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TEVI 7+ B P E SSREG = T 810008 2. HEAAERE K%, b3 100049; 3. PEALARME}
FoRF, BRIT M 712100)

W B s R 22 R AR S CAR A AR BRI, 12 OCHE AL T 4 Bk B I R I AR
JEREY) OKEREE. B, HIWAERE S IRELEED A—Pp L [ 51 2 1 5 22 27 i FhP1614932-HX
(3) FET YRR A4S (IDNA-FISH) k%7, FIF 5SF1 45S rDNAXT 5 Fi 4 & i
WA 2257 R I Qe AR AT FISHAR 7t . ZEJ@AEMI AR B e v 45 SR A . B2 @MY h A7 AE
B (2n=2X=18) FIPUfEAA (2n= 4X = 36) WAMETE, FEMKEGEF NIUEA, H43
FhoR A5 A B IR RE L S R R BORE A% AL A 4 il 2n=4X=36=34m (2AST)
+2sm, 2n=4X=36=32m (4AST) + 4sm, 2n=2X=18=16m (4AST) + 2sm, 2n=2X=18=18m /% 2n
=2X=18=16m+2sm. YLt i A 73 (1) Fh G 2 i e ik (m) /bR or i il 2o ki e
& (sm) HH . AZBRMER T B 2N 1B R JE T 2B AL (R IKGREE A
BAH DAL BEARFE . BEARLERAER. 55, 455 rDNA-FISHZ: S0 2832 Rk 442 1) e
ok _FAFLE 2 %5 5S IDNALT 5 F1 1%} 45S IDNALT 15 22 4 BLZE ) e ik L A77E 1% 5S rDNA
A7 sF0 455 IDNARL A, 2 B 22 Geta gk B IRAEAE 1 X 5SALri . 5SHH 458 rDNARL s 37
TR Lo 2R T 2R AT 5SHI 45S IDNATIGIRAL AR, NER
TSR % 2R O AN M A P 240 FEERAL T 20 7 A R A A4
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Abstract: In order to get much more precise information on the karyological characteristics of
Chenopodium L. genus, 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 fluorescence in situ
hybridization (rDNA-FISH). 5S rDNA and 45S rDNA were mapped on the metaphase
chromosomes of the five species by FISH. The result of the karyotype analysis showed that there
were two kinds of ploidies in these Chenopodium species, including a diploidy (2n = 2X = 18) and
a tetraploidy (2n=4X=36), C. quinoa and C. glaucum were tetraploids, and the other three species
were diploids. 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. The chromosomes
of Chenopodium were mainly composed of metacentric chromosomes (m) and a few
submetacentric chromosomes (sm). Except for C. foetidum belong to 1B type, the others belong to
2B type. 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 and 45S rDNA-FISH
showed that 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 rDNA on
the chromosomes of C. ablum and C. hybridum, and only one pair of 5S on the chromosomes of C.
foetidum. 5S and 45S rDNA loci were all located on the short arm of the chromosomes. It is the
first report on karyotype analysis with 5S and 45S rDNA loci in Chenopodium genus and the
results will provide a cyto-moecular genetic basis for phylogeny and cell biology research of
Chenopodium.
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#iJ& (Chenopodium L.) % RH15HK A2 %8 T2 (Chenopodiaceae) , APG Il {54
R ARGOE R B0 R (Amaranthaceae) #23F &} (Chenopodioideae) ' ( Angiosperm
Phylogeny Group, 2003) , N—fFAEEZAFAERAR, AMFLE 250 #, HoMEEAE
M AR R ASHIEEDIR GREGREE, 2015) . 7E3RE, A 19 MR EH
Ykl GG, 1997) f 1 AN Gt F s A7 (Chenopodium quinoa) , = E54i TPk,
b, PRAIARICS . 2B Y RIS . AR SRR E TR BT
by, K2 BARGRN S i3 (Eisaetal., 2001) .

