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Abstract  Cox1 gene groupl introns in angiosperm always have the phenomenon of horizontal gene transfer(HGT). We have
amplified and analyzed the sequences of mitochondrial coxl, cox2 and nadl genes in medicinal parasitic plant Cynomorium
songaricum. By using the maximum likelihood method to analyze the phylogeny of cox1, cox2 gene intron and exon, we found that
the phylogeny of cox1 gene intron results did not match other three, which suggested the intron may have HGT phenomenon. We
compared the average distances of exon and intron sequences of mitochondrial cox1, cox2 and nadl gene in six different populations
of C. songaricum, finding that among six different populations cox1 intron homology up to 100%,The result suggested the intron of
coxl gene may have function. Bioinformatics analysis showed that the intron most likely codes endonuclease, while the DNA
endonuclease is thought to promote the intron to transfer. 3'Co-conversion tracts (CCT) is angiosperm intron traces metastasis 3'CCT
analysis testing showed C. songaricum contain it and a length of 35bp. RT-PCR indicated cox1 intron can be transcribed to mRNA
independently. So, C. songaricum cox1 gene intron most likely codes endonuclease, which can promote the intron to transfer.

Keywords  Cynomorium songaricum, Mitochondrial gene, Introns, Horizontal gene transfer

AP FER FE R (HGT), SRR ) 5 [R 3% 8% sl M 17 3[R 4% 2 (lateral gene transfer, LGT), J2 18 A EHE K RIA
[FIWFh 2 8], BRGNS AR 2 (], DL S 4 i 25 A 40 B A% 2 [IIDNA T B3t 3/ (Ochman, 2001; Rk &
U745, 2003; 255 VL5, 2008). AFAARSERIHGT £ 4E = S5 AH 4 2 ] (Chang et al., 2011; Stegemann et al., 2012) &%
Ao BB FVNCNHGTAR KRR b RAE AR A R A, BIAE R IE 2 U AR ik R gk A Yy — A 22
/38 (Won and Renner, 2003; Davis and Wurdack, 2004).

K22 H50 ot R 4 RV 2045 5 Groupl B Groupl | Y 75 -F-(Hepburn et al., 2012). Groupl P & T 32 EAFTE T4 i
A (NZRLARSE) . AP SRS AZ A T, W AR AR K coxLN & 7, LR & TR S HHGTILR.
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W0 R I LT BT A 1 27 AR R ) e R AR DNAZR# Groupl W &% F N2, %N & T AT e tH—Fh J IR #7820 714
W, SRS AEAE Y (R 3EAT A4 4% (Barkman et al., 2007). coxLEE[K P& 1 n] B4 % — %R P DR I3t 3 9 2 7 11
%% (Sanchez-Puerta et al., 2011), {H H FTXAMHLHIE R AZHEN, wARA LR TEIRUE. Groupll & T tHH I
T2 A% (U 2 LR 55) S AT, Gncox2. nadl % K F I T Groupll P 7 F-(Keren et al., 2012), KZ %L
Groupll AN & A s BIRBYHE, & 75 88 15 B4 8 11 35 B (Ahlert et al., 2006) .

B H A LI R 25 RN 58 25 (15 35 5%, 2013; Liu et al., 2013), % &4 T 232 FH(Zygophyllaceac) (1 i) J& (Nitraria L.)
THYIIIARES . Sanchez-Puerta %5(2011)F2 38 H coxl ZE R B = & TF{HAFE 3'Co-conversion tracts(CCT)/741 .
WHFE R 3'CCT IR R BRI N & KA 1) IR ZE (Vaughn et al., 1995; Sanchez-Puerta et al., 2011).
HEATR TP coxl ZEK A &1 HGT IR HIB SR WARkIE . P ATRAT e HUBBH A S 3R AR, X8l BH ¥ 6 4>
ANF]JEHEE] coxl. cox2. nadl B:[RF AT /1, B RBIBHANE R coxd KN & A A DL R
Groupl W& +Z 57KV R 7% L] .

