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2x=18=18m M 2n=2x=18=16m+2sm, (3) YLk i KR4 (1 P G 22 b g AR (m) A1/ 4330 vh B %
2R Y AR (sm) 41A, (4) BERIERIBR T 3952 0 1B LIS, AR T 2B 8/, (5) 3k R4k 3E
Ko eh HAR A3 A o BN 6] B R SRR . 5S tDNA 458 tDNA FISH 45 5261 . (1) 22 2 Fl K 44 3 1) e
R L AEAE 2 X 5S rDNA 37 s 1 | X 45S rDNA {3 5, 22 Z+BCZE A YL (iR L AEAE 1 X) 5S rDNA 7 s 1 1 X
45S rDNA i 15 3 M HZE R YL ik b RAETE 1 XF 58 tDNA i 5, (2)5S rDNA 11458 rDNA {37 s 47 T 4L (4,
PREETRE b %AFSE B RS T 2B L T 5S tDNA F1 455 rDNA %% 5% JF A7 22 3 A% 80 | Jy 22 i i 40 5% %
R ZRMF ST A ML AR P2 A 5 AL T 40— A0 P 3ot A 2 R B
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Karyotype analysis of Chenopodium species based on
fluorescence in situ hybridization
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Abstract; In order to get much more precise information on the karyological characteristics of Chenopodium L. species,
the karyotypes of four wild Chenopodium species from Qinghai Plateau, including C. glaucum, C. ablum, C. foetidum
and C. hybridum, and one cultivated C. quinoa P1614932-HX(3) introduced from the United States were analyzed by
using chromosome fluorescence in situ hybridization (rDNA FISH). 5S rDNA and 45S rDNA were mapped on the
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metaphase chromosomes of the five species by FISH. The results of the karyotype analysis were as follows: (1) There
were two kinds of ploidies in these Chenopodium species, including a diploid (2n=2x=18) and a tetraploid (2n=4x=
36), C. quinoa and C. glaucum were tetraploids, and the other three species were diploids. (2) The karyotype formulas
of C. quinoa, C. glaucum, C. ablum, C. foetidum and C. hybridum were 2n=4x=36=34m (2AST) +2sm, 2n=4x=36=
32m(4AST) +4sm, 2n=2x=18=16m(4AST)+2sm, 2n=2x=18=18m and 2n=2x=18=16m+2sm, respectively. (3) The
chromosomes of Chenopodium were mainly composed of metacentric chromosomes (m) and a few submetacentric
chromosomes (sm). (4) Except for C. foetidum belonging to 1B type, the others belonged to 2B type. (5) There were
double satellites distributed at different positions with different numbers on the chromosomes of C. quinoa, C. glaucum
and C. ablum. The results of 5S rDNA and 45S rDNA FISH were as follows: (1) There were two pairs of 5S rDNA loci
and one pair of 45S rDNA loci on the chromosomes of C. quinoa and C. glaucum, one pair of 5S rDNA and one pair of
45S tDNA on the chromosomes of C. ablum and C. hybridum, and only one pair of 5S rDNA on the chromosomes of
C. foetidum. (2) 5S rDNA and 45S rDNA loci were all located on the short arm of the chromosomes. It is the first report
on karyotype analysis with 5S rDNA and 45S rDNA loci in Chenopodium species and the results will provide a cyto-

1989

moecular genetic basis for phylogeny and cell biology research of Chenopodium species.

Key words: Chenopodium L., tDNA, fluorescence in situ hybridization (FISH) , karyotype

3% ( Chenopodium L.) &7 KM R ARG )R T
# B} ( Chenopodiaceae ) , APG Il #4325 R G 6% H Al
43 3 55 RF ( Amaranthaceae ) 22 IV B} ( Chenopodioideae )
H ( Angiosperm Phylogeny Group,2003) , b —4FA4= 5%
AR ROR AR 250 Fh MR EA &
FH 25 R DR AP AR S AR AT D R (SR B 5,
2015) . 1EFRE A 19 DR AR @AY R (X1 2
1997) K 1 A 5] o 4% 35 #p F % ( Chenopodium
quinoa) , EE A FVEIL AL PE rE A U S5 3
B A K E R | 0 | i
T 5 R R, K2 BATHOR AT 21 |
LM (Eisa et al., 2001)

