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Details of the SAS program

The SYNCHRO program is intended for SAS-PC under the Microsoft Windows. It has been developed using SAS/Macros, simple data processing steps and several SAS procedures of the SAS/BASE 6.12 and SAS/GRAPH packages (SAS-Institute, 1988; 1990a; 1990c; 1990b). The program (available upon request from the authors) calculates several phenological synchronisation indices and draws floral phenograms and other graphics that helps in the interpretation and quantification of field phenological data. The program is self-adjusting and it is not necessary to change the code for different number of clones, day measurements or phenological scores.

The program was divided into three major steps. In the first step (macro SYNCHRO1), user is asked for entering the input data in a window dialog box. The structure of this data is checked and user is informed and warned about certain problems that could generate subsequent errors. The second step (macro SYNCHRO2) of the program makes all the necessary calculations for computing all the phenological indices considered. Results of this part are printed in the SAS-output window and stored in several temporary data sets as will be described afterwards. Finally, the last step of the program (macro SYNCHRO3) draws the phenograms and other graphics that summarises the information generated at the preceding step. 

The full name (libname.dataname) of the data set with the field phenological observations must be given in the first dialog box (Fig. 1). This data set must include the following variables: ID, RAMET, BLOCK, BRANCH, SEX, and n phenological score variables, where n is the number of assessment days. The ID field identifies the genotype (clone/family), may be either numeric or character, and can not have more than 6 characters. Both, the RAMET and BLOCK fields identify the ramets and blocks and may be useful for further analyses. The BLOCK field is optional. When the BLOCK field is not in the input data set, the program automatically creates it with a constant value of 1. The RAMET field is required and, alone, should unequivocally identify all the ramets. The BRANCH field is also optional and serves to name the buds when assessment was done identifying them. When assessment was done on a ramet basis, the branch field has no sense. However, for technical reasons, the program automatically creates a BRANCH field when it doesn’t exist, assigning the record number to it. This field is useful for identifying the records where some error was found. The sex of the assessed strobili should be specified in the SEX field. This field must be set to ‘m’ for males and ‘f’ for females. If assessment was done by ramets, each sex should be stored in one separated record. 
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Figure 1. Input Dialog box.

Phenological scores must be arranged into individual fields named Di, where i indicates the day (from January the 1st) of measurement (e.g. D56, D63, D75...). SYNCHRO.SAS can handle any number of day measurements. All Di variables must be numeric. Because the number of different phenological phases varies among author (Daniels, 1978; Matziris, 1994; Gömöry et al., 2000) the program allows up to 8 phases per sex. Thus, phenological scores must be an integer number between 1 and 8. Other phenological score codification different than 1 to 8 must be changed before running the program. User is asked at the beginning to enter the female receptivity rate or the pollen shedding rate for these 8 possible scores (Fig. 1). These rates are in percentage of total receptivity and total pollen shedding and must vary between 0 and 100%. 

To complete the input information, the user should enter the start and the end day of assessment (only the number) in the first dialog box (Fig. 1). The program then checks the data fields and the other input parameters and informs the user about the problems found. The absence of a field, a different type field (numeric/character) than the required, or the presence of wrong or out of range values, are possible error messages. The program also warns the user about other no significant errors by printing Notes in the SAS-Log window. A complete list of all possible messages and their explanations is given in the next section.

Once all checks are passed, the macro SYNCHRO2 starts the calculations. The phenological synchronisation indices can be calculated on a clone basis or on a ramet basis. The SYNCHRO.sas program performs both types of analyses and computes the phenological overlap indices (POij) (Askew and Blush, 1990), the RDij indices (Askew, 1988; Xie et al., 1994) and the rph correlation indices (Gömöry et al., 2000; 2003).

The program prints the results on the SAS-Output window. A total of 10 pages are printed. Firstly a summary of the start, end and duration of the female receptivity and pollen shedding phase of each clone is printed. Receptivity (or pollen shedding) begins when the first assessed strobili (or ramet) of the given clone start to be receptive (or shedding pollen) and ends when the last strobili ends. These results are also stored in the data set RESULT1 in the temporary SAS-library. The POij indices, RDPij indices, and rph indices between all possible pair of clones are presented as cross-matrix. Column headings represent the male parents and row headings are the female parents. These results are also stored in three temporary data sets named PO, RDP and RPH, respectively. A summary (mean, min, max) of the POij, RDij and rph indices for each clone serving as female and as male parent are also printed and stored together in the data set RESULT1. This data set summarises the results obtained when calculating the indices on a clone basis. It has one record for each clone and sex and the following variables: IDS (the clone or family), PCTMi (the female or pollen shedding rate mean for each assessed day i), START, END, DURATION (start, end and duration of the female receptivity and pollen shedding phases as described before), PO, POMIN, POMAX, RDMEAN, RDMIN, RDMAX (mean, min and max of the POij and the RDij for each clone and sex) and RPH (the rph indices for each clone and sex) (see the output example at the end of this manuscript).

The results of the calculations on a ramet basis are not printed because of the excessive necessary space. A summary of these results is stored in the temporary data set RESULT2. The data set RESULT2 has all the fields of RESULT1 plus the RAMET and BLOCK fields. It has Nm + Nf records, where Nm and Nf are the number of male and female assessed ramets respectively. Complementary to these results, the data set RESULT2b merges the male and female phenological rates and gives the POij, RDij and RDPij indices for each male-female ramet combination.  Thus, the number of records would be Nm*Nf – Nmf where Nmf are the ramets where both sex were assessed. The data sets RESULT2 and RESULT2b may be useful for further analyses. For example, the data set RESULT2 can be subjected to an analysis of variance to know the genetic effect on phenological traits such as the start end or duration of the receptive (pollen-shedding) phase. The relative gamete contribution (GCij) of the pair ith male ramet and jth female ramet can also be easily calculated from table RESULT2b, if the pollen gamete contribution of the ith ramet and the ovule contribution of the jth ramet are known (e.g. Matziris, 1994).

Finally, the third step generates all the graphic outputs of the program. These graphics include a male and a female phenogram, an overall synchronicity graph, and six frequency histograms, one for each phenological index (PO​ij, RDij and rph) with genotypes serving as female or male parents. These graphics can be displayed on the monitor or printed to a wmf (Microsoft Window metafile) file. The user can chose between these two options in a dialog box that appears when macro SYNCHRO3 is submitted. When selecting the wmf option, user should specify the directory where the wmf files should be saved. These files are named as follows: Female.wmf, Male.wmf, MandF.wmf, Synchro.wmf, RPHm.wmf, RPHf.wmf, POm.wmf, POf.wmf, RDm.wmf RDf.wmf.

The phenograms present the floral phenology of each clone (or family) as bands on a line time. The band widths represents the relative female receptivity (or pollen shedding) at a given date (e.g. Askew and Blush, 1990). The overall synchronicity graph represents the overall female receptivity mean and pollen shedding mean among all clones on a line time (e.g. Matziris, 1994). The frequency histograms of the phenological synchronization parameters may be useful to find genotypes that cannot find a mating partner within the seed orchard (e.g. Gömöry et al., 2003). 

Error messages

a) Critical errors that causes abnormal termination

ERROR: ID field does not exist. Field ID is required. User must create an ID field. This field can be either numeric or character (6 characters length) and identifies the genotype.

ERROR: RAMET field does not exist. Field RAMET is required. User must create it before running the program. This field can be either numeric or character and identifies the ramet in the orchard. The RAMET field is only kept in the table RESULT1. 

ERROR: Problems with SEX field.
SEX field is required and must be character. If it does not exist or it is numeric user should create it properly before running again the program.

ERROR: Too low day measurements. The calculation of the phenological indices requires at least 3 measurements. When there are less than three measurements the program cannot run properly.

