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Abstract The leaf or bark tissue extracts of 108 biotypes of Citrus and its five re-
lated genera were analyzed by polyacrylamide gel clectrophoresis for isozymes of
peroxidase, glutamate oxaloacetate transaminase, phosphoglucose isomerase,
phosphoglucose mutase, superoxide  dismutase, tetrazolium  oxidase,
NADP *- dependent malate dehydrogenase and esterase. The inter- or intra- generic
differences of isozymograms were compared. Dissimilarities of the isozyme patterns
among the samples were calculated by computer based on the UPGMA method
to demonstrate the phylogenetic relationship of the biotypes. There are remarkable
isozymogramatic differences among the six genera. Generally speaking, each genus
possesses its own unique bands. Based on the custer analysis, the total Citrus
biotypes are classified into seven groups. i.e. Honghe papeda, M auritius papeda,
Pummelo, Ichang papeda, Citron, Lemon- lime and Mandarin — orange. Ichang
papeda is suggested to be the third subgenus of the genus Citrus. The Fuming
trifoliata orange is accepted as a new species of Poncirus — P. polyandra S. Q.
Ding. It might be the evolutionary bridge between Poncirus and Citrus, and one of
the “missing links” as suggested by W. T. Swingle. Microacrumen (small— fruited
mandarin) is the primitive form of the mandarins. It seems better to consid-
er“ Horse- nose mandarin “or” Xipigoushigan mandarin’ as the typic mandarin
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originated in China. Euacrumen ( large- fruited mandarin) might have arised
through two ways. One is hybridization of Microacrumen and C. sinensis, and
the other is just the variation of Microacrumen. Ancestors of some biotypes are
inferred based on isozyme data. Fortunella obovata Tan. may be a hybrid of
Fortunella and Citrus. C. unshiy Marc. arose from the nucellar mutation
of “ Huangyanbendiguangju mandarin” ( C. nobilis Lour.) in Huangyan of
Zhgjiang Province. C. junos Sieb. came from hybridization of Ichang papeda and
mandarin. C. grandis Osbeck and mandarin may have been involved in the origin
of C. aurantium L.. C. limonia Osbeck may be a hybrid between C. medica L.
and mandarin. The evolutionary trend of citrus fruit trees is proposed, and
a tentative phylogenetic diagram is drawn.
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Table 1 Appendix Table List of materials used in this experiment
% 5 ¥ X A X A % 4 * - ARG
Code Chinese name Common name Scientific name Voucher number
1 HEF Orange jassamine Murraya paniculata Jack. LB3
2 kel Chinese box orange Atalantia buxifolia Oliv. LBé
3 PR Australian wild lime Microcitrus australasica Swingle LB5
4 BRH Fuming trifoliate orange (TO) Poncirus polyandra S.Q- Ding ﬁg}iﬁiﬁ%}ﬁ
5 By A Flying dragon TO P. trifoliata var. monstrosa Swingle LT83
6 - 1A Dwarf TO P. trifoliata Raf. 0045+*
7 AHRIES  Small leafl & large- flower TO » LT7S
3 fmt/Ed Large leal & small flower TO " LT2
9 JonfkiE#  Large leaf & large flower TO “ LTI112
10 AMAESL  Smail: leaf & small- flower TO " LTi13
11 g At Hongkong kumquat Fortunella hindsii Swingle LF!i
12 ¥ o Round kumquat F. japonica Swingle LF1
13 e Oval kumquat F. margarita Swingle LF2
14 EN & Meiwa kumquat (F. crassifolia Swingle) 0051**
15 K Haht Changshou kumquat {F. obovata Tan.) LF10
16 i3 Calamondin (Citrus madurensis Lour.) 0053+
17 FARCID 5 Honghe papeda C. hongheensis Y. L. D. L. LP8
18 e it Mauritius papeda C. hysirix D. C. LP9
19 #k B  Huanong Ichang papeda (IP)  C. ichangensis Swingle 0055**
20 HiEHE#®  White fiower IP Y 0056**
21 ot Be  Small leaf IP ” 0058 %+
) R ER  Large leaf IP ’ 0060**
23 IhE Etrog citron C. medica var.etrog Swingle 0072
24 o Citron C. medica L. LM29
25 ® F Fingered citron C. medica var. sarcodactylis Swingle LMI9
26 o Red lemon (C. limonia Osbeck ) LM2
27 Jhviti#  Eureka lemon C. limon (L.} Burm. LM25
28 BT Rough lemon (C. jambhiri Osbeck) LM24
29 JE TR Meyer lemon (C. meyerii Tan.) LM126
30  PEt#H#  Guangxi local lemon C. limon (L.) Burm. LM32
31 BFEk#  Mexican lime C. wurantifolia Swingle LMS3
32 #Ek#  Kusuie lime " LM143
13 T Y ] Margan lemon C. limon (L.) Burm LM23
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Code Chinese name Common name Scientific name Voucher number