KT R MY, A NAE 5T I A (kP 55,
2015) RGKRE 5503 (LM M, 1979
Fuentes-Bazan et al., 2012; E & ,2015) A FER
P (Karssen, 1976 ; FRyb74-45 2009 ; F 1% 45, 2015;
®OREAE, 2018; 9K SR AE, 2019) | H 5 A M
( Abugoch & Lilian, 2009; F #i ¥ 45 ,2019) M%)
ez (kAR 2007 ; 5K HEAR 2 2018) (> TR
(X ¥ 75 45, 2016 £ 75 22 4%, 2016 ; Jarvis et al.,
2017 ;2K W5 ,2018) |35t 4& B fl (1 &k 9 55,2015 ; K
HAE,2019) S AT T Z 05, TR
L/ LSRR N NS ER N SR E A S € ]
Yoo R R e B2 K A% 48 i A% 2 43 Bt O YR AR M
A B TR L o ) AR U 50 1 Ak T 00 S B Bz
JEHr AT A N AR 2 R, FE
A A5 (2n=2x=18) TUfFA (2n=4x=36) AN
fEK (2n=6x=54) 3 Fi 5P ( Aellenet al., 1943) ,
PG AR ILEN 9(x=9) (Kolano et al., 2001) ,
{2 Ambrina 4 B4 IR ILECN 8, Ul C. ambrosioides
Y REH R 2n=2x=16( Giusti, 1970) , 7£[H

I AT (2019 ) A1 8 B R 32 AR — AN A% 35
RUEZ 5 R AT T R TBEGY , 2 4 DL At B A=
)@ A YA T 5T A

rDNA FISH 24l il 5t & 27 b i Bz
— HARGE m  PR e et S
Jd EDWRT UL AR A5, AT R A% A A B B — A e
AR AL AT R AR IC R AR B A TR Y A
E G F RGE AL KOR G R F R AL E
FLE B (Soltis et al., 1999; Volkov et al., 2007)
Maughan et al.(2006) F|H FISH X 22 2 F1 HHF A= it
LM C. berlandieri 1 458 rRNA 2 [F [8] [& X 7 41|
(I1GS) F1 5S rDNA [H] j& X (NTS ) #E47 T 43, 1E 5L
TR Z ARG OC R AR I, HED S AT AT RE Sk IR
T RIE AL By T B PR 2 Horp— S A
TE C. berlandieri Y NTS 75 FH0L, X — & BR3¢ BH
XA S5 DU A AR R DA — A SRR B A AR
. Kolano et al. (2012) XF 34 Fh2E J& A9 1) 4
Yeta (R EFT 5S rDNA 1 45S rDNA {48 % 17 , 38
A BB S A s g v LA R 34 FhEE
JeE AR ) A G £ AR B B A A5 - A B S A
Kolano et al.(2015) 4347 T 23 > _f5AZE J@ Al Wy Y
R E 58 rDNA 1 45S rDNA 4345 OB HEM T
AT AAE Py B R 2 A AR R T 1

ARWFFELL 5 FhRE IR AR M RL, RGATR T 22
JE A Y AR IR A A HEARIE R AF TR T
FISH $RIEER IRERFE E S0 RE M 2RI
Peto (KA IF43 BT T SS tDNA (455 tDNA 7£ 5
FhEEJE A rh B R L o A RE A BRSR4
AL JE A ) B AR G R R B AL AR A T
ARFER W3 — 207 53 20 2 K PR 2
YIRS R B T Hefly, X B 2 B vous B B A
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HEZE I A S| A SEE a5 P1614932-
HX(3) B2 J@ A T 2016 4F 10 H 205K H 4
IEA G RN 3 b R VG T T T b, S P R A
FIRAE 20 A, B b ERRABE S IL R R A Y
FEIIT |75 20 | F 5 % S, Bt By ) b 7 A A7 A
i R} 2 B g DR AR P S E AL S =
SRAE S PP PRIR AR B 1,

