M Micron-like M CACTA-like M hAT-like M Mutator-like

M PIF/Harbinger-like M Tcl/Mariner-like Il Unknown

X b SRR 12 & SRR IMITEs Bci:, Yl b s (/2 AR 99N H 3 (mya) o
The number of MITEs in each super-family is shown on the X-axis. The insertion time (mya) is shown on the Y-axis.

E1 EMEEHEBPMITEsBS FEHHE N E 97

Fig.1 Distribution of insertion times of MITEs super-families in Ph. edulis genome

FEIRER B F4> =25 flank<2 Kb. 2 Kb<flank<5 Kb.
flank>5 Kb, 255K, H452 895MITEs 51 I
AZEGEN. BEMER); 6 768 NMITEstli AL sif7
T FEEA X (0 Kb<flank<5 Kb); 7 7761 MITEs{fi \1E
AL A X (>5 Kb)(# 4). HA, Mutator-like 5 i
NIEEITERF I MITES S UE R % , $46 8761, (5 AT
A £ K N MITEs (1 35.36%; PIF/Harbinger-likej 5 i /E
B X 73 A IMITEs 5 2, 352 3164~ thAh, K&
AB SRS ARAE LD |37 (5'flank) - MITES S8 #50K 158
PRI R i (3'flank ). 3T -ROTAGES, BRI X AR X
Sz B R X i AL RS BEA LA R LU, K
I MITEs £ Jk DA B 10 ) S 731 5 06 IR 2H A 1 4 2
ZEFOCR, P<0.01).

N T ik — B A& 5K MITE s 8998 A\ &
P, BATEEMITEsH]J& 10 bp, #4588 5% 73S Ext
J& , &I Micron-liket 5 i 1 #fi A ATTS5 ATAZ
], HLAw AL s BT (A+T) %3R5 % ; Mutator-like.
Tc1/Mariner-likes PIF/Harbinger-like il CACTA-like
AR 43 A i 36 N ATA/CTA. T/GTA. TA/CTAHI
CAA/CAZIA], hAT-liket8 25 I B i Adi A\ i 27 (B
2), IX#B-5 i N 78 45 A — 5
2.4 MITESZEEM . BHTHTRPREAN LM

BATH 20X 519 (3 2), 73 0 BATERAER (13
PVFVER T AR AZ R (12473 ) iFEAT 4 A7 5 PCRES IE
FEE , A EEAE MITE Tracker PRI 48 5 (1 A SEE A0
MITEs{E N FHRic B 2 41 SRR, 20X 514
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Table 4 The distribution of MITESs near the closest genes in Ph. edulis genome
BRI ) 5'overlap® 3'overlap® Include® In‘ All° Flank'<2 Kb 2 Kb<flank'<5Kb  Flank'>5 Kb
Super-family
Micron-like 2 0 48 0 0 84 57 191
CACTA-like 0 1 25 0 0 45 16 80
hAT-like 11 12 716 3 0 623 493 1705
Mutator-like 32 19 823 1 1 1530 733 2433
PIF/Harbinger-like 26 29 581 0 0 1483 833 2454
Tcl/Mariner-like 12 8 498 1 0 496 295 817
Unknown 2 0 44 0 0 49 31 96
Total 85 69 2735 5 1 4310 2458 7776

a: SEFS I EZMMITESE . b: 5EF3VEESHIMITESSIR . o &G EFMMITESS &, d: iAZEFNFIMITEs $iiE. e 5HEFTEA

EESMITEs #7558 B3 X FIMITEs S & .

a: the number of MITEs overlapped with 5" end of gene. b: the number of MITEs overlapped with 3’ end of gene. c: the number of MITEs containing

genes. d: the number of MITEs inserted into genes. e: the number of MITEs completely overlapped with genes. f: the number of MITEs in 5" and 3’

flank regions of genes.
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“éiééTAAc X#Té4§4IA i
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0.
GO
+10 /bp

IATTG
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-10 —5 0 +5
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CGTTATTITTA TTITA
TRl AMLICITALIETS
GCCCGcGGG SERSSS

-10 -5 0 +5 +10 /bp
Unknown

c

5

o

<

RE LR A FEMITES 8 AL 5, 2672 2 AMITEs 72 110 bpfll 35 51, 451 IMITEs A 10 bp il 3 /541 o
The position of the dotted line is the insertion site of MITEs. The left-flanking sequence of MITEs is on the left side of the dotted line, and right-flank-

ing sequence of MITEs is on the right side of the dotted line.