ERROR: No day measurements. At least 3 day-measurements are required for computing the phenological indices and phenograms.

ERROR: Some Score fields are $. All score fields must be numeric and integer and can vary between 1 and 8. User must correct the problem before running again the program.

ERROR: Di does not exist. The score field at the start day must exist and must be named as Dn where n is the start day (from January the 1st). For example, if the start day is March, the 1st (day 60 from the January the 1st), phenological scores at this date must be stored in a field named D60. 

ERROR: Dj does not exist. The score field at the end day must exist and must be named as Dn where n is the end day (from January the 1st). For example, if the end day is April, the 1st (day 92 from the January the 1st), phenological scores at this date must be stored in a field named D92.

ERROR: Sex values ^= mf. The bud sex must be specified in a field named SEX. This field is required and it must be set to ‘m’ or ‘M’ for male bud and ‘f’ or ‘F’ for female buds. When buds are not identify at the assessment, each sex assessed at each ramet must be stored in independent records.

ERROR: Score values ^= 1-8. Score values allow are 1, 2, 3, 4, 5, 6, 7, 8 and null values. 

b) Misspelling errors that begin the program again

ERROR: Table does not exist.

ERROR: mi > 100. Rates of pollen shedding for each score value must vary between 0 and 100%.

ERROR: mi not numeric. Rates of pollen shedding for each score value must be numeric and vary between 0 and 100%.

ERROR: fi > 100. Rates of female strobili receptivity for each score value must vary between 0 and 100%.

ERROR: fi not numeric. Rates of female strobili receptivity for each score value must be numeric and vary between 0 and 100%.

ERROR: Start/End > 365. Start and end days of assessment are counted from January the first. Values larger than 365 have no sense and are not accepted. 

ERROR: Start/End not numeric. Start and end assessment days must be numeric

ERROR: Start>=End. The end day must be higher than the start day.

c) Log window messages

START. 
Indicates the start of the program.

NOTES: BLOCK field has been artificially created and set to 1. BLOCK field does not exist in the original data set. The program automatically generates a BLOCK field. This field is set to 1 for all records. This field is stored in the table RESULT1 to identify the ramets and to further analysis.

NOTES: BRANCH field has been artificially created and set to _N_. BRANCH field does not exist in the original data set.  The program automatically generates a BRANCH field. This variable is useful for identifying the records where some problems are detected and an ERROR or NOTE message is printed in the output window.

NOTES: Too many days between day i and day j. This message is printed when two consecutive measurements are more than 4 days apart. The higher the number of days between measurements the higher the probability that some halfway phenological phases were not assessed. In such cases, the phenological indices can be wrong computed.

ERROR: TOO LARGE STAGE CHANGE BETWEEN CONSECUTIVE MEASUREMENTS. RECORD HAS BEEN DELETED. ID= RAMET= BLOCK= BRANCH=. This message is printed when the score change between two consecutive assessments is higher than 2. When this occurs, some halfway phenological phases have been not assessed and phenological indices can be wrong calculated. To avoid these problems the record is deleted. Note that for this reason, consecutive score values must be assigned to consecutive phenological phases. It is not allow to assign a score value of, e.g., 1 to a given phenological phase and a score value of, e.g., 5 to the immediately next phase.

ERROR: STAGES GET LOWER WITH TIME. RECORD HAS BEEN DELETED. ID= RAMET= BLOCK= BRANCH=. The higher the score value the later phenological phase. Thus, score values can be kept or get higher with time but they can not get lower with time.

NOTES: ALL RECEPTIVITY/EMISSION RATES ARE NULL IN ID= RAMET= BLOCK= BRANCH=. This message is printed when the product of the score values (variables Dn) and the rate values (macrovariables Mn and Fn) are null for all the assessed days. This can be due to the lack of the receptive (or pollen shedding) phase in the given record. A “Too large change between consecutive measurements” is usually accompanying this message.

NOTES: ALL RECEPTIVITY/EMISSION RATES ARE MISSING IN ID= RAMET= BLOCK= BRANCH=. This messages indicates that all score values are missing in the given record.

NOTES: n SCORE VALUES ARE MISSING. The record has n days with null score values.

ERROR: Catalog work.seg does not exist. This message appears the first time the program is executed. This error has not consequences in the correct processing of the program. In fact, a Warning messages accompanies always this error: ‘Warning: command catalog not processed because of errors noted above’,

END. 
Indicates the end of the program.

Program schedule
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Input data set

	ID
	RAMET
	BLOCK
	BRANCH
	SEX
	D57
	D61
	D64
	D68
	D71
	D74
	D78
	D81
	D85
	D88
	D92
	D95
	D99
	D101

	2004
	1
	1
	13
	m
	2
	2
	2
	3
	3
	3
	3
	4
	4
	4
	4
	4
	4
	4

	2004
	1
	1
	12
	m
	2
	2
	2
	3
	3
	3
	3
	3
	4
	4
	4
	4
	4
	4

	2004
	1
	1
	15
	m
	2
	2
	2
	3
	3
	3
	3
	3
	4
	4
	4
	4
	4
	4

	2004
	1
	1
	11
	m
	2
	2
	2
	2
	3
	3
	3
	3
	4
	4
	4
	4
	4
	4

	2004
	1
	1
	14
	m
	2
	2
	2
	2
	3
	3
	3
	3
	4
	4
	4
	4
	4
	4

	2004
	1
	1
	19
	f
	1
	2
	2
	3
	3
	3
	4
	4
	4
	4
	4
	4
	4
	4

	2004
	1
	1
	18
	f
	1
	2
	2
	3
	3
	3
	3
	4
	4
	4
	4
	4
	4
	4

	2004
	1
	1
	17
	f
	1
	1
	2
	2
	3
	3
	3
	4
	4
	4
	4
	4
	4
	4

	2004
	1
	1
	16
	f
	1
	1
	1
	1
	2
	2
	3
	3
	4
	4
	4
	4
	4
	4

	1033
	2
	1
	40
	m
	2
	2
	2
	2
	2
	3
	3
	3
	4
	4
	4
	4
	4
	4

	1033
	2
	1
	41
	m
	2
	2
	2
	2
	2
	3
	3
	3
	4
	4
	4
	4
	4
	4

	1033
	2
	1
	42
	m
	2
	2
	2
	2
	2
	3
	3
	3
	4
	4
	4
	4
	4
	4

	1033
	2
	1
	39
	m
	2
	2
	2
	2
	2
	2
	3
	3
	4
	4
	4
	4
	4
	4

	1033
	2
	1
	43
	m
	2
	2
	2
	2
	2
	2
	3
	3
	4
	4
	4
	4
	4
	4

	1033
	2
	1
	44
	f
	2
	2
	3
	3
	3
	3
	3
	3
	4
	4
	4
	4
	4
	4

	1033
	2
	1
	46
	f
	1
	1
	1
	1
	2
	2
	3
	3
	4
	4
	4
	4
	4
	4

	1033
	2
	1
	45
	f
	1
	1
	1
	1
	1
	2
	2
	3
	4
	4
	4
	4
	4
	4

	1033
	2
	1
	47
	f
	1
	1
	1
	1
	1
	2
	2
	3
	4
	4
	4
	4
	4
	4

	2004
	3
	3
	63
	m
	2
	2
	2
	3
	3
	3
	3
	4
	4
	4
	4
	4
	4
	4

	2004
	3
	3
	65
	m
	2
	2
	2
	3
	3
	3
	3
	3
	3
	4
	4
	4
	4
	4

	2004
	3
	3
	64
	m
	2
	2
	2
	2
	3
	3
	3
	3
	4
	4
	4
	4
	4
	4

	2004
	3
	3
	66
	m
	2
	2
	2
	2
	3
	3
	3
	3
	4
	4
	4
	4
	4
	4

	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...