KTHEHY), i NERIAE GREEREE, 2015) « REEE 592 GLERMfE L
¥, 1979; Fuentes-Bazan et al., 2012; T4, 2015) . A:#FFE (Karssen, 1976; FRiHVH
%, 2009; THESE, 2015; 7 OWESE, 2018; SKIRAE, 2019) . EFFrE (Abugoch & Lilian,
2009; THEMEZE, 2019) | MMM CFEfE, 2007; SKEtIEZE, 2018) . S FAEMY: (X
B4, 2016; f152:4, 2016; Jarvis etal., 2017; K, 2018) | BHLH M (Mk K%, 2015;
WES, 2019) ST T 20 5. HTFEBEEYDMA O, kgL,
SEE R Y G B ARE R, RSB B A 5 AR ME B U Gk, A AL AT
WAL T W B o FEHT NS, ZEBIEY) A IMAAE 2 IR, F2A 5k (2n=2X=18) .
PUfEfA (2n=4X=36) FI7SfEfk (2n=6X=54) 3 FlifEtE (Aellenetal., 1943) , FfFYLfh R
N9 (X=9) (Kolanoetal., 2001) , {H Ambrina 414tk 8, 41 C.ambrosioides
g ERECH y 2n=2X=16 (Giusti, 1970) . 7EEANT#ESE (2019) FIFH RUE iz —
AR RIS 5 RAAT TR, B4, R WA AR 2 R A% B AR HOE .

rDNA-FISH 241 st it o b i M F Bz —, BA RBEMS PR etk



SRR, B AT AR A, RO A MR A — AN R A A A R S rT R ARG, N
VIR ER S 2 BUEE M. RGHHMELECEE K RS AR EEE S (Soltis et al.,
1999; Volkov et al., 2007) . Maughan et al. (2006) F| FISH % %23 flH.BF A= i 2k C.
berlandieri 1] 45S rRNA J: KA RE X 751 (IGS) 1 5S rDNA [EFEIX (NTS) #HT T 04T,
UESE T W 2 SRR RAER T, HEDEATAT BER I T 5 U8 2 AR 2 22 I W AN WL TR 4.
Hr—ANAIILAE C. berlandieri H1#) NTS JPAIARLL, 1X — & I B3 95 > S U5 DY A5 A4 o 22
A AN LA ARG . Kolano et al. (2012) Xt 34 Fh&2 @ kM (1) b A Je (i dk 47 5S
F145S rDNA FIEERL, 8IS A S8 B R ke sl EE,  ml LAY IR 34 Fh 22 J@ tE i)
et AR AT A S0 0 T A AARC . Kolano etal. (2015) 234 T 23 > 5k @ 4
et I 5S A1 45S IDNA AR A, D T A5 ki 4 25 R 2H A A =0 g 1l

AHFGELL 5 FhEE B M EL, RAWHIT T BV S CAR TG IEA AT AR R, 3R
137 HET FISH HRMZES . IR B & 3 SORBCRE M R R % B, 28 T 5S.
455 rDNA £ 5 P32 g i ge o fdk b A sl R4 BN R A R R e e e dk )
HUE AP T R R IR, R B A T A 2 KR B SR AR 20k R BEE T AR,
XA R B O ] PN T A 2 TR ARt T S i A3 4 B 5 A 2 TR

1R 7

1.1 Bl
BERFEZ R A5 BEE, 45N P1614932-HX (3) , TR ERYT 2016 4 10
F53 BIR B SE ARG . FEANGIM L TG T A e, AR 4 SR AE 20 RAAME, A
)P ST T 3 % 1, R IBEAREJ  TFR A E £ R 5 7 A e S A T 5 7 15 AL
TSI, SRR AR TR S LR 1,
Rl WER RPN S SRR TR