1.2 A&

1.2.1 P85 EmMEERA & Pk lBJE L 1
5 R R N—SU AR R T, 709% 09T RS 1 B
J& , FHZER K 3 WK, 43 B E T8l A w2 84t
BRZEE (12 em x 6 em) F1, FEFHZEK R G
BUE TR TR IRA T, R R SRR R
25 C, 2K 16 h, K 8 h,JJE 65%, FFiRR
KZE1~1.5 cm B} AR ZEH M TR 4 CL
FHHVKOKIES Y H AL FE 20~24 h, BUE & ZFHY
FMFIEHCEE  JKESTR (3 ¢ 1) [E %€ 2 /P 30 min,
MARIS EVIEC 1 ~2 mm #4342 X, 45% £ 18 K A6 T
MR R FEM 22 BB TR, B — L TR £

®1 HEZFREYREMAEERFMFIERK

Table 1  Collected information and tested seed characters of Chenopodium species
— 573 SR .
YR 4 RIS o SEERIE TR
. . . . Altitude Latitude and . .
Species name Collection site . Character of seed
(m) longitude
YRES T T A 22 2L 3.026.1 97°48'46. 944" £ mHIE BB G R AL (4, AR
C. glaucum Dulan County, 36°2'19. 732" N Oblate, testa is dark brown or reddish brown
Haixi Prefecture with glossy
£ T A 22 2L 2990.2 97°47'32. 009" E I, B EON BRI GECRIE 0, AL
C. ablum Dulan County, 36°4'01. 886" N Ring, testa is tan brown or dark brown with glossy
Haixi Prefecture
Byt # Th i M A B 3 168.7 100°4'13. 490" E LT B B ARG L SRR
C. foetidum Gonghe County, 36°24'28. 644" N Semicircular ring, testa is reddish brown and
Hainan Prefecture black brown
E e P TG X 2278.7 101°7'51. 01" E HRTE B AR B R A i
C. hybridum Chengxi District, Xining City 36°6'26. 923" N Tablet shape, testa is black and thick with glossy

AT I B B e AR o AR R 1T - 80 °C ik

R VS R IRAT
1.2.2 FRidfAet vl FERET W A LI EY)
THARAH,

1.2.3 BRBAEE R FOLFRMELLRSH H
A PR A gy R (2017 ) B 07 5 o Bl 25 4r iy e £
A B =80 °C vk A v & Hh 5 Tl FH T B 4 4
B F, TG CE T 0.2 mol + LT 70% 9K 1
SEALEN W T S P 8 ~ 10 min; HUH 5 B HE0E
F A 70% £ 1 AU K 4b BE 2 40 min; T4
Je B TE I B P 2R 28 W 10 wL (5 L 509% H Bk B, 2
L 20xSSC,1 pL ks DNA,2 wl 10% #f ik 75 5
W) A 5S rDNA F1 458 tDNA % 1 uL,IB21G
HMETERMAEF L, & BRI SEI R R Tk
TR S &b, 8T 37 CFZ442 8 h,id .,
1.2.4 %ot FREFEI B S A 2xSSC 5 ddH, 0 ik
JLIK, TS R B3% 10~ 12 pL &8 9868 K
FIAY DAPI ek, 7 A KA B Ao H Leica %%
e TR R A e N R B g ik TE A TR
BRI HbRid 5 R A

1.2.5 B2 2 o4 K A Photoshop cc
2015 HEATIRHE K AARIT 58 LB AT, FHR A4 Emage J
BAF Excel 2019 HE17 )5 HIA0 G AL 31 R e (A K |
B LCARRTTIRL, A% RSB B T o3 S A 4 3l >R
JHIZEHIk =44 (1985 ) Fl Stebbin et al. (1971) B9 %12 br
HE RIS FR RS I Arano et al.(1962) B 75