1R 50t
LIRGRE AT

BB 2 K AT R WA R, RIS TR S IE K SSU L 2R ki 4R 5 (K LSU AN i 244K B K rbcL . atpB AllmatK
MIRE TR, BHEE D TRIIF ARG+ AT 8 H- 5 H (Nickrent et al., 2005), 1M FH £ AR IR [X 55 [R5 2%
SRR, BUHED TRERG H AT %4k H (Zhang et al., 2009). &A1 FI MEGAS #1428 %44 cox1
COX23E [R ] 4 & F A A1 2 7 51 43 531 55 NCB VU F22 S0 (1) R 92 25 R P 9 ) 8 2R 250 (1) o B FH cox2 2 IR N 5
FHRNE FRBLE R, HE5+FRRM R BZZRA TR —93, 5KEEHIT. Hcox1IE K
WET5HAEFRREIRERA B coxLEE KA a7 1 245 B 5 cox2 35 K 4 & 1 Rl Ah i1 I 3 5 45 S M
Bl BiFHS KERIEAHIT . coxUEF N FRBERE R, BHEZFENE. RBELTH 2%, 5KEEE
AL, HoAP R REENR T B coxLEEH N & T RGIK B KR Scoxl/ME 7. cox2N & FF14h
BTFHRAKEREZA 8. Fk, coxlIEHN & TREBLERBHHAN G TR AE T 8.

1.2 A5 BE B LR i

FBBH6 AN A fE ] cox . cox2. nadlJ& A& H RSN 15 W & 7P BE B AT LU . 45 RNk 1T
N, COXVEEN N & F 5 4ME 1 7 7 F ¥ BE B E #R N0, Tcox2 L (R N & 1 5 4B 7 51 (1~ F I BE B EEBOR, 4
5l 9254.9333F168.9333, nadlFL K P& 7 A1 (1)-F 34 FE B H J9320.3333(fH kN n L R R AR 57, KRR 2 57
PEBE K)o I FNCBIF Blast 75 28 % 6 4™ A~ [7] J& B 4] cox 1 2% B8l 1 & ) Z1 gk A7 P 9 [ R PR RS R A5 R B oR 3R
100%.

A% R )R /NI e R I A% 22 RETE I I, A MR AL BR B RN, IRHOR S0k SO, W 1A% 2 BF
PERRAG; Rz, BAEREE BB s 2 R E . R ImT R, BiFH6AN AN JE B (] nad 155 (A P 25 ¥ Rl cox2 2 [A]
(R A 25 1 AT BB B B AOK, UM cox2 Minad 13 R RIS A% 22 PR MR AR O iy, FEREAK I R v LB A% A0 S P A
K, BEACEUR: TTcox & A BN & 7 FIAM BT AL BE B /N, 1 B L A% 2 RE R AUIG, 12 R BE A I A Hh it
LA VAN, AR, H6ANAN IR JE B 1) cox LA D] (1 N & - dn b v (9 [P, R W B DR 4 2 1 AT BE AT 1)
HEo
1 9 FfHcox1, cox2Flnad1J K 64~ A 7] J& 8] ) 2 1~ 5 AP 21 41 i) BE AR P 2 BE B
Table 1 Compute overall mean distance of intron and exon sequences of cox1, cox2 and nadl genes between 6 different
populations

coxl A& T cox1 451 cox2 W&+ cox2 A5 1 nadl &1
Intron of cox1 Exon of cox1 Intron of cox2 Exon of cox2 Intron of nadl
S RE R 0.0000 0.0000 254.9333 68.9333 320.3333
Mean distance
1.35YME BE0HT

fi I EXPASy-Translate Tool 4 4 PH £& i 1 3 [K cox1 3 [K] P 2 F 7 41 (21900 bp) Bl 1% il & S 12 7 41, FI H
BLAST-protein blast7f £& ¥ Hoidk 47 [ JE A 2% Bon (K2), coxdF: N N & T &L R 5 51 5 B RHE A & 1% R W )
. SRR ZRA DI, RERDH T EZR NI, RERKREZRAVIR. ZRHERZEBIZLR
WU 2R R EZR NI AT HRELECR R & AZ IR N B [F15 1 43 0] =115 96% . 95%. 94%. 94%.
94%. 93%F194%, K HcoxLEE A N & T &M 77 5% 1R N VIEE)T 51 (endonuclease) 1R AHALL .
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Figure 1 Maximum likelihood phylogeny of angiosperm cox1, cox2 gene introns and exons

