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Abstract

Repeat sequence is an important part of the genome and play an important role in the biological
evolution, genetics, and regulation of gene expression. In order to further understand the biologi-
cal effects of low-energy ion implantation on the yeast genome structure, in this study, we used
bioinformatics methods to study the distribution characteristics of the genomic repeat sequences
on the basis of de novo sequencing of the Han0458 genome. The results shows that the length of
tandem repeats of the recombinant Han0458 genome is 227,825 bp and interspersed repeats is
107,439 bp, which account for 2.46% of the total genome length, and the frequency of repeats in
the genome is 0.25 per Kb. The copy number of repeat units in microsatellite DNA are mostly less
than 15 times, the dominant base type is trinucleotide repeats, and the number of microsatellite
sequences with repeat unit motif AAC is the largest; the copy number of repeat units in minisatel-
lite DNA is smaller than that of microsatellite DNA. The number of minisatellite DNA with a repeat
unit greater than 15bp is decreasing with the increase of the repeat unit length. The number of
long-terminal repeats (LTRs) is the largest in interspersed repeats, and the average length of roll-
ing coils (RCs) is the longest. The results of this study provide molecular evidence for low-energy
ion implantation-mediated yeast genome mutation and evolution.
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HE

ESRFRERANEEHRIS, MEMHIEL. BRENEENRESREFEEEM. RTH—FI
WRBEE FEANBEREHERA S W EYERRL, FSHARHEYGRETE, BB TREHARN
¥kHan0458£%:H#de novolllFF R E, MEERHERSFFINSMIFERIT TR . SRRH,

EHAEHHan0458% H A B L E 5 $5227,825 bp, #EESEF51107,439 bp, L EEEFHAKEN
2.46%, BEEFHEEFAFHIHZEN0.251 /Kb, M TEDNAFEE BuHE N RKEZETF 15K,

HREBWERBAN="REES, EFETEFNACHMBER S HSE; NEEDNAES B TEN
BUNTHTEEDNA, EEM1~3K, EEBRTAT15bpH/NEEFA S AL ES LA KERENE
THR#EY. BEEERFFTKESHESERFF(LTRE EHRS, BFRCOTFHKERK. AL RNK
BETHEAN SN BRI E N H R 5HRA T 5 FiEdE.

KA
ETFREARME, EE4A, T EDNA, /SFEDNA, HAEESFF
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1. 5|8

HE PR B AR A b Ry, AR A ) A7 20, o AR IREE P
(Tandem Repeat Sequences)FH{7E 5 & /7 %l (Interspersed Repeat Sequences) [1]. H BEE & 7 51| X n fid#is F
BHEHICKE R N R DNA (Satellite DNA) [2]. /N2 A DNA (Minisatellite DNA) [3]514 2 £ DNA
(Microsatellite DNA) [4]. A1 TV DNA k9% 5 B¢ # 5 /7 51 (Short Tandom Repeat, STR)EK ] 5. # 5
J¥%41(Simple Sequence Repeats, SSRs), BN A TR BEANFL R 4 b, B E brid A A BRI 7 it AE
Fric, BT H BRI . BEHZ W 2 REVE O b SOB A E  EE A  AE T AR . TEEE R
I (R BEFT0AF, Transposable Element, TE)7r A RNA 41 T 5 FE TG (OUFR RNA B 1) F1 DNA /i
TR BE T (UK DNA 7 1), AURT PAsZma BRI 20 i K/, I8 e LBl m) 2 e i e R A s HE, T
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SONAFER B AT S5 R RIEM 4. Kk TEs X £ 20 ik dk b B B2 (5] ABFFAE R TR
HARERFR MR Han0458 2 FEK A de novo M HFEAE L, R AWE B2 7k o i LR R 4L b %A B A
FEAN RIS S oAtk i, DASUIRON 1 MG BE B8 3V A0S 1 B G R R A S5 M RR AR SR, T N B2 1 )
T BB SSR 73 T ARic T A SR AL B IR AR

