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Abstract In the present study, a total of 139 pair of microsatellite (SSR) primers and 35 pair of amplified frag-
ment length polymorphism (AFLP) primers were used to investigate the heredity and DNA sequence changes of
Dongxiang wild rice DNA in cold tolerance introgression lines (ILs) (IL5243 and 1L5335) and their parents. And
meanwhile, the effect of genome structure variation and DNA sequence changes on the alien genes introgression
was also discussed. The results of SSR and AFLP showed that most of sequences and loci inherited from their
parents were basically stabilized and homozygous. The ILs possessed 85.15%~90.77% and 4.33%~7.17% homo-
zygous bands from cultivated rice ‘Xieqingzao B’ and Dongxiang wild rice, respectively. DNA sequence and
BLAST analysis indicated that many alien DNA sequence from Dongxiang wild rice have the abiotic stress
resistance, diseases resistance, and other biology function. Further data analysis suggested that some heredity and
variation of non-Mendelian were detected in IL5243 and IL5335, including parental sequence elimination, novel
sequence emergence and base mutation. Blast comparison results showed that the sequence variation could ha-

ppen in the coding sequence and non-coding region. These results indicated that the receptor genome presented
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extensive genetic variation during the introgression of exogenous DNA, which would provide very important effect

for broadening the basis of genetic variation in cultivar rice.

Keywords Dongxiang wild rice, Introgression lines, Epigenetics, DNA sequence change

T8 25 R AL R FH BT AR AR S R TR 5 ) i [ it A%
AR S, B H RN R AR, R R A AL R
SETP R B ) B ELIK A ) (Li et al., 2010; % 7] AR5,
2011)0 I FHIA) 4258 S AN (0] 52 ] 28 3R 15 (I 85
RACHEREANEI L IR L F 74 Fladk A DA S J2E A
TE A% (1) S5 LR SR BH(Deng et al., 2012). ISR Y
ZHE SR, FhE A BB I FEAS 2 1 B B 7S
MBS RE, HAAE S R A2 AR RE WL N 4L 454
R R IA K B s, 31 72 AR — e v
IRE AR RBAR S, Ansi B 5% PO AR ) 55
FE M (Qi et al., 2010; Li et al., 2013), NVEW 4L
RIRHE T3 1 SRR

BRI B T AN TRk WA A 25 2 8 5
VIR FC R B, Tl ) 2 52 15 R 1 108 4% 5 3R st A% A2
R FEAFEEA DNA 751 F K AHT T 51 H 3 (Sane-
tomo and Hosaka, 2011). DNA H 344 7K P FA5E = )
B, DL H 5] I R Rk /K P 2 25 AR 1 (Abid
et al., 2011); B A& 175 K e a1 BYIU 3% JoE 0% (Ya-
suda et al., 2013), ‘T FHE K 4 7 5] # HE (Kopecky et
al., 2011); A Leff ) e J5 AL A 20 R BB M A A%
~ B (Ge et al, 2013). H A< TistfE 5 R M s fE
A 5 (1 LI A R U AN 2 B, IR HLAE
AN [5) 49 el ey 22 30 00 2 B0 A Xt A R AH 7] (Yang et
al., 2012; Kantama et al., 2013). K t, ¥ KRAEYFISS,
W FL MR DNA #1515 K 52 A Tk DR] 4 235 ) 1 25k TR 3%
IRAREAE, A BT 4 R ) S 28 B 0 R AR
R MBAE A 5 1) o T AU FIAE AR, O EF AR
S P NiNE vt Aoy VR S Rt iR

R WP FR 2 A Bk Al AL B E X — AR E
AR, AP KRR "2 B, e FE A
FIFE DR, W ¥4 = s U« i A 5% 55 (Luo et al,,
2012). AT FATIE L (] 58 S AW 158 5 223k
137 — BB A (FKESE, 201D Bt 5 (T 5 555,
2012) I S5O0 ST T8 FR o KL AN ¥4 T8
# 115243 F11L5335 #fF 58 K B, 9 ¥4 Wi & &
L5335 {4 A8 JE AR B A Rr 6 25 1 25 4 PR
FICARAE — E I S B B (MR AE R 5, 2013); 83
Iy R, IL5335 Al L5243 44Kk 2 5046 8 5 40 i
SRR AR A D EACH B AEAE SN 1R 2 4
VR TG et S XA~ %5 (Luo et al., 2012); SER %

J65E i PCR &5 F R, W A8 5 R 0% 1 1L5335
HTL5243 w3 i s g 1 1 (1) 5 44 B FE 3R AR 05 1 (R
HEFLEE, 2013).