2 HER G

2.1 5 MEBEEEYHZE S

FEF rDNA FISH £ ARG8T 5 Fh 22 A9+
WL e iAk 5S rDNA i1 45S tDNA FISH i A, 5 4%
ISR IFAT I G0 BT (3R 2) . B FUR SRR
DR, Y R B H 0 2n=4x =36, 32 FGMF&
B e PR AR = AR R G AR B H 20 2n=2x=
18, A AR HADAL P S AR AR A E I S . BR
TR AL AR TP R R Y R A, Ay
4 FPEE R A Y P YL 1R 32 il T 22k G o ik
(m) FI/ KT i 2 22 R g (6K (sm) 2R, 2R
R G ORI EARE 2 wm, JB T/ ROk, AN
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Table 2 Karyotype parameters of five Chenopodium species
Tl POurEN (¢ AHXFHC S (AN T LGE As.k
Scientific name Chromosome number  Ralative length (%) Formula of karyotypes Arm ratio (%)
#i C. quinoa 36 2.11~5.04 2n=4x=36=34m(2AST) +2sm 1.04~2.06 57.42
KEEE C. glaucum 36 1.21~3.13 2n=4x=36=32m(4AST) +4sm 1.01~2.08 55.31
# C. ablum 18 1.24~2.17 2n=2x=18=16m(4AST) +2sm 1.03~2.26 54.79
BHEE C. foetidum 18 1.01~1.57 2n=2x=18=18m 1.01~1.30 53.95
HRECEE C. hybridum 18 3.11~1.43 2n=2x=18=16m+2sm 1.03~2.14 55.86

() o A 2 i AL P A% 700 XOR  fo (ARE X K BE A7
HEES, RERORS KRG, 0 FHFRE A
KRN 1B, B ATE S8R FR , M T HoA 4 Fhz R
AN 2B WL @AY AR R B IR G

Y b AR, EREE P R
T 1 X UBER 7T 2 S g e ik T i Hop— & [R] R
et RIS I TEIRGRFERZE 45 KB 2 X AL
B A4, 53007 F 5 2% TRl e G PR i e i I, 7R I a3
ol 12 SR R 9 Sk,

2.2 #Z rDNA FISH 5 S =& R

rDNA FISH #0722 32 e o fR b kg I 21 2
%} 5S tDNA F1 1 %f 458 tDNA {5537 &5. 1 % 58
tDNA 15 507 57T 12 5 Y2 (04 14 W 45 R V5 e (4,
WRAGTE B R, 55 1 ST 17 SRk i (S)
Rt AZ SR 3,458 tDNA (S50 50T 5 5
Yeta PRI R (S) A, I H 1 AN TRIR G R 4238 5
SEH1IAME(E1:B,C),

TEAS 55 B2 1 AT T 5 &5 SR A7 7 10N 22
SRR AR5 P 458 'DNA 5 Kolano et al.
(2012) ZFLHY 45S xDNA 37 5 5 558 — 2 (&
1:A) fHABFSE h 458 tDNA (915 5 8] @58 T 58
rDNA {7 5155,

2.3 X% 3 rDNA FISH 5 S Sl & R

IRERFEYL R R 3] 2 XF 5S rDNA A1 1 X}
45S rDNA {55 25 . 1 %F 5S tDNA 15 57 2547 T 3
SY ORI (S) K, 53 1 XL T 7 Stk
WIS TR R e AR (R TR B, 3 S e o iR b 115 5 4458
b 7 S YL fARSE ;458 rDNA 5507 50T 12 S (h
IRBIRE (S) RIm btk L, 2228 fF 5 —2 (K 2) .
Kolano et al. (2008a) WF 75 45 . 7~ , 5K IR & 32
(2n=2x=18) F/ELE 1 X 58 tDNA o s F1 1 XF
45S yDNA i 5, ARWFFE sk K gk 3 b 2 1 Xt
5S rDNA v /5 .

2.4 3 rDNA FISH 5 S S48

YR FRIF] 1 XF 58 rDNA FI 1 X} 458

rDNA {5510 25 5S tDNA 37 f5 4 F 1 5 e (o K 1)

JERE (S) AUl , 243815 55 R — B, 45S rDNA i F
9 S YLt IR AR (S) A um B BEAK I, 2258 (R 5 i
—H(E3:A,B),

G e NI NI SR 2 NN IR NRPAN X N
( Bhargava et al., 2006) , B4 MR 45 R BoR,
ANAEARZE T AEAE 4 X 58 tDNA 7 £ F1 2 % 458
rDNA {3 25, 5S tDNA v £ F1 45S rDNA (1) 24 5815
Zoi B Y R [6] (Kolano et al., 2008b) . —f&iAZE
HAETE 2 X5 5S tDNA {7 55 F 1 XF 45S rDNA i A5,
P T Y (AR 3, 58 tDNA 7 5 7 {55 38 B AR
INTEAFAE B 2R (K 3.C,D) . RIS A%
B ER TS 1 X rDNA {5
2.5 FMEFEFE R ZHE R rDNA FISH S 51
Mg R