2. RIS
2.1. EHREERFTIEIIREL

fiRBE NVEAA OGS R 50 5 o DUB I B, b PRVETR 16 3R13 ELH T #k Han0458 [6] [7]. RiH
PacBio #1703 5 BN HREAT S K 41 De nove MY, 3145 K41 DNA 751, AF AW TC RIS A Kb -

22. EMMEREF*

. TRF (Tandem Repeat Finder) /7% (http:/tandem.bu.edu/trf/trf404.linux64.download.html)3% B 55 41,
I Pk Han0458 J£[AZH DNA 351 i) SR IRE R 7751, i K EL R ot bp #BLE 9 2000 bp.

Xf TRF $REUEE Rt AT40 4y, W B M T E DNA [FHIEE AN 2~6 bp, /NTLE DNA [FHIEEH
A7 10~60 bp-

il RepeatMasker /7 7% (http://www.repeatmasker.org/RMDownload.htm1) 3% HX 5 2 5 Fk Han0458 F&[A]
“H DNA JPoHh I EE E R P51 .

3. BRE S
3.1. B2 DNA B3 570 4HiE

FIF TRF J79:7E B A B Pk Han0458 BRI AHE L /741 H KL 1 175 A~ SSR, &M 8310 bp, (&
HIFHSAKLER) 0.06%, T34 77.98 Kb Gkl ] — > SSR.

SSR 1£ =i (Trinucleotide) AR E H i £, N 97 %, HEETFHILEN) 55.43%; HIKEZ N
H:(Hexanucleotide) ik, Ny 47 2%, 15 26.86%; TiiH3E(Pentanucleotide)l PU#3E (Tetranucleotide) AR %
HAEXS 8D, 3 BIAE 13~16 62 10], 21N 7.43%~9.14%; —BfiFE(Dinucleotide) B 14 ) 5 & ¥ 41l ¢ 2L,
A 3%, 5 1.71% (B 1),

BRI (B R I T e (e DR, 16 4 MR E G, (U AT EE T

SRR E G LT 10 M, HAHERZ MR AR IOE AAC (51 %%, 52.58%). ACT (13 %,
13.40%) ATG (12 %, 12.37%). RRKEHE KRR ZE LR = MR EFFF]: AAC (2176 bp). ACT
(756 bp). ATG (595 bp).

VB RE KA B A RS AAAT. AACT. ATTA. GTTA Fl TTCA SEE M, HATMREREE
W%, HUEIEEEFIEEN 76.92%, KKK, 245 006HHEES T R ER 66.42%:;

TR E A R A3 A 15 4, Hrh AATTC M TATAC EH B THIFS & 2 4%, Hag Mt
FEEFIYRA 1%,

NIRRT EL P 47 %, HEMESHICETHE, B 12 1.

BTl 2R A SRR (B DR A AT 5 SR (R 2) R B, TR R SIS TEAR B UL X B R R, 5 BT 1S
R BREFHE LG 73.14%; # DEUE 15~27 ZRIMM T E T, S 18.29%; # NUHHE 27~39 ZH
MLk 7.43%;  # WECKT 39 IR P 2T A5, A0 1.14%.

M 2 FTRAE H, # EGEROR, TR R T E R, T RSP Y HE DB A S A K R
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Figure 1. Distribution of the SSR of the recombinant yeast strain

Han0458 genome in different motif types

1. EHEFFE Han0458 2 FH SSR R EHRF KB DY 5375

Table 1. Repeat motif distribution of Microsatellite DNA in the genome of yeast recombinant Han0458
& 1. EHE Han0458 EAMTE DNA WEEEF 57

) I i SSR LK H ) i SSR K ?@"#L P
e et Sl BB Op) ot il 75 018
Repeat type sequence No. Percentage of total Total length (bp) Percentage of Copy number Average