N N A TH TR A s R AL R R S
T FR R I A S RO A AR S REE, IR BRI
HN AT 4 NI S DR e # AR S e, AT 5
TERTHARE T R 25 Al -, SR A 139 X% SSR 5 #A0 35 %
AFLP 5|93} T % 2 B AL FG I ¥4 W 5 & 115335 il
115243 AT BRIV 27 51504, 0t 9 i AR v i
Z AN DNA fEH12 R 5 A gE 5 5 51748 10
B A, AR 2 BT AR R S SRR 42 S R
MR 2 E R

1 &R 551

1.1 3G DNA ettt His 2 hpiEEES

i} ¥ 195 % 105243 F1 115335 M2 HAUSE ) SSR
A AFLP 73 Hr4s B WEE 1. Git 2047 139 4 SSR £
AL SR B, 115243 A1 IL5335 Hhéfi k2%t SSR fif
R1(85.15~90.77%) 1) 26 11 ¥ 5 Z AR S A U & 5 B 1)
Al 46— TL5243 A IL5335 454 6 XA 10
X SSR By Ha N AR £ WP AR Al & 4 s, il
ZARAT I 4.33%0 7.17%. AN, PR A #i1is Rk
TEAE/D B SSR A A4 5, HTL5335 i & HLR 3 iy
(# 1).35 X} AFLP 54040 £ 3 108 {37 £, PN ¥4 ¥
B R YR 2 B U R 52 SR AT B R B
— 3, A R A 89.20%F1 85.60% 5 4.46%~
5.07%) 5 S HARSEA R £ B A FE— 5. A, SSR
HIAFLP 145 R E, 853 7R £ BY 448 DNA B
B B2 AR A A, S HEAR(BCF ) #iis & 105243
FIIL5335 MR R O AR € VA& . SSR FRid Al
AFLP Frid 2 [ 75K WU 25 B 40 2 7 THAFAE —
E 72 5, 1K ] B A2 P A AR 0 1) R BRRNRE sSAN ] AT
RS IUAST P Bt 222 S K BT i

12 BERAHERERAFIITRER

139 X SSR 5IW) 40 45 L Wom (36 1), P TR ¥4 34
BREEFAT I E RN 3.19%, FYIH
N 3.56%, HLIRAT B JHGHTT 51 ) H B AT Bk
SRR R AR (B 1). AFLP 204745 AR B, v #7s
Ja X 115243 Fl1 IL5335 FE R AR HE K 4 DNA
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Table 1 The heredity and variation characteristics of alien DNA sequence in the introgression lines induced by Dongxiang wild rice

*ZIT\‘_LE‘ *j*’:l' “0” “ 1 » “2” “3”

REFMH BRFWER) I B FHER©) BAERRERFMWR(%) B (%)

Marker Material No. of hetero- Rate of lost Band of Xieqingzao B Specific band of Rate of new
zygous bands band (%)" (%) wild rice (%) bands (%)
SSR 115243 4 5 6 1262 2.83+0.5° 90.77+1.5° 4.33+0.2° 3.55+0.6°
15335 55 10 1187 3.55+0.6° 85.15+3.9° 7.17+0.4¢ 3.57+0.6°
AFLP 115243 135 61 141 2771 — 4.66+0.3® 89.20+0.8" 4.46x1.1%" 1.95+0.2°
IL5335 208 80 160 2 660 — 7.29+0.6° 85.60+1.4° 5.07+1.2° 2.58+0.6®

VE 07 SRAGRAT B 17 B AR, 27 HUOR SEPERR R A “37 5 E R BT M (B SR 2 AR R
fRI2K); *: Tukey 2V HT(a=0.05), AR FREROR T B 2257, — B AR

Note: “0”: Parental bands lost; “1”: Bands similar to cultivated rice Xieqingzao B; “2”: Bands equaled to O. rufipogon; “3”: New bands

which were not find in both parents; *: The same letters represent no significantly different («=0.05); —: The data was not calculated