Note: A: cox1 gene intron sequences; B: cox1 gene exon sequences; C: cox2 gene intron sequences; D: cox2 gene exon sequences

fi FHPfam & JEE HEAT LU, R B Pi>Pfam-A matches (7 i) 5 cox1 3 K N & T2 LR T 51 /5 #1 AH UL
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fic, 2 HINLAGLIDADG-1 (Clan: CL0324; Envelope: 52-141; Alignment: 52-140; HMM: 1-101; HMM length:102;
Bit score: 47.3; e-value: 2.3e-12)FILAGLIDADG-1 (Clan: CL0324; Envelope:;158-249; Alignment: 158-245; HMM:
1-98; HMM length: 102; Bit score: 36.1; e-value: 6.9e-09), #'J& T-'LAGLIDADG endonuclease. PfamZi(dfi 7 7 #r %%
cox1I& [N N & T2 LB T A #R S A% R W VIR AL . DIAh, B BHcox L& R N & 1R Al Re 4 i iz IR M )
g o
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:3?53PGJTqL*_TN* } IQHMLGGSI
LL QHMLGG
[EQVS PG TqLE:THGL ILPLL YIQHMLGGS IEM
GYTSLEITMGLEDLFLL QHMLGGES IFM
ﬁ‘GITQLE:THGL DLPLLEY IQHMLGESMEN
'TqL::THGL DLPLL QHMLGGES IFM
TQLE:THGL DLPLLEY IQHMLGGES TEM

a1 G g1 43

5
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in
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cCOonsensus

+

+

SonEendonuclease HSARLLOLHARVCOVLDI P"‘LP TLDAQSHWFAGFFDADGTIGT
DysEendonuclease G OVLDI TLIAGSNIFA sEFFDADGT IGITAM
FraEendonuclease G QD ILFPI TLIEPq FAGFFDADGTI
CchEendonuclease £ 3 QVLDIPVILPITLDAQS NWFAGFFEAEGTZE_EH L
KaeEendonuclease OVLDIPVILPITLDAQSHWFAGFFDADGT IGIAM LPQLS
PalEendonuclease 4 .P‘HI PVILPFITLDAQSNWFAGFFDADGT IGIAMEKHMLEFQLS
CitEendonuclease QVLDIPVILPITLDAQS NIFAEFFIAIGT_GEAH .LPQLS
GloEendonuclease G  HSARLLOLHE .GTLL_PTZLP TLDAQSNWFAGFFDADGT IGTAMERIE
COnsSensus

1

SonEendonucleaze 2 VRMELLODVE SYEVVEGGHIYFDS SENGYYOWSVOSEE "‘HHLI FESSTFE
DysEendonuclease 2 WHELLODVESYEVVEGGNIYFDSSONGYYOWSVOS