AR YR ARG F] 1 X 5S DNA {55
A7 J5 KA F) 45S rDNA {551 245,58 rDNA i T
2 YA R B AR (S) SR o, 24 A AE T R — 3K,
SRR (K 4.A,B),

ZRBCEL A e e R AT F) 1 X 5S tDNA v 55
F1 1 %F 45S rDNA {7 55 . 5S rDNA {5576 5 S fa,
A B A [R) I e € A 0 18] R B, 2% 58 5 5 o )
—%(;45S rDNA (L SAE 7 5 e AR RRE (S) R,
I MRRZfETE S 1B L (K 4.C,D) , Ib4s
HH Kolano et al. (2012) FYWFFE 45 -—2L,

3wt E 4

3 ZRHEYMNLBEHBERER

AHEFE P T ZE R AR Y Y AR IEEOh 9, 17
LG4, Tl Mehra & Malik (1963 ) . Pal &
Shukla(1990) 55 B BF 52 25 S — B, A Loy Fh HFh
WAFTE Z R R R A5 M A P A% BN TR) |, A5 4k
Y b E AR R A5 1 B S RS A (5 ) R B A
TEZ5F . Bhargava et al. (2006) B IR X224 22 %
75 22 45 )L 22 SR A W AT T 4T %) 41 i 38t 24 0T
I8, R B 43 M i 3545 TLFP 22 & A 9 i) A% AL
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Blls . Hob 7 M REE MR  AZALEA AL, 4
DOfE A 4 B 1 5 22 22 vh AE A TR AT TR Y B O 4
B (Wang et al., 1993) , - DAY (0 {4 18 B 4 5 Al e
J R 1 LB R A0 A R R AR LA /N T 2 192 1A 28
RBUCWAE R T 2 0920 1B ZE AU B A X B 48 B A
LG EN7E 43.9% ~47.4% Z [8] , N [5] Yo (44 (1 e K
PR R ECE 2R g AR (m) LR E T E
2R e K (msm ) B HLIEAE 1,18 ~1.56 Z [A], H:
HES 4 X B 9 X S 18 XA A B (M B m) B
FPRSF . 5510 XERIES 13 XHAR S dc K, B L AE 43001
7E1.0~1.86 F1 1.0~1.78 Z i, 73 ARG,
SR B BE 2 (R A% Y 25 SR DU AR R BE Y %
RURXSFR VR BE L A R FoS ik, & B A
HEANEAME . ZAGREE 2 [A] 4% B A7 A2 W] (R 1Y
A3, BB G o (A R A S % £ R 1 LU A RE R A
N 2.63 BRI 1A FI2A MIFRhZERY A 3 X
H R 22 R0 G AR (sm) |, BB X R R HOE R3S
FEITE 43.6% ~ 47.9% 2 18], A5 - 22 g R R 0
W 2n=2x=18 =4M+ 1m+3msm+ Ism, #% %I 25 A
N A IR R LN 44.1% , B T 5 AH DA
PEP Rl G AR H — Bk FEAZ B A 2 R A
R R AZ IS A KT FR F A D7 T A Z B 50 b 9 22 ) A
PIATR], X T A s A 0 22 22 | W] B T S U R U
(Wilson, 1990) . H /£ #2¥1 ( Risi & Galwey, 1984)
FEOR RIS AR (BRI ) N5
E Y AR E o225, AR RIS P Y B A 22
JRAE YA B WA AR 22 5, 3% AT RE 2 i PR | b i
AR BOR B g I TR A A,
3.2 ZFEEWMHIBEE