RM22 RMI171 RM489 RMS517 RM418 RM481

M123412341234123412341234

300 bp

200 bp

1 A EE F RIS SSR 474 5 et pkkar

7E: M: 50 bp DNA ladder marker; 1: ¥ - B; 2: 4 2 By A F4;
3:1L5335; 4: IL5243; a: SRASM 22 %; b LR 2

Figure 1 SSR amplification and electrophoresis for cold tolerance
introgression lines and their parents

Note: M: 50 bp DNA ladder marker; 1: Xieqingzao B; 2: Dongxi-
ang wild rice; 3: [L5335; 4: 1L5243; a: Parental bands absence; b:

Novel bands appearance

kR, [ B RER I — E AR SR AT A E R
(5.97%) R 75 BL(2.26%) (% 1; B 2). FifhsrT
PRC IS 25 R B A ML EUHIE I 45 5 (BAE 0=0.05
KFLEEEREEERER ). MAHNE R 105243 Al
115335 J2 X1 SSR Hl AFLP J3#r4h 3K 0,
RARM G AR R L JE P AR A T st EA,
R EREA DNA R REP RAET 2
3L R4 7 A1 A8 S, 2 BRI R IE R 2 DNA P
T RANEA BT A W 2% .

1.3 T8 #nghIME DNA FERIFESI 4T

1.3.1 /MK DNA T A F Bt SSR 741434t

%f 115243 F1 1L5335 H135 B 4 2 B 4£ 7% DNA
26 6 X SSR 514)(RM22, RM212, RM300, RM418,
RM519 F1 RM5620) ()47 34 7= $y 1347 1AL e B A
7, B4 DNAMAN #EHAT 2 58 I LU b o 45
BRI, KR 2 B ERGAR BT 56 B 4514

1 2341234123412 3#4
=§§!
e -
EEEH
ZERi
L
¢ 4 - o s s es-.
A T FEEHREEE
HH L
LLET LY | et
S R FERREELL
FUT PP L LES =t
HEH YRR
g~ ’ >f§;-;':;ﬁ
B 2 i 4 T2 2 L XCR IOER 7> AFLP 3748 5 Lk el

FE: L b B; 20 AR 2 BPAE RS 30 TLS335; 4: 1L5243; a: SR A
Al Bk b HELH %

Figure 2 AFLP amplification and electrophoresis for cold toler-
ance introgression lines and their parents

Note: 1: Xieqingzao B; 2: Dongxiang wild rice; 3: IL5335; 4:
1L5243; a: Parental bands absence; b: Novel bands appearance

YIS AR (AR — 2L [ P DNA F Bk 3
—SERR L I A S, CLAE R ) AR N R AR S,
H RMS519 Fil RM5620 38 (1) b ke 57 1 B
533128 119 bp F1 177 bp,  PHIN A#15 IE RS 4R
1) 75 FEE AR B (98.8%) » 7 51 EE X6 e L TR 438 i3 &
1) RM5620 4 38 7= W) 5 (A& (7R 2 BF A F8) M L, 4
AT GAA3 MIE(F 3), Tk 7R N 1.7%, £
RMS519 §35=Hr,  P#TE R0 TR B 3 )5 51
o RIREL T 1A 2 ANEIE R (C AR T A A
R G, AR Z N 0.8%F1 1.7%).
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105243 80
115335 80
DWR 160
115243 160
1L5335 160
casattggetotatoccasaaagaagaayaacaagaagaagaagaagaa aagaaataggasagaaagacaaategge

DWR 174
115243 177
1L5335 177

coacttgacatttoaga

& 3 SSR £i7 A RMS5620 1E B i ¥ 15 & i A AE 5 Bt 45 5
N RIZ NS Y8

Figure 3 Sequence variations of introgression lines compared with parents in SSR locus RM5620