Data  SYNCHRO.sd2 with 463 records. There are 10 clones sampled with 3-5 branchs per sex each.

Outputs

a) SAS Output Window

SYNCHRO.sas: A SAS program for analysing phenology synchronicity in seed orchards         1

A total of 10 clones assessed at 14 days were included in calculations

                         Start, duration and end of Pollen-shedding

                              ID      START     END     DURATION

                            ID1000     72.5    101.0      28.5

                            ID1020     76.0     90.0      14.0

                            ID1033     69.5     86.5      17.0

                            ID1046     69.5     86.5      17.0

                            ID1059     69.5     86.5      17.0

                            ID1062     69.5     86.5      17.0

                            ID2004     66.0     86.5      20.5

                            ID2057     72.5     86.5      14.0

                            ID2062     62.5     86.5      24.0

                            ID2083     62.5     83.0      20.5

                   Start, duration and end of Female flowers receptivity                  2

                              ID      START     END     DURATION

                            ID1000     69.5    100.0      30.5

                            ID1020     69.5     90.0      20.5

                            ID1033     57.0     90.0      33.0

                            ID1046     59.0     90.0      31.0

                            ID1059     59.0     90.0      31.0

                            ID1062     66.0     97.0      31.0

                            ID2004     59.0     90.0      31.0

                            ID2057     62.5     86.5      24.0

                            ID2062     69.5     97.0      27.5

                            ID2083     57.0     83.0      26.0

                       Cross Matrix: PO INDICES (Askew & Blush, 1990)                     3

                                            Male

   FEMALE  ID1000  ID1020  ID1033  ID1046  ID1059  ID1062  ID2004  ID2057  ID2062  ID2083

   ID1000    .      0.65    0.39    0.37    0.36    0.37    0.29    0.58    0.48    0.10

   ID1020   0.70     .      0.45    0.43    0.42    0.43    0.32    0.79    0.56    0.12

   ID1033   0.49    0.47     .      0.53    0.56    0.52    0.49    0.55    0.73    0.29

   ID1046   0.15    0.08    0.48     .      0.55    0.44    0.72    0.21    0.41    0.75

   ID1059   0.14    0.08    0.47    0.51     .      0.43    0.72    0.19    0.40    0.73

   ID1062   0.48    0.47    0.56    0.55    0.56     .      0.48    0.55    0.72    0.27

   ID2004   0.46    0.45    0.61    0.60    0.65    0.60     .      0.54    0.79    0.37

   ID2057   0.52    0.55    0.66    0.65    0.63    0.65    0.50     .      0.83    0.26

   ID2062   0.60    0.58    0.46    0.44    0.43    0.44    0.35    0.64     .      0.16

   ID2083   0.10    0.04    0.41    0.44    0.48    0.37    0.64    0.16    0.35     .

                SUMMARY: PO values for all clones serving as female parents               4

                              IDF      POMEAN    POMIN    POMAX

                            ID1000      0.40      0.10     0.65

                            ID1020      0.47      0.12     0.79

                            ID1033      0.51      0.29     0.73

                            ID1046      0.42      0.08     0.75

                            ID1059      0.41      0.08     0.73

                            ID1062      0.52      0.27     0.72

                            ID2004      0.56      0.37     0.79

                            ID2057      0.58      0.26     0.83

                            ID2062      0.45      0.16     0.64

                            ID2083      0.33      0.04     0.64

                            Overall     0.47      0.04     0.83

                 SUMMARY: PO values for all clones serving as male parents                5

                              IDM      POMEAN    POMIN    POMAX

                            ID1000      0.41      0.10     0.70

                            ID1020      0.38      0.04     0.65

                            ID1033      0.50      0.39     0.66

                            ID1046      0.50      0.37     0.65

                            ID1059      0.52      0.36     0.65

                            ID1062      0.47      0.37     0.65

                            ID2004      0.50      0.29     0.72

                            ID2057      0.47      0.16     0.79

                            ID2062      0.59      0.35     0.83

                            ID2083      0.34      0.10     0.75

                            Overall     0.47      0.04     0.83

                       Cross Matrix: RDPij INDICES (Xie et al, 1990)                      6

                                            Male

   FEMALE  ID1000  ID1020  ID1033  ID1046  ID1059  ID1062  ID2004  ID2057  ID2062  ID2083

   ID1000   .       .098    .118    .118    .118    .118    .118    .098    .118    .094

   ID1020   .119    .       .116    .116    .116    .116    .116    .095    .116    .092

   ID1033   .108    .087    .       .105    .105    .105    .127    .087    .149    .127

   ID1046   .108    .087    .105    .       .105    .105    .127    .087    .149    .127

   ID1059   .108    .087    .105    .105    .       .105    .127    .087    .149    .127

   ID1062   .152    .087    .105    .105    .105    .       .127    .087    .127    .105

   ID2004   .111    .089    .108    .108    .108    .108    .       .089    .152    .130

   ID2057   .089    .067    .108    .108    .108    .108    .130    .       .152    .130

   ID2062   .162    .093    .113    .113    .113    .113    .113    .093    .       .089

   ID2083   .088    .059    .113    .113    .113    .113    .142    .088    .172    .

                SUMMARY: RD values for all clones serving as female parents               7

                              IDF      RDMEAN    RDMIN    RDMAX

                             ID1000     15.94     13.5     17.0

                             ID1020     16.33     13.5     17.5

                             ID1033     17.94     14.0     24.0

                             ID1046     17.94     14.0     24.0

                             ID1059     17.94     14.0     24.0

                             ID1062     17.94     14.0     24.5

                             ID2004     17.56     14.0     24.0

                             ID2057     17.50     10.5     24.0

                             ID2062     16.78     13.5     24.5

                             ID2083     13.28      7.0     20.5

                 SUMMARY: RD values for all clones serving as male parents                8

                              IDM      RDMEAN    RDMIN    RDMAX

                             ID1000     17.89     10.5     24.5

                             ID1020     12.83      7.0     14.0

                             ID1033     16.61     13.5     17.0

                             ID1046     16.61     13.5     17.0

                             ID1059     16.61     13.5     17.0

                             ID1062     16.61     13.5     17.0

                             ID2004     18.94     17.0     20.5

                             ID2057     13.61     10.5     14.0

                             ID2062     21.67     17.0     24.0

                             ID2083     17.78     13.5     20.5

      Pearson coefficients of phenological synchronization (rph) (Gomory et al, 2003)     9

                                            Male

   FEMALE  ID1000  ID1020  ID1033  ID1046  ID1059  ID1062  ID2004  ID2057  ID2062  ID2083

   ID1000    0.98    0.95   0.65    0.62    0.61    0.66    0.45    0.92    0.78    -0.10

   ID1020    0.94    0.96   0.65    0.62    0.62    0.63    0.45    0.96    0.82    -0.05

   ID1033    0.83    0.76   0.79    0.78    0.78    0.77    0.68    0.83    0.87     0.27

   ID1046    0.10   -0.08   0.67    0.71    0.76    0.64    0.88    0.22    0.56     0.95

   ID1059    0.09   -0.11   0.68    0.72    0.76    0.65    0.88    0.21    0.56     0.95

   ID1062    0.80    0.74   0.78    0.77    0.77    0.74    0.65    0.82    0.86     0.23

   ID2004    0.75    0.66   0.89    0.89    0.91    0.85    0.83    0.86    0.97     0.48

   ID2057    0.85    0.80   0.86    0.84    0.85    0.83    0.72    0.97    0.98     0.25

   ID2062    0.87    0.85   0.65    0.62    0.61    0.63    0.46    0.83    0.77    -0.02

   ID2083   -0.03   -0.20   0.59    0.63    0.68    0.55    0.82    0.11    0.47     0.96

      Pearson coefficients of phenological synchronization (rph) (Gomory et al, 2003)     10