ESUIEIIE B/ & & AR JS RN
G ALE AN AR A, B PR 1 XA,
fEF 2 Sk ngEE e HEn C. quinoa
PI587173, C. quinoa PI584524 J& C. quinoa
CHEN33/84 1 XUBE A 73 Ais 9 57 B AH [F], v] fE 5
Ja& [F]—Fh S BB R J5 A AH [R) /Y 1l ), 78 3 5 R
3SR 8 SR 12 SR N 15 SR AA 4>
i ( Bhargava et al., 2006 ; fi#e%5 2019) . 7EF
RIT 2 XERBENR, A1 F 9 5 Y Ok i -,
B A EREE — %A ZE C. album ¢ Chandanbathua’
HR B A Y 43 7 — 20 ( Bhargava et al., 2006) . JCHT
MIBFFE R A 6 T IR &R B2 rh AE TE R AR 1) i 18, 3R
ITERA T 2 M WRER, 24, 2 gAY 1)
W, R TR AR R S 2E | — A% K Fn
fi Rz B RUBE A, 06 3 P Fh 2 0] 2 & B A
BRI R 2% K F SR 5 VR 22 e A ) U0 A il

%ﬁiﬁgﬁﬁﬁ% o

3.35 #EZEEEYA rDNA FISH 5%

C AW R, 75 AR WOk SRS IR 2
JEAEI 55 rDNA F145S rDNA ATEFEILE N7, 458
rDNA EUEA T YL AR A 5, 5S rDNA A & (1953 1
AR, — o o A AE G 0 A 0 AR iy, — 40 AT AE R
A [RIIE G o A 8 ) B, ELAA 9 67 8 4 A1 XL 40 i
S ,rDNA 7 B8 = A 3 ~ 6 4~ (Kolano et al.,
2012) 0t 5 MEE B Y h BRI FEEA 2 (1
XT)tDNA 7 s ok BE 2 IR ar e BE RN AR LA ) B 5
RGNS REAR -2, AR LI AR
ZEJEAEYI 534 1 XE(2 4>)5S rDNA 7 s Fil 1
XF(2 A4~)45S tDNA {3 15 (50 ZERRAN ) | A 1AZE
BRI EA 2 XF (4 4~)5S tDNA 5 F1 1 XF (2
A~)45S rDNA i 8, ASAE AR ZE Jm Aa Py b B AT 4 X (8
~)5S rDNA i &5, 2 % (4 4>) 458 rDNA i &5, 5
rDNA % Bl 5 G 6o AR 14 0 338 i i il A% 384
Prokopowich et al.(2003) F1 Long et al. (2013) tL7E
HAbshH Y b &P T XA 4L, {3 Kolano et al.
(2015) KA —AHAZE IR AHY) T (DNA A% IR It
RIH B R ANEAT AR OGN A C. ficifolium 486 ELAT 2
X} 5S rDNA {3 5 Al 1 XF 45S vDNA v 15, C. ficifolium
147 EA 1 %} 5S tDNA 37 &5 F1 2 % 458 tDNA 177 85,
TEZAG R IR AR Y , U R TR DA AR R 7S A AR
455 tDNA A9 % b 5S DNA 7P, Kolano et
al.(2011) KIAEFIE 2R MIE G, 20 —
ANHZE T SR 2 7 T 458 rDNA Ji PR A7 5 1 2
&, BHETZEEY T rDNA A7 55 S8 & i A
9%, RAEAE 45S rDNA o7 5 1 O, AE 5 Hh g
Hrp A 45S tDNA {3 5, 75 04 v BE A 5SS rDNA
A 2R %, Kolano et al. (2015) 1IN N 1E
C. standleyanum ™1 ,5S rDNA {3 £ Fll 45S rDNA {3 5
A7 F ) — X e ek |-

B EALHRARBTERTFEAL
PO ERENELFG B FRF AT EC
Bt

S
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(0103 458 rDNA, 215103 5S 1DNA, FIRl, A N C. quinoa Tango 4 5S rDNA #1458 rDNA FISH, b =5 um; B 1 C 53514
C. quinoa P1614932-HX (3) #J 5S rDNA F1 45S tDNA FISH 45 % K rh i g (o &A% & LR = 10 wm,

Green represents 455 rDNA | red represents 5S rDNA, the same below. A is the results of 5S rDNA and 458 rDNA FISH in C. quinoa Tango,
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Fig. 1 FISH localization of 5S rDNA and 45S rDNA on metaphase chromosomes of the Chenopodium quinoa
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Soc, 141(4) . 399-436.