SSRs total SSR length range copy No.
AT 3 1.71 180 2.17 33.0 33.0
Subtotal 3 1.71 180 2.17 33.0 33.0
AAC 51 29.14 2176 26.19 8.3~44.0 14.3
AAG 9 5.14 423 5.09 8.3~22.7 15.7
AAT 6 3.43 288 3.47 11.7~25.0 15.8
ACC 1 0.57 35 0.42 11.70 11.7
ACG 1 0.57 25 0.30 8.3 8.3
ACT 13 743 756 9.10 9.0~37.3 19.4
AGC 2 1.14 96 1.16 9.7~22.0 15.9
AGG 2 1.14 94 1.13 15.70 15.7
ATG 12 6.86 595 7.16 8.3~37.3 16.5
Subtotal 97 55.43 4488 54.01 8.3~44.0 154
AAAT 7 4.00 374 4.50 6.2~17.8 13.1
AACT 3 1.71 77 0.93 6.2~6.8 6.4
ATTA 1 0.57 73 0.88 18.8 18.8
GTTA 1 0.57 128 1.54 34.0 34.0
TTCA 1 0.57 27 0.32 6.8 6.8
Subtotal 13 743 679 8.17 6.2~34.0 13.1
AATAC 1 0.57 44 0.53 9.6 9.6
AATAG 1 0.57 38 0.46 7.6 7.6
AATTC 2 1.14 59 0.71 5.2~6.8 6.0
ATTAA 1 0.57 43 0.52 8.2 8.2
ATTCA 1 0.57 30 0.36 6.0 6.0
ATTGT 1 0.57 29 0.35 5.8 5.8
TATAC 2 1.14 95 1.14 7~12.4 9.7
TCAAT 1 0.57 33 0.40 7.0 7.0
TGAAT 1 0.57 38 0.46 7.6 7.6
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TTCTC 1 0.57 56 0.67 11.6 11.6

TTGTA 1 0.57 58 0.70 11.8 11.8

TTGTT 1 0.57 32 0.39 6.4 6.4

TTTTG 1 0.57 35 0.42 7.0 7.0

Subtotal 15 8.57 590 7.10 52~124 8.0
AACAGG 1 0.57 29 035 4.8 4.8
AAGCAA 2 1.14 60 0.72 45-55 5.0
AATCAG 1 0.57 32 0.39 53 53
ACAAAA 1 0.57 34 0.41 5.7 5.7
ACCTGA 1 0.57 33 0.40 55 55
ATCAGA 1 0.57 43 0.52 72 72
ATGAAG 1 0.57 67 0.81 10.7 10.7
CAAGGT 1 0.57 35 0.42 5.8 5.8
CAATAG 1 0.57 30 0.36 5.0 5.0
CAGGTT 1 0.57 27 0.32 45 45
CATCAC 1 0.57 35 0.42 5.8 5.8
CATCTT 1 0.57 337 4.06 56.2 56.2
CCTGAT 1 0.57 38 0.46 6.3 6.3
CTGTTG 1 0.57 36 0.43 6.0 6.0
CTTTTG 1 0.57 34 0.41 5.8 5.8
GAAGAC 1 0.57 33 0.40 55 55
GAGCTT 1 0.57 25 0.30 42 42
GATGAA 2 1.14 76 0.91 43~83 6.3
GATGAC 1 0.57 41 0.49 6.8 6.8
GATGAG 1 0.57 47 0.57 7.8 7.8
GTGAAA 1 0.57 112 135 19.0 19.0
TAAACA 1 0.57 33 0.40 55 55
TAGTAA 1 0.57 52 0.63 93 93
TAGTAT 2 1.14 106 1.28 8.8 8.8
TATGAA 1 0.57 25 0.30 42 42
TCAAGA 1 0.57 26 031 43 43
TCATTT 1 0.57 29 0.35 48 48
TCTTCA 1 0.57 60 0.72 10.0 10.0
TCTTCC 1 0.57 69 0.83 11.7 11.7
TGAAGT 1 0.57 32 0.39 53 53
TGAGGT 2 1.14 84 1.01 5.5~8.5 7.0
TGATGT 1 0.57 30 0.36 5.0 5.0
TGATTA 1 0.57 39 0.47 6.5 6.5
TGATTT 1 0.57 45 0.54 8.0 8.0
TGCTGT 1 0.57 32 0.39 53 53
TGTTGC 1 0.57 127 1.53 212 21.2
TTCATC 2 1.14 80 0.96 6.5~6.8 6.7
TTCTGA 1 0.57 28 0.34 4.7 4.7
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TTCTTC 1 0.57 183 2.20 30.5 30.5
TTGCTG 1 0.57 27 0.32 4.5 4.5
TTTGTG 1 0.57 29 0.35 4.8 4.8
TTTTGT 1 0.57 33 0.40 5.5 5.5
Subtotal 47 26.86 2373 28.56 4.2~56.2 8.4

