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Chromosome Numbers and Karyotype Evolution

of Convallarieae s. 1. (Asparagaceae)
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Abstract: The study adopts the method of conventional tableting of 5 Convallarieae species. The shapes,
chromosome number and karyotype of the observation analysis, and comprehensively collect all the Conva-
llarieae has reported a total of 81 of the 253 published of chromosomes. through comprehensive statistics,

reconstruction of phylogenetic tree, between the Convallarieae was studied and the subordinate relations
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between the systems, to reveal the relationship between species and the trend of origin and evolution. The
results showed that: (1) the results of cytological experiments showed that the chromosome number of 4
species of Convallarieae was 2n= 38, except for Aspidistra elatior, which was 2n=236, and all of them
were diploid, and the asymmetry karyotype was Stebbins’ -2C. The variation range of the asymmetry co-
efficient As. K% was from 65% to 69% ., but the karyotype formula was different. (2) The chromosome
number of most species is 2n = 38, while that of some species in Aspidistra is 2n = 36; according to the
variation of chromosome length, the karyotypes were mainly divided into unimodal and trimodal. The sta-
tistical results show that the group with chromosome 2n= 36 usually has one more pair of medium chro-
mosomes and two less pairs of small chromosomes than the group with chromosome 2n= 38, which may
be due to the fusion of two small pairs of chromosomes into a pair of medium chromosomes. (3) The lat-
est phylogenetic tree of Convallarieae based on four chloroplast gene fragments (rbcL » matK , psba-trnH
and trnL-F) and nuclear gene ITS showed that Convallarieae was divided into three clades. The [ clade
was located in the base of the whole clades and was the first to be differentiated from the Convallaria-
Speirantha clades and the chromosome number is x=19; the I clade is the Rhodea-Reineckia clades, and
the chromosome number is x=19; the [l clade is the Tupistra-Aspidistra clades and the chromosome
number is x=18 or 19. Based on the analysis of chromosome cardinality and karyotype of Convallarieae,
the low number x=18 of Convallarieae evolved from x=19 through chromosomal fusion or loss. It is spec-
ulated that the karyotype evolved from a relatively symmetrical unimodal to an asymmetrical trimodal.
This study provides cytological evidences to reveal the evolutionary relationships between genera and spe-
cies within Convallarieae.

Key words: Convallarieae; chromosome number; karyotype evolution; molecular phylogeny
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Table 1 Chromosome number, voucher number, locality of the investigated species

Yy H L 4

i REHBH i A RS

S Chromosome :

Species Voucher Location

number

Wk 25 Aspidistra elatior Blume 2n=236 Zhang Y153 (JSU) WIFE 3 i Jishou, Hu'nan
1 7 Wk 0 3 Aspidistra hainanensis Chun et F. C. How 2n=238 Zhang Y150 (JSU) HM 5 BH Guiyang, Guizhou
DU 1| Sk A Aspidistra sichuanensis K. Y. Lang & Z. Y. Zhu 2n=38 Zhang Y151 (JSU)  #H## & Fuquan. Guizhou
JRUEV ok 0 2 Aspidistra fenghuangensis K. Y. Lang 2n=38 Zhang Y152 (JSU) 57 XUEL Fenghuang, Hu'nan
Ji %4 Ohdea japonica (Thunb.) Roth 2n=238 Zhang Y154 (JSU) K JbRS Beibei, Chongqi

®2 XEHMERERESEIERAK

Table 2 Voucher number, collection locality of the investigated species

44 Taxon FEIFFRAS Voucher number KAEH Collection locality
KR T B Peliosanthes macrostegia Kress955545(US) ¥#§ 745 Hainan Province
A Ruscus hypophyllum Kress923533(US) & E M California, USA

Rohdea aurantica

J 4 Tupistra chinensis

Wk Aspidistra elatior

R B ik 305 Aspidistra fenghuangensis
KRB Aspidistra oblanceifolia

HEEAE Speirantha gardenii

Tupistra vrceolata

2% Convallaria majalis

Nicolson2778(US)
Nie 5443(JSU)
Shiu9285(US)
Nie 5442(JSU)
Nie s. n. (JSU)
Deng012(KIB)
Kress996325(SU)

Nie201(KIB)

JE AR Nepal

W7 1 Jishou, Hu'nan
F# Hongkong

W R B Jishou, Hu'nan
WIF 7 & Jishou. Hu'nan
LN Lu'an, Anhui
#[E Thailand

M VT Heilongjiang

x3 AEWHREM GenBank THFFIHMHEXER

Table 3 Information for sequences sampled in this study which was obtained from GenBank
HUFEZEBE Samples ITS rbel. matK psbA-trnH trnlL-F