Table 1 Collected information and tested seed characters of Chenopodium species

Yrih 4 Fx SREEH K i TR ERIN
Species name Collection site Altitude (m)  Latitude and longitude Character of seed
IREFHE PO MIH = 36°2'19. 732" N RERTE, BN, A6
C. glaucum Dulan County, 3026.1 97 48'46. 944" E Oblate, testa is dark brown or reddish brown with
Haixi Prefecture glossy.
% TP 22 5L 26 401 836" N R, R AR G R AR 5, 456
C. ablum Dulan County, 2990.2 ' Embryoid ring, testa is tan or dark brown with glossy.
97" 47'32.009" E
Haixi Prefecture
&4 HER N SLR S 26 o4 26, 644" N RS, R S LT AR . AR
C. foetidum Gonghe County, 3168.7 ' Semicircular ring, testa is reddish brown and black
100" 4'13. 490" E
Hainan Prefecture brown.
Pl o T X 56 626, 923" N 2, MENEG. FEE, k.
C. hybridum Chengxi District, 2278.7 ' Tablet shape, testa is black, thick and glossy.
101 7'51. 01" E
Xining City
1.2 ik

1.2.1 o 2t i ] %%

PRIERRAAELF . Ml . TR —BUR AR T, ) 700 EEJE . IR TR
e 3K, 3 RISCE T W EIEARN R 2 & (12 cm>6 em) . T HIZ8 TR/K IR 5 & Tl
TREFEA . TR ER R E N 25 C, BK 16 h, KK 8 h, B 65%. FFiAR
K% 1~15 cm B, REEEANRZFIFFRE] 4 CHARUKOKIR GV TALEE 20~24 h. HUH



REWIFT G H 8 - VKBS (3 1 FEEE /D 30 mine MRS EVIEL 1~2 mm 9434 X,
45% LB KIGT- IR R P, AEAHZE BB N8R, B’ — LB N 2 AN TE W g g o 2
IR FICT-80 CUKAE A IE R A
1.2.2 FricHREt

WE @ HRER, WEE A TEARA A .
1.2.3 RAJFALHAZ

RICIRNLF AL LI 52 H AR R R 2 (A, 2017) o il £ 4 ) e pie ) A
M-80 C KAt i I T S8 s 3, TR A T 0.2 moleL™ ¥ T 70%i7 i I
AN AR M 8~10 ming HUH S B CE T 1A 1) 70% £ B2 SUBK AR EEZ) 40 min;
T4 JE R 1 U (1) A4 22 10 pl (5 pl 50% FHBER%, 2 ul 20>8SC, 1 pL ks DNA, 2 ul 10%
TRER AT ZEME) HHIA 5S rDNA #1458 rDNA % 1 uL, BAEHE TR 7L, &K
s B TR e, BT 37 CHRAZ8h, dK.
1.2.4 s

Frif 1B 25 F 2>SSC 8 ddH,0 #ist )Lk, TRJE il B 10~12 ub & ROGH K
FI DAPI 4, 76 FACKIEIR . I Leica 70 BB fEARAS4E IR B4 t0dk, 76 mifs
BRI, ARl S RAE
1.2.5 EGAEH L

&l Ji H Photoshop cc 2015 47 % Je LAk I 58 s,  FH Emage J. Excel 2019 #fidk
A7 I BT BB AL B R e AR K BE | B LL A THAR o AR B 43 A% B 43 28 R AR 4 il SR FH 245 1k
%55 (1985) A Stebbin etal. (1971) HIXRI5rFrifE, 2K RS M Arano et al. (1962)
(75

2 R 50

2.15 MEBEEDRIZEL ST

5T rDNA-FISH £R15 3] | 5 FhAZ Jg a4 4L ik 5S #1455 rDNA-FISH il v, Il
ERRTSEL, FEHATIZI i (R 2) o BEF FUR SRR 2 DU A5, Yot R4 H 352 2n=4X=36,
B R R ORI AR R AR, QR H 350 2n=2X=18, A RILHARAG PR
FEARTFAE LG o BR T 25 22450 s 22 R g R 2 i dt, Ho 4 PR B A e
P F B A 2R g Ak (m) FIADHOT 3G 22 b et fg (sm) k. ZEB i) g g
YK EEANE 2 um, BTNk . AN RIFR SRR JE R (% 2 8 TR0 G A R K FE AR AE
5t WO RARG, HTEREMZIEACN 1B, BB EER, MHETHAL 4
Pz BSEHYy 2B 122 J@ i AE Ak BB G .

