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KXW, B . &K KRB, EH

(SRR MiBe gl FEFRIZESRFE 010019)

B EARSEEFAEALHBAAARXM, RABRRAER AL BT Ty3 Gypsy £
BREFHEFHBFHN AT EARRERARAAINE R, R A>T E AL G TS S H
B, FETEAS THRIERBELAZRE, 2R E2AW. 280 19555 (5 8H
VuGRE1~19) ¥ E & B 4 376~418 bp, FlRMEE 4 23.3%~97.8%, B = i HH¥ F
B, BABRRINSMERRE T, 2 BR10LFFPASEFINEET ARALENER,
EPALEZEETETNRERS; BRENLEETA TR ETRE FEE AL 48T
FRBHTERR, ZARNIWERE R, VuGREI ~19 £ & F 2 ARB AR ¥ #%.
Family {0614 3 & 55, 53] 0 65 B IR MK, B5 L e W ihif 45 B e A5 I8 B KL,
B Family 1 69 R BE A FE, 9 FHEE, Family 11 &4 16 £ 57, & 3 A
Subfamily2B % ; & B K& R R AW E BRR S, FL X R BRI HAZ AR EAGERR
%, %%, Family II X B £ ®R A 5L eWAred Ty3 Gypsy K18 4 )k T i 2 X8 5 5] A
REOF R, %5 2 Subfamily 3 5X%F I ¥R E5 .2 . FHFRFHMGEHR
B ARBEN FH LRI ER R AEMFR AL ZHROA, A LR,

Family 11 & % 3 A4 oF 7~ 2 A 2 0938 45 B F A B 5k, St E B AR E B R AR P 2

HETEZER,

REEIR  HIT AR ; G BT 3R SR s SRAL A
HESHES:S 663.901 CEKERIARE:A XEHHS:1001—0009(2018)04—0041—08

2 B B (Vaccinium uliginosum L) J& £l
AZAEFL (Ericaceae) 4 J& (Vaccinium ) 3§ M /NEE
KR, FESMAERE RN Z W KK X, 5
5yh#E (Betula ovalifolia) | #1 F#itE (Vaccini-
um hirtum) | J& W8 (Lariz spp. ). & B (Carex
spp. ) « & #FE (Vaccinium macrocarpon)  4HMH£l:
F (Ledum palustre) 24 IR . VB

F— BN RIR (1971, B, B, SR R H
% A M ARFEALEF A, E-mail: wenbo20090101@163. com.
HEEWMBA:BR A RAAF A4 F 85 8 (31660213,
31560065,31160143,31260168,31060106); B £ + § A4+
F A AR A B (2015MS0354); R 2 F R kK FH LA
£ ¥ 8 8 (BJ08-27),

P HEA:2017—10—30

LU RARMRAY 3 Bl A A0 Bl 2 0 A e AR 5K
d ML R EEAE . [,
THE 6 /NS R (B E %S, blueberry) (8% 3
W EFRFE A REA BRI A M E
MTBR . B A B HE EHE 22 Ay,
HZE i R AL R R S E
RA Y ALE (SOD) (£ R R ik Ts
2 A ESRMPTRALRE ST RIS BRFTH R N B
I P 3 A A S ) A A SEE R
T IR R IR AR AR DD AL, A5 i R AT
REATZHARMERE G, BENITRET
BT 100 4R H J7 5, 42 3R 15 2 Bl T AR 7
BRI THYRME, TE3RE, AR5,
Y AR BE AR WS, — S
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RPN IR 7 R VRN IR R AR R
NEREFH)T M. SRS, KXNE
B A v R B BB SR ORE AN G F ok, TRt , B4y
RGBT A 8 S0 A e B W B T A R 3
TEAT . FFR AT SEM 4 FARiC H T8 i shss it e
(PRI A E R AT AR ST BRI R B AT 2
FEREZ XL,