Note: The sequence under line is primer sequence

1.3.2 #NJE DNA S\ H B ) AFL 5315341

35 X} AFLP 5| #0XF#i5 & 105243 A1 1L5335 77
W, TS R B 141 1160 %55 4 2 B AR

FF AT, BEALESCI R Herb 8 2% =35 85— 2
FA AT 3 AT . SRR, A 6 567K 2 BFAEREN
RS2k S BRI 7S R IR A, BORIUE

AR IE AR . 3X 6 2% DNA JF 41 & AH S EE DR 0 43 1
B, W1 CHY 1, SAGA 54 Adal 5 K18 Ty3—gypsy
1 i 5 T 51) ONBS-LRR A1 2 MBS EE, b
CHY 1 {E P& B8 5 5 7% S & 5 B G 1EH
(Dong et al., 2009), SAGA K H[FIEWZ 5 | 4Lt i
FH P .mRNA i i \DNA 534518 5 & = E 1) 2%
hee, RPARSEARN —LEENIRER S
DWR

105243
115335

DWR
115243
1L5335

DWR
115243
115335

DWR
105243
115335

NN AETE R HE— 00 &I, 54 2 6519
14 E-TA/M-CAA Fil E-FAA/M-CTC ¥ 3815 1) %
2 WP AR 45T, R/Nar il o 293 bp AT 218 bp i
DNA JF 41 5 flAd S Ay 7 7 51 AR AL BE A e, 7T

K 99.1%, 7E/DHU LAMIEZE b R AR 1 Bl ) 44 e A
(& 4). Blast /51 ELX & B i ¥4 #775 & 105243 F
IL5335 # B E-TA/M-CAA ¥ 8 KSR IE T 4R 2 B 4
7 DNA R B R A T 9t & AR (PIED T 5,
E-AA/M-CTC ¥ #8 1 BNt B0l 8 1, iX 3% B A ]
FAZ 15 KM DNA J7 51728 St ] R AR AE G L R

1.3.3 it A 5 #2511 1) DNA 751 45 Ht

XoF 15 £ 105243 F1 105335 5 I AFLP 3t
(R 2 AR S 5 B YR B4

80
80
80

160
160
160

240
240
240

293
293
293

gtcataatcgtcttcrcc dacoc atttcatctgctagaattggtacgcagtc

& 4 AFLP 35|¥4H4 M-CAA/E-TA ¢ 5918 Fr BR 78 PR i 4
N RIZ NS YA

B 2 (A S Hl x4 2R

Figure 4 Sequence variations of specific amplification product by E-TA/M-CAA in introgression lines compared with parents

Note: The sequence under line is primer sequence
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5, A ENR T 3 2%, W 1K BB 25 /T BIUAE NCBI H
HEAT Blast HXTA] 11, 105243 HHR) 1 2538 461 FE 51 )
RETHfE 202 FAH L I (UBA)YKHE Y 41, 2 46 IR
PO (15 115335 R 1 2587 26 s 17 91 T e T g A2 i
PEA, | NIRRT FH], A 1 KRR ERD
BF T X e 5 T e R 7 71 o M 4 SRR
HA 7R S5 25 DR AN g d e o ] 2 58 Wi 5 N 3 44
FlE AR, RIS (1) [R] B 34 TT 6 75 R 225 IR 4H 45 F 1)
A S AT KRG b ()38 45 A0 S e fi o

2 g

AHFFTHI SSR Al AFLP 45 5453 81, < 2 BF AL A5
5 43 DNA (4.33%~7.17%) B % I 5 N B 415 &
115243 F1 115335 H, I H 75 2560 0E 2 DH 20 4k 7k
CEATRE, SIATHAT 402 SSR 43
g5 B —5(Luo et al., 2012). KT TL5335 Al IL5243 &
TR A TS R (RKIESE, 2011), SN T —8 K 2 1
AR (CHY DT (NBS-LRR) B K H & A9
FHOCTIREN DNA 541, BRI A Wiz R +EE T
B R R VA PR BB AR AR S A, R AR 2 B A
e v 356 DA (1) E L0 A% AT 9 SRR, TR B I S A R
A g o BH AR RS R 09 ML B 4L S B (R T AR R