Table 2. Copy number distribution of different motifs of Microsatellite DNA in the genome of yeast recombinant Han0458
% 2. ELHEM Han0458 Z£FAMTE DNA REIEFHE K S

¥ U

Copy No. range 3~15 15~27 27~39 >39 Total
Dinucleotide 3 3
Trinucleotide 61 27 8 1 97

Tetranucleotide 9 3 1 13

Pentanucleotide 15 15

Hexanucleotide 43 2 1 1 47

Total 128 32 13 2 175
Percent (%) 73.14 18.29 7.43 1.14 100

7E: Dinucleotide: PifiF%; Trinucleotide: —=H#FE; Tetranucleotide: PUFHIE; Pentanucleotide: Fifiidt; Hexanucleotide: 7NAEZE.
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Figure 2. Relationship between repeat unit length and copy number of Microsatellite DNA
in the genome of yeast recombinant Han0458

& 2. E4HEHK Han0458 EFHM T E DNA WEE R T KESENHXAR

3.2. /hNIE DNA KIS T4HE

FIF TRF J73:7E B A B Pk Han0458 BRI AH M AR R 7 21 R B 1 1361 26/ L2 DNA 741, Bk
AN 74,362bp, HEEEEE R 72.71%, HIEEAFH KR 0.54%, FHE 10 Kb HI— /N EE
51,

/NP DNA A 04 T 25 bp~74 bp, i/ B DNA 55 B EE R 78.55%, Hd K4 30 bp
N RFIE A RS, 76 %: EEHBALN 150p KFFEA RS, mik 192 4%, HNEEFHEEH
) 14.11%; LA 18 bp NEE HITHIFIIKERK, 8258 bp, H/NEEFIEAKE 11.11%; S EEHITH
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B IHGEEDN 1.9~20.7, PR IIECN 2.6 MER I H RZ . /N TE DNA FRINEERAMH ., 7
HIAFEE 2 5 DU In P 3 7 o

/NTLE DNA A S ER R KA —ERR, MHEERAAKERENE TRES, XKk
FEEFHITRT 15 bp /N REFHIH IR 55 TE DNA KL, /T2 DNA 7o EE H A5
BORUR, EEQAE 1~3 Ik EERICH VS /D T2 DNA A2 [T & F AR KR (A 4).

3.3. BEEEFIISHEHE

iz RepeatMasker 7772, #1531 HAL B bk Han0458 (2 MEUEEE 753 3), HAEFERAH Sk
RN, AN 0.79% L4 Hp KA um EEFF(LTREH&Z, N 690 %, 5 E 46.34%; HIE DNA
R, N 440 A KEUEEEFHI(LINE)FL 315 4 M HEEE T HI(SINE) A 25 45 IR RC) 13 4>

200+
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l60—-
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80-
60—-

NERFHEHE
Number of minisatellite

40
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ALK E (bp)
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Figure 3. Relationship between period side and quantity of minisatellite DNA sequence in the genome
of yeast recombinant Han0458

[E 3. ELHEMK Han0458 £FEA/NTE DNA FIINES R KESHBEXR

6

5 L%
Copy number
W

10 15 20 25 30 35 40 45 50 55 60

HE ALK E (bp)
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Figure 4. Relationship between period side and copy number of minisatellite DNA sequence in the ge-
nome of yeast recombinant Han0458