W R ARG PRI TER
—K ., EREELL RNA N DNA 2855 % %l
R FRA BN G AR P R R
NS AR YRS R 2 1 RN B e — SRR (R I 3R
K PEAEYREAL AR R, BRI A 38 P PR AL S YR
SRUOE AR E TR E R R G SR KK
W E E F A ¥ H 4~ Long terminal repeat
(LTR) 2R3 %% i T I non-Long terminal repeat
(non-LTR) 2 9 2% g 150191 ARLAfR 2 IR 45 g
Hs il & DI RETT A AR R FTHES B A W], LTR
e B T N4y A Tyl/copia M1 Ty3/gypsy
2P, W EAETEZMEY KRR H
DT R R AR T R R — AR R RT DA%
BT, BIGA I A% 338 , AT LIS B A FI A
AT (] A8, BIRR a1 1538 . 3X 2 Fhfea =X
B RS B B R SR . AR
FRIEF O3 ART TR o B SR U R R T
S FARCEOR, s A E S R R 2 DO BB 43 A
PRI A TSR T B ik

S FRRCERZ H BTSN A SO B AR D
FEB, BRIR TG G or ik E 8y
A5 Z R B R TS B, 7E i (L B
FEREAL L B o F A ic B & S5 7 RS 2
TN Hp, BT EF RS FinicH
AREA BRI E M G E A MR
LXRED, B R AR FEEEEE RSB TS
H R B e SR B A IR AT T AR B
G307 s VI R R 2 3 MRS O 2 TR I
F T b o M 2 FR3s A% 2o M o A B R

1 #H57FE

L1 B

WA SRS RIBE T 2011 4 8 AR A%
AR A4 U2 5 R 3 L TR AR,
RN . T S5 B 1025 TR B I 2~

3 cm By fRFE T CTAB i H I FHEUDNA,
1.2 REHE
1.2.1 DNA #E

SRS R CTAB yAM) $2 BUE 1T BUA 1 2
21 DNA, IF-F 5000 BT Fis A 5
Jie B Tk B3 T DNA 6 T 2 &
1.2.2 WG REF i T 5 o

HRYEAEY) Ty3-Gypsy 2838 5 JBE 30 e 53 il
FIFRFH A AR ST RBE 3514 Eirs|
RT1. 5-MGNATGTGYGTNGAYTAYMG-3',
T % 8] ¥ RT2. 5-RCAYTTNGTNARYT-
TIGCRTA-3"; #IHFH: PCR F AR 18 2 i i
N B8 F 5], PCR KRR 2 F 4 DNA
200 ng, 2.5 plL 10 X PCR buffer (TaKaRa),
2.0 pLL 2.5 mmol « L™' dNTPs(TaKaRa),1 U
Taq KA (TaKaRa), 1 ymol « L' 5|4 RT1,
1 pmol « L7154 RT2, i S 7K #5524 2 34
#2725 yl, PCR RMFEF:94 C 3 min; 94 C
1 min,42 C 50 s,72 °C 40 s,35 ™MgH.72 C
5 min, WX E{G % Biorad C-1000 PCR 1%
L5

PCR =¥y i 5 B L R gkl 5 » AR R
AR A B 7 BB OAE B @ DA b i
DNA [FIMGRFR& 1T B B r=g iy RIS 44k ; 3%
3 pMDI19-T(TaKaRa) 7 454k DH5« /&
TR, 20 H B & R 75 PCR R ) 5
LAY 15 S BUTUR. DNA , 2% 6 4 B (Invitro-
gen) R 5 A BR A AT
1.3 BUESH

iz DDBJ #0458 BLAST LR34 4T
FE90 B[R I8 2 43 #rs #1 A Clustal W 78 28 $44
(http://www. genome. jp/tools/clustalw/) # 4T
JP3 ¥ £ = b3 Al DNAMAN (DNAMAN
6. 0. 3. 99 fRI4A tfr SCHO B AT H B BR T 5] T
W FIH MEGA 6. 0 84377 28404, I
Neighbor-joining tree M EE RS0 & B HEALRE