B EYES o P BB R R T 1 X0, AT 2 54k Er g —
FRIFIIR G AR AR o TERERBEFNZE 25 I 2 X6 AUt A, 3557 1 1 2[RI G €00 A 1 Jot
b, EIRGFEON 12 SY ok, EREON 9 Tk,

#2 SMEREMIIZEELASH

Table 2 Karyotype parameters of five Chenopodium species

ZiiEA FOAREE HEYKE [ZREVASY B LE As.k (et
Scientific name Number Ralative length (%) Formula of karyotypes Arm ratio (%) Karyotype type
#5 C. quinoa 36 2.11~5.04 2n=4X=36=34m(2AST)+2sm 1.04 ~ 2.06 57.42 2B
KEE#E C. glaucum 36 1.21~3.13 4n=36=34m(4AST)+2sm 1.01~2.08 55.31 2B
%% C.ablum 18 1.24 ~2.17 2n=18=16m(4AST)+2sm 1.03 ~2.26 54.79 2B
Fm#%E C. foetidum 18 1.01~157 2n=18=18m 1.01~1.30 53.95 1B
&% C. hybridum 18 3.11~1.43 2n=18=16m+2sm 1.03~2.14 55.86 2B




2.2 FZFE rDNA-FISH 5547 SR 45 531

rDNA-FISH Kl 27, 22532 Jetafk EAT IR 2 %F 5S rDNA F1 1 %} 45S rDNA {55 fi:
1 X} 5S rDNA {5547 AL T 12 5 Gt pR () 9 2% R IR L AR I T BRAL L, 59 L 0T 17 5
YLt AR (S) K, (5598, 45S iDNA (5 50050 T 5 Sk imE (S) K,
FHH 1A FRIER ARG SRS 145 (B 1: B, C .

TEAS 550 L AET NI A 45 RAFE /N Z 5, AT Kolano et al. (2012) & 45S rDNA
PSS 50— (B 1: A) , ABFFEH 45S rDNA 115 5 B E.55 T 5S IDNA {7 5455 .

S5 54K 45S rDNA, 41 (1183 5S rDNA; A Jy C. quinoa Tango [#) 5S & 45S rDNA FISH, L4 R A 5 um;
B Al C 435124 C. quinoa P1614932-HX (3) )5S } 45S rDNA FISH 455 K h gtk i B, il Ry
10 um,
Green is 45S rDNA,; red is 5S rDNA,; A is the rseult of 5S and 45S rDNA FISH in C. quinoa Tango, the scale bar is
5 um; B and C are the results of 5S and 45S rDNA FISH and homologous pairing of chromosomes based on 5S
rDNA and 45S rDNA FISH of C. quinoa P1614932-HX(3), respectively, the scale bar is 10 um.
K11 DL 5S rDNA F1 45S rDNA JyfRE 252t B G 0 {4 S A
Fig.1 FISH localization of 5S rDNA and 45S rDNA on metaphase chromosomes of the
Chenopodium quinoa

2.3 R&% (DNA-FISH {5 5hr S 4 3

IREHRY AR ERTINE] 2 %1 5S rDNA FlI 1 %} 458 rDNA {55 A0 1 %) 5S rDNA {55
RT3 SRR (S) K, 1 W T 7 S YO FFEEARRE R, 3
Sk FRE S 7 Yt fkon; 45S IDNA S S AL M AT 12 S EREE (S) K
I b, RAE T RE - (E2) .

Kolano et al. (2008a) HfFt4i R R, AR KEREE (2n=2X=18) H{F7E 1 %} 5S rDNA
KL RIAN 1 %) 45S IDNA {7 5o DU K ERZE % 1 % 5S rDNA i 5.