                                     ID      RPHF    RPHM

                                   ID1000    0.69    0.70

                                   ID1020    0.68    0.56

                                   ID1033    0.86    0.90

                                   ID1046    0.67    0.87

                                   ID1059    0.66    0.89

                                   ID1062    0.84    0.87

                                   ID2004    0.95    0.86

                                   ID2057    0.89    0.78

                                   ID2062    0.70    0.94

                                   ID2083    0.48    0.41

b) SAS Graphs


Figure 2. Male and female phenograms
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Figure 3. Overall synchronicity graph


Figure 4. Frequency histograms of the phenological synchronization indices
c) SAS data sets

	TYPE
	IDS
	PCTM57
	...
	PCTM101
	START
	END
	DURATION
	PO
	RDMEAN
	POMIN
	RDMIN
	POMAX
	RDMAX
	RPH

	F
	ID1000
	0.0
	...
	0.0
	69.5
	100.0
	30.5
	0.40
	15.9
	0.10
	13.5
	0.65
	17.0
	0.69

	F
	ID1020
	0.0
	...
	0.0
	69.5
	90.0
	20.5
	0.47
	16.3
	0.12
	13.5
	0.79
	17.5
	0.68

	F
	ID1033
	2.2
	...
	0.0
	57.0
	90.0
	33.0
	0.51
	17.9
	0.29
	14.0
	0.73
	24.0
	0.86

	F
	ID1046
	0.0
	...
	0.0
	59.0
	90.0
	31.0
	0.42
	17.9
	0.08
	14.0
	0.75
	24.0
	0.67

	F
	ID1059
	0.0
	...
	0.0
	59.0
	90.0
	31.0
	0.41
	17.9
	0.08
	14.0
	0.73
	24.0
	0.66

	F
	ID1062
	0.0
	...
	0.0
	66.0
	97.0
	31.0
	0.52
	17.9
	0.27
	14.0
	0.72
	24.5
	0.84

	F
	ID2004
	0.0
	...
	0.0
	59.0
	90.0
	31.0
	0.56
	17.6
	0.37
	14.0
	0.79
	24.0
	0.95

	F
	ID2057
	0.0
	...
	0.0
	62.5
	86.5
	24.0
	0.58
	17.5
	0.26
	10.5
	0.83
	24.0
	0.89

	F
	ID2062
	0.0
	...
	0.0
	69.5
	97.0
	27.5
	0.45
	16.8
	0.16
	13.5
	0.64
	24.5
	0.70

	F
	ID2083
	6.0
	...
	0.0
	57.0
	83.0
	26.0
	0.33
	13.3
	0.04
	7.0
	0.64
	20.5
	0.48

	M
	ID1000
	0.0
	...
	4.0
	72.5
	101.0
	28.5
	0.41
	17.9
	0.10
	10.5
	0.70
	24.5
	0.70

	M
	ID1020
	0.0
	...
	0.0
	76.0
	90.0
	14.0
	0.38
	12.8
	0.04
	7.0
	0.65
	14.0
	0.56

	M
	ID1033
	0.0
	...
	0.0
	69.5
	86.5
	17.0
	0.50
	16.6
	0.39
	13.5
	0.66
	17.0
	0.90

	M
	ID1046
	0.0
	...
	0.0
	69.5
	86.5
	17.0
	0.50
	16.6
	0.37
	13.5
	0.65
	17.0
	0.87

	M
	ID1059
	0.0
	...
	0.0
	69.5
	86.5
	17.0
	0.52
	16.6
	0.36
	13.5
	0.65
	17.0
	0.89

	M
	ID1062
	0.0
	...
	0.0
	69.5
	86.5
	17.0
	0.47
	16.6
	0.37
	13.5
	0.65
	17.0
	0.87

	M
	ID2004
	0.0
	...
	0.0
	66.0
	86.5
	20.5
	0.50
	18.9
	0.29
	17.0
	0.72
	20.5
	0.86

	M
	ID2057
	0.0
	...
	0.0
	72.5
	86.5
	14.0
	0.47
	13.6
	0.16
	10.5
	0.79
	14.0
	0.78

	M
	ID2062
	0.0
	...
	0.0
	62.5
	86.5
	24.0
	0.59
	21.7
	0.35
	17.0
	0.83
	24.0
	0.94

	M
	ID2083
	0.0
	...
	0.0
	62.5
	83.0
	20.5
	0.34
	17.8
	0.10
	13.5
	0.75
	20.5
	0.41


Data set RESULT1.sd2. Results on a clone basis. The data set has 20 observation and 26 variables.