2 HBRESH

2.1 HEREEINSS

F Ty3-Gypsy 28 % B F 13 4% St B AR <F 7
BB IS4, LLUE i d ik JE R 4 DNA A
W ¥ HE15 3] 420 bp EAWI B =Y . Ky 1~
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43
Yrlel 2SRRI P 5 3RA8 T 19 20F 51, 435K ®1 EEEREEREEF
‘B4R VuGREL ~ 19, # Blast Ki & & 3, VuGRE1~19 HEXER
VuGRE1 ~ 19 i@'—?iﬁﬁ)ﬁ EF‘ By_é% E"Jjﬁ% Ty3* Table 1 Basic information of reverse
Gypsy %ﬁ%@%ﬁ%%%?ﬁﬂﬁﬁﬁ%%ﬁﬁ transcriptases VuGREI — 19 of V. uliginosum
Ve TN RS Tys Gypsy KB °0 A 1 6 o M e
TR RMITI. PTorEK 19 % Ty3-Gypsy VuGREI 122 134 87 75 418 1.58
1B JRE - 306 TR SR T PR TR A R T 1 A VuGREZ 125 135 83 75 418 1.65
376~418 bp, HFFIH & & AT W, AT 5 GC VWGRE3 101 126 94 74 395 1.35
IR R 1. 27~1. 73,5 STERGIOU £&024 43t VWGRE4 127 122 84 84 417 1.48
SRR s(E 1), VuGRE5 121 128 85 83 417 1.48
VuGRES 126 115 83 92 416 1.38
2.2 FEIMRIRIER REH A T VuGRE7 119 127 87 85 418 1.43
VuGRE1 ~19 JFHa] [ JE 5 B 2 19. 8% ~ VuGRES 127 131 98 60 416 1.63
97. 8% (GE 2, EfFEF K LA 1k L 23 VuGRE9 126 137 97 58 418 1.70
'L'H H‘J%?‘.&‘f@ki@fﬁ ,ﬁ/ﬁﬁﬂ% TyS*Gypsy %ﬁ%@ VuGREILO 137 122 58 101 418 1.63
. v VuGREIl 123 135 96 61 415 1.64
TATTE R Z 57 Eﬂi o B E Eﬁﬁﬂj fi Tys- VuGREI2 131 123 65 99 418 1.54
Gypsy LB # ) F M 9 R AU KR, FI A VWGREI3 135 89 84 76 384 1.40
MEGA 6. 0 84X Fr 43 55 (1% 19 25380 5% 5% il 3 51 VWGREI4 134 100 94 90 418 1.27
WHTRES(EA D ., BERXEFHARHSERD VWGREI5 129 109 95 85 418 1.32
LA 19 &Y H 2 MEEEF AR, /B VuGREI 125 92 82 77 376 1. 36
1 Family 145 3 259 (VuGREI7 ~19) , & .5 VuGREI7 122 119 84 89 414 1.39
N — ) VuGREIS 132 133 79 74 418 1.73
il 9 1R 95 42 A5 Family 1147 16 7% /¥ 51 VuGRE1I9 115 133 85 85 418 1. 46
(VuGRE1~16) ,H1 3 4~ Subfamily 20 %, & Sub-
family B 52 1) (%) R PR R » SR IR R R
xR2 EWEEYEREFS VuGREL ~19 MIREES
Table 2 Homologous analysis of reverse transcriptases VuGREI — 19 of V. uliginosum %
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
2 95.0
3 82.4 80.9
4 703 68.8 76.3
5 70.6 70.6 75.6 95.6
6 8.9 8L2 8L7 8L2 824
7 79.9 784 80.2 833 838 971
8 49.6 47.4 5L.1 481 47.4 50.4 49.6
9 6.2 6.9 59.5 529 544 616 59.7 69.2
10 64.7 640 60.3 55.8 559 63.8 62.6 72.9 89.9
11 66.7 63.8 6L.1 558 56.6 67.4 65.2 63.9 746 79.0
12 66.2 640 61.8 551 551 66.7 647 654 763 8L3 97.8
13 60.3 58.7 57.1 56.3 55.6 60.3 59.5 64.3 66.7 73.0 746 76.2
14 64.7 63.3 6L.8 529 529 630 6.9 60.2 69.1 755 783 79.1 89.7
15 62.6 6.2 580 543 544 645 640 60.2 69.8 755 76.8 77.7 77.8 77.0
16 41,0 41.8 35.2 32.8 328 43.4 41.8 32.0 45.9 48.4 47.5 47.5 43.4 56.6 45.1
17 40.9 40.2 43.5 56.1 523 47.7 44.7 29.5 28.0 3.1 318 30.3 3.7 3.0 30.3 352
18 39.7 39.7 33.6 321 30.5 42.0 40.5 19.8 275 30.5 29.0 29.8 25.4 29.8 30.5 32.0 30.5
19 2.3 25.6 26.7 241 226 241 23.3 233 226 241 241 23.3 23.8 2.8 240 238 29.5 26.0