FraEendonuclease NELLODVESYEVVFGGHNIYFDSSONGYYOWSVOS

OchEendonuclease 2 HELLODVESYEVVFGGHIYFDSSONGYYOWSVOS

KaeEendonuclease NELLODVESYRVVEFGGNL FIqIPHGYYPW52GS

PalEendonuclease HELLODVESYEVVEFGGHIYFDS SENGY YOWSVOS

CitEendonuclease 2 VITHELLODVESYEVVFGGNIYFDSSQNGYYOWSVOS

GloEendonuclease 2 R”THKLLRY.HSJ VEGGHIY FIqCPHG""PWS.d

COonsensus

4

+

SonEendonuclease A FFL.IEEYYSLYDLEAFE

DyzEendonuclease YYSLYDLEA

FraEendonuclease g YYSLYDLEA

CchEendonuclease g YYSLYDLEA

KaeEendonuclease YYSLYDLEA

PalEendonuclease YYSLYDLEA _HHERWLAFLL£WI

CitEendonuclease FFLIEEYYSLYDLEA 'DSEHAEAWLAFLDEWE

GloEendonuclease FFRlIEEYYSLYDLEAFREPDSIHHEAWLAFLDEKWHELMIES

CONSensus 181 FFlI=EYYSLYDLEAFKPASiHHKAWLAFLDEWnELMI+

1

12 i BH cox 1A= Rl 9 & T~ IR R R 17 41 5 AN R DAL R 9 D) B = 2R R e 91 A BT
H BEYE S RSFIF ) SonEndonuclease: #iFHcox1EE K P & F HIR AR 751, [FYR)T 51 &5 4% 9: DysEndonuclease: ##
RHER B Z L N VI ABY83891.1, FraEndonuclease: F{ZERHER F 242 A VIIFABY83940.1, OchEndonuclease: J Tk FHE
o K% 9 VIR ABY83865.1, KaeEndonuclease: 74111 2% & 1% 2 4 V1B ABY83904.1, PalEndonuclease: Fl 215 H 1 @ I% 12
W V) EEABY83946.1, CitEndonuclease: # 7 A} VG JIVJ& #% & N DI ABY83869.1, GloEndonuclease: Z=F} 5 1t 22 JE /% 2 N VI g
ABY83902.1
Figure 2 Amino acid sequence alignment of Cynomorium cox1 intron gene and Endonuclease of other plant species
Note: Black background: conserved sequences; SonEndonuclease: Amino acid sequence of Cynomorium coxl intron gene;
Homologous sequence accession number are as follows: Dysendonuclease: Dysoxylum endonuclease ABY83891.1;
FraEndonuclease: Frangula alnus endonuclease ABY83940.1; OchEndonuclease: Ochrosia elliptica endonuclease ABY83865.1;
KaeEndonuclease: Kaempferia rotunda endonuclease ABY83904.1; PalEndonuclease: Paliurus spina-christi endonuclease
ABY83946.1; CitEndonuclease: Citrullus lanatus endonuclease ABY83869.1; GloEndonuclease: Globba sessiliflora endonuclease
ABY83902.1

1.4 3'Co-conversion tracts (3'CCT) 4t
— AN FIEN S TARA T REAR LA, BT a0 W RIS DNAZ IR W UIBE, BEEHE N & 7RIS, &
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BN BREBRTFIAEHENEFRERTH, ZN & FRIDZERA VIR, WA DIRER 80 & A
EFHIFENETFS, @l RE SRR, U WETRETFIN, EEEMAREIRHET, S
&5, TEDNABEZHINE, P& W0 Ah 7 0038 50 Fe B 0 3 2 01 232 AR DNAH, X 48 A RN
Co-conversion tracts (CCT) (#f# %, 2001; Sanchez-Puerta et al., 2011) (&3). H3'CCTR AFLERE LR FHEM N &
TR A FERS IR (Vaughn, 1995; Sanchez-Puerta, 2011). FAl T¥rcox 3L Kl 1 22 7 41 . BRI B A0 4 BH 6 A 5] J=
BERIES 2 7 50 (N & 1 B R IR o A ) AT X L (B 4) o &5 S R/ A [R] BB FH cox LR [R5 & & T
3 CCT, KJEABS bp, HlEWFHVITIIAL NEFMICCT, RUHA ST rIREHE W40 &7 P51 K
A TIPS

SR » BT SMET
L S S — —
[ . ———

I ORF I

-CONVersi Co-conversion tract
v Co-conversion tract v v -
coxleF . coxliF coliR . concl e
b e . ol o=

PI3 BBH cox Ll 73 J& X P 41 K 51 47 i
Figure 3 Schematic of Cynomorium songaricum cox1 partial gene sequences and primer