	IDM
	RAMETM
	BLOCKM
	M57
	...
	M101
	STARTM
	ENDM
	BLOCKF
	RAMETF
	IDF
	F57
	...
	F101
	STARTF
	ENDF
	PO
	RD
	RDP

	ID2004
	1
	1
	0
	...
	0
	66.0
	83.0
	9
	49
	ID1000
	
	...
	0
	72.5
	83.0
	0.30
	10.5
	0.03

	ID2004
	1
	1
	0
	...
	0
	66.0
	83.0
	10
	34
	ID2062
	
	...
	0
	69.5
	97.0
	0.22
	13.5
	0.02

	ID2004
	1
	1
	0
	...
	0
	66.0
	83.0
	1
	5
	ID1059
	0
	...
	0
	62.5
	90.0
	0.59
	17.0
	0.03

	ID2004
	1
	1
	0
	...
	0
	66.0
	83.0
	3
	9
	ID1000
	0
	...
	0
	76.0
	90.0
	0.13
	7.0
	0.02

	ID2004
	1
	1
	0
	...
	0
	66.0
	83.0
	9
	35
	ID2004
	
	...
	0
	66.0
	86.5
	0.54
	17.0
	0.03

	ID2004
	1
	1
	0
	...
	0
	66.0
	83.0
	7
	40
	ID1059
	
	...
	0
	69.5
	83.0
	0.55
	13.5
	0.03

	ID2004
	1
	1
	0
	...
	0
	66.0
	83.0
	10
	25
	ID1033
	
	...
	0
	66.0
	90.0
	0.34
	17.0
	0.03

	ID2004
	1
	1
	0
	...
	0
	66.0
	83.0
	9
	48
	ID1020
	
	...
	0
	72.5
	90.0
	0.25
	10.5
	0.02

	ID2004
	1
	1
	0
	...
	0
	66.0
	83.0
	3
	17
	ID1046
	0
	...
	0
	59.0
	79.5
	0.72
	13.5
	0.04

	ID2004
	1
	1
	0
	...
	0
	66.0
	83.0
	3
	7
	ID2062
	0
	...
	0
	69.5
	90.0
	0.23
	13.5
	0.02

	ID2004
	1
	1
	0
	...
	0
	66.0
	83.0
	9
	37
	ID1059
	
	...
	0
	66.0
	83.0
	0.82
	17.0
	0.04

	ID2004
	1
	1
	0
	...
	0
	66.0
	83.0
	7
	32
	ID2004
	
	...
	0
	69.5
	90.0
	0.41
	13.5
	0.02

	ID2004
	1
	1
	0
	...
	0
	66.0
	83.0
	3
	19
	ID1062
	0
	...
	0
	66.0
	90.0
	0.34
	17.0
	0.03

	ID2004
	1
	1
	0
	...
	0
	66.0
	83.0
	3
	12
	ID1020
	0
	...
	0
	72.5
	90.0
	0.18
	10.5
	0.02

	ID2004
	1
	1
	0
	...
	0
	66.0
	83.0
	1
	13
	ID2062
	0
	...
	0
	69.5
	83.0
	0.33
	13.5
	0.03

	ID2004
	1
	1
	0
	...
	0
	66.0
	83.0
	7
	45
	ID1000
	
	...
	0
	69.5
	90.0
	0.29
	13.5
	0.02

	ID2004
	1
	1
	0
	...
	0
	66.0
	83.0
	9
	46
	ID2083
	
	...
	0
	66.0
	83.0
	0.61
	17.0
	0.04

	ID2004
	1
	1
	0
	...
	0
	66.0
	83.0
	10
	22
	ID1020
	0
	...
	0
	72.5
	86.5
	0.19
	10.5
	0.02

	ID2004
	1
	1
	0
	...
	0
	66.0
	83.0
	3
	18
	ID1059
	0
	...
	0
	59.0
	79.5
	0.77
	13.5
	0.04

	ID2004
	1
	1
	0
	...
	0
	66.0
	83.0
	3
	15
	ID2083
	0
	...
	0
	59.0
	79.5
	0.74
	13.5
	0.04

	ID2004
	1
	1
	0
	...
	0
	66.0
	83.0
	7
	31
	ID1062
	
	...
	0
	69.5
	90.0
	0.40
	13.5
	0.02

	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...


Data set RESULT2b.sd2. Results on a ramet basis. The data set has 2352 records and 41 variables.

	IDF
	_NAME_
	ID1000
	ID1020
	ID1033
	ID1046
	ID1059
	ID1062
	ID2004
	ID2057
	ID2062
	ID2083

	ID1000
	PO
	
	0.65
	0.39
	0.37
	0.36
	0.37
	0.29
	0.58
	0.48
	0.10

	ID1020
	PO
	0.70
	
	0.45
	0.43
	0.42
	0.43
	0.32
	0.79
	0.56
	0.12

	ID1033
	PO
	0.49
	0.47
	
	0.53
	0.56
	0.52
	0.49
	0.55
	0.73
	0.29

	ID1046
	PO
	0.15
	0.08
	0.48
	
	0.55
	0.44
	0.72
	0.21
	0.41
	0.75

	ID1059
	PO
	0.14
	0.08
	0.47
	0.51
	
	0.43
	0.72
	0.19
	0.40
	0.73

	ID1062
	PO
	0.48
	0.47
	0.56
	0.55
	0.56
	
	0.48
	0.55
	0.72
	0.27

	ID2004
	PO
	0.46
	0.45
	0.61
	0.60
	0.65
	0.60
	
	0.54
	0.79
	0.37

	ID2057
	PO
	0.52
	0.55
	0.66
	0.65
	0.63
	0.65
	0.50
	
	0.83
	0.26

	ID2062
	PO
	0.60
	0.58
	0.46
	0.44
	0.43
	0.44
	0.35
	0.64
	
	0.16

	ID2083
	PO
	0.10
	0.04
	0.41
	0.44
	0.48
	0.37
	0.64
	0.16
	0.35
	


Data set PO.sd2. The data set has 10 records and 12 variables.

Program code

/**********************************************************************************************/
/*********************** SYNCHRO1: Input data and checks ***************************************/
/**********************************************************************************************/
%macro SYNCHRO1(Message);

 options nonotes mautosource NOmerror nomprint noserror nosource nodate;

 %put SYNCHRO START;

 %let beta=0.02;

 %let ERR=;%let libname=;%let table=;%let block=;%let branch=;

 %do i=1 %to 8; %let m&i=0; %let f&i=0;%let ud=3; %end;

 %empieza:

 %window START color=gray irow=10 rows=23 icolumn=20 columns=32
   #1 @2 "&Message" color=red attr=highlight

   #3 @2 "Table:" +1 libname 8 attr=underline color=blue "." table 8 attr=underline required=yes color=blue

   #5 @2 "Start Day:"  +1 inicio 3 attr=underline required=yes color=blue

   #5 @18 "End Day:" +1 fin 3 attr=underline required=yes color=blue

   #7 @2 "MALE STAGES" attr=underline +5 "FEMALE STAGES"  attr=underline

   #8 @5 "1" +1 m1 3 color=blue attr=underline +12 "1" +1 f1 3 color=blue attr=underline

   #9 @5 "2" +1 m2 3 color=blue attr=underline +12 "2" +1 f2 3 color=blue attr=underline

   #10 @5 "3" +1 m3 3 color=blue attr=underline +12 "3" +1 f3 3 color=blue attr=underline

   #11 @5 "4" +1 m4 3 color=blue attr=underline +12 "4" +1 f4 3 color=blue attr=underline

   #12 @5 "5" +1 m5 3 color=blue attr=underline +12 "5" +1 f5 3 color=blue attr=underline

   #13 @5 "6" +1 m6 3 color=blue attr=underline +12 "6" +1 f6 3 color=blue attr=underline

   #14 @5 "7" +1 m7 3 color=blue attr=underline +12 "7" +1 f7 3 color=blue attr=underline

   #15 @5 "8" +1 m8 3 color=blue attr=underline +12 "8" +1 f8 3 color=blue attr=underline

   #17 @7 "Press" +1 "F3" attr=underline +1 "when ready";

 %display START;

 %if &libname= %then %let libname=work;

 %let message=;

/**************** Data verifications *********************************************************/
PROC contents data=&libname.._ALL_ memtype=data out=verify noprint;

data _null_; set verify end=eof;

 if memname=upcase("&table") then ERR=1;

 retain ERR;

 if eof and ERR^=1 then call symput('Message',"ERROR: Table does not exist");

run;

%if %length(&Message)>0 %then %goto empieza;

data _null_;

 do i=1 to 8 until(_error_);

  if symget('m'||left(i))>100 then call symput('Message',"ERROR: m"||substr(left(i),1,1)||" > 100");

  if _ERROR_=1 then do;call symput('Message',"ERROR: m"||substr(left(i),1,1)||" not numeric");goto adeus;end;

  if symget('f'||left(i))>100 then call symput('Message',"ERROR: f"||substr(left(i),1,1)||" > 100");

  if _ERROR_=1 then call symput('Message',"ERROR: f"||substr(left(i),1,1)||" not numeric");

 end;

 if symget('inicio')>365 or symget('fin')>365 then call symput('Message',"ERROR: Start/End > 365");

 if _ERROR_=1 then call symput('Message',"ERROR: Start/End not numeric");

adeus: run;

%if %length(&Message)>0 %then %goto empieza;

%if &inicio>=&fin %then %SYNCHRO1(ERROR: Start>=End);

PROC contents data=&libname..&TABLE out=verify noprint;

data verify; set verify; if substr(name,1,1)='D' then d=0+substr(name,2,3);

proc sort; by d;

data _null;

 set verify end=eof;

 if _n_=1 then do;day=0;id=0;block=0;sex=0; branch=0;inicio=0;fin=0;end;

 if name='ID' then ID=1;

 if name='RAMET' then ramet=1;

 if name='BLOCK' then block=1;

 if name='SEX' and type=2 then sex=1;

 if name='BRANCHE' then branch=1;

 if name="D&inicio" then inicio=1;

 if name="D&fin" then fin=1;

 if substr(name,1,1)='D' then do;

  if substr(name,2,3)>0 and substr(name,2,3)<365 then day+1;

  if type=2 then dayS=1;

  call symput('Day'||left(day),substr(name,2,3));

 end;

 retain id ramet block sex dayS branch inicio fin;

 if eof then do;

  if ID^=1 then call symput('ERR',"ERROR: ID does not exist");

  if block^=1 then call symput('BLOCK',1);

  if ramet^=1 then call symput('ERR',"ERROR: RAMET field does not exist");

  if sex^=1 then call symput('ERR',"ERROR: Problems with SEX field");

  if branch^=1 then call symput('BRANCH',1);

  if day<=2 then call symput('ERR',"ERROR: Too low day measurements");

  if day=0 then call symput('ERR',"ERROR: No day measurements");

  if dayS=1 then call symput('ERR',"ERROR: Some score fields are $");

  if inicio^=1 then call symput('Message',"ERROR: D&inicio does not exist");

  if fin^=1 then call symput('Message',"ERROR: D&fin does not exist");

  call symput('n',day);

 end;

run;