H:1~19. VuGRE1 ~19,
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Fig. 1 Phylogenetic analysis of sequences of reverse transcriptases of V. uliginosum (1 000 replicates)

2.3 HHTHMA T RE VUGRE] ~ 19 MR ER
F 54 #h

FIF DNAMAN #5445 19 453 %% S B8 ¥ 51
B ER , FIH Clustal W R 12 H
AT & B (&l 2), Family 1T #9 3 &FE3¥ %
TR RS T2 A VuGREL7 (B 70, 85, 86,
94,116 F1 126 PMEFEMRAL) . VuGRELS8 (58 41,
49.60.70.71.86 FI 94 MA@ AL) . VuGREL9
(8 70.71.87.107.117 F1 120 MR E g 4b) FI%
HE R ZF VuGREL7 (5 60 4~ & # g 4.
VuGRE18 (5% 32 #1103 N EERAL) . VUGRE19
(3 32 NREERAL) s Family 11 1) 16 5F 5 A
11 RIFPNRELERAL A 5 &FFNERPBER SR
R4 T A& IR T RAE, 41 & VuGRE4 (5
127 MEEB AL . VuGRES (58 127 #l 136 P4,
HeEg L) . VuGRES (45 103,104, 112,116 1 127
AMEFEBBAL) . VuGREL3 (55 119 MEEm AL .
VuGREL6(4 69,70 F1 83 MR FLAL) ; & 4 5
FPOVETERHESR AR, 43 52 VuGRE4 (3§ 123 4
RE M AL . VuGRES (58 121 & EB ).
VuGRES (5 101 PMEEMAL) . VuGREL6 (5 46
91 ANEFEBRAL) s BA 2 KFFIFAEERKRAE,
535 )& VuGREL3 (55 112 4~ & 2 R 4.

VuGRE16 (% 83 MEERAD) .

WP 19 ARG HTBE Ty3-Gypsy 2
TR SR B AR P 5 H e T £
H X, FIF MEGA 6. 0 MR RFE R B
BB 3, REHASTERBAR, Family 1 5
H T YA W) S Y 55 7 I 30 7 SR B Y ] PR 3
iR B BE B BOL ; Family 11 5 H E ALY % 5 5%
B A () 5 350 » e 2 Sublamily 3 2885 B A
532 B (Malus pumila) . X 22 3% M # (Larix
gmelinii) G HEL (Peperomia caperata) 5%
(Vigna radiata) \Z=T (Prunus salicina ) F1ZE3
(Eleocharis dulcis) SFAAY) 0 e R BRI RS L R

3 #r5iTfie

FE RSB A R R T S 2 TR A
ToA AHE B A SR B B T A ol 5 4 e T
PR AR R A, LLBT 1 BB R A 75— T
TAT » 2P JAR A AT UL R A 2 S 15 B iy Bk DR AL Y
ZREVE B AL S R AL BCA (L AR AL LUGE
L6 355 B AL P A A Y
Ty3-Gypsy i ¥ JBE T 301 e Sk B Ar <F X BL i H9 51
Y. g e IF PCR R 50 B 1T & Hr i
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A