] -5 40 30 -0 -10 0 10 0 kL] 40 i & 0 1.
Ancestral TG ATC G TG GAGGHGE AGAC O ATATTATA C A GLATCTCTTTCGATTCTTCGGT - CATCCAGA GET G TATATT L O AT T TG T G RAT DO G ATATC AT AGTC ATATC G TATCCACTTTTIC GG CAA AACCGRTCTT
Coppoinenm,  TITGATCCOGCTGGAGGGE0A GACCCAATATTATA CCAGCATCTCTITTGGTICTICGGT + CACUCTGAAGTTTACATCCTCATTCTACC TG GATTC G GTATC ATA AG TC ATATCGTTTCCA CTTTTTCGORAAAACTGTCTT.,
Cimzgnam  TTTGATCCOGCTGGAGGEG0A GA I ATAT TATA CCAG CATC T TTT TG G TICTICGGT - CADCCTCAAGT T TA C AT TCAT T TA TG GATTC GO TATC ATA AGTC ATATC GTTTCGACTTTTIC GG EAAAACCGGTCTT.
Cionmricum]l  TTTGATCCOGCTGGAGGGGEA AL ATATTATA CUAGCATCTCTTTTGG TICTICGGT + C AL CTGAA GTT TA CAT O T AT T TR LT G AT G TAT CATA ARTC ATATC GTT TOGACTTTTTC GG GAAAALCGETCTT.
Csommricur?  TTTGATCCCGCTGGAGREGGAGACDICATATTATA CCAGCATCTCTTTTGGTICTICGGT + CACCCTCAAGTTTA CATCC TCATTCTA CLTG GATTC GRTATCATA AGTC ATATC GTTTC G A CTTTTIC GG CA AAACCGGTCTT.
Cionmricurd  TTTTGATCCOGCTGGAGGGGGAGATCOCATATTATA CCA G AT TC T TTGETTCTTC GG+ C AL CTGAAGTTTA CATC T AT T TA C L TO AT T G TATC ATA AT  ATATC G TTTC GAC TTTTIC GGG AAAA TCGETCTT.
Csonmricumd  TTTTGATCCOGCTGGAGGGGGAGACUCCATATTATA CCAGCATCTCTTTTG G TICTICGG + CACCCTCA AGTTTA CATCCTCATTC TA CUTGRATTC G TATCATA AGTC ATATC G TTTCGACTTTTTCGGRA AAATCGGICTT.
Csommricur’  TTTTGATCCOGCTGRAGGGEGAGACUCCATATTATA CCA G ATCTCTTTTGGTICTICGG + CACCCTCA AGTTTA CATCCTCATTC TA CUTGRATIC G TATCATA AGTC ATATC G TTTCGAC TTTTTCGGRAAAA ICGETCTT,
Crongricum  TTTTGATCCOGCTGGAGGGGGAGATCOCATATTATA CCA G AT TC T TTGETTCTTC GG+ C AL CTGA AT T TA CATC T AT T TA O T oA T T G TATC ATA AT ATATC G TTTC GAC TTTTTIC GGG AAAA TCGRTCTT.

Canonicl  CCT,

4 3' Co-conversion tracts(CCT) 2t

#: C. songaricum1-64RR B PH A6 AN [F]JE H; ancestralfCR i B FHEY); “O"RREAE T WE T “PRRAIENEF; 0Bl
TR AR N & T ISR T8 2> 41, 35 (/) 2 extended co-conversion 4L (4 7 2% Sanchez-Puertad5(2011); &2k
43 (canonical CCT) NriERICCTK &

Figure 4 Analysis of 3'Co-conversion tracts (CCT)

Note: C. songaricum1-6 represent six different Cynomoricum songaricum populations; ancestral represents ancient angiosperms; "0"
indicates that the omitted introns; "+" indicates the presence of introns; on both sides of "0" are the sequence of the exons adjacent to

introns; the yellow areas indicate extended co-conversion and red areas refer Sanchez-Puerta et al. (2011); Underlined part indicates
the standard CCT length

35bpe

1.5 cox1 A & FRT-PCRAM#T

FEBU P ERNA, R 40 6% BE 11601 H: OD260 5 0D280 ) Ll 41.86, ¥ ~4297.1 ng/ul, M
RNA4 RS, T T 2525 (K15) . PAcox2k Kl N & 1 RS hi B v 51 %) cox2iFflcox2iR:  ADNAAREAR,
P21 400 bp, HZBIATH B cox2 B R P HIHKC B — 3 LAeDNANIERR, WA H 75, —J7 bl
B cox2 5 (A 7 = % 5 A mMRNARE R R 9 & 7458500 17, 55— B UE B AR S50 B 48 FHRNAKE i all, 6
DNAJ5 4. B, i%RT-PCRSZEE Hcox23k (Al i3 1 45 BLa] LLE g — 5 R
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AN, BATEcOXIIE R AN B T4 it 51 Mkt coxleF ficox1eR (I3; #62), LADNANKEHL, 41 e K L
250 bp, HiZ51¥ 5t B fcox13E K 7 K BE—%;  LLICDNANERR, 3185511241350 bp/F 41, X W S i sid
FEH N & FHEET D), 948 H 19350 bpr=# v BT R IR AR TP 5. TEcox LI R N & F Ak B it 51 4% coxLiF
FlcoxliR, DADNANHLRR, 43457 K £1480 bp, 5% 514 A% B A cox1 3 K Fe A1 K — 3, LLcDNA Ry
Fi, 4K 20480 bp, EHAIZ S0 ATEL S 1 coxLEE IR A A1 AT UL SEmRNA. FEH 0 51 204 T cox L& [K]
AN IXI, RIS AL T N A T X 51 % coxleF FlcoxLiR (&13; #£2), DADNAJYRESR, 41 44 41800
bp, 5% 31 xS B cox R R A B — 3 LLCDNAYRE RS 588 551, 18 B cox L B 4 2 138 70 4
BT, RUESIMRASS G B, BT B, U coxLEE R Y T I SR IIMRNA A 5 AR B AHE,
IS 1% SN e 5