%put &err;

%if %length(&err)>0 %then %do;

 %window ERR color=gray irow=13 rows=3 icolumn=7 columns=40
   #1 @2 "&ERR" color=red attr=highlight;

 %display ERR;

 %goto theend;

%end;

data pheno; set &libname..&table; ok1=0;

 if SEX in ('m','f','M','F') then ok1=1;

 if ok1=0 then call symput('ERR',"ERROR: SEX values ^= mf");

 array d %original(D);

 do i=1 to &n; if d(i)=. or substr(left(D(i)),1,1) in ('1','2','3','4','5','6','7','8') then ok1=1;

  else call symput('ERR',"ERROR: Score values ^= 1-8");

 end;

 if symget('BLOCK')=1 then BLOCK=1;

 if symget('BRANCH')=1 then BRANCH=_N_;

 drop ok1;

run;

%if %length(&Message)>0 %then %goto empieza;

%if &BLOCK=1 %then %put NOTES: BLOCK field has been artificially created and set to 1;

%if &BRANCH=1 %then %put NOTES: BRANCH field has been artificially created and set to _N_;

%if %length(&err)>0 %then %do;

 %window ERR color=gray irow=13 rows=3 icolumn=7 columns=40
   #1 @2 "&ERR" color=red attr=highlight;

 %display ERR;

 %goto theend;

%end;

%do i=2 %to &n;

 %let j=%eval(&i-1);

 %if &&day&i-&&day&j>=5 %then %put NOTES: Too many days between day &&day&j and day &&day&i;

%end;

%SYNCHRO2
%theend: %mend SYNCHRO1;

/**********************************************************************************************/
/*********************** SYNCHRO2: indices computations ****************************************/
/**********************************************************************************************/
/***************** Relative pollen-sheddind and female receptivity ****************************/
%macro SYNCHRO2;

data pheno;

 set pheno end=eof;

 array D(&n) %original(D);

 array PCT(&n) %original(PCT);

 SEX=upcase(SEX);

 if _N_=1 then miss=0;

 do i=1 to &n until(flag);

  if d(i)=. then miss+1;

  else if i>1 then do;

    if d(i-1) and D(i)-d(i-1)>2 then do;

        put 'ERROR: Too large stage change. Record has been deleted. ID=' id 'RAMET=' ramet 'BLOCK=' block 'branch=' branch;

        delete;

        flag=1;

    end;

    if d(i-1) and D(i)<d(i-1) then do;

        put 'ERROR: Stages get lower with time. Record has been deleted. ID=' id 'RAMET=' ramet 'BLOCK=' block 'branch=' branch;

        delete;

        flag=1;

    end;

  end;

  if SEX='M' and d(i)^=. then PCT(i)=symget('m'||left(D(i)));

  if SEX='F' and d(i)^=. then PCT(i)=symget('f'||left(D(i)));

  if i>1 then do;

   if PCT(i)>0 and start=. then start=(symget('day'||left(i))+symget('day'||left(i-1)))/2;

   if PCT(i)=0 and start^=. and end=. then end=(symget('day'||left(i))+symget('day'||left(i-1)))/2;

  end;

 end;

 if pct(1)>0 then start=&inicio;

 if pct(&n)>0 then end=&fin;

 duration=end-start;

 if sum(of PCT(*))=0 then put 'NOTES: All receptivity/emission rates are null in ID=' id 'RAMET=' ramet 'BLOCK=' block 'BRANCH=' branch;

 if sum(of PCT(*))=. then put 'NOTES: All receptivity/emission rates are missing in ID=' id 'RAMET=' ramet 'BLOCK=' block 'BRANCH=' branch;

 if eof and miss>0 then put 'NOTES: ' miss 'score values are missing';

 length IDS $ 8; IDS='ID'||substr(upcase(ID),1,6);

 keep IDS ramet block branch sex %original(PCT) start end duration;

/***************** Means on clon basis (&ud=3) or ramet basis (&ud=15) *********************/
proc means data=PHENO noprint;

 class block ramet sex IDS;

 var %original(PCT) start end;

 output out=MEAN   mean=%original(PCTM)

                   min(start)=start

                   max(end)=end;

data MEAN; set MEAN; duration=end-start;run;

/***************** Estimation of POij and RDPij   ******************************************/
%let ud=15;

%loop1:

data M;

 set MEAN (where=(_type_=&ud));

 if sex='M';

 union='A';

 rename idS=IDM RAMET=RAMETM block=blockM %rename(M) start=startM end=endM;

 drop sex _type_ _freq_ duration;

data F;

 set MEAN (where=(_type_=&ud));

 if sex='F';

 union='A';

 rename idS=IDF RAMET=RAMETF block=blockF %rename(F) start=startF end=endF;

 drop sex _type_ _freq_ duration;

proc sql;

 create table MF (drop=union) as select * from M inner join F on

 M.union=F.union;

%let keep=;%let classF=IDF;%let classM=IDM;%let result=MF;

%if &ud=15 %then %do;

 %let classF=rametF;%let classM=rametM;

 %let result=RESULT2b;

 %let keep=%str(keep IDF RAMETF blockF IDM RAMETM blockM STARTM ENDM STARTF ENDF PO RD RDP %original(M) %original(F););

%end;

data MF; set MF (where=(&classF^=&classM));

 array m %original(M);

 array f %original(F);

 array den %original(DEN);

 array num %original(NUM);

 do i=1 to &n;

   num(i)=min(m(i),f(i));

   den(i)=max(m(i),f(i));

 end;

 DD=sum(of den(*));

 NN=sum(of num(*));

 PO=NN/DD;

 RD=min(endM,endF)-max(startF,startM);

 if RD<0 then RD=0;

proc means data=MF noprint;

 class &classF &classM;

 var PO RD ;

 output out=MFM (where=(_type_=1 or _Type_=2)) mean(PO)=PO mean(RD)=RDmean

                                               min(PO)=POmin min(RD)=RDmin

                                               max(PO)=POmax max(RD)=RDmax

                                               sum(rd)=srd;

proc sort data=mf; by &classF &classM;run;

data &result;

 merge  mf

        mfm (where=(_type_=2) keep=&classF srd _type_);

 by &classF;

 RDP=RD/SRD;

 &keep

run;

%if &ud=15 %then %do;

 data mfm; set mfm;length sex $ 1;

  if rametM='' then do; RAMET=RAMETF;sex='F';end;

  if rametF='' then do; RAMET=RAMETM;sex='M';end;

 proc sort; by sex ramet;

 proc sort data=mean; by sex ramet;

 data result2;

  merge MEAN (where=(_type_=15)

              keep=_type_ IDS RAMET BLOCK sex %original(PCTM) start end duration)

        MFM  (keep=RAMET sex PO POmin POmax RDmean RDmin RDmax);

  by sex RAMET;

  drop _type_;

 run;

 %let ud=3;

 %goto loop1;

%end;

proc sort data=mean; by IDS;

data _NULL_; set mean (where=(_type_=3)) end=eof; by IDS;if _n_=1 then n=0;

   if first.IDS then do; n+1;call symput('ID'||left(n),left(IDS));end;

   if eof then call symput('NoID',n);

run;