(5 518K 45S IDNA, 2 a4X3K 5S IDNA; A NKEZEZEN] 5S K 45S rDNAFISH 455 B KGR EE I Y



R L R 10 um,
Green is 45S rDNA; red is 5S rDNA; A is the result of 5S and 45s rDNA FISH of C. glaucum; B is the
homologous pairing of chromosomes based on 5S rDNA and 45S rDNA FISH of C. glaucum. The scale bar is 10
pm.
K2 DL 5S rDNA Fi1 45S rDNA Jg#REF IR AR £ 32 v B G (0 (A e 2 5 0L
Fig.2 FISH localization of 5S rDNA and 45S rDNA on metaphase chromosomes of the
Chenopodium ablum

2.4 F rDNA-FISH {51 s 45 1

Hye ik FRGIE] 1 % 5S rDNA F1 1 % 45S rDNA {557 &: 55 rDNA A7 fifii T 1%
PORIEE (S) Rifi, Z3(550E 5 45S IDNA T 9 S Uik iErE (S) Kl
BafAk b, RZfETEE 8 (K3: A B) .

ot —NEEE, HE K. WUfEfk. Sf51E (Bhargavaetal., 2006) , A K Fi4h
R (Kolanoetal., 20080) , WK 3: C, D, NEAZFEFTELE 4 %} 5S IDNA A7 L1 2 %
455 rDNA 753, 5S rDNA {7 s 45S IDNA (2855 SR SR, A5 AR R AELE 2 %)
5S rDNA 7 51 1 %} 455 rDNA 7 55, 367 T Gt AR 3, 5S rDNA AL mUAEAS 5 5 BEATR /)N
TIHAFAE W 22 5 o e AR R 222k T {5 SR 1 %) rDNA A7 k.

2x(f5 5 A3 45S IDNA, ZLtfR3% 5S IDNA; A Jy# () 5S Jz 45S rDNAFISH 453, B &g (i % 1Y
B, EefRSy 10 pm; C AT D 43 5 K B A8 1) —AE RS R 3E,  Hel RO 5 um.
Green is 45S rDNA; red is 5S rDNA; A is the result of 5S 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, the scale bar is 10 um; C and D are
diploid and hexaploid C. ablum from Germany, respectively, the scale bar is 5 um.
K3 Ll 5S rDNA i1 45S rDNA Jyf#%t )22 v J1 5%tk 2 S 15 1L
Fig.3 FISH localization of 5S rDNA and 45S rDNA on metaphase chromosomes of the
Chenopodium ablum

25 HHEHE RN rDNA-FISH 550 4 R

ARG AR EAE] 1% 5S IDNAE 50058, ARAGME] 45S rDNA {551 5S
rDNA i F- 2 SHOERREE (S) Kin, RETEE -, FE58%E (B4: A, B) .

IRFECEE R Gk EARTIIE] 1% 5S rDNA 7 55 1 % 45S rDNA £z 5 il 5S rDNA 7 55 7E 5
QORI FJR G AR R B B, AR AC(E S9RE — 3 45S rDNA A7 fE 7 S 4tk



(S K, 1 NMNRZESEA LAMmIELZ (B 4: C, D) . Mg £ A Kolano et al. (2012)
HIRF 7045 B — 2

(5 50K 45S IDNA, ZL /X3 5S rDNA; A Fil B 4§ & 221¥ 5S K 45S rDNAFISH 45 R &% Je k1%

RIE; C A1 D MZHCEEN) 5S J 45S IDNAFISH 45 5 e Yt A A1 . Ll R 10 pm,

Green is 45S rDNA; red is 5S rDNA; A and B are the results of 5S 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 5S and

45S rDNA FISH and the homologous pairing of chromosomes based on 5S rDNA and 45S rDNA FISH of C.

hybridum. The scale bar is 10 um.