VuGREI
VuGRE2
VuGRE3
VuGRE4
VuGRES5
VuGRE6
VuGRE7
VuGRES
VuGRE9
VuGRE10
VuGREI1
VuGREI2
VuGRE13
VuGREI14
VuGRE15
VuGREI6
Consensus

VuGRE1
VuGRE2
VuGRE3
VuGRE4
VuGRES5S
VuGRE6
VuGRE7
VuGRES
VuGRE9
VuGREI0
VuGRE11
VuGRE12
VuGREI3
VuGRE14
VuGRE15
VuGREI6
Consensus

B

VuGRE17
VuGRE18
VuGRE19
Consensus

VuGRE17
VuGRE18
VuGRE19
Consensus

or '
KWHYKS*ETTNCMPNLONYV 139
KWHYKS*ETTNYMPS* PN- 138

I A, Family 11 %% REEGERTI KL E X, B, Family | 5% RIEERERTFIINELE L, BONSRFEERTIIHE
P 10020, TR O TR BEBRTF I LME R 757 ~1002 , BIR BF SRR AERF IS 5000~75%,“ % "R L (L HG
T =R AR T A R 1, T Rk B R AR AR B R AL

Note: A. Amino acid sequence alignment of reverse transcriptases of family II. B, Amino acid sequence alignment of reverse tran-

scriptases of family I, Black regions show highly conserved amino acid sequences with 100% homology, deep grey regions show the ami-

no acids with 75%—100% homology, pale grey regions show the amino acids with 50% —75% homology, asterisks shows stop codes,

gaps are introduced to maximize alignment,and amino acids with underline show the sites of shift translation.

EH2 SHUBrERBEERFINSELR

Fig. 2 Amino acid sequence alignment of reverse transcriptases of V. uliginosum

Ty3-Gypsy J0i % BB T Wi e e W P ). BT o e
Y 19 25751 5 B AGE B9 H e Yy i i e 13t
e Fem LA B R 0 R P (B 103D, BB Tys-
Gypsy 2SR BT 12 F 46 T ot iy 2 (R 21
HR L X B ST Y 2 TR 2 /N RIS R A R
M., FESaAT R B A R R B R 19 4K F S
LA 8 RFFIRIM BRI R P& L ED
TRAL MAHESE AR WA R 3555 (W 2) » (R e A

LKA R FIBAE 5L R T 2R B i
JEF 5 Bk ) R, Family T 1K
SAMRARI LA T MRS, W BT fE
RERE TIEVE, 725 B lor iy 2 A b Ak T
1R A . Family 11 220 A A= 2878 ) 1 53 i
B Horp Subfamily 2 ) 11 AR R R & A2 AR
TRAR » Yt i F2E R G R R e s i M s » B AT AT
e FLA TP JRE T 00 2 IR P BB
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54 VuGRE9
74 E VuGRE10
33 VuGRES

Wl CAD45567.1 Elacis guineensis
AAX62235.1 Peperomia caperala

VuGRE15

VuGREI11
95L VuGREI2

AGXA45501.1 Prunus salicina

Subfamily 3

VuGRE13
VuGRE14

36

20 ADF46007.1 Eleocharis cellulosa

54 ABS11079.1 Malus domestica

VuGRE3
86 tVuGREl
98— VuGRE2

VuGRE6
VuGRE7
89 _
89| | VuGRE4 Subfamily 1
98! VuGRES
VuGRE17
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AAT68770.1 Vigna radiata
BAQ22332.1 Larix gmelinii

ADF46021.1 Eleocharis erythropoda

VuGRE16

Family I

VuGREI8

77

:| Family |

—
0.1

VuGRE19

B3 REGHEESHTED Ty3-Gypsy XEHRBEERFIWRNRERLSH

Fig. 3 Phylogenetic analysis of amino acid sequences of reverse transcriptases from V. uliginosum and the other plants