%let lista=%all;

/***************** OUTPUT: Pollen-shedding and Female flowers receptivity *******************/
title1 'SYNCHRO.sas: A SAS program for analysing phenology synchronicity in seed orchards';

title2 "A total of &NOID clones assessed at &n days were included in calculations";

title3 'Start, duration and end of Pollen-shedding';

title4;

proc print data=MEAN (where=(_type_=3 and sex='M') rename=(IDS=ID));

 id ID;

 var start end duration;

run;

title1 'Start, duration and end of Female flowers receptivity';

title2;title3;title4;

proc print data=MEAN (where=(_type_=3 and sex='F') rename=(IDS=ID));

 id ID;

 var start end duration;

run;

/************************** OUTPUT: ASKEW & BLUSH 1990 **************************************/
proc sort data=mf; by IDF IDM;

proc transpose data=MF out=PO;

 by IDF;

 var PO;

 id IDM;

title1 'Cross Matrix: PO INDICES (Askew & Blush, 1990)';

title3 'Male';

proc print data=PO (drop=_name_ rename=(IDF=Female)) noobs round;

 var &lista;

 id Female;

run;

title1 'SUMMARY: PO values for all clones serving as female parents';title3;

proc means data=MFM (where=(idf^='')) noprint; var PO POmin POmax;

 output out=POglobal mean(PO)=PO min(POMIN)=POmin max(POMAX)=POmax;

data POGLOBAL; set mfm (where=(idf^='')) POglobal;if idf='' then idf='Overall';

proc print data=POGLOBAL (rename=(PO=POmean)) noobs round;

 id idf;

 var POmean POmin POmax;

run;

proc means data=MFM (where=(idm^='')) noprint; var PO POmin POmax;

 output out=POglobal mean(PO)=PO min(POMIN)=POmin max(POMAX)=POmax;

title1 'SUMMARY: PO values for all clones serving as male parents';

data POGLOBAL; set mfm (where=(idm^='')) POglobal;if idm='' then idm='Overall';

proc print data=POGLOBAL (rename=(PO=POmean)) noobs round;

 id idm;

 var POmean POmin POmax;

run;

/***************************** OUTPUT: Xie et al 1994 ****************************************/
proc transpose data=MF out=RDP;

 by IDF;

 var RDP;

 id IDM;

title1 'Cross Matrix: RDPij INDICES (Xie et al, 1990)';

title3 'Male';

proc print data=RDP (where=(Female^='Mean') drop=_name_ rename=(IDF=Female)) noobs round;

 var &lista;

 id Female;

 format _numeric_ 4.3;

run;

title1 'SUMMARY: RD values for all clones serving as female parents';title3;

proc print data=MFM (where=(idf^='')) noobs round;

 id idf;

 var RDmean RDmin RDmax;

run;

title1 'SUMMARY: RD values for all clones serving as male parents';

proc print data=MFM (where=(idm^='')) noobs round;

 id idm;

 var RDmean RDmin RDmax;

run;

/***************************** ESTIMATION & OUTPUT: Gömöry et al 2003 *********************/
proc sort data=mean ; by ids sex;

proc transpose data=mean (where=(_type_=3)) out=meanori;

 by ids sex;

 var %original(PCTM);

data M; set meanori; if sex='M'; rename col1=Mvalue IDS=IDM;

data F; set meanori; if sex='F'; rename col1=Fvalue IDS=IDF;

proc sql;

 create table MF2 as select M.IDM,M.Mvalue,M._name_,F.IDF,F.Fvalue from M inner join F on

 M._name_=F._name_;

proc sort data=MF2; by IDM _name_ Mvalue;

proc means data=MF2 (where=(IDF^=IDM)) noprint;

 by IDM _name_ mvalue;

 var Fvalue;

 output out=corr mean=Fmean;

proc corr data=corr outp=M noprint;

 by IDM;

 var Mvalue Fmean;

proc sort data=MF2; by IDF _name_ Fvalue;

proc means data=MF2 (where=(IDF^=IDM)) noprint;

 by IDF _name_ Fvalue;

 var Mvalue;

 output out=corr mean=Mmean;

proc corr data=corr outp=F noprint;

 by IDF;

 var Fvalue Mmean;

proc sort data=MF2; by IDF IDM _name_;run;

proc corr data=MF2 outP=CORR noprint;

 by IDF IDM;

 var Fvalue Mvalue;

proc transpose data=CORR (where=(_type_='CORR' and upcase(_name_)='FVALUE'))  out=RPH;

 by IDF;

 var Mvalue;

 Id IDM;

title1 'Pearson coefficients of phenological synchronization (rph) (Gomory et al, 2003)';

title3 'Male';

proc print data=RPH (drop=_name_ rename=(IDF=Female)) noobs round;

 id Female;

run;

data Rphmean;

 merge F (where=(_type_='CORR' and upcase(_name_)='FVALUE') rename=(mmean=rphF IDF=ID) drop=fvalue)

       M (where=(_type_='CORR' and upcase(_name_)='MVALUE') rename=(fmean=rphM IDM=ID) drop=Mvalue);

 by ID;

 drop _type_ _name_;

title3;

proc print data=rpHmean noobs round;

 var rphF rphM;

 id id;

run;

data mfm; set mfm;

 if IDM='' then do; IDS=IDF;sex='F';end;

 if IDF='' then do; IDS=IDM;sex='M';end;

proc sort; by sex ids;

data rphmean;set rphmean;

 rename ID=IDS;

 sex='M';rph=rphM;output;

 sex='F';rph=rphF;output;

proc sort; by sex ids;

proc sort data=mean; by sex ids;

data result1;

 merge MEAN (where=(_type_=3)

             keep=_type_ IDS sex %original(PCTM) start end duration )

       MFM (keep=IDS sex PO POmin POmax RDmean RDmin RDmax)

       RPHMEAN (keep=IDS sex RPH);

 by sex IDS;

 drop _type_;

proc datasets library=work memtype=data nolist; delete m f mf mf2 mfm verify rphmean meanori corr;run;quit;

%window grf color=gray irow=13 rows=7 icolumn=7 columns=45
   #1 @2 "Do you want to draw a Phenogram (Y/N)" color=black +1 q1 1 attr=underline;

%display grf;

%put Phenological indices were succesfully calculated;

%if %upcase(&q1)=Y %then %SYNCHRO3;

%theend:

%put SYNCHRO END;

options notes merror mprint serror date source;

%mend SYNCHRO2;

/********************************************************************************************/
/*********************** SYNCHRO3: Drawing Phenograms ****************************************/
/********************************************************************************************/
%macro SYNCHRO3;

%let lista=ALL;

%let file=c:\MisDoc~1\;

%let outgrf=D;

%window grf color=gray irow=13 rows=14 icolumn=3 columns=100
   #1 @2 "Select genotypes to be included" color=black +1 lista 100 color=blue

   #3 @2 "Use spaces as delimiter" color=black

   #4 @2 "Enter genotypes names preceded by ID" color=black

   #5 @2 "If you want to select all IDs, enter ALL" color=black

   #6 @2 "Do you want to print to a wmf File or to the Display? (F/D)" color=black +1 outgrf 1 color=blue attr=underline

   #6 @64 "Folder:" color=black +1 file 50 color=blue attr=underline

   #8 @10 "Press" +1 "F3" attr=underline +1 "when ready";

%display grf;

%if %upcase(&outgrf)=F %then %do; %let device=wmf;%let display=display;%end;

%else %do; %let device=win;%let display=nodisplay;%end;

%if %upcase(&lista)=ALL %then %let lista=%all;

%else %do; data _null_; array temp &lista; call symput('NoID',dim(temp));run; %end;

%let listab=%listab;