HRIERT-PCRZE B, cox1IEK N & 71l LI SEmRNA, JFEAM S FRIT &=, WHHN S TERLE L
S5O0 EFHAEZER, Hilt— P Uk cox 1L K AN B F N & F I e AN MO RS FR o FRATTR 5 H 1) cox1 2k
KN 75 T RIcDNABEI T I, 45 7R & 5 NCBIEE P2 A7 7E [ coxLIE R N & 77 4 — K, 145 SRR & el
AYME BT, Blcox1 & R P & F AT DAL 86 5mRNA,  HLARE AT REgw D B AT The A% R P VI .

1 2 3 4 M 56 78 M

K5 DL FHcDNAFIDNA Y i 1447 PCRY™ 4 Fe vk 12

IE£: M: DNA Marker; 1~4: ADNAJY#ESR; 5~8: LAcDNAJAENR; 55 LRSS TKE {1 51 ) N cox2iF, cox2iR; 552 IEE6 k& {51
W1lycox1eF, cox1iR; &5 3F1 55 7K 18 5190 Fcox1eF, cox1eR; $54F1558ikiE 1% FH 51 ¥ M cox1iF, coxliR

Figure 5 Diagram of used C. songaricum DNA and cDNA as template for PCR amplification

Note: M: DNA Marker, 1~4: DNA as a template; 5~8: cDNA as a template; Lanes 1 and 5 using primers for cox2iF, cox2iR; Lanes 2
and 6 using primers for coxleF, cox1iR; Lanes 3 and 7 using primers for coxleF, cox1eR; Lanes 4 and 8 using primers for coxliF,
coxliR

20T

T ) B2 R Ak DR A A KT i DR e A 2 R (1), b R AR B 22 19 2 Groupl N & - 1 #% # (Cho and
Palmer, 1999; Sanchez-Puerta et al., 2011). [KlItZ&kitAFE [Klcoxd N & T BL G i T #HF L # . Chofll
Palmer (1999)# 5.+ IH-fE 4 K g 2 F} (Araceae) 14/ & [ cox 13 K@ it Southern 2 &2 Hi AR HEAT 4041, RIL6AE I
cox1E: Kt &G Groupl N+, I EALAR 23 1T 3R BRI 6 & B N 1 il i K R RS AR 2