E2 MITEsEBRIZEBNREF 2

Fig.2 The insertion preference analysis of MITEs super-family
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120340k E 20 2 A E3): 12008, MITE
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IRl R INTE [FIR Y ok - ERAE AR, 75 1Ak}
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ST S AR ; MITE 678 13 AR (L3) EEI N
TE[FR G AR AEAE , 723 PPRHL1. L6, L8) [k
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(A) Mark Ml M2 M3 M4 M5 M6 M7 M8 M9 MI0 MIl MI2 MI3 (B) Mark M1 M2 M3 M4 MS M6 M7 M8 M9 MI0O MIl MI2 MI3

500 bp 500 bp
400 bp

200 bp

(C) Mark M1 M2 M3 M4 M5 M6 M7 M8 M9 MI0O MIl MI2 MI3 (D)

750 bp

100 bp eSSl ¢ &t ¢ F T T
500 bp —|

(E) Mark L1 L3 L4 L5 L6 L7 L8 L9 LI0O LIl LI2

250 bp
100 bp

A: BAEMAFMITE THIPCRYIEEE R . PCRI K EEAE400 bp K RRMITE 1L EAZAE, P BEAE 180 bp /e A1 IR MITE 14£% A7 H
Bk B: BATRFARL APIMITE 219PCRY G455 . =M KE#E450 bp /i 43 37~ MITE 26 %0 B AFAE; C: BATRFAL R HMITE 3[1PCRY 1
il PPMIKEAES00 bp A1 IR RMITE 37E1% A7 EAFAE; D: i /T2 B IMITE 4FJPCRY LR . WK FEAETS0 bp /247 HIFRZSMITE 4
AL EAFE, TP ETE100 bpZa 47 R RMITE 47E1%40 B EAR; E: ST MITE SIPCRY 445 5. 7K BEAE300 bp /a7 KR
MITE STEZAL EAFE, P K EELE100 bp /i A (I3 RMITE S{EZALE HA; Fr 8 A A B - MITEGPCRY 4 45 R o 7= EAE350 bp /i hi
& RMITE 67E 1%L EAFLE, K FEAE100 bp 245 IR RMITE 6#E1Z AL B Gk . ZLEOHMEIGIIF 441, M1~M13 . LI~LI2FE AR,

A: the PCR amplification result of MITE 1 in genomes of the varieties and forms of Ph. edulis. The PCR products about 180 bp reveal the absence of
MITE 1, and the PCR products about 400 bp reveal the presence of MITE 1 at the locus; B: the PCR result of MITE 2 in genomes of the varieties and
forms of Ph. edulis. The PCR products about 450 bp reveal the presence of MITE 2 at the locus; C: the PCR result of MITE 3 in genomes of the variet-
ies and forms of Ph. edulis. The PCR products about 500 bp reveal the presence of MITE 3 at the locus; D: the PCR result of MITE 4 in genomes of the
varieties and forms of Ph. violascens ‘Prevernalis’. The PCR products about 100 bp reveal the absence of MITE 4 at the locus, and the PCR products
about 750 bp reveal the presence of MITE 4 at the locus; E: the PCR result of MITE 5 in genomes of the varieties and forms of Ph. violascens ‘Prever-
nalis’. The PCR products about 100 bp reveal the absence of MITE 5 at the locus, and the PCR products about 300 bp reveal that the presence of MITE
5 at the locus; F: the PCR result of MITE 6 in genomes of the varieties and forms of Ph. violascens ‘Prevernalis’. The PCR products about 100 bp re-
veal the absence of MITE 6 at the locus, and the PCR products about 350 bp reveal the presence of MITE 6 at the locus. Sequencing bands are shown in
red boxes. Bamboo species represented by M1-M13 and L1-L12 are shown in Table 1.

E3 ETZEMHEZMITE 1. MITE 2. MITE 3% FZMHZERMITE 4. MITE 5. MITE 6 1888 k&
Fig.3 Amplification electrophoretograms of MITE 1, MITE 2, MITE 3 in genomes of the varieties and forms of Ph. edulis, and
MITE 4, MITE 5, MITE 6 in genomes of the varieties and forms of Ph. violascens ‘Prevernalis’
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The red boxes marked upstream and downstream primers.
E4 EBIMITE 1. MITE 2, MITE 3R BN EFHERFMITE 4. MITE 5. MITE 63 18~ FLE X 45 5R

Fig.4 Sequence alignment results of the amplified products of MITE 1, MITE 2, MITE 3 in genomes of the varieties and forms
of Ph. edulis, and MITE 4, MITE 5, MITE 6 in genomes of the varieties and forms of Ph. violascens ‘Prevernalis
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The red boxes marked upstream and downstream primers.
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Fig.5 Transposition footprints of MITE 1 in genomes of the varieties and forms of Ph. edulis, and MITE 4, MITE 5, MITE 6 in
genomes of the varieties and forms of Ph. violascens ‘Prevernalis’
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