Asparagus schoberioides KY908604 KC704798 KC704528 KY908958 KY909046
Aspidistra affungilliformis AB089634 AB089622

A. attenuata AB089629 AB029778 KY457678
A. daibuensis KY457597 AB029779 KY457679
A. elatior U24023 AB089631 AB029780 AF117044
A. hainanensis MH558160 MH613786

A. longifolia AB089632 AB029781

A. mushaensis KY457659 KY457598 KY457630 KY457680
A. sutepensis AB089633 AB029782
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#:% 3 Continued Table 3
HUEEZEBE Samples ITS rbel matK psbA-trnH trnl-F

A. yingjiangensis JX903265 JX903123 JX903532 JX903684
Campylandra. aff. chinensis AB089638 AB089625
C. aurantiaca J1X903267 HM640450 HM640564 1X903686
C. fimbriata HM640677 AB089636 HM640562
C. spl. AB029835 AB029773
C.sp2. AB089637 AB089624
C. watanabei HM640677 AB093558 AB093557
C. wattii JF976070 JF941120 JF953415 JN044161
Comospermum_yedoense KM266396 HM640494 HM640610
Convallaria keiskei KC903686 KC704931 KC704673 KC704401
C. majalis]1. KX375057 KJ745528 KJ745641 KJ745890
Danae racemosa AF355064 MF349670 MF350136 MF348496 JX903260
Dasylirion longissimum U24012 1.S420044 JQ421670 KJ196060
D. aspersa EU850002 AB029832 AB029765 EU850209
D. longifolia KX375060 KJ745582 KJ745662 KJ745836
Dracaena concinna KY700568 MG020503 JX080451 JQ904954
Eriospermum bayeri AY225015 777277 JQ435534 AJ417577
Heteropolygonatum ginfushanicum KX375062 KJ745621 KJ745698 KJ745782
Liriope graminifolia MG595281 KY457605 KY457638 KF671445 KF671375
Maianthemum gongshanensis EU850007 JF942502 EU850246 EUS850214 EU850177
Nolina longifolia KC798476 KJ196025 KJ196067
Ophiopogon heterandrus KF671295 KF671504 KEF671562 KF671435 KF671366
Peliosanthes macrostegia KJ745599 KJ745647 KJ745796 KF671381
Polygonatum acuminatifolium KX375071 KX375093 KJ745704 KX375112
Reineckea carnea AB455254 GQ436289 GQ434042 GQ434881
Rohdea _chinensis MH711698 MH658790 KY457657 KY082810 KY457704
Rohdea japonica AB454362 GQ436303 MH748909
R. tonkinensis MH558163 MH613789
R. aurantica HM640679 HM640564
Ruscus hypophyllum JQ421571 JX574449 JX574658
Semele androgyna HM640671 HM640442 HM640556 1X903682 1X903263
Speirantha convallarioides MH558168 DQO05610 MH613794
S. gardeniil. MT797212 KJ745584 KJ745743 KJ745891 Q905024
Theropogon pallidus HM640675 KX527221 HM640560 KX525875 1X903271
Tricalistra ochreata AB029839 AB029777
Tupistra albiflora AB029837. 2 AB029775
T. grandistigma JF944727 JF956756 JN047466
T. kressii MH749057 MH748919 MH749251
T. longispica JF978990 JF944732 JF956761 IN047471
T. pingbianensis JF978994 JF944737 JF956765 JN047475
T. chinensis MH558164 KY082810
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P RBIH m, sm R st (9 G 6 R R B, AN 0 FR M A%
RI¥I Stebbins-2C AU, 4% BN X AR R AL As. KV 4%
FEAE R R 6590 ~69 %, I A B 22 50, (H7E e o fk
AN A —E 20, B R anRR T,

2.1.1 Bk E Aspidistra elatior Blume 1 Ik
HE R YL R B H S 2n=36. L (AR SE R x=18,
TAEAAE 1. A, FEEE 1 X6, 75~6. 25 pm) 55
2—9 %F(5.40~2.56 pm) Z A FEKE FA—4 0 8
2250 0. 85 pm), 55 9 XF 55 10— 18 X (1. 66~
0. 80 pm) WAFTE—BI 19 2251 (0. 90 pm) , A%