K14 LL5S rDNA Al 458 rDNA Jyf#4t 5 A 220 2% FU A2 i S e (AR 2 52 1 L

Fig.4 FISH localization of 5S rDNA and 45S rDNA on metaphase chromosomes of the

Chenopodium foetidum and C. hybridum

3 e

3.1 ERHEYR A E KRR

AW T B R I P AR SR 9, fFTEZ A5 ILSL, F1 Mehra & Malik (1963)
Pal & Shukla (1990) [ FE 45 K —50. A SeWFh P WA Z R, RERE AR
HRIARIE, HYY R R R REEM GRFD F, ZEEAFE% R . Bhargava et al.
(2006) H RN R BB, At &R VN EMEYIEHT T AT A E AT, TR A%
RO WTESRAR T LR B B A B s . b, 7 223kl A RLBEAHIAL, 390 DU A%
1, HERH T R P AEAE IR E BT TS5 R (Wang et al., 1993) ,  DAGe oA i e K B A
B R R, /N 2 108 LA 285, LHERT 2 o8 1B 288, BAUAS
STRRFR BB TE FEITE 43.9%~47.4%, N[RI G i ) i Y AR AN & i 22 b Qe tufk (m)
W A ki etk (msm) , BFHUTE 1.18~1.56 2 IAIAsfk, Hrhss 4 %f. 55 9 %f. 4
18 XTI AL AL (M 3L m) FCOABRSE. 5 10 XPRIZE 13 SRR ik, B B 4 AI7E 1.0~1.86
A1 1.0~1.78 Z ], EZELAHEART, =MEMRIZEZ B 2R, DR Z AT
FRAEFEE L R RISk m, O A AN . AR A% B AR W S0 43
1, e Gt PR S R e (AR I LA A G B i, O 2,63, AZBUSRAUA 1A il 2A WA,
A 3 XA ELR YO (sm) , BEIAWIRRBBTEETE 43.6%~47.9%2 7], H5
&R AR 2n=2X=18=4M+1m+3msm+1sm, ZEKAN 1A, BRI RECH



44.1%. BT S5HPEEYRRREARE 80, EERAR. BB AR R
BT HAZA 7 R BRI, TR R EEZ, wTRE T R IE (Wilson,
1990) . BEfe#kr (Risi & Galwey, 1984) FEUEMAIEEL (RERBM MG A M
SRR YL AR T NS 5 M RS PR I BT AR 22 SR M A B A 22 57, IR T RE S AR
WAL R B R g R T S A
3.2 ERHEYHIE

KT, #E. KEERLFETHI T HEAE, MEARKNE. ZE2PEA 1
XPBER, 7T 2 542 R -, AT HRIE R C. quinoaP1587173 . C. quinoa P1584524
J% C. quinoa CHEN 33/84 H XU R 73 A A B AR TR, 7T RE-S & R —Fh R AL sk s AR R
7. 76355, 35K, 8 S & 12 54 & 15 S HAn (f#%, 2019;
Bhargava et al., 2006) . ZEHRKHL T 2 XEXUBEM, AT 9 SR EARNEE E, FCHRERH
El1 B %A% C. album ‘Chandanbathua’ # fifif4 1) 734 —3 (Bhargava et al., 2006) . SGHTH
WA R T KGR B P AR AE BRI TE, FRATE RN T 2 WA, 124, e @)
PR, REEREZE . WRARKSEE ., = DURARZE R A XBEA, b =Ffh 2 (25
BABIRRSEG R R LB BAE N B YR b e 75 12— P A .
3.35 MEBEMN rDNA-FISH R

CAWFERN, £k WUREE. SN ENZE-EY)H 5S rDNA A1 455 rDNA A 47
TEFLELT, 45S IDNA BN T YRk AR, 5S IDNA A7 B 1A Wi, —FhorAife e
AR IR I, —FP oA E AN RS G AR (1 (B B, AR B AR AT 5, rDNA £ 55
%A 3~6 1> (Kolano etal., 2012) , itk 5 FhZ2 @Y H Rt &2 A 2 41 (1 X)) DNA
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