[E 4. ELHEME Han0458 £ E /T E DNA FIIMEE B T KESHE KX R
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Table 3. Distribution of interspersed repeats in the genome of the yeast recombinant Han0458

%2 3. ELHEM Han0458 EFHTHAEEEFIIN ST

HETRM HH S (bp) A AR B 7 (%) 1K (bp)

Repeat type No. Total length (bp) Repeat length/Genome (%) Average length (bp)
LTR 690 51,858 0.3800 77
DNA 440 31,782 0.2329 77
LINE 315 26,919 0.1973 89
SINE 25 1444 0.0106 61
RC 13 1428 0.0105 110
Unknown 6 643 0.0047 107
Total 1489 107,439 0.7873 79

IIMTEE IR, BB EE B KE A S5EE AR — 8, HK S KN E RN LTR > DNA >
LINE > SINE > RC, & S E G FHIAK N 48.27%  29.58%. 25.01%- 1.34%F1 1.33%. {HIGFEM
&, BIRRC WEEFIBHKAD, HETVFHKEZA SINE HIFf5.

4. WL E54%ip

HE P AR A EEA R, SV, BERERRE SR A EEEH. 575
GBI, 50 DR 20 Hp (I AL R AE AN BT AT LR, AT K AS e A B AS ¥, WP AR
L5 BB A BR8], AWV 2 B 2 B DU, 517 4 A7 78 RE AR 1k 1 o g ik
R G5 R AN 2R, RISt O P A P B ity R SRBAE A I B R R 2 — 9]

AW AR A B2 7R T SRR T 58 DOAN I B B 11 B9 1 R 4 R Ak Han0458 ZE R4 # 5 7
FITEHIE R ZH A (R 040 SRR, 25 SRS H, B RER PR Han0458 JE[AIZH 7 TR DNA 341 76 H R 40
F S AR T2 —, BEERICHE TECRZT 154, EEPAKE S HE TR A7 7EE U
A EFRM A =TI ESE, AAC AFTE M T E DNA KB P 3 H R L MFEF, MRS F5 5 H &
A, HAVE AT EE. £ TR DNA AVN A DNA 1, AT S8 AT 50%. X5 Edwards 58 AT
REER—F, AT RMET MY R R 85 BCE 57 41 b 52 d & [ 101

AT R Han0458 JE R 20 582 7 IR SR A b & b, 2028 2.5% 2 45, R L% )8 ok 4 b
RKPL, RNA BT H 5KELE T DNA #8571, SHMEEKM RS R—%[11].

RIS RN R S AR R E A R B B R Han0458 JFERA1T T A DNA 7 AR A ms L2
B, R, 7ERTE SSR GIAET, AR SEH R X R E RN T

CRE RS TR AE I RGBS EAT SRR R [12], AT 45 R HE— 5 R RRE B
TN T B (R 2H 25 44 B AE D A RN AR T A, [FI ORI RE B TS S B R R SR R A R AR
B SR AL T o TR .

B O
AW FC [ 5K SRR 3 4 (11575149 FT 31760016) A1k 76 RH A 2418 B I5 H (126021759) % Bl .

JE R R BOURAE G BRI BR A 5] A= Y S b 58 b Bhdk 47 551 o B8 2 19 1) 18 #% Han0458 4= 3& R 41
de novo M7 .