AREFFEXT B BHCcoXL, cox2. nadlFE R P& 7RISR T P AUEAT T Kb, AL FR W coxLEE R W &1
5HRGRKERRZAE, UHHcoxIEEK N & Frl REAAERB ISR . R ER B A AL —M, SHAM5H
STHE, W& TERSRAEWIEE#(Laroche et al., 1997). W& T FEFIESHL SRR SRR w, e
FHNET, BT HASZIERE E A BUERE R /N (ST AE, 2003). 64 AN A J& i cox LR [H (1) N & 1 FL A i itk
R EEYE, "TReSH A ST RA IR
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AP BE AT, %NS A TR gD IR N VIR . Vaughn45:(1995) 7 B % A MU cox LR R Py & 71
REAZ I I /K P R R A 7 LB 31T . KRN DIBREAL A & F IR S, WU EARP A, s X R s 2 ikt
3' CCT /%1t 1 4 5 1) 1) 52 AR DNA T (B 2%, 2001), R T HYI A & 7 Kk A 7 (IR 725 (Vaughn et al.,
1995; Sanchez-Puerta et al., 2011). Cho%%(1998)#/Cusimano4(2008)Hf 7t % B cox1 3 K A vE 13" CCTK & Ay3~21
bp, TfiSanchez-Puerta¥:(2011) %t b2 H 1 BisE, AT 83" CCT &/ MEBE 35 bp, R BH 3'CCT Y
/MK FENTS bp, T AEYICoX LR TES CCTF 41 T AR S 56:3' CCT AR 2% B 6/~ A 7] & 8 BH cox L 3 [K1 45
171E3 CCT/F41, H3' CCT/FAIK 457435 bp, 15t I8 FHcox LEE R P & 17 A1 R0 20 A2 77 AR 7T BB A2 A
HMIRIEFE TR Y, H.Sanchez-Puerta%s (2011) Wt 7t R B8 FHcox LB A S A N &+, &8 F Y cox L Rk
W, TERATISE R R A B cox VL RIAAAE A &1, UL BB PHcox L : [N m] e ik T 2 (it #2 b . RT-PCR2E
g RB/R NS T A DU S mRNA, B8 BH cox LR Rl 9 & FAR AT et — MR W VIR, 1A% 8 VIR
AREMERE T H A& F IR

B E ik
3168

A S5 BT B BH 43 0 SR B PN 56l YA DX R 3 B AT 40 (101.07'E, 4197'N) Al 5T /K 2 i 17 bt 5 i
(108.74'E, 39B4'N). 7 ¥4 ¥ 4 52 ol e e B 6 /M (93.37'E, 3788'N). T & Al jk H ¥ X A1 W 1L i 7 2 &
(106.55'E, 3891'N). H it 44 ol jgk 7 B %) 5 (103.92'E, 38.67'N) #1521 [H B X B 44 Ummugobiaimag (42°24'6"E,
107°34'1"N )6/ EHE, KT f5-80°CHhitf7 .

3.2
3.2.14 0 S DNAHEHL

{5 FHTIANGEN Plant Genomic DNA Kit.

3.2.2 PCRA 77 1

TERREEPCRAY b 5E R A M 55 R BI(PCR) . R MLEMVAFR25 pl, JiATaKaRa LA TaqTM & R B A 3. &
MARRINT: cox1FE[H: H,0 12 pL. Buffer 2.5 uL. dNTP 4 uL. Forward primer 2 pL. Reverse primer 2 pL.
DNA2 pL. LA Taq 0.5 pL. 94°CHiAE%5 min; 94°CAE130 s, 58°CiRB-k45 s, 72°CIEfH2.5 min, 35FE¥:
72°CAR#E10 min. nadl. cox23EK: H,O 12 pL. Buffer 2.5 uL. dNTP 4 plL. Forward primer 2 puL. Reverse
primer 2 uL. DNA2 puL. LA Taq 0.5 uL. 94°CTRAE!ES min; 94°CAE 1430 s, 58°CiE-k45s, 72°CHEH2 min, 35
MG 72°CORIRL0 min. SIPINFK2. PCRY M1 = W& 4lidk J5 t b il e 5 A B 2wl dh AT Il 7

2 FLAY G Y 51
Table 2 Primers used for gene amplification

519 31 KR 514 P31 KR
Primer Sequence Length Primer Sequence Length
coxl F 5'-gtggtecgttctagtgacag-3' 2339 bp * cox1iF 5'-gcagtctagtaggaacctca-3' -
coxl R 5'-catggtagctgcggtgaagt-3' P coxli R 5'-ttagttgaggtagtcgatgc-3'
nadl F 5'-gaaggcatcgcteggatgtt-3' 979bp * coxle F 5'-ccgtactgattcgtatggaa-3' .
nadl R 5'-gacaatctcactcgattacgg-3' P coxle R 5'-actttgtaccatccattcca-3'
cox2i F 5'-agaacagcttctacgacgct-3' cox2e F 5'-ttttcttcctcattotkattt-3'

. , ) 296 bp** , , 371 bp***
cox2i R 5'-aacataggccgactgctgag-3 cox2e R 5'-ccactctattgtccacttcta-3