/******************************** DATA preparation ***************************************/
proc sort data=mean; by sex;

proc transpose data=mean (where=(_type_=3)) out=graph;

 by sex;

 var %original(PCTM);

 id ids;

data graph; set graph;

 day=substr(_name_,5,3);

 array IDS &lista;

 array IDSN &listab;

 do i=1 to &NoID;

  IDS(i)=IDS(i)/2;

  IDSN(i)=-IDS(i);

  IDS(i)=IDS(i)+i*120;

  IDSN(i)=IDSN(i)+i*120;

 end;

 d=day-1+1;

run;

/******************* Axis, symbols, patterns, annotate dataset *************************/
%let axisend1=%eval(120*(&NOID+1));

%let series=%eval(2*&Noid);

%do k=4 %to &fin;

 %if %eval(((101-57)/&k)*&k=(101-57)) %then %do;

  %let step=&k; %let hminor=%eval(&k-1); %goto stepend;

 %end;

%end;

%stepend:

%do k=1 %to &series;

 symbol&k color=black i=join value=none;

 %if %eval((&k/2)*2)=&k %then %str(pattern&k c=black v=solid;);

 %else %str(pattern&k c=black v=e;);

%end;

axis1 order= 0 to &axisend1 by 120 label=none value=('' %axis '') offset=(0,0);

axis2 order=&inicio to &fin by &step offset=(0,0) length=45 pct label=('Day of the year');

%let listagrf=%listagrf;

data anno;

 length function color style text $8;

 xsys='2'; ysys='2'; hsys='1';

 function='poly';x=&fin-1;y=70; color='black'; style='solid';output;

 function='polycont';x=&fin;y=70; color=''; style='';output;

 x=&fin;y=170; output;

 x=&fin-1;y=170; output;

 x=&fin-1;y=70; output;

 function='label';text='100%';x=&fin; y=120;size=3;position='6';output;

title1;title3;

/****************** Phenograms (male, female and both together) *************************/
proc catalog catalog=work.gseg kill; run;quit;

goptions &display DEVICE=&device gsfname=grf gsfmode=replace;

filename grf "&file.Female.wmf";

proc gplot data=graph (where=(sex='F')) annotate=anno;

 title1 'Female Phenogram';

 plot (&listagrf)*d /

  name='f'
  overlay

  areas=&series

  vaxis=axis1 haxis=axis2 frame

  hminor=&hminor vminor=0;

run;

filename grf "&file.Male.wmf";

proc gplot data=graph (where=(sex='M')) annotate=anno;

 title1 'Male Phenogram';

 plot (&listagrf)*d /

  name='m'
  overlay

  areas=&series

  vaxis=axis1 haxis=axis2 frame

  hminor=&hminor vminor=0;

run;

goptions display device=&device gsfname=grf gsfmode=replace;

filename grf "&file.MandF.wmf";

proc greplay nofs tc=work.gseg template=mf

  igout=gseg gout=gseg;

  tdef mf  1/color=white   llx=-20 ulx=-20 urx=70 lrx=70
                           lly=0 uly=100 ury=100 lry=0
            2/copy=1 xlatex=50;

  treplay 1:f  2:m;

run;quit;

/********************* Overall Phenology synchronity plot ***************************/
proc transpose data=MEAN (where=(_type_=2)) out=graph;

 var %original(PCTM);

 id sex;

data graph; set graph;

 dia=substr(_name_,5,3)+0;

 rename m=Male F=Female;

axis3 order=0 to 100 by 10 offset=(0,0) label=('%');

title1 'Overall Phenology Synchronity';title2;

legend1 across=2 down=1 label=none value=('Pollen-shedding rate' 'Female receptivity rate');

symbol1 i=splines v=dot color=black h=0.7;

symbol2 i=splines v=square color=black h=0.7;

filename grf "&file.synchro.wmf";

proc gplot data=graph;

 plot (male female)*dia/

  overlay

  frame legend=legend1

  vaxis=axis3 haxis=axis2 vminor=0 hminor=&hminor;

run;

/**************** Frequency Histograms of the synchronity indices *******************/
pattern1 v=solid c=black;

axis4 label=('N') minor=none length=70 pct;

axis5 length=70 pct;

axis6 value=('0.1' '0.2' '0.3' '0.4' '0.5' '0.6' '0.7' '0.8' '0.9' '1.0') length=70 pct;

%let sex=M;%let titulo=Male;

%gchart:

proc gchart data=result1 (where=(sex="&sex"));

 title1 "Frecuency histograms for RPH indices (&titulo)";

 filename grf "&file.RPH&sex..wmf";

 vbar rph /midpoints=-0.9 -0.7 -0.5 -0.3 -0.1 0.1 0.3 0.5 0.7 0.9
           axis=axis4 maxis=axis5

           frame width=5
           name="RPH&sex";

 label rph="rph (&sex)";

proc gchart data=result1 (where=(sex="&sex"));

 title1 "Frecuency histograms for PO indices (&titulo)";

 filename grf "&file.PO&sex..wmf";

 vbar PO /midpoints=0.05 0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85 0.95
           axis=axis4 maxis=axis6

           frame width=5
           name="PO&sex";

 label PO="PO (&sex)";

proc gchart data=result1 (where=(sex="&sex"));

 title1 "Frecuency histograms for RD indices (&titulo)";

 filename grf "&file.RD&sex..wmf";

 vbar RDMEAN /midpoints=4 to 24 by 2
           axis=axis4

           maxis=axis5

           frame width=5
           name="RD&sex";

 label RDMEAN="RD (&sex)";

%if &sex=M %then %do; %let sex=F; %let titulo=Female; %goto gchart;%end;

proc greplay nofs tc=work.gseg template=mf

  igout=gseg gout=gseg;

  filename grf "&file.allfreqs.wmf";

  tdef mf  1/color=white   llx=0 ulx=0 urx=33 lrx=33
                           lly=50 uly=100 ury=100 lry=50
           2/copy=1 xlatex=33
           3/copy=1 xlatex=66
           4/copy=1 xlatey=-50
           5/copy=2 xlatey=-50
           6/copy=3 xlatey=-50;

  treplay 1:rphm  2:pom 3:rdm 4:rphf 5:pof 6:rdf;

run;quit;

proc datasets library=work memtype=data nolist; delete graph anno mean;run;quit;

%put NOTES: All graphs were created succesfully;

%MEND SYNCHRO3;

/********************* Macros definition *************************/
%macro listab;

 %do j=1 %to &NoID;

  %scan(&lista,&j)b

 %end;

%mend;

%macro listagrf;

 %do j=1 %to &NoID;

  %scan(&listab,&j) %scan(&lista,&j)

 %end;

%mend;

%macro axis;

 %do j=1 %to &NoID;

   "%substr(%scan(&lista,&j),3,%eval(%length(%scan(&lista,&j))-2))"
 %end;

%mend;

%macro all;

 %do j=1 %to &NoID;

  &&ID&j

 %end;

%mend;

%macro rename(sex);

 %do i=1 %to &n;

  PCTM&&day&i=&sex&&day&i

 %end;

%mend;

%macro original(name);

 %do i=1 %to &n;

  &name&&day&i

 %end;

%mend;

/********************* Program execution *************************/
%SYNCHRO1()
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Once the three macros (%SYNCHRO1(), %SYNCHRO2, %SYNCHRO3) and the complementary macros (%listab, %listagrf, %axis, %all, %rename() and %original()) are submitted, the program can be executed by typing:





%SYNCHRO1()





Macros %SYNCHRO2 and %SYNCHRO3 can not be submitted alone. The program only works when starting from macro %SYNCHRO1().
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� The program has been written in SAS 6.12. However, this code has been formatted (colours) with SAS 8.1.
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