2.1

ARH 2n=236=16m~+ 14sm~+6st, fx £ G 0 fK K
FEH 6.75 pm, Y AR 0. 80 pm, K G
ok 5 i e R LU R 8. 4L B L /T 2 i g
R AT 5 ol 61% . Stebbins’ A X Fr A% 5 K
2C, HAIARMFRARR As. K%l 67%, HAZAI L
iy R A R (=R, x=18), Wk Y @
AECHA 2n=236 F1 2n=238 W, A Fh A [5] 4>1K 8§
AN T D) A% RS — e 5 O 41 1 3 b e € PR 8K
HHN2n=38, HZ B NKX KN 2n=38=22m + 4sm
(2sa) +12st, 45 9 XF Yot U J i HLBE IR . B
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HA K BLRE AR G R 1) AR AE A B LR KT
7 (ARG 22 S Y AR COAETE . AT L Wk 2R 7
N TR SR B 22 ) e R A% TR H A AR S R — A
ETE R 2

2.1.2 BEWYIE Aspidistra hainanensis Chun
et F. C. How TR MIREELEAIKEE N 2n=

38, P IR BBy x=19, 5K 1,B), AL
A M 2n=238=20m+ 12sm+8st, £ 1 ¥ (7. 20~
6.98 pm) 5% 2~6 XF (5. 81~3. 96 pm) Z ] fE K
LA —NHEAZERN .17 pm) 5 6 XTS5 7~
19 % (2. 89 ~1. 10 pm) 177 — 4~ W4 8 /Y 22 51
(1.07 pm), K PEEMKKEN 7. 20 pm, i
R 1,10 pm, S K G 0K 5 5 g (R 1

R4 SHERZBREVILEEEZBE QAKX RFE

Table 4 The karyotype formulae and characteristics of {ive species from the tribe Convallarieae
Taxon KF SL L/S Gl G2 gf;/l;j As.K/% Fri}l
kA A, elatior 16m—+ 14sm—+6st 0.80~6.75 8. 44 0. 85 0.9 61 67 2C A
5 WKk A, hainanensis 22m-+8sm—+8st 1.10~7. 20 6.54 1.17 1. 07 66 69 2C B
PO Mk A, sichuanensis 24m-+6sm+8st 0.86~7.48 8.7 0. 86 1.03 71 65 2C C
KRk A, fenghuangensis 18m—+14sm—+6st 0.89~7.86 8.83 0.99 0. 65 55 65 2C D
F4EH R, japonica 12m—+24sm—+2st 0.88~4.99 5.67 — — 53 67 2C E

L KE B RIA RS, S g O K (um) s L S KR R KB (um) s L/S. S K ik 5 e G K BT IL M GLL 85 1 it Ok 545 2
YR Z [ B 25 55 G2. 5 2 A (K 545 3 Y R 2 [ 19 25 5% 5 Arm R<<2. BF HLME /N T 2 B9 4 60 (A 50 o 2 g 8 R B0 19 1 43 1 5 As. K%,
Arano AN FRFR E =Y @ R K B/ G R 20 S K B 3 KA. Stebbin’s R X FR A% T

Note: KF. Karyotype formula; S. shortest chromosome length (pm); L. longest chromosome length (pm); L/S. proportion of the lon-

gest chromosome length to the shortest chromosome length; G1. gap between group 1 and 2; G2. gap between group 2 and 3; Arm R<C2. the

percent of chromosomes arm length ratio less than 2; As. K%. Arano = the total length of long arm/ the total length of all chromosomes;

KA. Stebbin’s type
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Fig.1 Morphology and karyotype of somatic chromosomes of 5 species from the tribe Convallarieae
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82 Heteropolygonatum ginfushanicum
— Polygonatum acuminatifolium
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00 71 Ruscus hypophyllum
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el Semele androgyna
100 L‘: Nolina longifolia
] Dasylirion longissimum
Theropogon pallidus
100

|: Dracaena concinna

Comospermum yedoense

61 Liriope graminifolia
100 [_E Ophiopogon heterandrus
L Peliosanthes macrostegia

Eriospermum bayeri
Asparagus schoberioides

%)

AL PR Y@K FER B R W 25 R R A A Y R x =19 (9 220 =R i 3 AR B Y R 2
I-45 G T 30 Y €0 R 10 HE BRI B A8 S K B8 22 T A3y e R HO x = 19 IR AR AT, Qe (AR BRI x = 18 B Sl ik 0 7R Y
B 2 BT MK B rocl .matK | psbA-trnH Fl trnL-F FUZIEH ITS 8220600 F 25
Unimodal refers to the Convallaria type which shows Unimodal trend of gradual transition without obvious difference in length
between chromosomes, with chromosome number x=19; Trimodal refers to the three groups of chromosomes with different lengths,
combined with the base number and length variation pattern of metaphase chromosomes, can be divided into two groups:
Tupistra type when the chromosome number is x=19, and Aspidistra type when the chromosome number is x=18
Fig. 2 The phylogenetic tree based on 4 chloroplast gene(rbcL s matK s psbA-trnH and trnl.-F) and nuclear gene ITS

of Convallarieae and allied tribe
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