ARANO H, 1962. Cytological studies in subfamily Carduoideae
( Compositae ) of Japan VII [ J]. Bot Mag in Tokyo,
75(892) . 401-410.

BHARGAVA A, RANA TS, SHUKLA S, et al., 2005. Seed
protein electrophoresis of some cultivated and wild species of
Chenopodium [J]. Biol Plant, 49(4): 505-511.

BHARGAVA A, SHULKA S, OHRI D, 2006. Karyotypic studies
on some cultivated and wild species of Chenopodium
( Chenopodiaceae ) [ J]. Gen Res Crop Evol, 53 (7):
1309-1320.

CHEN SS, YAO SX, YUAN JW, et al., 2010. Seed
germination characteristics of halophyte Chenopodium glaucum
L. and its adaptability to the natural desert habitats in
Xinjiang [J]. J Plant Physiol, 46(1): 75-79. [ 5ol , 1k
TR, ZE 4230, 45, 2010. 57 T B XL AR M) K SR EE D
T AR S A B SE N ()] AR AR AR
46(1) . 75-79.]

DU H, ZHOU LG, LI C, et al., 2007. Recent studies on the
chemistry and bioactivity of Chenopodiaceous Plant [ J]. Nat
Prod Res Dev, 10(19): 884-889. [ FL4, 7RI, 254,
55,2007, R W) AL o 8o 5 A I R BIF O o TR
[J]. RIRFEHIISE 57 % ,10(19) . 884-889.]

EISA S, HUSSIN S, GEISSLER N, et al., 2012. Effect of NaCl
salinity on water relations, photosynthesis and chemical
composition of quinoa ( Chenopodium quinoa Willd.) as a
potential cash crop halophyte [ J]. Aust J Crop Sci, 6(6):
357-368.

FU SH, LEI M, ZHANG YQ, et al., 2019. Mining and analysis
of genic single nucleotide polymorphism( SNP) information in
transcriptome of Chenopodium foetidum [ J]. SW Chin J Agric
Sci, 32(4) : 734-740. [ 1957, &0 sk B HF, 55,2019, 45
WA L A AT PAAL Y IR 22 25 (SNP ) 15 BAZ i S I RETE
BT [J]. PR, 32(4) : 734-740.]

FUENTES-BAZAN S, MANSION G, BORSCH T, 2012.

Towards a species level tree of the globally diverse genus



1994 OO0 M W

41 %

A SNEEH) 5S rDNA K 458 tDNA FISH %%
oK A E A AR SR ARZE LR =5 wm,

,B R 3ETF 5S rDNA Fl 45S tDNA FISH 224 AR B &, LB = 10 wm; C 1D 2514

A is the result of 5S rDNA and 45S rDNA FISH of C. ablum, B is the homologous pairing of chromosomes based on 5S rDNA and 45S rDNA

FISH of C. ablum, scale bars=10 pm; C and D are diploid and hexaploid C. ablum from Germany, respectively, scale bars=5 pum.

K13 LA5S rDNA 1455 rDNA R 9 Il e (RSO U A8 A2 A5 1l
Fig. 3 FISH localization of 5S rDNA and 45S rDNA on metaphase chromosomes of the Chenopodium ablum

A FI B AN FFLR) 5S 1DNA K 45S rDNA FISH 255 K Qe o R M &, C Il D M Z%BE 3219 5S rDNA Fll 45S rDNA FISH 455 Jz e

EAZRE, AR =10 um,

A and B are the results of 5S rDNA and 45S rDNA FISH and the homologous pairing of chromosomes based on 5S rDNA and 45S rDNA FISH of
C. foetidum; C and D are the results of 58 rDNA and 45S rDNA FISH and the homologous pairing of chromosomes based on 5S rDNA and 45S

rDNA FISH of C. hybridum. Scale bars=10 pm.

Bl 4 LASS tDNA 1 45S xDNA R4 M7 22 A FCAE A v 0 G (AR DO I 07 2% 52 1 L
Fig. 4 FISH localization of 5S rDNA and 45S rDNA on metaphase chromosomes of the Chenopodium foetidum and C. hybridum
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