YRR AR FE RS, B TR EEE
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B R B, BT8R 2 AR R KK,
X2 AN FEE R E & A A SR AR, HE X
2RI S EAAEZSR . Family 185
>, B 5H ey T R RS,
R RABE, R RT AR i % e BTG
MEBARARA FTREN XY FP BT REA . Family 114
AITIEERE , RAEZERSREAL; S
IR R WA e I P v 5 T L 2 A o R B
Y ARG 18 A oA M A L A B T A 3 B
HAT P EE T HEEIEM. Sublamily 3 ik
WA SHEAEY Ty3-Gypsy 28 i 5% B+ 1[5 J
MR RE R AR, R EMEA R YR IR
FETET IR AL

WG T AR IR AT TE TR R R R
2 (R A A A 1 e ST A 2 5 R
FEIRIG, RAFEEATAES . BAT 5 s

B BT IRAE B R PR TR SR
ST ESS AR ERNNA . I —
o B A TG PR SR A T B, P 5T HE SR
S BERILA A P B AT 12 4 8 B A ol J5 B U
B GRIESHEET Ry TR ELE T AL

S 3k
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Diversity Analysis of Retrotransposon Reverse Transposases From

Wild Blueberry Vaccinium uliginosum L. in Greater Khingan

ZHANG Wenbo, BAI Yang, YU Limin, FU Hongfeng, YAN Wei
(College of Forestry, Inner Mongolia Agricultural University, Hohhot, Inner Mongolia 010019)

Abstract : For analyzing genetic diversity and empoldering credible molecular marker of wild blueberry,

Vaccinium uliginosum in Greater Khingan, reverse transposases of Ty3-Gypsy-like retrotransposons

were isolated using homology based cloning techniques,and homology and phylogenetic relation were

analyzed. The results revealed that the length of the nucleotide sequences of the 19 isolated sequences
(named as VuGRE1 —19) varied from 376 bp to 418 bp with homology ranged from 19. 8 %—97. 8%,
showing a high heterogeneity. Sequence analysis for the VuGRE1l — 19 showed that the stop code

mutation with a high frequency occured in eight sequences, suggesting terminator mutation was the

major reason resulted in heterogeneity of retrotransposons in V. uliginosum. Phylogenetic analysis
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FTIR iZ 3 fréz 2 A X S5 A TSR =

oA, 72 A B

ORBH IR EaRHASERZER LT KiE 116024)

B EDBEFASGHEAM, RABEZr Thasb bk AR T EFEK M
18 A5 % 3 AP A0 B B ARG T A, A S 3 — IR T B A LR R A IR
B, BREAN IAREEM TR FEMIE G WL H % 45 K ARARML L F W KA
R, HAERER REFRERNEH AR BERNAEAE, L BB KSER LK
SFARARIL, 2 T 1 318 om™ ' IR 69 BOBOE , B T 48 5 m B B g X, 2m LB 0 W R ALAR B
AEATBEFRBEAML, S MEHBRML, ARRKSEBOHKIE M —F
668 cm ™! & BOBOE, g T AL 55 45 B - ROK AR £ . ARER A G § BB B A3 G A RAL A
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showed that the 19 of sequences are consisted of two families, Family 1 contained only 3 sequences

which showed low homology between each other,and far relationships with reverse transposases from

the other plants, revealing ancient origin and low transcriptional activity. Family II contained 16

sequences, which consisted of 3 Subfamilies, the sequences of the Subfamilies show high similarity and

close relationships between each other. The sequences of Subfamily 3 had a closer relationship with

reverse transposases from the other plants, such as Malus pumila, Larix gmelinii, Peperomia

caperata ,Vigna radiate , Prunus salicina and Eleocharis dulcis, indicating extensive transfer of the

subfamily members among different plant species. These results suggested that the Family II

retrotransposons widespreadly existed in genome and played an important role in adaptive genetic

evolution of the V. uliginosum.
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