4 2 bk Rangpur lime (C. limonia Osbeck } LMI
35 ZEH#H Sanbokan (C. sulcata Tan.) LG133
36 YHH Shatian pummelo C. grandis Osbeck LGl6
37 WEH Shikipao pummelo “ LGt
I8 B H Kuikan pummelo " LG157
39 &£FH Jingxiang pummelo 4 0075**
40 BILTOH Dianjiang pummelo ! LG8
41 HABEH Pheonix pummelo “ 0076+*
42 BERH Liangping pummelo " LGS
43 UEEEH Marsh grapefruit C. paradisi Macf. LG104
4 RAEEE Valencia sweet orange (SO) C. sinensis Osbeck 0082**
45 e Jincheng SO C. sinensis osbeck 0085**
46 BEHm#E Ruby blood SO " LS39
47 RS Washington navel SO # Ls28
48 {EME Huazhou SO " LS4
49 BEEEIRER MOrocco sour orange C. aurantium L. LAlS
0 % X Chuluan sour orange 4 LA20
51 EfEiE Huanong sour orange 4 0037**
52 EH# Bergamot (C. bergamia Riss. ) LMS59
53 Mk Pi-tou cheng sour orange C. aurantium L. LAS
54 Rt Daidai sour orange p LA14
55 hHEE Guangxian sour orange " 0036**
56 H OB Tsengcheng yuzu (C. junos Sieb.) LAd
57 [BEE False sour orange C. gurantium L. LAS
58 TLEE Jiangbei yuzu (C. junos Sieb.) LP2
59 E® Xiecheng yuzu ” LP4
60 EEERL . Wangchang yuzu " LP20
61 {4 Huahong mandarin C. reticulata Blanco 0090 %*
62 M Tankan tangor (C. tankan Tan.) LR22
63 A Guangxi nobilis mandarin {C. nobilis Lour.) LRI56
64 EEFHIH  Huangyanbendiguangju mandarin " LR326
65 HEE4BRMEH Guogin No.4 satsuma (C. unshiu Marc.) 0091 **
66 B MEH Kamei satsurma " 0092%*
67 EIKEMEM  Owar satsuma # 0093 **
68 XKEBEMEH  Yonezawa satsuma “ 0094+ *
69 AETWBH Wangcangzhoupigan mandarin C. retieulata Blanco LR72
0 EEESR Nanfeng mandarin (C. kinokuni Tan.) LRIO
71 W R Shiju mandarin ” LR9
72 ROKLOH Dahongpac tangerin (C. tangerina Tan.) LRS53
73 B K Fuju tangerin # LR34
74 MR Shantou sour mandarin {C. sunki Tan.) LR38
5 Sy Timkat mandarin _ (C. oleocarpa Tan.) LR93
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Code Chinese name Common name Scientific name Voucher number
76 B Chatsukan mandarin (C. chachiensis Tan.) 'LR96
77 R Mankieh mandarin (C. tardiferax Tan.) LR29
78 L f Tuju mandarin {C. chuana Tan.) LR347
79 Mo Szu- ui- kon mandarin (C. suhuiensis Tan.) LR58
80 KEH Daxianggan mandarin C. reticulata Blanco LR43
31 kEM Dajiangan mandarin " LRI9
82 /hERM Xizojiangan mandarin " LR20
83 ka Dahenggan mandarin {C. erythrosa Tan.) LR95
84 TR Mashigan mandarin C. reticulata Blanco LR321
85 g # Meigan mandarin ” LR45
86  WiliEH Caoshixianggan mandarin " LR35
87 MEH Yellow- pee] mandarin “ LR74
88 HHE Baiju ‘mandarin {C. kinokuni Tan.) LR27
89 MESth Vietnam mandarin C. reticulate Blanco LR329
00  AHEN Kishu mandarin (C. kinokuni Tan.) LR157
91 B # Zhaoju mandarin (C. subcompressa Tan.) LR56
92 HMEREHM Zhupigoushigan mandarin C. reticulata Blaoco LRI8
93 MR Xipigoushigan mandarin d LRI2I
94 HEWH Daoxian wild mandarin (C. daoxianensis He et Liu) LR50
95 HBHEER Daoxianhuapiju mandarin C. reticulata Blanco 0033**
9% B4 Cihongju mandarin (C. erythrosa Tan.) LR33
97 hH# Juyuehuang mandarin “ LR73
98 Ponkan mandarin (€. reticulata Blanco) LR318
99  H M Ohkan mandarin (C. suavissima Tan.} LR82
100 HARM Huangguogan mandarin C. reticulata Blanco LR67
101 =EETHAH  Clementin {(C. clementina Tan.) LR66
102 Bt Horse- nose mandarin C. reticulata Blanco LR30
103 R # Bianju mandarin ” LR147
104 FHEH Bendizhaoju mandarin (C. succosa Tan.) 0028**
105 R Zhuhongju mandarin (C. erythrosa Tan.) LR32
106 BEs Chuipigan mandarin C. reticulata Blanco LR90
107 KBt Zhusaju mandarin (C. erythrosa Tan.) LR144
108 e Zhoupigan mandarin (C. vessucosa Tan.) LR134
# (Note ):

* EERNEPKZBRL.

The taxon in the parenthesis is according to the Tanaka’s system

o bR AR KRS, B A AT BT ETFERRE K EMERRE, REREES. H&
Bk MR B P E R R BT BT ST E A R (&), RBHEHS, HENFEFTERRRE.

Collected from the Citrus Groves of Huazhong Agricultural University, and the number is the voucher.
The others were collected from the National Citrus Collection Garden in Chongqin. the number with capital

letters is the permanent planting number in this garden.
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Fig. 7 GOT isozymograms of Citrus and its related genera
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