T *SIY BANE TR & TR S N S T RS, g A AN R TR A
Note: * Primer used for exon and intron sequences amplification; ** primers used for intron sequences amplification; *** primers
used for amplify only exon sequences

3.2. 38 BH A RNASEEL . 4fith sl

f# FITIANGEN RNAprep Pure Plant Kit (5 2 By 8 47 5 RNATE BUR 71 &) J2HU PH . RNA, TIANGEN
RNAclean Kit/zDNasel4li{t,RNA. #7366 i HEATRNAT 8 A2l FERI, A1) HF AR PR B B kA T RNA
1) e B
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3.2.4 5% 5 K5 (PT-PCR)

K FTAKARA PrimeScript™RT reagent Kit with gDNA Eraser % [ 3K ZHDNA, KM 4A4F: 42°C 2 min, 4°C
TRAF . SR LARNAISERR S % 5 CDNA, [R5 [ Bk AF: 37°C 15 min, 85°C 55, 4°C. FLLcDNANIR
VHEHRAE, 51N+, KMNRR: HO 13 pb. Buffer 2.5 pL. dNTP 4 uL. Forward primer 2 pL. Reverse
primer 2 puL. ¢cDNA1 pL. LA Taq 0.5 pL, FEEFR25 plo [RBZ&AF: 94 CHAEPES ming 94°CAE1430 s,
58°CiH-k45s, 72°C#EAH12.5 min, 35MEH; 72°C{#iE10 min.

33F ik
33ARG R EF T

18 F LR 4 FHDNAH AR, 514 coxLF fllcox IRy 1 cox LEE K 7 41 (% N & T 7 41l)s 51 4cox2iF Ficox2iR
o icox2 N & T EKF A 5l ¥cox2eFMcox2eRY™ i cox2 4 & F L K F 41« T i3 icoxl, cox2. nadli&H]
J¥ %] FIBLAST: Basic Local Alignment Search Tooli#E47 Ebxt. MNCBIZHE 2 H ik BUR A AR PEE P cox1
cox2FE B5] P #1 (I&11),  FI HI Clustal X F 41 EAT X 5%, 2% B 8 I BRAE (Thompson et al., 1997), ffIMEGAS
A B R AR 2 (maximum  likelihood tree) 14 £ 5 4t K B W (I8 5% 55, 2014), Z % bootstrap i #% & Jv1 000
(Felsenstein, 1985).

3.3.218 A% 1 B LU I 43 #r

i Flcox1FFlcox1R, cox2iFFlcox2iR, cox2eFAlicox2eR, nadlFAlinadlR Y%} 5|43 B4 SH6/ & #E ) coxl .
cox2. nadlZ:fK. f F Clustal X #4758 FH 61 JE #E iicox1 . cox2. nadl =R A & F14h i1 7 41 gk
FTREF5, A FHMEGAS A 43 73 %) 64 & B 1 3/ i K] A & F1 A1 S 7 57 71 3 AT & 4k - 34 75 (compute overall
mean distance) T, 7B = AL 1) AR SRR R

33.3%EWE Bt
1§ FHEXPASy-Translate Tool (http://www.expasy.org/tools/dna.html) 7 £k %f cox1 5 K )N & 7 5 51 #E4T 8%, 7
FIBLASTAEL X Hith AT RV R, ClustalX*t bk, BoxShadedsf, 1 [ PfamE £ % 1 o RS 45 k13t 47 5

3.3.4 3'Co-conversion tracts (CCT) & #T
28 Sanchez-Puerta 55(2011) /7¥%, %f cox1 B8 & 741, R4 FH (Cynomorium coccineum)FILRH 6 ~A
[F) JE B ) cox L 2[R IR 9 5 7 B A 8 7 4RI IR0 20 AM 7 7 13EAT 3' CCT 4304

Ve Tk

Tr/INERATFE ) LI B AN SRR AT N, S8 OB A AR SRR I 1 XU I8 S 5 seig et
ARSI XITEMID IR T2 5 57 LR T MR SCRE S, FRETMORAITH fast N, St sk sl Ag g
O E R . AR B CLRE O A AR A

o
AW T K SRR 3 45 (31260117) A1 5 B Sz #1011 51(2011BAI07B07) 3 [ % 1
SEER
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