AT FU 3 B A SR V42 JR AR AR R R B
FE PR 4 AR DR RS AE ) R A, A H B — S S [R]
HFF AR AE AR U 5, B SEAR T A 22K
BTN AR IR J 58 75 K T 9178 S AN
AR AEAE RS AS I B 7 41 (G SSR 514 RM519 #l
RMS5620 ()47 34 F= ) b, G Ltk AR AE D) Re B R
HIH, a0 PIET . R, @IS 2% 2 48, 4MJE DNA A J#
Tt 55 52 A I DR 21 A T U % € A T ) 28 4% B ZH Bl
e, B ARSEA 3 73/ i Bt DNA #4315 R FE [R]
SR, A U o PR B L At R SR I A 15 1
FEAE— TR A R E R R R S, X5
(Wang et al., 2005; Yang et al., 2012). # JA (Chen and
Chen, 2008)55AE Py (1] F 22 4 S 4 BEARBL . DAL, AR
W FELEAS [F) B Pl b B VRUE SEFof [B] 24 AC T i3 I F2
P — R A IE B R AP B 52 . BT L
AL 578 S (R ik B R R R AT ) B M ) 2% 52
BHERME RHEE, R AATE R
S AR A R B R B A

i} V23195 % 115335 A1 115243 Hf H 3060 38 2%
HLOEThRe R T, L& K IERE 1) DNA 751,
A LT B W HE T T 51, R A8 BB 5

RS2 TE DR 2HL T 41 (1) 5038 3R WO B AL 14 R 22 Rk
FAVCHT B FL 4S5 RIC R, WA #TE R /b e
¥ BEAH JAFEAE 2 AR A 5T A AR S5 45449 (Luo et
al., 2012); WE A5 KU T v T8 £ b T REAE
KRR 2 DA R 10 3% Tl 1 2 508 0 1P (IR TR 2% 5,
2013), PRI FRATIHED , #792 5 rhol S50 H IR v] e R
2D G LW 7T . — 5 T AT RE A2 PR A i) G
R E A G4 T B R 2 G5 M e s 5 — 7 AT
REAE T ¥4 15 2 H A0 KPR 2 2 25 A8 40,
T IR T A (R, R T 2 AR R A
58 X FRIR 2 B ARG R A RAREEFE
AR S AR A SN R b 18 %40 ot ] St A
— NSRRI RN 5 — KA, FEANFERAL Y i S
SR B R AR T Tl A I 1 A N SR 18 4% A

%% (Chapman and Abbott, 2010; Yang et al., 2012),
ARG AR T TR ok UR, R B AR AR S
DR B8 i R AL 1R i) LB AR AR

IR SEE
3.1 #F#

KT F I 2R 2 B AERR (0. rufipogon Griff) &
KRB A B AR R R, RIE\BDEFR B (0.
sativa sp. indica Kato.) & PR H A2 RA7 R A
Fuid DL 2 B AR R ORI A, BB R R B
NZARSEAR, 2835 AF F AL B 5 E R B A
3 BC/F, Bk, & 5ubifL InfX 3518 BCF,, BILs A,
MR A % 0 345 15243 1 TL5335 i A TS &
(BIKHEEE, 2011). A 5T DU A 875 R 115243 il
L5335 S XAl b, W7t 4ME DNA 75 P i ¥ 8T
B R HPIBHE 5 7 5AR FARFE

3.2 R B ERBMm LS &H AFLP #1 SSR 7347

KF CTAB VA2 Uk 2 B AR ARGl v s & A
XU ) 3L K 4l DNA. AFLP W58 3 5% Vos %%
(1995)FN2 G ZE(2005) K1 77 V233047 o B4 I Y
R WER 2, BEVNIER R RiAE 37°CIEAT 6 h, ). 45
WG 65C LRI 10 min M EFRIG. EcoR [ #:3k A
Mse | H B FE75 40 AR HT 12 h FCLF A58 F AR B X ik
sk BEVNEREEL S pL 852 Y1E N AFLP T
B BRAR , T34 B B 51042 EcoR T #23k+1 M
B Mse T Bl DML, BHIS HH 1% 35 8 Bl B i
LKA SR P2 ) BV B2, AR L B A o 1) AR B
W HARE 10~20 15 5 /E GBIy AR . B
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AR 2 AFLP 73 Bt o (1 i U 745 N 1 21
Table 2 Digestion and Ligation system of AFLP

el WS S 2R T R RR (L)

Reagent Concentration The volume for one reaction
system (p.L)