SE

[1] Li, X., Kahveci, T. and Settles, A.M. (2007) A Novel Genome-Scale Repeat Finder Geared towards Transposons. Bio-

DOI: 10.12677/amb.2018.73014 122 A HTI


https://doi.org/10.12677/amb.2018.73014

KIEE 4

(2]

(3]
(4]

(3]
(6]

(8]

[9]
[10]

(11]

[12]

informatics, 24, 468-476. https://doi.org/10.1093/bioinformatics/btm613

Férandon, C., Peuchant, O., Renaudin, H., et al. (2013) Diversity of Mycoplasma hominis Clinical Isolates from Bor-
deaux, France, as Assessed by Multiple-Locus Variable-Number Tandem Repeat Analysis. BMC Microbiology, 13,
120. https://doi.org/10.1186/1471-2180-13-120

. SRBEER SR T Re ik R 4 I B Y FURHAERAE 75 [D]: [ L0010 3], F & FEE K%, 2011 10.
Sukumaran, S. and Grant, A. (2013) Effects of Genotoxicity and Its Consequences at the Population Level in Sexual
and Asexual Artemia Assessed by Analysis of Inter-Simple Sequence Repeats (ISSR). Mutation Research/Genetic
Toxicology and Environmental Mutagenesis, 757, 8-14. https://doi.org/10.1016/j.mrgentox.2013.03.015

RN GE. LR FOmG R sk IR 20 R M RYE EE R P A[T). R IEHR, 2012, 28(12): 30-31.

Li, J., Jin, X., Mao, P.H., et al. (2009) Transfer of Ephedra Genomic DNA to Yeasts by lon Implantation. Applied Bi-
ochemistry and Biotechnology, 158, 571-581. https://doi.org/10.1007/s12010-009-8597-9

BRE, B BFREHRRIE Ar_Han0458 (11 RAPD 5 SSH WIWIEH L)), FERRI4 5 M A%, 2015,
34(3): 449-453.

Eichler, E.E. and Sankoff, D. (2003) Structural Dynamics of Eukaryotic Chromosome Evolution. Science, 301,
793-797. https://doi.org/10.1126/science.1086132

3. BEEA T EE AR L[I]. AR, 2008, 28(3): 343-345.

Edwards, K.J., Barker, J.H., Daly, A., et al. (1996) Microsatellite Libraries Enriched for Several Microsatellite Se-
quences in Plants. Biotechniques, 20, 758-760. https://doi.org/10.2144/96205bm04

Kim, J.M., Vanguri, S., Boeke, J.D., et al. (1998) Transposable Elements and Genome Organization: A Comprehensive
survey of Retrotransposons Revealed by the Complete Saccharomyces cerevisiae Genome Sequence. Genome Re-
search, 8, 464-478. https://doi.org/10.1101/gr.8.5.464

BRI, BA, BRI, % GAEAE TIEALRS) DOB (1) 168 rRNA JE[HZAE HHEL[T]. P72 Tl k22444,
2017, 27(11): 288-293.

Hans X

PR BB 5 2

1. FTJFFAM T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
N FIRHESSE: [ISSN], FAMIT] ISSN: 2327-0810, RIAE i
2. FTHFHIM B 1T http:/cnki.net/
Ao« B BRSCHEREE” BEN, BIANSCEbRE, BRI

AEE S http:/www.hanspub.org/Submission.aspx
HATIMEFE : amb@hanspub.org

DOI: 10.12677/amb.2018.73014 123 A HTI


https://doi.org/10.12677/amb.2018.73014
https://doi.org/10.1093/bioinformatics/btm613
https://doi.org/10.1186/1471-2180-13-120
https://doi.org/10.1016/j.mrgentox.2013.03.015
https://doi.org/10.1007/s12010-009-8597-9
https://doi.org/10.1126/science.1086132
https://doi.org/10.2144/96205bm04
https://doi.org/10.1101/gr.8.5.464
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:amb@hanspub.org

	Distribution Characteristics of Repeat Sequences in the Genome of the Yeast Recombinant Han0458 Obtained by Low-Energy Ion Beam Implantation
	Abstract
	Keywords
	离子束重组酵母菌Han0458基因组重复序列的分布特征
	摘  要
	关键词
	1. 引言
	2. 材料与方法
	2.1. 菌株重复序列的获取
	2.2. 生物信息学方法

	3. 结果与分析
	3.1. 微卫星DNA序列的分布特征
	3.2. 小卫星DNA序列的分布特征
	3.3. 散在重复序列分布特征

	4. 讨论与结论
	致  谢
	参考文献