HHR DNA 25 ng/pL 20

Template DNA

EcoR 1 10 U/pL 0.5

EcoR I enzyme

Mse 1 1§ 10 U/uL 0.5

Mse 1 enzyme

EcoR T #:3k 5 pmol/uL 1

EcoR 1 -adaptor

Mse T #:3k 50 pmol/pL 1

Mse 1 —adaptor

10 {5220 - 5

10xBuffer

T, EH N 1 U/uL 1

T, ligase

=R R 10 mmol/L 1

Adenosine

triphosphate (ATP)

A E A 10 mg/uL 0.25

Bovine serum

albumin (BSA)

ZECYIN - 19.75

ddH,O

SYELNA - 50

Total volume

EFAERFHE EcoR T Fl Mse T W4 H NEB /A & (New
England Biolabs, Inc.), AFLP Fft A 1) H & il 71 9 H
TaKaRa Ki&EEAEY) A . PCR I 1 ) W /E Master
cycler pro (Eppendorf, & [E) PCR X L i#t4T. =M
Sanguinetti 2 (1994) 11 /5 7%, K H 6% 1] PAGE #t &
(7 1P 5 7R A T e 2 ) 2 T L Pk (JY-CX2B, b it B &
RIJ7 Bk B A A PR |4 B Ik 1 PCR 414 7240,
LUK 45 R G 25T R R ik e

SSR 737 72 ) FH Abt i AR A 2L 77 32t 1Y) 23 A T K
& 12 Gtk b, fE R 2 B AR R AN - B 2 (A A
2R 139 % SSR 514 12 £ # S Panaud
Z5(1996) J7 23347 - PCR F=4) 114 51 TR I I e 1k S P ik
ARG 5 IR AFLP Jik—3. X T2 AN 2E .
Sl SRR H BT 2% T B A0, 13EAT 3 IREE ST A

33 BIBRSEIT A
AFLPFHT FIEHE e it LA A Te ok geit .

BRPKM KT =B R BRI K
ML FED)X100%; B Z=(H12 R XCE T %A
(K46 0/ R AT 25 850)x 100%; BEAA ST S 75 5 =i
1B 2 h B AE R 2 A/ R ST S B x100%:; 52
kW R=TB AP HIE R B — 8 &w 4/ &
MEAT R 100%

SSR MR G it, Wiz R ARG RAK
i (R S A 26 A1 B 2R IE N« 075 B X 3% A 1 4
WA SR 2 B ARG —FERId N 27 5
HH B & —FERE N 37 Bk N 47, %%
R T 15 AFLP —2.

3.4 FIEEHHI B S RN FF

Wit 282 R R B AR 2 B AERR IR e A7l X
BRI A BT 2 A EAT RISORT S B . SR F K
W AR D) T Z R oy, F H I R
A 100 pL K HEAUKE0E . BijE 70°CKEG
80 min, ¥ #H £ % i{J5 10 000 rpm 250> 8 min. HY[A]
W i 2 WL AR, BAAHIE ) PCR s VAR 2
ErERATy 8, Rt EmE RS
pMDI19-T #fA(TaKaRa K& FEEVA R EE, 2 )5
W B P2 W) e A0 2 K A B DHSa B2 A 4 i
“ﬁfE%,$i§Eﬁ%%iF§$Lﬁ£%$
WA A 7] 5E K DNA WP, B—FEA 3 IRE R .

[mAm%mﬁEJﬂ%@%E%HEFﬂF”
& NCBI ##5 2 5 | BLAST A7 R 0 #r
FAMEFIH DNAMAN4.0 #4454 3545 1f) DNA 751
HAT LT, LTS R S5 AR R 2 B A fddr
DNA Jr Bt &% B IR 7 51 7 7] o

1E& ok

WL TT R R AN N R A FU R SE 06 BT
ANSEIGHT FERIPAAT N B8 57 A0 ) R 5 ik s 45
RO, AR I S AE s R AR TS 75 2 5L in i
TRV 70 s 2 A A AN R I H A A 8 2
FoT N, f8 SR Bt Bl o b, WSCE RS 20
SN R R IR B R R R A SOA

Brigt

AW FCH E K 3 AR L T H (31260255)- 1T
PO 2E TR R H (GIT12184) YL VG 4 B
#1175 H (20122BBF60064) . V1 V648 7 4F B2 5K B
721 %1 (20112BCB23007) AL 74 45 3% 1+ Il (KJLD
12059) 3[R %% Bl
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